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Abstract

Background

The available data to determine the chronic obstructive pulmonary disease (COPD) burden
in Saudi Arabia are scarce. Therefore, this study closely examines and tracks the trends of
the COPD burden in Saudi Arabia from 1990 to 2019 using the dataset of the Global Burden
of Disease (GBD) 2019.

Methods

This study used the GBD 2019 dataset to analyse the COPD prevalence, incidence, morbid-
ity and mortality rates in the Saudi Arabian population from 1990 to 2019, stratified by sex
and age. The age-standardised rate was used to determine the prevalence, incidence,
years of life lost (YLLs), years lived with disability (YLDs), disability-adjusted life years
(DALYs) and deaths.

Results

In 2019, an estimated 434,560.64 people (95% Uncertainty Interval (Ul) 396,011.72—
473,596.71) had COPD in Saudi Arabia, corresponding to an increase of 329.82% com-
pared with the number of diagnosed people in 1990 [101,104.05 (95% Ul 91,334.4—
111,223.91)]. The prevalence rate of COPD increased by 49%, from 1,381.26 (1,285.35—
1,484.96) cases per 100,000 in 1990 to 2,053.04 (1918.06—2194.29) cases per 100,000 in
2019, and this trend was higher in males than females. The incidence rate of COPD in 2019
was 145.06 (136.62—154.76) new cases per 100,000, representing an increase of 43.4%
from the 1990 incidence rate [101.18 (95.27—-107.86)]. In 2019, the DALY rate was 508.15
(95% Ul 434.85-581.58) per 100,000 population. This was higher in males than females,
with a 14.12% increase among males. In 2019, YLLs contributed to 63.6% of DALYs due to
COPD. The death rate due to COPD was 19.6 (95% Ul 15.94-23.39) deaths per 100 000 in
2019, indicating a decrease of 41.44% compared with the death rate in 1990 [33.55 deaths
per 100 000 (95% Ul 25.13—-47.69)]. In 2019, COPD deaths accounted for 1.65% (1.39—
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1.88) of the total of deaths in Saudi Arabia and 57% of all deaths caused by chronic respira-
tory diseases.

Conclusion

Over the period 1990-2019, the prevalence and incidence of COPD in Saudi Arabia have
been steadily rising. Even though COPD morbidity and death rates have been decreasing,
they remain higher in men and older age. The holistic assessment and interventions with
careful attention to optimising the community-based primary care management, such as
screening for early diagnosis, smoking cessation programs and pulmonary rehabilitation,
are likely to be the most successful strategies to reduce the burden of COPD in Saudi
Arabia.

Introduction

Chronic obstructive pulmonary disease (COPD) is one of the most common non-communica-
ble diseases with the potential to be life-threatening. It is caused primarily by tobacco smoking
and air pollution [1]. According to the Global Initiative for Chronic Obstructive Lung Disease
(GOLD), COPD is a common, treatable and curable disease [2]. COPD is now the third major
cause of mortality globally and is expected to reach the top of the list over the next decade [2].
In 2019, there were an estimated 455 million cases of COPD and 3.9 million deaths globally
[3]. COPD is a serious public health problem that has a detrimental financial effect. The world-
wide cost of COPD in 2010 was $ 2.1 trillion, which is estimated to climb to $4.8 trillion by the
year 2030 [4]. This is a conservative estimate because COPD continues underdiagnosed. Fur-
thermore, the long list of comorbidities, such as cardiovascular disease, lung cancer and mental
health associated with COPD, would place an extra burden on the healthcare system [5-7].

In the Middle East and particularly in the Gulf Cooperation Council nations, COPD
remains underdiagnosed and underestimated [8]. Saudi Arabia is considered the largest coun-
try in the Middle East region with a population of 35.6 million people as of 2022, based on
Worldometer data [9]. Several studies conducted in Saudi Arabia over the last three decades
reveal that smoking is on the rise, especially among men and women in their twenties [10-12].
A representative study conducted in 2013 found that the overall prevalence of smoking was
12.2%, and men were more likely to smoke than women (21.5% vs. 1.1%) [13]. According to
the BREATH survey conducted in MENA nations, Saudi Arabia has a smoking prevalence of
16% for cigarettes alone, 5% for water pipes alone, 4% for water pipes and cigarettes together,
and 25% for all types of smoking [14]. In Saudi Arabia, the age and gender-adjusted prevalence
of COPD-related symptoms, defined as chronic productive cough and/or dyspnoea, was
14.3% [15]. Yet, according to the epidemiological definition of COPD, only 2.4% of the partici-
pants met the criteria (symptoms or diagnosis and cigarette smoking 10 pack-years), while
2.8% were diagnosed with chronic bronchitis according to the GOLD diagnostic criteria [15].
In a study with 501 smokers in three major Saudi cities, the prevalence of COPD was 14.2%
[16]. Additionally, many individuals in Saudi Arabia, also report a history of tuberculosis, per-
sistent asthma, and respiratory-tract infections throughout infancy, which are all considered
risk factors for COPD [17]. Further, non-smoking variables, such as biomass fuel, dusts, gases,
and outdoor air pollution, are also commonly contributing to the increased burden of COPD
in Saudi Arabia [18]. There are just a few pulmonary rehabilitation programs that are not
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extensively used in Saudi Arabia, owing to a lack of promotion and workforce competence
[19]. Unavailability or underutilisation of such services would exacerbate the kingdom’s
COPD burden.

Despite the high global burden of COPD, the available epidemiological data about COPD
in Saudi Arabia are limited and do not fully report the age-standardised rates of prevalence,
incidence, morbidity and mortality of COPD that stratified by gender. For more than 200
countries and regions, the Global Burden of Disease (GBD) 2019 presents the most up-to-date
evaluation of the descriptive epidemiology of a mutually exclusive and collectively complete
list of diseases and injuries from 1990 to 2019 [3]. For government policymakers and health-
care professionals, it is critical to understand the national trends of prevalence, incidence, mor-
bidity and mortality associated with COPD that have great public health and socioeconomic
burden. Therefore, this study aims to track trends and present the health burden of COPD in
Saudi Arabia using the GBD 2019 dataset.

Methods

This study made use of the publicly accessible data from the World Health Organisation
(WHO) and the GBD repository of the Institute for Health Metrics and Evaluation [20]. This
paper explores the recent GBD 2019 trends of the prevalence and incidence of COPD in Saudi
Arabia, as well as the trends in disability-adjusted life years (DALYs) and mortality ascribed to
COPD, over the period 1990-20109, stratified by sex and age. The GBD 2019 study’s methodol-
ogy and data-collection processes have already been described in detail [3, 21]. Briefly, multiple
relevant data sources were identified for each disease or injury in the GBD-estimation process,
including censuses, household surveys, civil registrations and vital statistics, disease registries,
health care utilisation, air pollution monitors, satellite imaging and disease notifications.

Nonfatal and fatal estimates for COPD were also based on thorough evaluations of pub-
lished articles, unpublished reports, and survey data from the GBD’s Global Health Data
Exchange repository in 2019. Because of the lack of a primary source of data from Saudi Ara-
bia, the COPD covariates that predicted morbidity and mortality were used. These covariates
were the cumulative cigarette smoking for the last years, second-hand smoke, indoor and out-
door air pollution, use of biomass for cooking or heating and occupational exposure. The sur-
veys and research papers published over the last three decades were used to compile data for
the calculation of the COPD burden. The GBD 2019 Data Input Sources Tool for Saudi Arabia
contains all of the relevant papers and publications [22].

Years of life lost (YLLs) were calculated by multiplying the number of COPD-caused deaths
by the remaining life expectancy derived from the GBD standard life table [23]. Similarly, the
number of years lived with disability (YLDs) was determined by multiplying the prevalence by
the disability weight of the person with the impairment. Subsequently, the total number of
YLLs and YLDs was used to calculate DALY [3, 24]. The author calculated the trend percent-
age of our outcomes to compare each measure over time of a baseline year. The age-standard-
ised rate was used to adjust for differences in the age distribution of the population for more
representative outcomes. Stratification by sex was applied to compare the trends between male
and female for all the previous measures. The author reported 95% uncertainty intervals (Uls)
for all estimations, with Uls reflecting the 2.5 and 97.5™ percentiles of a 1000-draw distribu-
tion at each stage. The GBD data have been de-identified and made public, thus, this study is
exempt from evaluation by the institutional ethics board. Statistical Package for the Social Sci-
ences (SPSS) version 28 was used to analyse the data (IBM Corp. Armonk, New York, USA).
The GBD data can be access via http://ghdx.healthdata.org/.
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Results
Prevalence of COPD in Saudi Arabia

In 2019, an estimated 434,560.64 people (95% UI 396,011.72-473,596.71) had COPD in Saudi
Arabia, corresponding to an increase of 329.82% compared with the diagnosed population in
1990 [101,104.05 (95% UI 91,334.4-111,223.91)]. The age-standardised prevalence rate of
COPD in 1990 was 1,381.26 (1,285.35-1484.96) cases per 100,000 and 2,053.04 (1,918.06-
2,194.29) cases per 100,000 in 2019, demonstrating an increase of 49%. In 2019, the age-stan-
dardised prevalence rate of COPD for males [2,123.71 (1,980.21-2,283.64)] was 7.49% higher
than that for females 1,975.70 (1,829.1-2,120.23). During the study period, there was an
increase of 33.8% (1,477.19 vs 1.975.70) and 37.4% (1.328.79 vs 2.123.71) in the age-standard-
ised prevalence rate of COPD in females and males, respectively. Fig 1 shows the trend in the
age-standardised prevalence rate of COPD during 1990-2019 by gender in Saudi Arabia.
Between 1990 and 2019, the prevalence rate of COPD in Saudi Arabia has increased with
increasing population age (Fig 2).

Incidence of COPD in Saudi Arabia

Number of new COPD cases in 2019 was estimated to be 31,296.94 (95% UI 29,020.68-
33,630.52), indicating an increase of 323.6%, compared with number of new COPD cases in
1990, 7388.25 (95% UT 6909.6-7898.9). The age-standardised incidence rate of COPD in 1990
was 101.18 (95.27-107.86) new cases per 100 000 and 145.06 (136.62-154.76) new cases per
100 000 in 2019, representing an increase of 43.4%. There was stagnant increase from 1990 to
2019 in the incidence rate of COPD in both males (104.65 vs 161.05, 54%) and females (97.49
vs 123.50, 27%). Fig 3 presents the trend of age-standardised incidence rate of COPD during
1990-2019 in Saudi Arabia, stratified by sex. Between 1990 and 2019, the incidence rate of
COPD in Saudi Arabia has risen as the population has become older (Fig 4).

Morbidity caused by COPD in Saudi Arabia

Overall, there were 91,981.72 DALYs (95% UI 77,924.92-107,172.03) due to COPD in 2019,
representing an increase of 135.7% since 1990 [39,029.28 DALY (30,653.07-52,587.75)]. In
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Fig 1. Trends in the age-standardised prevalence rate of COPD during 1990-2019 in Saudi Arabia, stratified by
gender.
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Fig 2. The prevalence rate of COPD in Saudi Arabia (1990 and 2019), stratified by age.
https://doi.org/10.1371/journal.pone.0268772.g002

2019, the overall age-standardised DALY were 508.15 (95% UT 434.85-581.58) per 100,000
population. For males, DALY's were 534.7 (95% UI 436.88-626.66) per 100,000 population and
for females, they were 468.54 (95% UI 376.27-571.31) per 100,000 population. This represents
an increase of 14.12% in the age-standardised DALYs among males compared to females.

In 2019, the age-standardised YLLs was 323.12 (95% UI 258.02-389.43) per 100,000 popula-
tion, which contributed to approximately 63.6% of DALYs due to COPD. Likewise, the overall
YLDs was 185.04 (95% UI 150.4-215.13) per 100,000 population in 2019, contributing to
36.4% of the morbidity caused by COPD. In 2019, YLDs was higher among females [age-stan-
dardised YLDs: 192.82 (95% UI 155.35-224.28) per 100,000 population] than for the males
[181.15 (95% UI 144.81-216.31) per 100,000 population]. Fig 5 shows the trend of DALY
stratified by sex over the last 30 years. Across different age groups, there was a trend of reduced
DALYs in 2019 compared to 1990, but the rate of DALY’ increased along with the increased

age (Fig 6).

Mortality caused by COPD in Saudi Arabia

There were 2,119.22 (95% UI 1685.24-2576.13) deaths due to COPD in 2019, revealing an
increase of 47.91% since 1990 [1432.73 (95% UI 1072.52-2089.28)]. These deaths, in total,
accounted for 1.65% (1.39-1.88) of the total all-cause deaths in Saudi Arabia and corresponded
to 57% of the deaths caused by chronic respiratory diseases, such as asthma and interstitial
lung disease. In 2019, the age-standardised death rate due to COPD was 19.6 (95% UI 15.94-
23.39) deaths per 100,000, indicating a decrease of 41.44% compared with the death rate in
1990 [33.55 (95% UI 25.13-47.69) deaths per 100,000]. During the study period, the age-stan-
dardised death rate due to COPD reduced for both males (36.05 vs. 21.15; a decrease of
41.33%) and females (30.72 vs. 17.34; a decrease of 43.56%), but the drop was considerably
higher among females when compared with males. Fig 7 demonstrates the trends of mortality
rates over the period 1990-2019 stratified by sex. Overall, the rates of death due to COPD were
reduced across all age categories from 1990 to 2019, although the mortality rate increased
along with increased age (Fig 8).

Discussion

To the author’s knowledge, this is the first study to thoroughly investigate the COPD burden
in Saudi Arabia using the GBD database that includes prevalence, incidence, morbidity and
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Fig 3. Trends in the age-standardised incidence rate of COPD during 1990-2019 in Saudi Arabia, stratified by
gender.

https://doi.org/10.1371/journal.pone.0268772.9003

mortality rates during 1990-2019. The age-standardised prevalence and incidence rates in
Saudi Arabia have rapidly increased from 1990 to 2019, by 49% and 43.4%, respectively. These
rates were higher in males than females and increased in tandem with the population’s aging.
A steady drop in the age-standardised morbidity and death rates was found throughout the
same period, with the decline being greater among females than males. As the Saudi popula-
tion’s age increases, the rates of morbidity and death consistently rise. Management of respira-
tory conditions in Saudi Arabia may be affected by factors such as health care costs, religious
beliefs and cultural practices, as well as a failure to follow evidence-based treatment standards
[18]. According to the Saudi Ministry of Health, respiratory disorders were Saudi Arabia’s fifth
highest cause of death in 2014 [25]. Such data highlight the need for developing effective strate-
gies to mitigate this burden.

Saudi Arabia’s rate of COPD prevalence in 2019 was 2,053.04 (1,918.06-2,194.29) cases per
100,000, demonstrating an increase of 49% compared to 1990. This is lower than the global
prevalence rate of 2,639.2 (2,492.17-2,796.14) per 100,000 population [3]. The prevalence rate
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Fig 4. The incidence rate of COPD in Saudi Arabia (1990 and 2019), stratified by age.
https://doi.org/10.1371/journal.pone.0268772.9004
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is also lower than those of high-income countries such as the United Kingdom with 3,902.15
(3,678.51-4,125.74) and the United States with 3,668.54 (3,514.64-3,805.41) cases per 100,000
population [3]. The increased prevalence of COPD in Saudi Arabia can be justified by the
increased rate of smoking among adults, the use of water pipes, biomass fuel exposure, outdoor
air pollution and the increasing age of the population [26]. As a result of increasing population
aging, incidence, morbidity and mortality are increased, highlighting the importance of early
COPD screening and diagnosis [27].

The age-standardised incidence rate of COPD in Saudi Arabia was increased by 43.4%
from 1990 to 2019 [101.18 (95.27-107.86) vs. 145.06 (136.62-154.76) new cases per 100,000,
respectively] owing to the increase of the population’s age. Such an increase might be due to
improvements in COPD health care expertise that allow the early detection and treatment of
the disease, hence, reducing the risk of mortality and disability. However, this rate is still lower
than the global incidence rate of 200.49 (188.63-212.57), which indicates that intense COPD
screening is necessary to unravel possible discrepancies caused by inaccurate and insufficient
data collection. Tobacco-control measures and attention to decrease the exposure to indoor
and outdoor air pollution are still needed to lower the risk of developing COPD [3].
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Fig 6. The DALYs rate of COPD in Saudi Arabia (1990 and 2019), stratified by age.
https://doi.org/10.1371/journal.pone.0268772.9006
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https://doi.org/10.1371/journal.pone.0268772.9007

The trends of DALYs and mortality categorised by sex decreased in the Saudi population
over the last 30 years, but both rates increased along with the increased lifespan. As a result,
the burden of COPD in Saudi Arabia is estimated to dramatically rise as the population ages,
especially in males that have a higher prevalence and incidence of COPD than females. Indeed,
Saudi Arabia had lower rates of DALY (508.15 vs. 926.8 per 100,000 population) and mortal-
ity (19.6 vs. 42.52 deaths per 100,000) compared to the global rates. The reason for such a
decrease could be related to the younger age of the Saudi population, with over half of the pop-
ulation being 35 years old or younger [28]. However, the younger Saudi population is more
likely to be overweight and sedentary to older portions of the population, and adheres to poor
eating habits [29]. One of the aims of the Saudi 2030 vision is to reduce the fertility rate and
increase life expectancy. The population above 60 is expected to rise from 5.5% in 2020 to
11.0% by 2030 [28]. Therefore, to meet this national goal, there is a need to enhance the quality
and efficiency of healthcare services, as well as encourage prevention against risk factors for
COPD.
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Fig 8. The death rate of COPD in Saudi Arabia (1990 and 2019), stratified by age.
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In 2019, deaths attributed to COPD reduced to 1.65% compared to 1990 (1.74%), accounted
for 1.65% (1.39-1.88) of the total all-cause deaths in Saudi Arabia and corresponded to 57% of
all deaths caused by chronic respiratory diseases, such as asthma and interstitial lung disease.
This reduction was consistent with the WHO’s report on non-communicable disease mortality
[30]. The Saudi Arabian Ministry of Health invested in healthcare services, recognising some
key concerns such as access and health staff development [28]. In addition, they collaborated
with international organisations to address the increased prevalence of non-communicable
diseases and their risk factors [31]. Furthermore, the Saudi Initiative for Chronic Airway Dis-
eases panel has established the first guidelines for COPD to offer tools for the diagnosis and
thorough management of COPD, tailored to the specific needs of the local population [32].
Overall, these national initiatives might have contributed to the decreased rates of morbidity
and mortality found in this study. Nevertheless, in the Middle East and Africa, there are signif-
icant unmet needs in the care of COPD that should be addressed in the future [33].

For those people living with COPD, the coronavirus disease 2019 (COVID-19) pandemic
has been difficult. In spite of the low prevalence of COPD patients in COVID-19 cases, COPD
has been linked to higher COVID-19 severity and mortality [34]. As a result, a number of legis-
lative measures were put in place, such as requiring people to wash their hands more often,
wearing face masks, and physical distancing to help reduce the risk of infection [35]. Accord-
ing to a recent systematic review and meta-analysis, hospital admissions for COPD exacerba-
tions were reduced by 50% during the COVID-19 pandemic compared to pre-pandemic
period [36]. Such findings were likely linked to a decrease in respiratory viral infections that
cause exacerbations. Other factors that could contribute to this reduction includes: fear of
COVID-19 (increase in medication adherence and behavioural changes), mortality and reduc-
tion in pollution [36]. Therefore, COVID-19 pandemic may positively or negatively affect
morbidity and mortality of COPD patients in Saudi Arabia. In a recent research prioritisation
exercise, patients and clinicians ranked preventing COPD exacerbations as the most important
research priority [7]. As of now, there is a lack of studies assessing COVID-19 impact on
COPD burden in Saudi Arabia, thus, studies are needed to assess the impact of COVID-19 on
the rate of COPD exacerbations, morbidity and mortality.

This study has important clinical and research implications. First, it summarises the burden
of COPD in Saudi Arabia and highlights the major trends since 1990. Also, it reveals that the
burden of COPD is growing, and public health policy is required to counteract this trend.
With the aim of lowering the burden of COPD, community-based primary care management
must be established, such as smoking cessation programs, pulmonary rehabilitation and
screening for early diagnosis that are both cost-effective and supported by an efficient health
monitoring system. Moreover, the burden of COPD and the risk factors it entails may be effec-
tively managed through health education and awareness campaigns targeting the general pop-
ulation, especially the younger population. In 2017, the top 17 health concerns in Saudi Arabia
were all related to the environment, including pollution and water contamination, among oth-
ers [37]. Strategies to mitigate this phenomenon are necessary, such as the effective implemen-
tation of renewable energy sources. Finally, research activities to understand the COPD
burden in Saudi Arabia are needed because of the lack of statistical data concerning not only
the prevalence of COPD but also its severity, the burden on healthcare systems, the economic
effect, the social and family views of treatment and occupational risk factors.

This study has some limitations. Because of the unavailability of primary data, the
researcher used the GBD database that depends on predictive covariates, which may underesti-
mate the current morbidity and mortality rates. Even if the data were available, they may not
have been collected following the recommended definition or measuring technique. However,
GBD adheres to “Guidelines for Accurate and Transparent Health Estimates Reporting: The
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GATHER Statement” that synthesises information from diverse sources to reach reliable find-
ings [38]. For the first time, the data in this study was used to produce the trends of prevalence,
incidence, and morbidity and mortality rates of COPD during 1990-2019 in Saudi Arabia,
which allow comparison with other countries.

Conclusion

From 1990 to 2019 in Saudi Arabia, increased age-standardised prevalence and incidence rates
of COPD were found; these were higher among males than females. Age-standardised morbid-
ity and mortality rates declined from 1990 to 2019, but these rates were higher among Saudi
males than females. As the Saudi Arabian COPD population becomes older, the rates of mor-
bidity and death progressively rise. The holistic assessment and interventions with careful
attention to optimising the community-based primary care management, such as screening
for early diagnosis, smoking cessation programs and pulmonary rehabilitation, are likely to be

the most successful strategies to reduce the burden of COPD in Saudi Arabia.
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