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Abstract 

Background:  North Africa and Middle East (NAME) has an increasing burden of chronic respiratory diseases (CRDs); 
however, a systematic understanding of the distribution and trends is not available. We aimed to report the trends of 
CRDs and attributable risk factors in this region between 1990 and 2019.

Methods:  Using data from the Global Burden of Diseases Study (GBD) 2019, cause specific mortality served as the 
basis for estimating incidence and disability-adjusted life years (DALYs). The burden attributable to risk factors was 
calculated by a comparative risk assessment and contribution of population ageing and growth was determined by 
decomposition analysis.

Results:  The number of deaths due to CRD in 2019 were 128,513 (110,781 to 114,351). In 2019, the age-standardized 
incidence rate (ASIR) of CRDs was 1052.8 (924.3 to 1209.4) per 100,000 population and had a 10.3% increase and the 
age-standardized death rate (ASDR) was 36.1 (30.9 to 40.3) with a 32.9% decrease compared to 1990. In 2019, United 
Arab Emirates had the highest ASIR (1412.7 [1237.3 to 1622.2]) and Afghanistan had the highest ASDR (67.8 [52.0 to 
81.3]). CRDs were responsible for 2.91% of total DALYs in 2019 (1.69% due to chronic obstructive pulmonary disease 
[COPD] and 1.02% due to asthma). With regard to the components of DALYs, the age-standardized rate of years of 
life lost (YLL) had a − 39.0% (− 47.1 to − 30.3) decrease; while the age-standardized rate of years lived with disability 
(YLD) had a 13.4% (9.5 to 17.7) increase. Of total ASDRs of CRDs, 31.6% were attributable to smoking and 14.4% to 
ambient particulate matter pollution.
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Background
Chronic respiratory diseases (CRDs) are among the lead-
ing non-communicable diseases (NCDs) and important 
contributors to the rising burden of NCDs in North 
Africa and Middle East (NAME) [1]. Compared with 
other NCDs, CRDs were neglected for many years [2, 
3]. In this region, CRDs reached from 12th cause of all 
ages death in 1990 to 6th cause of death in 2019 and were 
responsible for 2.91% of total disability-adjusted life years 
(DALYs) and 4.14% of total deaths in 2019 [4].

Several common modifiable risk factors have been 
identified for CRDs, such as tobacco smoking, second-
hand smoking, indoor and outdoor pollutions, aller-
gens, and occupational agents [5]. Moreover, there is a 
relationship between CRDs and risk of pulmonary neo-
plasms and tobacco smoking is a common risk factor for 
CRDs and lung cancer [6]. Thus, identifying the trends 
and planning for prevention of these potential risk fac-
tors will have a significant impact on morbidity and mor-
tality. According to world health organization (WHO) 
global reports, while tobacco use, as the main risk fac-
tor for CRDs, is decreasing worldwide, the prevalence 
of tobacco smoking in the NAME region is expected to 
increase between 2010 and 2025 [7].

Previous studies have estimated the prevalence and 
burden of CRDs and attributed risk factors at the global 
level [8, 9] and showed that the prevalence of CRDs in 
NAME increased between 1990 and 2017 and was esti-
mated to be 7.7% in 2017 [9]. However, comprehensive 
data regarding the epidemiology and burden of CRDs in 
the NAME region are lacking. Thus, in this study we pro-
vided a systematic report of CRDs in the NAME region 
including incidence, prevalence, mortality and DALYs 
and compared them by sex, age groups, countries and 
socio-demographic index (SDI) based on the Global Bur-
den of Diseases, Injuries, and Risk Factors Study (GBD) 
2019 [10], which is an essential step to apply policies to 
reduce the burden of CRDs in this region.

Material and methods
The GBD 2019 study, conducted by the Institute for 
Health Metrics and Evaluation (IHME), involved 21 geo-
graphical regions composed of 204 countries and territo-
ries from 1990 to 2019 [10]. The original input data for 
CRDs, as well as the modelling strategy for death, were 
described in detail previously [10]. Herein, we focused 

on the methods and statistical analyses of estimation 
the CRDs burden from the GBD 2019 study. The NAME 
region consists of 21 countries including Afghanistan, 
Algeria, Bahrain, Egypt, Iran, Iraq, Jordan, Kuwait, Leba-
non, Libya, Morocco, Oman, Palestine, Qatar, Saudi Ara-
bia, Sudan, Syrian Arab Republic, Tunisia, Turkey, United 
Arab Emirates, and Yemen.

As per GBD Data Dictionary, CRDs include the follow-
ing five categories: asthma, chronic obstructive pulmo-
nary disease (COPD), interstitial lung disease (ILD) and 
pulmonary sarcoidosis, pneumoconiosis (including sili-
cosis, asbestosis, coal-worker pneumoconiosis, and other 
pneumoconiosis), and other CRDs. The International 
Classification of Diseases (ICD)-10 codes were used for 
mapping the GBD cause list (Additional file 1).

The prevalence of CRDs was estimated by using Dis-
Mod-MR version 2.1, a Bayesian regression analytical 
tool used in the GBD study [10, 11]. All-cause mortal-
ity rates were derived from vital registration systems, 
censuses, and surveys, and were analyzed with demo-
graphic methods to correct for incompleteness. Cause 
of Death Ensemble model (CODEm) [12] tool was used 
to generate CRDs mortality estimates. CoDCorrect was 
used to ensure that the independently modeled single-
cause mortality estimates match the separately modeled 
all-cause mortality [10]. Mortality-to-incidence ratios 
(MIR) were applied to the final CRD’s mortality meas-
ures to estimate the incidence. To estimate YLLs, each 
death caused by CRD was multiplied by the standard life 
expectancy at that age. YLDs were calculated by multi-
plying prevalence of each sequela by the sequela specific 
disability weight. A brief measure of cause-burden based 
on both non-fatal health losses and premature deaths was 
reported as DALYs, which were the addition of the YLLs 
and YLDs.

Risk factors’ burdens were estimated consistent with 
general framework established for comparative risk 
assessment (CRA) [10, 11, 13]. CRA consists of risk-out-
come pair inclusion, relative risk estimation, exposure 
level and distributions estimation, counterfactual level of 
exposure determination, and population attributed frac-
tions and burden computation [11].

Estimates were composed of 12 behavioral, environ-
mental/ occupational, and metabolic risk factors for 
CRDs (Ambient ozone pollution, Ambient particulate 
matter pollution, high body-mass index [BMI], High 

Conclusion:  CRDs remain a leading cause of death and disability in NAME, with growth in absolute numbers. COPD 
and asthma were the most common CRDs and smoking was the leading risk factor especially in men. More attention 
is needed in order to reduce CRDs’ burden through appropriate interventions and policies.
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temperature, Household air pollution from solid fuels, 
Low temperature, Occupational asthmagens, Occupa-
tional exposure to asbestosis, Occupational exposure 
to silica, Occupational particulate matters, gases, and 
fumes, Second hand smoke, and Smoking) [11].

The Socio-demographic Index (SDI) is a composite 
indicator of development status which is strongly corre-
lated with health outcomes. It is the geometric mean of 0 
to 1 indices of total fertility rate under the age of 25, mean 
education for those ages 15 and older and lag distributed 
income per capita [14]. Each country in the region was 
grouped based on SDI into 5 SDI quintiles, including low, 
low-middle, middle, high-middle and high (Additional 
file 2). Decomposition analysis was conducted to analyze 
the contribution of population aging, population growth, 
and changes in the age-specific incidence rates on the 
absolute change of CRD incidence [15].

Statistical analysis
Data will be described in terms of absolute numbers and 
age-standardized rates per 100,000 population following 
95% uncertainty interval (UI), 25th and 95th values of 
the ordered draws. All the statistical analyses, plots, and 
numbers created in this study were performed by R for 
windows v 4.0.3 [16].

Results
Incidence and prevalence
The CRDs incident cases increased from 3,154,020 (95% 
UI 2,622,223 to 3,814,340) in 1990 to 5,803,364 (5,049,564 
to 6,767,369) in 2019, revealing a 1.8-fold increase; more-
over, the age-standardized incidence rate (ASIR) of CRDs 
increased from 954.2 (835.8 to 1095.5) in 1990 to 1052.8 
(924.3 to 1209.4) per 100,000 population in 2019 (Table 1 
and Fig.  1A). Between 1990 and 2019, ASIR increased 
in all countries, except for 4 countries (Bahrain, Iran, 
Iraq, and Yemen) with a decrease in ASIR. United Arab 
Emirates had the highest ASIR in 2019 (1412.7 [1237.3 
to 1622.2] per 100,000 population) (Additional file  3). 
Asthma had the highest ASIR (589.8 [473.1 to 728.9] per 
100,000 population) and pneumoconiosis had the lowest 
ASIR (0.9 [0.7 to 1.1] per 100,000 population) in 2019. 
ASIR of pneumoconiosis decreased in men (− 32.8% 
[− 42.2 to − 21.5]) and increased in women (70.3% [60.4 
to 81.9]) (Table 2, Fig. 1A).

The absolute number of CRDs prevalent cases and age-
standardized prevalence rate (ASPR) in NAME increased 
during 1990 and 2019 (Fig. 1B and Table 1). Among all 21 
countries in 2019, United Arab Emirates had the highest 
ASPR (9499.6 [8528.5 to 10,588.0], per 100,000 popula-
tion) (Additional file 3, Fig. 2). Prevalent cases and ASPR 
of all CRD’s subtypes increased between 1990 and 2019, 

except for ASPR of asthma which decreased (− 7.9% 
[− 12.4 to − 3.2]) in both sexes (Table 2, Fig. 1B).

With regard to the age groups, in 2019, the highest 
rate of incidence and prevalence was seen in 80 plus age 
group (incidence rate: 3204.0 [2794.4 to 3688.0], preva-
lence rate: 26,222.3 [24506.1 to 28,182.2] per 100,000 
population). Among under 14 years population, the high-
est incidence rate was in 1–4  years age group (2016.3 
[1256.6 to 3067.6] per 100,000 population) (Fig. 3). ASIR 
and number of incident cases increased in all SDI quan-
tiles between 1990 and 2019 (Fig. 4).

Decomposition analysis of new cases in NAME showed 
an overall 84.0% increase from 1990 to 2019, of which 
76.4% and 13.1% were attributed to population growth 
and incidence rate change, respectively; while, changes in 
age structure were responsible for − 5.6% decrease in this 
change (Additional file 4).

Mortality
The number of CRDs deaths in NAME increased from 
78,174 (68,863 to 87,436) in 1990 to 128,513 (110,781 
to 114,351); while the age-standardized death rate 
(ASDR) of CRDs decreased from 53.8 (47.1 to 61.6) in 
1990 to 36.1 (30.9 to 40.3) in 2019 per 100,000 popula-
tion (Table 1, Fig. 1C). Among all countries in 2019, the 
highest ASDR was in Afghanistan (67.8 [52.0 to 81.3] per 
100,000 population) and ASDR decreased in all countries 
(Additional file 3).

In 2019, COPD had the highest ASDR (26.1 [22.2 
to 29.5] per 100,000 population). ASDR of COPD and 
asthma decreased in both sexes (− 18.0% [− 30.9 to − 2.8] 
and − 59.0% [− 68.2 to − 49.3]) while, ASDR of pneu-
moconiosis increased in females (56.9% [14.7 to 119.9]) 
(Table 2, Fig. 1C).

The highest rate of death was seen in 80 plus age group 
(723.7 [598.1 to 813.0] per 100,000 population) and the 
lowest was in age group of 10–14 years (0.6 [0.5 to 0.7] 
per 100,000 population) (Fig.  3). The number of CRDs 
death increased in all SDI quantiles during the study 
period, while the ASDR decreased in all SDIs (Fig. 4).

DALYs, years of life lost (YLLs), years lived with disability 
(YLDs)
In NAME, CRDs were responsible for 2.91% of total 
DALYs in 2019, including 1.69% due to COPD, 1.02% due 
to asthma, and 0.1% due to other CRDs. The number of 
CRD’s DALYs increased from 2,964,169 (2,615,504 to 
3,338,882) in 1990 to 4,759,606 (4,142,498 to 5,361,709) in 
2019; while, the age-standardized DALYs rate decreased 
from 1403.7 (1252.6 to 1560.5) in 1990 to 1033.4 (906.7 
to 1149.3) in 2019 per 100,000 population. With regard 
to the components of DALYs, the age-standardized rate 
of YLL had a − 39.0% (− 47.1 to − 30.3) decrease; while 
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the age-standardized rate of YLD had a 13.4% (9.5 to 
17.7) increase (Table 1 and Fig. 1D). Afghanistan had the 
highest age-standardized rate of DALYs in 2019 (1754.0 
[1422.5 to 2077.1] per 100,000 population) (Additional 
file 3). The age-standardized DALYs rates of COPD and 
asthma decreased in both sexes (− 11.8% [− 21.1 to − 0.9] 
and − 47.6% [− 56.0 to − 39.1], respectively) and the age-
standardized DALYs of pneumoconiosis increased in 
females (70.3% [43.2 to 108.6]) (Table  2, Fig.  1D). Dur-
ing 1990 and 2019, rate of DALYs due to CRDs was the 
highest in 80 plus age group (9045.1 [7870.5 to 9992.2], 
per 100,000 population) compared to other groups. Also, 
DALYs rate of CRDs had a decrease in all age groups 
during this period (Fig.  3). During the study period, 
age-standardized DALYs and YLL rates decreased in all 
SDI quantiles; while, the age-standardized rate of YLD 
showed an increasing pattern in all SDIs except in high-
SDI countries (Fig. 4).

Burden attributed to risk factors
In 2019, the CRDs ASDR and age-standardized DALYs 
rate attributable to all risk factors in NAME were 23.3 
(19.9 to 26.4) and 590.1 (513.9 to 662.4) per 100,000 pop-
ulation and had − 28.3% (− 38.4 to − 17.7) and − 23.0% 
(− 31.0 to − 13.8) decline during the follow up period, 
respectively (Table  1). Of total ASDRs of CRDs, 31.6% 
(28.7 to 34.4) were attributable to smoking, 14.4% (11.2 to 
18.2) to ambient particulate matter pollution, 8.7% (5.7 to 
12.2) to high BMI, 7.5% (6.1 to 8.8) to occupational par-
ticulate matter, gases, and fumes, 6.3% (3.3 to 9.6) to sec-
ondhand smoke, 5.3% (4.0 to 6.5) to low temperature, and 
4.8% (2.3 to 7.3) to ambient ozone pollution.

Between 1990 and 2019, the ASDR of attributable per-
centage to occupational exposure to asbestoses (62.3% 
[10.2 to 176.6]), ambient particulate matter pollu-
tion (50.7% [33.2 to 77.0]), and ambient ozone pollu-
tion (28.8% [19.4 to 51.2]) increased, while the ASDR of 
attributed percentage to household air pollution from 
solid fuels (− 76.4% [− 81.9 to − 71.0]), and occupational 
asthmagens (− 40.6% [− 50.4 to − 25.0]) decreased in all 
countries (Fig. 5).

The ASDR of COPD in males were mainly attributed 
to smoking followed by ambient particular matter pol-
lution and occupational particulate matter, gases, and 
fumes and in females to ambient particular matter pol-
lution followed by smoking and low temperature, with 
slight changes between 1990 and 2019. The ASDR of 
asthma were mainly attributed to high BMI, smoking and 
occupational asthmagens in both sexes and the ASDR of 
pneumoconiosis were attributed to occupational expo-
sure to silica and occupational particulate matter (Addi-
tional file 5).

Discussion
In NAME, the ASIR of CRDs increased by 10.3% and the 
age-standardized DALYs rate of CRDs declined signifi-
cantly by 26.4% between 1990 and 2019. This reduction 
was mainly caused by the reduction in ASDR and age-
standardized YLL rate, while the age-standardized rate of 
YLD increased significantly. These findings may empha-
size greater improvements in case fatality rather than 
changes in incidence and prevalence in the region. ASIR 
and ASPR were the highest in high-SDI, while ASDR and 
age-standardized DALYs were the highest in low-SDI 

Fig. 1  The time trend of all ages number and age-standardized rate of CRDs. A Incidence, B prevalence, C deaths, and D DALYs



Page 6 of 12Fallahzadeh et al. Respiratory Research          (2022) 23:268 

Ta
bl

e 
2 

A
ge

-s
ta

nd
ar

di
ze

d 
bu

rd
en

 o
f c

hr
on

ic
 re

sp
ira

to
ry

 d
is

ea
se

s 
in

 2
01

9,
 w

ith
 p

er
ce

nt
ag

e 
ch

an
ge

 b
y 

se
x

D
at

a 
in

 p
ar

en
th

es
es

 a
re

 9
5%

 u
nc

er
ta

in
ty

 in
te

rv
al

s 
(9

5%
 U

Is
)

AS
IR

 a
ge

-s
ta

nd
ar

di
ze

d 
in

ci
de

nc
e 

ra
te

, A
SP

R 
ag

e-
st

an
da

rd
iz

ed
 p

re
va

le
nc

e 
ra

te
, A

SD
R 

ag
e-

st
an

da
rd

iz
ed

 d
ea

th
 ra

te
, D

AL
Ys

 d
is

ab
ili

ty
-a

dj
us

te
d 

lif
e 

ye
ar

s, 
YL

Ls
 y

ea
rs

 o
f l

ife
 lo

st
, Y

LD
s y

ea
rs

 li
ve

d 
w

ith
 d

is
ab

ili
ty

, C
O

PD
 c

hr
on

ic
 

ob
st

ru
ct

iv
e 

pu
lm

on
ar

y 
di

se
as

e,
 IL

D
 in

te
rs

tit
ia

l l
un

g 
di

se
as

e,
 C

RD
 c

hr
on

ic
 re

sp
ira

to
ry

 d
is

ea
se

M
ea

su
re

Se
x

CO
PD

Pn
eu

m
oc

on
io

si
s

A
st

hm
a

IL
D

 a
nd

 s
ar

co
id

os
is

O
th

er
 C

RD
s

20
19

 (9
5%

 U
I)

%
 C

ha
ng

e 
(1

99
0–

20
19

)
20

19
 (9

5%
 U

I)
%

 C
ha

ng
e 

(1
99

0–
20

19
)

20
19

 (9
5%

 U
I)

%
 C

ha
ng

e 
(1

99
0–

20
19

)
20

19
 (9

5%
 U

I)
%

 C
ha

ng
e 

(1
99

0–
20

19
)

20
19

 (9
5%

 U
I)

%
 C

ha
ng

e 
(1

99
0–

20
19

)

A
SI

R
Fe

m
al

e
12

1.
3 

(1
13

.9
 to

 
12

8.
9)

26
.8

 (2
3.

8 
to

 
29

.9
)

1.
7 

(1
.3

 to
 2

.1
)

70
.3

 (6
0.

4 
to

 
81

.9
)

61
7.

2 
(5

06
.8

 to
 

75
2.

3)
−

 4
.2

 (−
 9

.2
 to

 
0.

2)
34

2.
0 

(2
81

.3
 to

 
41

0.
8)

34
.8

 (3
0.

2 
to

 
39

.2
)

n/
a

n/
a

M
al

e
17

9.
3 

(1
71

.1
 to

 
18

7.
9)

39
.7

 (3
6.

3 
to

 
43

.3
)

0.
2 

(0
.2

 to
 0

.2
)

−
 3

2.
8 

(−
 4

2.
2 

to
 

−
 2

1.
5)

56
4.

3 
(4

42
.2

 to
 

71
1.

7)
−

 3
.5

 (−
 8

.7
 to

 
1.

4)
28

2.
7 

(2
32

.7
 to

 
33

3.
8)

39
.8

 (3
4.

8 
to

 
45

.2
)

n/
a

n/
a

A
SP

R
Fe

m
al

e
19

81
.2

 (1
87

6.
6 

to
 2

09
3.

3)
23

.4
 (2

0.
8 

to
 

26
.1

)
4.

1 
(3

.2
 to

 5
.1

)
82

.9
 (6

9.
7 

to
 

10
1.

1)
41

50
.0

 (3
60

5.
6 

to
 4

83
3.

4)
−

 8
.3

 (−
 1

2.
7 

to
 

−
 4

.0
)

49
.5

 (4
2.

4 
to

 
57

.0
)

39
.5

 (3
5.

1 
to

 
43

.9
)

n/
a

n/
a

M
al

e
26

81
.6

 (2
57

5.
5 

to
 2

79
3.

8)
36

.0
 (3

3.
2 

to
 

39
.3

)
1.

1 
(1

.0
 to

 1
.4

)
−

 3
2.

8 
(−

 4
2.

2 
to

 
−

 2
1.

5)
35

08
.7

 (2
93

3.
2 

to
 4

24
4.

6)
−

 7
.1

 (−
 1

2.
0 

to
 

−
 1

.6
)

39
.9

 (3
4.

3 
to

 
46

.1
)

45
.1

 (3
9.

9 
to

 
50

.3
)

n/
a

n/
a

A
SD

R
Fe

m
al

e
19

.5
 (1

4.
7 

to
 

22
.6

)
−

 1
8.

2 
(−

 3
5.

4 
to

 
28

.7
)

0 
(0

 to
 0

)
56

.9
 (1

4.
7 

to
 

11
9.

9)
8.

2 
(6

.5
 to

 1
0.

1)
−

 5
7.

2 
(−

 7
0.

7 
to

 
−

 4
5.

3)
1.

2 
(0

.8
 to

 2
.2

)
2.

9 
(−

 2
0.

4 
to

 
54

.1
)

0.
3 

(0
.2

 to
 0

.4
)

2.
8 

(−
 3

9.
7 

to
 

66
.8

)

M
al

e
32

.6
 (2

7.
5 

to
 

37
.1

)
−

 1
8.

9 
(−

 3
4.

3 
to

 0
.3

)
0.

1 
(0

.1
 to

 0
.1

)
−

 2
7.

5 
(−

 4
9.

0 
to

 
34

.2
)

8.
6 

(6
.9

 to
 1

0.
9)

−
 6

0.
6 

(−
 6

8.
1 

to
 

−
 4

6.
9)

1.
3 

(0
.9

 to
 2

.2
)

6.
0 

(−
 2

0.
5 

to
 

92
.3

)
0.

4 
(0

.2
 to

 0
.5

)
18

.0
 (−

 3
3.

2 
to

 
11

1.
3)

A
ge

-s
ta

nd
ar

d‑
iz

ed
 D

A
LY

s
Fe

m
al

e
50

9.
1 

(4
30

.2
 to

 
56

9.
2)

−
 1

2.
3 

(−
 2

5.
0 

to
 

23
.4

)
1.

4 
(1

.1
 to

 1
.8

)
70

.3
 (4

3.
2 

to
 

10
8.

6)
33

1.
6 

(2
63

 to
 

41
8.

6)
−

 4
5.

4 
(−

 5
7.

1 
to

 
−

 3
4.

6)
29

.6
 (2

1.
2 

to
 

51
.2

)
9.

1 
(−

 1
3.

5 
to

 
47

.0
)

28
 (2

3.
5 

to
 

32
.8

)
42

.6
 (−

 2
.1

 to
 

81
.6

)

M
al

e
78

6.
2 

(6
86

.7
 to

 
88

3)
−

 1
2.

0 
(−

 2
5.

4 
to

 3
.1

)
2.

6 
(2

.1
 to

 3
.1

)
−

 3
5.

3 
(−

 5
4.

1 
to

 9
.6

)
31

7.
5 

(2
48

.8
 to

 
39

4.
4)

−
 4

9.
5 

(−
 5

7.
4 

to
 

−
 3

7.
6)

30
.5

 (2
3.

4 
to

 
46

.7
)

10
.4

 (−
 1

7.
9 

to
 

74
.8

)
28

.4
 (2

3.
1 

to
 

33
.5

)
42

.5
 (−

 2
.3

 to
 

89
.1

)

A
ge

-s
ta

nd
ar

d‑
iz

ed
 Y

LL
s

Fe
m

al
e

31
3.

4 
(2

39
.3

 to
 

36
6.

1)
−

 2
5.

5 
(−

 3
9.

5 
to

 
24

.3
)

0.
8 

(0
.6

 to
 1

.0
)

64
.5

 (2
3.

5 
to

 
13

2.
6)

17
1.

5 
(1

35
.6

 to
 

21
6.

1)
−

 6
0.

4 
(−

 7
1.

4 
to

 
−

 4
9.

8)
24

.5
 (1

6.
6 

to
 

46
.2

)
4.

9 
(−

 1
8.

8 
to

 
51

.2
)

9.
1 

(6
.1

 to
 1

2.
7)

−
 1

1.
7 

(−
 4

9.
9 

to
 

49
.5

)

M
al

e
55

8.
3 

(4
62

.5
 to

 
64

4.
6)

−
 2

2.
9 

(−
 3

8.
0 

to
 

−
 6

.0
)

2.
4 

(1
.9

 to
 2

.9
)

−
 3

7.
5 

(−
 5

6.
4 

to
 8

.9
)

17
9.

7 
(1

42
.1

 to
 

23
0.

1)
−

 6
2.

6 
(−

 6
9 

to
 

−
 5

0.
4)

26
.3

 (1
9.

4 
to

 
42

.3
)

6.
9 

(−
 2

2.
0 

to
 

80
.8

)
12

.3
 (8

.1
 to

 
16

.0
)

1.
9 

(−
 4

1.
4 

to
 

71
.8

)

A
ge

-s
ta

nd
ar

d‑
iz

ed
 Y

LD
s

Fe
m

al
e

19
5.

7 
(1

60
.8

 to
 

22
2.

7)
22

.3
 (1

9.
0 

to
 

25
.7

)
0.

6 
(0

.4
 to

 0
.9

)
78

.0
 (6

3.
2 

to
 

96
.3

)
16

0.
1 

(1
04

.3
 to

 
23

6.
1)

−
 8

.2
 (−

 1
2.

7 
to

 
−

 3
.5

)
5.

1 
(3

.4
 to

 7
.5

)
35

.4
 (2

6.
0 

to
 

45
.6

)
18

.9
 (1

5.
2 

to
 

22
.2

)
10

2.
8 

(9
2.

2 
to

 
11

3.
4)

M
al

e
22

7.
8 

(1
83

.1
 to

 
26

6.
7)

34
.8

 (3
1.

1 
to

 
38

.4
)

0.
2 

(0
.1

 to
 0

.3
)

21
.8

 (7
.9

 to
 3

6.
4)

13
7.

8 
(8

7.
7 

to
 

20
5.

1)
−

 6
.8

 (−
 1

1.
9 

to
 

−
 1

.1
)

4.
2 

(2
.8

 to
 6

.2
)

39
.3

 (3
0.

2 
to

 
50

.3
)

16
.1

 (1
2.

6 
to

 
19

.7
)

10
5.

2 
(9

4.
8 

to
 

11
5.

9)



Page 7 of 12Fallahzadeh et al. Respiratory Research          (2022) 23:268 	

countries, findings unchanged since first estimated in 
1990. Asthma was the most prevalent CRD, affecting an 
estimated 22 million people in 2019 and COPD was half 
as common, with 11 million people affected. Although 

smoking is the leading risk factor for DALYs and deaths 
related to CRDs for men, other risk factors such as 
household and ambient particulate matter pollution and 
high BMI have considerable effects on women.

Fig. 2  Age-standardized prevalence rate of CRDs in North Africa and Middle East countries in female and males in 1990 and 2019

Fig. 3  The rate of CRDs. A Incidence, B prevalence, C deaths, and D DALYs categorized by age groups and sex in 1990 and 2019
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Fig. 4  The time trend of all ages number and age-standardized rate of CRDs. A, B Incidence, C, D prevalence, E, F deaths, G, H DALYs, I, J YLLs, and 
K, L YLDs categorized by 5 SDI quintiles
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According to the increasing incidence and prevalence 
of CRDs and high rates of mortality in countries such as 
Afghanistan, increased attention and resources should 
be allocated to this category of diseases. According to 
the 2019 world population ageing report, the number of 
persons aged 80 and over significantly increased in the 
region between 1990 and 2019 and is estimated to show 
a high increase from 2019 to 2050 [17]. Moreover, in 
our study the highest incidence, prevalence, deaths and 
DALYs due to CRDs were concentrated in people aged 
80 and over. Thus, the incidence and prevalence of CRDs 
are likely to continue increasing in the future. Moreover, 
COVID-19 pandemic which has happened during last 
months of 2019, could also affect the incidence and bur-
den of CRDs in the future [18–20]. However, our results 
represent the CRDs burden before COVID-19 pandemic 
and the impact of pandemic needs to be investigated 
further [21, 22]. COVID-19 may increase the number of 
mortality cases due to CRDs due to misdiagnosis of res-
piratory conditions such as COPD exacerbation during 
pandemic and also severity of COVID-19 in patients with 
CRDs [19, 23].

In our study the incidence and prevalence of CRDs 
were relatively high in young children (under 14 years). 
Asthma is the most common NCD in children and the 
prevalence of childhood asthma is high in low- and 
middle-income countries with an increasing pattern 
[24]. In utero and parental smoking is an important risk 

factor for asthma development in children and the high 
prevalence of CRDs in young adults could be linked to 
the high smoking prevalence in NAME countries [25, 
26]. While COPD is considered as an adult disease, 
recent evidences suggest that its origin may be in child-
hood and neonatal respiratory infections, low birth 
weight, preterm birth and exposure to smoking may 
contribute to COPD and long-term reduction of lung 
function in children [27].

Based on our estimations in NAME the ASIR of pneu-
moconiosis was higher in women during the study period 
and showed a significant increase after 2000, while ASDR 
and age-standardized DALYs were higher in men with 
an overall decreasing pattern compared to women. The 
decreasing pattern of ASDR in men could be due to 
improvement in quality of work places [28]; however, the 
pattern was increasing in women possibly because more 
women are employed during past decades due to urbani-
zation in the region [29]. Moreover, it had been shown 
that in NAME, the contribution of silicosis had decreased 
but the contribution of asbestosis and coal had increase 
in the measures of pneumoconiosis incident cases [30]. 
In contrast to our results which showed an increase in 
number of deaths and DALYs, the number of deaths due 
to pneumoconiosis decreased annually in U.S.A from 
1999 to 2018 [31]. According to the increasing trends of 
pneumoconiosis in the region, several government-based 

Fig. 5  The age-standardized death rates of CRDs attributed to risk factors in North Africa and Middle East countries and region by sex in 1990 and 
2019
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plans have to take place in order to minimize occupa-
tional risk factors, provide healthy and safe environment 
for all workers, and ban asbestosis.

Smoking is the main risk factor of CRDs and the rate 
of smoking varies greatly within NAME region and the 
highest rate of smoking was reported in Jordan, Lebanon, 
Syria, and Turkey [32]. Smoking rates in women are gen-
erally lower than men [33]. For this reason, in the NAME 
region smoking was not the most prevalent risk factor 
of CRDs burden in women and household and ambi-
ent particulate matter pollution and high BMI were the 
most prevalent risk factors in women. The rate of smok-
ing among women in Lebanon was reported to be higher 
compared to women of other countries in the region [34] 
and this will explain our results that Lebanese woman 
had the highest CRDs burden attributed to smoking. 
Water-pipe usage is also increasing in the region and due 
to misperceptions regarding the safety of water-pipes, 
the usage is common among women and children [35]. 
Water-pipes are shown to be associated with several con-
ditions such as cardiovascular disease and pulmonary 
disease [36].

High BMI is considered as a major modifiable risk fac-
tor of asthma in both children and adults [37] and some 
gender differences have been reported in the association 
between high BMI and asthma in adolescents [38]. Preva-
lence of high BMI had increased dramatically in NAME 
during past decades mainly due to economic transforma-
tions, changes in lifestyles and diets and in most coun-
tries the change was more prominent in women due to 
cultural factors and restricted access to sport activities 
[39].

Ambient particulate matter pollution is another impor-
tant risk factor for CRDs in the region mainly due to the 
small size of these particles which are inhaled deeply into 
lungs. Sources of air pollution in NAME are windblown 
dust, sea salt, vehicular emissions and traffic-related air 
pollution, open burning of waste, industrial emissions, 
low quality fuels, temperature inversion in cold seasons 
and household emissions [40]. Increasing urbanization 
over the last decades in the region is another risk factor 
for increasing incidence of CRDs [41].

Several action plans must be considered in order to 
reduce the incidence of CRDs in young adults and to 
prevent the development of lung diseases by reducing 
exposure to smoking and air pollution, reducing respira-
tory infections [27] and also reducing the risk of preterm 
and low-birth weight neonates [42]. Also, policy makers 
must provide general access to healthcare facilities and 
medication, as well as trained health professionals [27]. 
According to the increasing pattern of incidence and 
prevalence of CRDs in the region, tobacco control and 
demand reduction frameworks should be implemented 

in countries, such as increasing tax on tobacco products, 
banning smoking in public places, educating people about 
the adverse effects of tobacco especially at young age, edu-
cating about the misperceptions regarding water-pipes 
and banning advertisement of tobacco products [43]. In 
Saudi Arabia, the modification of tobacco tax policies in 
2017, has resulted in significant reduction in cigarette 
consumption [44]. Moreover, national plans and policies 
should be developed in order to reduce the burden of high 
BMI and to address level of activity, effects of urbaniza-
tion and dietary changes [45]. Several actions will help 
reducing the burden of air pollution such as providing 
high quality fuels, providing public and non-motorized 
transportations, reducing open burning of waste, and pro-
viding clean cooking and heating fuels [40].

This study has many strengths such as, systematic 
data and method usage which could potentially compare 
burden of CRDs among different countries in NAME 
between 1990 and 2019, possibly making the results gen-
eralizable. Although some limitations are also present. 
Where data are not available, out-of-sample prediction 
and imputation methods are employed by GBD and the 
results depend on the effectiveness of these methods 
[10]. Another limitation is that GBD 2019 study did not 
provide data regarding the incidence and prevalence of 
“other CRDs” and thus, we only reported mortality and 
DALYs. Also, there is a lack of standardized case defini-
tion across countries in order to distinguish different 
CRDs. Accurate diagnosis of some CRDs requires equip-
ment and resources such as spirometry which may be 
lacking in less-developed countries [46]. Moreover, in 
some countries such as Africa, there is lack of functional 
vital registration systems [47]. Additionally, the issue of 
confounders especially between air pollution and smok-
ing has not been taken into account [9].

Conclusion
In NAME, the number of incident cases and deaths due 
to CRDs were increasing and COPD and asthma were the 
most common CRDs in the region. Smoking was the lead-
ing risk factor for CRDs especially in men. According to 
the high incidence and prevalence of CRDs in the region 
and the fact that much of CRDs’ burden is preventable 
through appropriate interventions and policies, in this 
study we tried to provide more attentions on CRDs as an 
important leading cause of death in the region.
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