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Abstract
Background: Primary brain tumors are among the main 
causes of death. This study aimed to determine the epide-
miological features of the brain and central nervous system 
cancer in the Middle East and North Africa (MENA) region. 
Methods: In this study, data of the Global Burden of Disease 
(GBD) study were used to estimate the incidence, preva-
lence, deaths, disability-adjusted life years (DALYs), and mor-
tality in 21 countries in the MENA region from 1990 to 2019 
based on age and sex. The percentage of the changes of ep-
idemiologic indicators was calculated between 1990 and 
2019. Results: Palestine and Turkey had the highest rate of 
brain and central nervous system cancer in 2019. Saudi Ara-
bia, Oman, Iraq, and Lebanon had the highest percentage of 
incidence rate changes from 1990 to 2019. The prevalence 
of brain and central nervous system cancer in the MENA re-
gion was increased from 7.51 (95% CI: 4.95–11.01) in 1990 to 
16.45 (95% CI: 10.83–19.54) in 2019 (percentage of changes 

= 54.35%). The standardized age mortality rate in the MENA 
region was increased by 2.7% in 2019 compared to that in 
1990. The rate of standardized age of DALY per 100,000 indi-
viduals in the MENA region decreased from 135.09 (95% CI: 
92.57–199.92) in 1990 to 128.34 (95% CI: 87.81–151.3) in 
2019. Conclusion: The incidence rate, prevalence, and stan-
dardized age mortality (per 100,000) had increased signifi-
cantly in the MENA region in 2019 compared to those in 
1990. Focusing on the diversity of the estimates of such in-
dices in different countries of MENA can lead to the identifi-
cation of important risk factors for brain cancer in future 
studies. © 2021 S. Karger AG, Basel

Introduction

Neoplasms of the brain and central nervous system 
(CNS) account for 1–2% of the total burden of disease, 
but they are a significant source of disease and mortality 
worldwide [1]. Primary brain tumors are among the top 
10 causes of death and the second leading cause of cancer 
death in people under 19 years old [2]. Brain cancer ac-
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counts for about 22% of all cancers, and out of 220,000 
people with brain cancer, 130,000 individuals die each 
year [3, 4]. Malignant brain tumors account for 1.4% of 
all cancers and 2.4% of all cancer deaths [5]. The age-
standardized incidence per 100,000 people is between 4.3 
and 18.6 [5, 6]. In addition to the contribution of genetic 
and past family history in the development of various 
cancers and especially brain cancer, other factors such as 
lifestyle, age, occupational exposure and other exposures 
(exposure to lead, air pollution, pesticides, and nuclear 
and magnetic field exposure), and low human capital de-
velopment index have been reported [7–14].

In 2016, about 330,000 cases (34,900–298,926) of CNS 
cancer with an age-standardized incidence rate of 4.63 
per 100,000 people were reported, indicating a 17.3% 
(11.4–26.9) increase from 1990 to 2016 [1]. The incidence 
rate and the percentage of changes of cancer in the coun-
tries of the MENA region in 1990–2016 are 18,449 
(15,251–20,751) and 20.5% (2–75.8), respectively. The 
difference between the incidence of brain cancer among 
geographical areas and changes over the years can be at-
tributed to factors such as variation in diagnosis, report-
ing method, risk factors, and genetic background of stud-
ied populations [1, 15, 16].

Due to the industrialization of societies and lifestyle 
changes and the improvement of diagnostic methods, the 
prevalence of brain cancer is expected to be increased 
which requires the provision of consistent statistics for 
accurate planning and prevention [1]. For the purpose of 
this study, we decided to investigate the epidemiology of 
brain cancer in the MENA region as they have many char-
acteristics in common. Some of these countries are facing 
war and its aftermath. Besides, they are mostly similar in 
terms of cultural background and lifestyle.

Materials and Methods

This study was performed using GBD data. On the IHME 2017 
website (Institute for Health Metrics and Evaluation), information 
is reported based on countries, age, and sex. The latest update was 
used, which is related to the estimation of all epidemiologic indices 
from 1990 to 2019 (https://vizhub.healthdata.org/gbd-compare/). 
According to the objectives of this study, the information related 
to 21 countries of the Middle East and North Africa (MENA), in-
cluding Afghanistan, Algeria, Bahrain, Egypt, Iran, Iraq, Jordan, 
Kuwait, Lebanon, Libya, Morocco, Palestine, Oman, Qatar, Saudi 
Arabia, Sudan, Syria, Tunisia, Turkey, United Arab Emirates, and 
Yemen, was investigated. Generally, the epidemiological indices of 
the brain and CNS cancer from 1990 to 2019 were investigated in 
21 countries by age group and sex. Cancer of the CNS is defined as 
brain and spine tumors. However, in the third edition of the inter-
national classification of diseases (ICD-O-3), tumors of the me-

ninges, pituitary gland, pineal gland, and nerves are defined as 
CNS tumors [17]. In the tenth edition of ICD, CNS cancer includes 
all cancers, which are encoded with the codes C70.0–C72.9 (C70, 
malignant meninges neoplasm; C71, malignant brain neoplasm; 
and C72, malignant neoplasm of the spinal cord, cranial nerves, 
and other parts of CNS). Since the tenth edition of ICD is based on 
the location of cancer rather than histology, the GBD study does 
not currently include estimates for the subtypes of brain cancer 
and CNS. After cleaning the data, the incidence rate, prevalence, 
burden of CNS tumors, and age-standardized mortality rates were 
presented by country and gender. Besides, over the period of the 
study, the percentage of changes of the abovementioned indices 
was presented by each country as well as by age groups. Changes 
in data were analyzed and visualized by using R software version 
4.0.2 (2020.06.22).

Results

The incidence rate of CNS cancer in 1990 in MENA 
was 4.08, 3.41, and 4.73/100,000 in the whole population, 
women, and men, respectively (Table 1). In 2019, Pales-
tine with 9.42 (7.05–11.24) and Iraq with 8.53 (6.29–
10.86) per 100,000 individuals had the highest incidence 
rate of CNS cancer, respectively. The highest incidence 
rate in 2019 was observed in Palestine and Iraq in the age 
group of 80–90 and 70–80 years, respectively. Over the 
period of the study, the percentage of changes of age-stan-
dardized prevalence per 100,000 people for CNS cancer 
in the countries under investigation was significant 
among the included countries. The values for Saudi Ara-
bia, Lebanon, Oman, Qatar, Jordan, Iran, Iraq, and the 
MENA region were 81.64, 74, 71.84, 69.72, 59.41, 56.39, 
55.3, and 54.35, respectively. The incidence of CNS can-
cer in the MENA region in 1990 and 2019 was higher than 
the global average which is not true about the prevalence 
of CNS tumors as it is lower than the global average. Be-
sides, the DALY rate in MENA countries in 2019 was re-
ported to be higher than the global average (128.34 vs. 109 
per 100,000 individuals) (Table  1). The DALY rate in 
MENA was 137.52 (82–168.31) and 128.34 (87.81–151.3) 
in men and women, respectively. In both sexes in 1990, 
the highest DALY rate was reported in Palestine (255.22; 
190.39–372.37), and the lowest DALY rate was in Tunisia 
(44.23; 34.66–59.2). Furthermore, in 2019, the highest 
DALY rate was in Palestine (232; 175.63–279.46), and the 
lowest DALY rate was in Tunisia (45.52; 28.5–66.36) in 
both sexes. In terms of the trends in changes in the DALY 
rate from 1990 to 2017, there were increasing trends in 
Iraq, Morocco, Oman, Saudi Arabia, Tunisia, and Ye-
men. In fact, Saudi Arabia had the highest changes 
(24.42%) which had more prominent changes in women 
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than men (28.14 vs. 21.4). However, the trends were de-
creasing in other countries. In 1990, the mortality rate in 
MENA countries was 3.55, and in 2019, it was 3.65, which 
has been increased by 2.74%. In the world, the mortality 
rate was 3.08 and 3.05 in 1990 and 2019, respectively (de-
clined by −0.98%). Therefore, the mortality rate in the 
countries of the MENA region is higher than the global 
average. In terms of DALY per 100,000 people, among all 
21 included countries, the highest values were observed 
in Palestine, Turkey, and Iraq and in the age group of 
above 60 years (Fig. 1). The highest and the lowest values 
for the mortality rate per 100,000 individuals were related 
to the age group older than 50 years and people aged <40 
years (Fig. 2). Among 21 countries in the Middle East and 
North Africa in 1990, Palestine (8.58; 6.46–12.38) and 
Turkey (6.03; 2.9–8.9) had the highest standard incidence 
rate, and Tunisia (1.38; 1.11–1.8) and Morocco (1.54; 
1.19–2.06) had the lowest standard incidence rate in both 
sexes (Fig. 3). In 1990, Palestine and Turkey had the high-
est incidence rate among people aged ≥60 years. The 
prevalence of CNS tumors was significantly increased 
from 1990 to 2019 (Fig. 4). In terms of countries, the fol-
lowing countries had similar trends: Turkey, Qatar, Leba-
non, Kuwait, and Iran. The largest change in the preva-

lence of brain tumors in 2019 compared to 1990 was re-
lated to people under 30 years of age. The rate of DALY 
decreased in most countries except Iraq, Morocco, Oman, 
Saudi Arabia, Tunisia, and Yemen (Fig. 5).

Figure 6 shows the trend of standardized age mortality 
rate during 1990, 2000, 2010, and 2019, and the rate of 
mortality changes in the MENA region during the years 
1990–2019 in male, female, and both was −0.05 (−0.38 to 
0.31), 0.14 (−0.35 to 0.81), and 0.03 (−0.33 to 0.30), re-
spectively. The rate of change in the incidence and preva-
lence of brain cancer during 1990–2019 in the MENA re-
gion for men, women, and both was (0.20, −0.25 to 0.68; 
0.40, −0.23 to 1.28; and 0.28, −0.20 to 0.63) and (1.07, 
0.24–2.06; 1.37, 0.18–3.15; and 1.19, 0.30–1.89), respec-
tively. Figures 7 and 8 show the changes in the countries 
of the MENA region in 1990, 2000, 2010, and 2019.

Discussion

The incidence rate and prevalence of CNS cancer in 21 
countries of the MENA regions increased from 1990 to 
2019, similar to the global trend. However, the incidence 
rate of CNS tumors in this region was more than the glob-
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Fig. 1. A Comparison between age patterns of the DALY in 1990 and 2019 in MENA countries.



Saeidi Borojeni et al.Neuroepidemiology 2021;55:447–459454
DOI: 10.1159/000519281

Yemen
United Arab Emirates

Turkey
Tunisia

Syrian Arab Republic
Sudan

Saudi Arabia
Qatar

Palestine
Oman

Morocco
Libya

Lebanon
Kuwait
Jordan

Iraq
Iran (Islamic Republic of)

Egypt
Bahrain
Algeria

Afghanistan

Co
un

try

320 280 240 200 160 120 80 40
Mortality rate (per 100,000)

0 40 80 120 200160 280240 360320

1990 2019

■ <10
■ 10–20
■ 20–30
■ 30–40
■ 40–50
■ 50–60
■ 60–70
■ 70–80
■ 80–90
■ 90+

Yemen
United Arab Emirates

Turkey
Tunisia

Syrian Arab Republic
Sudan

Saudi Arabia
Qatar

Palestine
Oman

Morocco
Libya

Lebanon
Kuwait
Jordan

Iraq
Iran (Islamic Republic of)

Egypt
Bahrain
Algeria

Afghanistan

Co
un

try

325 300 275 250 225 200 175 150 125 100 75 50 25 0 25 50
Incidence rate (per 100,000)

75 100 125 150 175 200 225 275250 325300 375350

1990 2019

■ <10
■ 10–20
■ 20–30
■ 30–40
■ 40–50
■ 50–60
■ 60–70
■ 70–80
■ 80–90
■ 90+

Fig. 2. A Comparison between age patterns of the mortality rate in 1990 and 2019 in MENA countries.

Fig. 3. A Comparison between age patterns of the incidence rate in 1990 and 2019 in MENA countries.
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Fig. 4. A Comparison between age patterns of the prevalence in 1990 and 2019 in MENA countries.

Fig. 5. Trends of age standardized DALY 
rates in North Africa and the Middle East 
countries.
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ity rates in North Africa and the Middle 
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Fig. 7. Trends of age standardized inci-
dence rates in North Africa and the Middle 
East countries.
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al average. The rate was highest in countries such as Pal-
estine and Iraq in 2019. Besides, the prevalence rate in the 
MENA region increased during 1990–2019, but it was 
lower than the global average, which may be due to the 
lack of screening, timely diagnosis, and appropriate treat-
ment in this region. In fact, the high mortality rate of CNS 
tumors in the MENA region is contributing to the high 
incidence but low prevalence of such tumors in the MENA 
region compared to the global values. The changes in the 
prevalence of CNS tumors from 1990 to 2019 in the 
MENA region were more than the world’s corresponding 
value. This can be attributed to the effect of factors such 
as diet, the effect of magnetic fields, and advances in di-
agnostic techniques in this region compared to previous 
years [4, 18, 19]. Given the effect of the war in Palestine 
and several other countries in MENA, for recent years, 
the increase in the incidence rate of CNS cancers may also 
be due to the increased access to diagnostic tests such as 
CT scan during this period [20]. However, the nature of 
war and political instability are the main causes of the de-
struction of health infrastructure within these countries 
[21, 22], decreasing access to cancer prevention and con-

trol programs. The stressful lifestyle within the war plus 
the destruction of health infrastructures can add to the 
burden of CNS cancers [23, 24].

The results showed that the prevalence and incidence 
rate was higher in men than in women, consistent with 
the results of reports from elsewhere. Such differences 
might be due to the protective effect of female sex hor-
mones against CNS cancer, chromosomal differences of 
tumors in women compared to men, and women’s life-
style [25, 26]. Besides, further exposure of men to pesti-
cides which are more common among these countries 
with the dominance of agriculture as the main source of 
their economy could be another reason for the higher 
prevalence and incidence of CNS tumors among men [27, 
28]. The incidence rate increases with aging, especially for 
those aged 80 years old and over, which can be due to 
conditions such as ischemic and hemorrhagic stroke [29]. 
In addition to genetic and environmental factors that 
make the difference in the incidence of cancer between 
regions and countries, we cannot ignore the role of the 
factors such as the quality of data which reported to show 
high diversity among the included countries [30, 31]. In 
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fact, the quality of registration systems in countries is af-
fected by other variables such as availability of imaging 
technologies (MRI, CT scan, and X-ray) and expertise of 
physicians, as well as coverage of cancer and death regis-
tries [32, 33].

The present study results showed that the incidence 
rate of CNS cancer in the MENA region is higher than 
the global average, but the prevalence is lower than the 
average in the world. However, shorter survival of pa-
tients with CNS tumors decreases the average of preva-
lence in MENA compared to the corresponding value in 
the world. In fact, the shorter survival is due to the lack 
of appropriate treatment and diagnosis facilities which 
ultimately leads to premature death, which in turn de-
creases the prevalence [34, 35]. The low incidence of 
brain cancer in some countries of the MENA region, es-
pecially the less-developed countries, is due to the low 
quality of the registration system plus low access to diag-
nostic facilities. In contrast, better-developed countries 
with a high-quality cancer registration system such as 
Lebanon have recorded a major part of the expected 
number of cancers that are large in terms of number be-
cause of factors such as exposure to ionizing radiation 
and pesticides [35–38].

Conclusion

This study showed that the estimates of epidemiologic 
indices (incidence rate, prevalence, DALY, and mortali-
ty) of CNS cancers vary among the countries in the MENA 
region. The incidence rate of CNS cancer per 100,000 
people had significantly increased from 1990 to 2019. Fu-
ture studies need to investigate in depth the reasons for 
both the diversity among the countries and higher inci-
dence compared to the world.
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