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Abstract

Introduction Data on the distribution of the burden of diseases is vital for policymakers for the appropriate alloca-
tion of resources. In this study, we report the geographical and time trends of chronic respiratory diseases (CRDs) in
Iran from 1990 to 2019 based on the Global burden of the Disease (GBD) study 2019.

Methods Data were extracted from the GBD 2019 study to report the burden of CRDs through disability-adjusted
life years (DALYs), mortality, incidence, prevalence, Years of Life lost (YLL), and Years Lost to Disability (YLD). Moreover,
we reported the burden attributed to the risk factors with evidence of causation at national and subnational levels.
We also performed a decomposition analysis to determine the roots of incidence changes. All data were measured as
counts and age-standardized rates (ASR) divided by sex and age group.

Results In 2019, the ASR of deaths, incidence, prevalence, and DALYs attributed to CRDs in Iran were 26.9 (23.2 to
29.1),932.1 (799.7 to 1091.5), 5155.4 (4567.2 to 5859.6) and 587,911 (521,418 to 661,392) respectively. All burden meas-
ures were higher in males than females, but in older age groups, CRDs were more incident in females than males.
While all crude numbers increased, all ASRs except for YLDs decreased over the studied period. Population growth
was the main contributor to the changes in incidence at a national and subnational levels. The ASR of mortality in the
province (Kerman) with the highest death rate (58.54 (29.42 to 68.73) was four times more than the province (Tehran)
with the lowest death rate (14.52 (11.94 to 17.64)). The risk factors which imposed the most DALYs were smoking (216
(189.9 to 240.8)), ambient particulate matter pollution (117.9 (88.1 to 149.4)), and high body mass index (BMI) (57 (36.3
to 81.8)). Smoking was also the main risk factor in all provinces.

Conclusion Despite the overall decrease in ASR of burden measures, the crude counts are rising. Moreover, the ASIR
of all CRDs except asthma is increasing. This suggests that the overall incidence of CRDs will continue to grow in the
future, which calls for immediate action to reduce exposure to the known risk factors. Therefore, expanded national
plans by policymakers are essential to prevent the economic and human burden of CRDs.
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Introduction

Chronic respiratory diseases (CRDs) is a general term
that includes a range of diseases that affect the air-
ways and the other structures of the lungs [1]. Com-
mon CRD types include chronic obstructive pulmonary
disease (COPD), asthma, pneumoconiosis, interstitial
lung diseases, and pulmonary sarcoidosis [2]. CRDs
are a leading concern worldwide; based on the Global
Burden of Disease (GBD) study, the number of deaths
due to CRDs has increased to approximately 3.7 mil-
lion deaths in 2019. They were also cited as the third
cause of death, only behind cardiovascular diseases
and cancers, accounting for 7% of all mortality globally.
Furthermore, with a 39.8% increase, the prevalence of
CRDs has risen to 544-9 million in 2019 [3].

Although CRDs are among the most prominent con-
tributors to the burden of non-communicable diseases
(NCDs) and low-cost interventions can prevent or treat
these diseases, they have received less attention from
researchers and policymakers than other NCDs [4]. In
contrast, clinicians and epidemiologists have reported
the scarcity of data on the dispersion of CRDs, which
makes implementing cost-effective preventive plans
challenging [5]. Nationwide preventive programs are
essential for reaching Sustainable Development Goal
(SD@) 3.4, which was set by the United Nations in 2015
and states that the number of deaths caused by NCDs,
such as CRDs, is expected to be cut to one-third by
2030 [6]. Like other countries, Iran is committed to
reaching the SDG 3.4 by 2030, and precise epidemio-
logical data of the burden of diseases such as CRDs aids
in tracking the progress toward SDG 3.4. Moreover, it
assists the governors and policymakers in the imple-
mentation of national plans to control the burden of
diseases and have a better prediction of a disease eco-
nomic burden in the future. Furthermore, by having an
accurate estimation of the contribution of risk factors
to the uprising burden of diseases, preventive measures
can be taken [7].

As one of the most prominent groups of NCDs in
Iran, CRDs are responsible for a non-negligible propor-
tion of the disease burden. Based on Varmaghani et al.
study, the pooled incidence of asthma in Iran was 7.95%
in 2016 (5.85% to 10.06%), which is higher than in
numerous countries such as Pakistan, Oman, and India
[8]. Moreover, based on a study conducted in the north
of Iran, it was reported that 5% of the population suffer
from COPD [9].

Considering the burden of CRDs in Iran, it is crucial for
policymakers to develop suitable action plans to control
its humane and economic burden. This goal can be per-
suaded by having a precise knowledge of the condition
of CRDs in the country., thus our study provides a com-
prehensive knowledge of the national and subnational
Burden of CRDs in Iran based on the GBD findings from
1990 to 2019 by reporting crude counts and age-stand-
ardized (ASR) of burden measures disability-adjusted
life years (DALYs), mortality, incidence, and prevalence,
Years of Life lost (YLL), and Years Lost to Disability
(YLD) and the burden attributed to its risk factors which
are vital for resource allocation and policy-making. To
the best of our knowledge, there has been no up to date
estimate of the burden of CRDs in Iran [8].

Methods

Overview

GBD 2019 estimates the burden of 369 diseases and inju-
ries in seven super regions, 21 regions, and 204 countries
and territories from 1990 to 2019 in terms of incidence,
prevalence mortality, YLL, YLD, and DALYs. It also
reports the burden of disease attributed to 87 behav-
ioral, environmental, metabolic, and occupational risk
factors. Details on the data components, data gathering,
resources, analytics, and population health metrics for
the GBD 2019 have been discussed in detail elsewhere
[10, 11]. All burden measures are presented as count and
age-standardized based on the GBD reference population
to remove the effect of age structure [12]. All counts and
rates are reported with a 95% uncertainty interval taking
into account the potential errors in measurement, mod-
elling and possible biases. Decomposition analysis was
applied between 1990 and 2019 to identify the effect of
age structure, population growth, and incidence rate
changes on the observed incidents cases [13]. This study
is in accordance with the Guidelines for Accurate and
Transparent Health Estimates Reporting (GATHER).

Burden estimation framework

According to the GBD dictionary CRDs include the fol-
lowing five categories: asthma, COPD, interstitial lung
disease and pulmonary sarcoidosis, pneumoconiosis
(including silicosis, asbestosis, coal worker pneumoconi-
osis, and other pneumoconioses), and other chronic res-
piratory diseases. International Classification of Diseases
(ICD)-10 was mapped to define CRDs; mortality and
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non-fatality (Additional file 1) [10, 14]. We obtained our
data from the GBD results tool, https://ghdx.healthdata.
org/gbd-results-tool.

Risk factor estimation framework

GBD provides a comprehensive estimation of the burden
attributed to 87 risk factors in 204 countries, via the com-
parative risk assessment (CRA); it’s a systematic and com-
parable approach to risk factor quantification that offers a
valuable tool for synthesizing evidence on risks and risk-
outcomes associations. GBD CRA updates each GBD
round, integrating new data on risk-outcome pairs, risk
exposure levels, and risk-outcome associations. There are
critical steps to CRA: inclusion of risk-outcome causal
connections in the analysis; estimation of relative risk as
a function of exposure; estimation of exposure levels and
distributions; determination of the counterfactual level of
exposure, the level of exposure with minimum risk called
the theoretical minimum risk exposure level (TMREL);
decomposition of population attributable fractions and
attributable burden; and estimation of mediation of dif-
ferent risk factors [11]. Since 2010, the risk-outcome pairs
have been bound to fulfill the World Cancer Research
Fund criteria in order to prove their causal relationship
[11]. The identified risk factors for CRDs were ambient
ozone pollution, ambient particulate matter pollution,
high body mass index, high temperature, household air
pollution from solid fuels, low temperature, occupational
asthmagens, occupational exposure to asbestos, occupa-
tional exposure to silica, occupational particulate matter,
gases, and fumes, second hand smoke and smoking. To
calculate the burden of each risk factor, the level of expo-
sure to each risk factor known as population attributable
fraction, was multiplied by the whole burden of CRD by
age, sex, location and year [11].

Socio-demographic index (SDI)

SDI is a composite indicator that is calculated from the
geometric mean of three measures, including average
years of educational attainment in individuals older than
15 years, income per capita, and total fertility rate in
individuals younger than 25 years in a country which is
expressed on the scale of zero to one with one correlating
with a lower rate of fertility, higher income and educa-
tional level [10] All of the provinces were classified based
on SDI into high SDI, high-middle, middle, low-middle
and low SDI. The SDI strongly correlates with variables
such as mortality, life expectancy, and DALY thus acts as
a tool to predict health outcomes and compare regional
health outcomes [15].
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Burden measures

Counts and rates of incidence, mortality, and DALY are
reported as the primary measurements of CRD’s burden.
Data from the death registry, disease registry, and sci-
entific literature were the input for the original estima-
tions of mortality by GBD [9]. Incidence was calculated
by dividing deaths by death-to-incidence ratio. Preva-
lence estimations were provided using Dis-Mod-MR ver-
sion 2.1, which is a Bayesian regression tool used by the
GBD study. We calculated ten year prevalence and then
multiplied the prevalence of each period by its disability
weight to estimate the YLD. We used the death number
by age and normative worldwide age expectancy to calcu-
late YLL. And at last, DALYs were calculated by adding of
YLDs and YLLs to each other.

Statistical analysis

We applied a universal age structure from 2019 to calcu-
late Age-standardized rates (ASR). We reported the ASR
of each burden measure per 100,000 population using a
population distribution with the age composition of the
GBD reference population [12]. Uncertainty intervals
(Uls) were defined as the 2.5th, and 97.5th percentiles
of the uncertainty distribution by randomly selecting
1000 draws from the posterior distribution Differences
between point estimates were reported as significant if
more than 95% of values for the difference were either
positive or negative.

Decomposition analysis

In order to perform decomposition analysis, two scenar-
ios were calculated in order to determine the proportion
of changes in incidence which is attributed to population
growth, age structure, and age-specific incidence rate in
the country; at first the number of mentioned elements
in 1990 was applied to the whole population of 2019. The
difference between the obtained number and the number
of cases in 1990 was associated with population growth.
In the following scenario, the age-specific rates in 1990,
were applied to the population size, age structure and sex
structure of 2019. The gap between the second scenario
and the number of cases in 2019 was associated to age-
specific rates, and the difference of these two scenarios
was associated to population aging.

Software
R software version 4.0.5 was used to perform Data visu-
alization and calculation.
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Results

Incidence and prevalence

The number of people living with CRDs has increased
48.9% (38.2 to 61.1) and reached 4,076,810 (3,634,959 to
4,620,503) in 2019 (Table 1). 65.09% of which was due
to asthma, 37.93% due to COPD, 0.70% due to Inter-
stitial lung disease, pulmonary sarcoidosis, and due to
0.14% pneumoconiosis. It is of note that counts and age-
standardized prevalence rate (ASPR) of all CRD types
increased, except for asthma (—22.6% (—26.7 to —18.0))
(Additional file 5: Table S1).

In 2019, there were 731,231 (633,931 to 845,833) inci-
dent cases of CRD with an age-standardized incidence
rate (ASIR) of 932.1 (799.7 to 1091.5) per 100,000 people,
and it was more common in males (948 (805 to 1112.1))
than females (915.4 (797.9 to 1063.5)). While the num-
ber of incident cases increased by 34.1 (22.2 to 48.7),
the ASIR decreased fell slightly compared to 1990 (948.8
(820.2 to 1108.5) (Table 1, Fig. 1A).

In 2019, south Khorasan was the province with the
highest ASIR (1017.8 (884.3 to 1185.5)), while Hormoz-
gan possessed the lowest ASIR (858.7 (728.5 to 1019.2)).
In almost all provinces, ASR of CRDs incidence displayed
a falling pattern until 2015; however, it acquired a rising
pattern after 2015 (Additional file 2: Fig. S2). Moreover,
in all provinces except North Khorasan, the incidence
rate was slightly higher in males compared to females
(Additional file 6: Table S2).

Like prevalence, the highest incident CRD was asthma
with an ASIR of 3280.1 (2717.3 to 3978.4). However, the
second most common occurring CRD was interstitial
lung disease and pulmonary sarcoidosis (245 (198.5 to
298.1)), which is followed by COPD (103,602 (94,771 to
113,265)) (Additional file 5: Table S1).

With regards to SDI quantiles in 2019 in high and high-
middle SDI quantiles, the ASIRs were relatively similar
within each quantile. However, the gap between ASIRs
of provinces of all quantiles became narrower during the
studies period, while the ASR of incidence in provinces
of middle, low-middle, and low SDI quantiles was more
scattered. Generally, the highest ASIRs belonged to low
SDI provinces such as South Khorasan (1017.8 (884.3 to
1185.5)) and Sistan and Baluchistan (Sistan and Balu-
chistan, 1015.1 (883.1 to 1176.3)) (Fig. 2A). However,
Sistan and Baluchistan had the most prominent percent-
age of decrease during the studies period (— 8.7 (— 13.6 to
—4) followed by South Khorasan (6.6 (— 11.4 to — 1.6)).

Concerning age groups, the highest incidence rate
belonged to the+ 70 age group with an ASIR of 2407.9
(2072.2 to 2784.9) per 100,000. Moreover, the incidence
of CRDs had another peak in the under five age group
with an ASIR of 1546.7 (929.5 to 2416.1) but decreased
until the age 30, and after that, it started rising again. It is
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of note that in younger age groups the CRDs occur more
in males, while it is more common in females in older
age groups (Fig. 3A). All of provinces also displayed the
national trend for incidence (Additional file 3: Fig. S3).

Decomposition analysis revealed that the incidence of
CRDS has increased 34.1% during the period between
1990 to 2019; population growth was responsible for
44%, expected new cases were responsible for —5.7%,
and at last incidence rate change accounted for —4.2%
of the observed difference. Nearly all provinces displayed
a similar pattern. However, in Ardebil (—4.4%) and
Hamadan (—4.5%) the overall incidence had decreased
compared to 1990, and in Gilan, the age structure had
a minimal positive effect (0.2%), and in Lorestan (1.6%),
Tehran (1.3%), Ilam 0.7% and the incidence rate contrib-
uted positively to the incidence change (Table 2).

Mortality

The number of CRD-attributed deaths more than dou-
bled and raised to 16,835 (14,588 to 18,193) deaths
in 2019. Meanwhile, the age-standardized death rate
(ASDR) declined to 26.9 (23.2 to 29.1) deaths in 100,000
people with a -36.4% (— 50.7 to — 27.3) change.

ASDR was significantly higher in males (31.4 (27.6 to
34)) compared to females (22.4 (17.5 to 26.1)) in 2019,
and concordantly, the change increments were more
in females (—38.1 (—55.1 to —10.1)) in comparison to
males (—36.4 (—50.7 to —27.3)) (Table 1, Fig. 1C).

Similar to the national trend, all provinces showed a
decreasing ASDR. Furthermore, in 2019, the province
with the highest ASDR was Kerman, with 58.5 (29.4
to 68.7)) deaths per 100,000 people, while Tehran pos-
sessed the lowest ASDR (14.5 (11.9 to 17.6)), which
decreased —47.1% (— 62.2 to — 26.4) compared to 1990.
Moreover, deaths attributed to CRDs were higher in
males of all provinces in comparison to females (Addi-
tional file 6: Table S2).

The CRD causing the most deaths in 2019 and 1990 was
COPD, with an ASDR of 20.3 (17.7 to 22.1) per 100,000
people. The death rates due to all CRDs remained rela-
tively stable with negligible increases, except for asthma
which its ASDR experienced a —69.7% (— 78.9 to —59.7)
fall and decreased to 5.6 (4.8 to 6.2) (Additional file 5:
Table S1).

In 2019, In all SDI quantiles, ASRs of mortality attrib-
uted to CRD lessened compared to 1990, and prov-
inces within each quantile had relative values with some
exceptions. Kerman (58.54 (29.42 to 68.73)), as a mid-
dle-SDI, showed a higher ASDR than other provinces
in the same quantile; also, east Azarbayejan (49.3 (34.2
to 57.8)) had a higher ASDR than other low-middle SDI
provinces (Fig. 2C, Additional file 6: Table S2). Regard-
ing the changes in mortality rate, Sistan and Baluchistan
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Fig. 2 The rate of burden measures by SDI quantiles and province. 1990 vs 2019 A Incidence B Prevalence C Deaths D DALYs

(—50.9% (—62.7 to —33.8) and Chahar mahaal and
Bakhtiari (—48.1% (—61.5 to — 32.8) showed the highest

change increments.

Fig. S1).

Regarding the age groups, unlike incidence that had a

peak in younger age groups, death rates were insignifi-
cant until age 40. After that, the death rates increased
and peaked in the+ 70 age group (329.9 (279.8 to 359)).
Moreover, the ASDRs are reduced in all age groups com-
pared to 1990. It is noteworthy that in all age groups,
deaths attributed to CRDs are more in males, while in the
older age groups, CRDs were more common in females

DALY, YLL, and YLD
In 2019, CRDs were responsible for 587,911 (521,418 to
661,392) DALYs, which is significantly higher than the
associated DALYs in 1990 (365,429 (315,783 to 425,585)).
In contrast, the ASR of DALYs was substantially lower in
2019 (794.1 (705.2 to 886.5)) compared to 1990 (1113.2
(983.7 to 1275.4)) (Fig. 1D).

(Fig. 3). Interestingly, the same pattern was detected at
the subnational level in all provinces (Additional file 1:
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Fig. 3 The rate of burden measures by sex and age group at national level. 1990 vs 2019 A Incidence B Prevalence C Deaths D DALYs

Furthermore, it was significantly higher in males
(334,963 (296,527 to 374,789) than females (252,949
(219,784 to 289,416)) at a national level. A similar pat-
tern to DALYs was observed for both sexes combined
and separated in YLLs and YLDs except for a subliminal
increase in YLDs (both sexes: 3.4% — 1.4 to 8.7; females:
1.4 (— 3.7 to 6.7); males: 5.5 (0.3 to 12)) (Table 1).

All provinces displayed a downward trend for DALYs,
with Kerman and Tehran having the highest (1371 (885.8
to 1571.6)) and lowest (553.2 (470.1 to 644.2)) DALYs,
respectively. YLLs also exhibited a similar pattern to
national level. On the contrary, when studying YLDs,
provinces such as Alborz (8.3 (—13.3 to —2.8), Kerman-
shah (— 3.3 (— 8.6 to 2.7)), Markazi (—2.3 (— 8.4 to 4.8)),
Qazvin (— 1.5 (— 7.3 to 4.6)), Qom (— 5.2 (— 10.5 to 0.4)),
Sistan and Baluchistan (—3.2 (—8.7 to 3.4)), Semnan
(—2.8 (—8.7 to 3.6)) and west Azarbayejan (3.8 (—9.7
to 2.6)) had a opposite trend to national trend, and their
ASR YLDs decreased. Furthermore, males suffered from
non-negligibly more DALYs than females in all provinces
(Additional file 6: Table S2).

The contribution of YLLS to DALYs was slightly more
in comparison to YLDs in both 2019 and 1990 (Table 1).
The same trend was observed in all provinces in both
years, except Tehran, with a higher YLD than YLL in
2019. (Additional file 4: Fig. S4).

The CRD that resulted in the highest DALY was COPD
with an ASR of 517.2 (471 to 560.8), followed by asthma

(232.3 (185 to 299.3)), other chronic respiratory diseases
(26.8 (19.6 to 32.5), Interstitial lung disease and pulmo-
nary sarcoidosis (14.7 (10.3 to 17.7)) and Pneumoconiosis
3.1 (2.6 to 3.7). YLDs also exhibited the same order, but in
the context of YLLS, Interstitial lung disease and pulmo-
nary sarcoidosis (11.2 (6.9 to 13.4)) accounted for more
YLLs than other chronic respiratory diseases (9.6 (3.9 to
13.2) (Additional file 5: Table S1).

The number of DALYs increased gradually with the
increasing age groups until the 50-69 age group (189,923
(168,499 to 209,733), then declined briefly to 185,770
(165,389 to 200,540) in the+70 age group. Meanwhile,
the DALYs rate was the highest in the+70 age group
with 5350.6 (4763.6 to 5776) per 100,000 people. It is of
note that in almost all age groups, males suffered from
more DALYs than females in the national landscape and
also in most of the age groups in all provinces (Fig. 3D).

Regarding the SDI quantiles, the DALY of provinces in
all SDI quantiles decreased compared to 1990. The high-
est DALYs belonged to middle (Kerman (1371(885.8 to
1571.6)) and low (Sistan and Baluchistan (1300.1 (923.2 to
1513.1)) and low-middle SDI (East Azarbayejan (1114.5
(894.4 to 1264.6) provinces, while the lowest DALY was
observed in the high SDI province Tehran (553.2 (470.1
to 644.2)). Furthermore, the most noticeable decreases
were detected in the low SDI quantile countries such as
Sistan and Baluchistan (—42.6 (—53.9 to —21.6)). (Fig. 2,
Additional file 6: Table S2).
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Risk factors

At the national level, the number of all DALYs attributed
to the risk factors experienced a 114.5% (84.9 to 137.9)
change and reached 310,187 (274,601 to 344,635) years
in 2019. In contrast, the rate of DALYs declined over the
period by —21.9% (—33.1 to — 13) and fell to 423.3 (376.3
to 468.4). The major part of DALYs attributed to risk fac-
tors is formed by males (561.5 (496.6 to 616)) rather than
females (285 (240.5 to 332.7)) (Table 3).

In 2019, the risk factor with the most associated rate
of DALYs was smoking (216 (189.9 to 240.8)), followed
by Ambient particulate matter pollution (117.9 (88.1 to
149.4)), high body mass index (BMI) (57 (36.3 to 81.8))
and Occupational particulate matter, gases, and fumes
(54 (44 to 64.7)). The rate of DALYs attributed to high
temperature, ambient particulate matter pollution, and
occupational exposure to silica and asbestos grew over
the studied period, whereas the other eight risk fac-
tors had a declining pattern. All risk factors except high
BMI, occupational asbestos exposure, and household
air pollution from solid fumes imposed more DALYs on
males (Additional file 7: Table S3). In a subnational land-
scape, smoking was similarly the leading risk factor. The
percentage of DALYs attributed to household air pollu-
tion from fuels decreased over the studied period in all
provinces, but for other risk factors was nearly the same
(Fig. 4).

Discussion

This study provides a comprehensive assessment of the
burden of CRDs, including their prevalence, incidence,
mortality, YLLS, and YLDs from 1990 to 2019 in Iran and
its provinces. While in 1990, about 2,700,000 million peo-
ple were suffering from CRDs, which gave rise to approx-
imately 360,000 thousand DALYs and 8000 deaths, in
2019, these measures raised to 4,100,000 million, 587,900
thousand, and 16,800 thousand, respectively. While the
crude counts of burden measures increased during the
studied period, all ASRs except for YLDs decreased dur-
ing the two decades. The same pattern was also observed
at a global level for prevalence, incidence, mortality, and
DALYs attributed to CRDs [3, 16]. Both changes in the
ASRs and the decomposition analysis confirm that the
crude numbers’ changes were mainly caused by popula-
tion growth.

This study showed that the incidence, prevalence,
deaths, and DALY rates among males were consistently
higher than in females, matching the worldwide pattern
[3]. Several environmental and physiological reasons can
be counted for this finding. menopause is positively asso-
ciated with more alveolar loss and declined lung func-
tion, which explains the higher incidence of CRDs in
higher age groups in females than males [17] and based
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on a meta-analysis by Gan et al,, differences in physiology
between men and women make women more susceptible
to lung function decline when adjusted for the number of
cigarettes smoked [18].

Also, due to differences in job distribution between
the sexes, males experience more exposure to occupa-
tional pollutants [3]. This phenomenon can be partly
attributed to males being in more contact with the
risk factors in comparison to females. For instance, the
prevalence of smoking which is the primary risk fac-
tor for CRDs is eightfold more in males compared to
females [19]. Another assumption posits that dissimilar
metabolism of tobacco components in men and women
results in prolonged exposure of women to toxic sub-
stances [20]. With the increasing prevalence of smoking
among women, a higher burden for CRDs is imagined
for females in the future. Furthermore,

The findings of this study indicate that at a subna-
tional level, South Khorasan and Kerman provinces
had the highest ASIR and ASR mortality attributed to
CRDs. This is in accordance with Varmaghani et al.
study, which showed a higher rate of CRDs in southern
regions of Iran. There is a higher rate of cigarrete and
hookah smoking in the mentioned areas [8, 21]. Moreo-
ver, several studies have highlighted the importance of
occupational exposure in these provinces. Kerman is a
highly industrial and mining province, and because of
that, exposure to harmful occupational factors is rela-
tively high [22, 23].

While the overall incidence and prevalence of CRDs
saw a minimal decrease, the ASIR and ASPR of all CRDs
but asthma had increased compared to 1990; but despite
its downward trend, asthma remained the most incident
and prevalent CRD in Iran, followed by COPD. However,
at the global level, the most common CRD was COPD,
which accounted for 55-1% of all CRDs, and in contrast
to Iran, the ASPR of all CRDs experienced a fall [3]. Fur-
thermore, the study of Xie et al revealed a decreasing
pattern for ASIR of COPD and pneumoconiosis in addi-
tion to asthma, which was not the same pattern we found
for Iran [16]. The opposite trend of COPD’s ASIR in Iran
might be partly due to the increased exposure to risk fac-
tors such as smoking, air pollution, and occupational sit-
uations [24].

However, when considering ASR of deaths and DALYs,
COPD also showed a downward trend; in the case of
deaths and DALYs, asthma was the second leading dis-
ease, preceded by COPD. Moreover, COPD also gave
rise to more deaths and DALYs in the global landscape.
The major contributor to COPD DALYs in Iran was YLL,
while overall in North Africa and the Middle East, the
contribution of YLLs and YLDs was almost equal [3]. The
decreased ASDR but higher YLLs suggest that although
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Fig. 4 The proportion of DALYs of each province attributed to each risk factor. 1990 vs 2019

the quality of care for COPD in Iran has improved, more
attention needs to be paid to its situation. However, our
findings were not in line with Varmaghani et al. 2015
study reported a rising trend for COPD incidence rate;
the observed difference might be due to the different
time frames and data sources [25].

Various studies have shown that several risk factors
affect the incidence of CRDs, such as smoking, air pollu-
tion, and high blood pressure [26]. Based on comprehen-
sive research conducted on the GBD database, we report
the burden of 12 environmental, metabolic, occupational,
and behavioral risk factors [11].

Globally smoking is the leading risk factor for chronic
non-communicable diseases such as CRD [27]. It is also
the primary risk factor for CRDs at the national level.
The previous studies showed that the trend of smoking
prevalence did not change significantly during 2004—
2016 [28], but at the beginning of this period, the trend of
CRDs prevalence was decreasing, and after the change-
point year of 2010, it started increasing. Thus, change
in the prevalence of other risk factors can be considered
as the reason behind the trend of the age-standardized
burden measures of CRDs during the 1990-2019 study
period. Moreover, smoking results in secondhand smoke,
which is another risk factor for CRDs. In a study con-
ducted by Korsbek et al. it was concluded that individu-
als who experienced exposure to secondhand smoke in
adulthood had an Odds Ratio (OR) of 1.49 (1.09-2.05)
and 1.25 (0.90-1.74) for developing COPD and asthma
respectively [29].

Another group of risk factors for CRDs is pollution,
which is divided into air pollution and occupational
exposure to pollution. The second leading risk factor
was ambient air pollution. Air pollution gives rise to an
inflammatory situation that limits the lungs’ function
[30]. Moreover, various studies have demonstrated that
with the progress of global warming, the detrimental
effects of air pollution on the respiratory system’s health
are becoming worse because the concentration of pollut-
ants increases and also, hot temperature, which itself is
a risk factor for CRDs, acts in synergy with air pollution
to exacerbate health conditions [26]. Between the occu-
pational risks, occupational particulate matter and expo-
sure to asthmagens caused the most DALYs. The other
two occupational risk factors which have a minor contri-
bution to CRD DALYs are exposure to silica and asbestos.
These particles limit the airflow in the lungs and increase
the risk of CRDs, in particular COPD [31]. Our findings
were consistent with the results of the De Matteis et al.
study, which confirmed that the COPD rate was higher
in gardners, sculptors and warehouse workers [32]. How-
ever, on the contrary, in the study by Ratanachina et al
it was reported that occupational exposure did not affect
lung function, however, it gave rise to respiratory symp-
toms such as cough and wheezing [33].

Most of the risk factors for CRD are preventable, and
by applying some underused but straightforward strat-
egies, CRDs burden attributed to risk factors can be
reduced. The burden of smoking can be reduced by
implementing some national constraints and nationwide
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programs. By stating public bans, the number of smok-
ers and also people exposed to secondhand smoke can be
reduced. Moreover, increased tax on tobacco products
might lower their target population by increasing the
expense of smoking. And at last, a complete ban on their
promotion and advertising might reduce the number of
smokers, too [34, 35].

Detrimental effects of ambient air pollution can be
lowered by regulating daily activity according to the air
quality index (AQI), which yields necessary health poli-
cies [30]. There is still uncertainty over using personal
protective equipment (N95 mask or equivalent) during
haze settings, and to date, there are no recommended
evidence-based arguments for masks in preventing the
effects of air pollution. Novel approaches to mitigating
CRDs burdens, such as dietary recommendations and
antioxidant supplements, still need to be backed by more
robust randomized studies, as previous investigations
have brought contrary results [36].

Government and elite policymakers should imple-
ment novel initiatives and make use of previous success-
ful stratagem to reduce the burden of CRDs; Moreover,
CRDs are closely associated with worse prognosis of
COVID-19; and considering the fluctuations in incidence
of COVID-19 and its uprisings in different countries and
its massive health and economic burden; it is of pivotal
importance to control the rate of CRDs which can be
achieved[37]by determining the gaps in healthcare ser-
vices to which can be identified by such epidemiological
studies [38].

Strengths and limitations

This study had its strengths and limitations. One of
the strengths of GBD 2019 was the implementation of
improved health information coded using the ICD system.
GBD 2019 also prevents compositional bias of national
estimates by adjusting variance and weighting [39].

One of the limitations of this study which was specific
to CRDs, is the controversies over clear case definitions,
which often happen as underdiagnoses, particularly in
patients at an early stage of the disease, and even over-
diagnosis in some groups [40]. Also, since our data is
from the GBD study, we could not consider the coexist-
ence of several CRDs simultaneously. Furthermore, due
to the existing lag in data acquisition, the data for recent
years are projected from the previous years’ trends;
therefore, more precise data improves the quality of the
estimations.

Conclusions

While the ASR of burden measures of CRD, except YLD
has decreased over the studied period, the crude rates
of all burden measures have had an upward trend. This
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phenomenon is explained by the changes in age structure
and population aging. The increase in ASIR of almost
all CRD types except asthma calls for attention by poli-
cymakers to control the rising burden of CRDs. The pri-
mary risk factors for CRDs are smoking and ambient
particulate matter pollution. Nationwide initiatives and
bans can prevent the population’s exposure to these two
risk factors. By reducing the population’s exposure to
these risk factors, the burden of CRDs attributed to them
is expected to diminish.
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