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Background: A study aimed to estimate the burden of Chronic obstructive pulmonary disease (COPD) caused by occupational 
exposure to particulate matter, gases, and fumes in 204 countries from 1990 to 2019.
Methods: Data on the deaths number, age-standardized mortality rates (ASMR), and age-standardized disability-adjusted life years 
(DALYs) rates (ASDR) of COPD attributable to occupational particulate matter, gases, and fumes were collected from the GBD study 
2019. We also investigated the association between the ASDR and SDI.
Results: There were 517.7 thousand deaths [95% UI: 413.9 to 634.5] in 2019. The number of deaths increased from 1990 to 2019. 
The ASMR and ASDR were 6.61 (5.24 to 8.17) and 143.02 (118.56 to 168.69) in 2019, respectively, representing a 46% and 44.5% 
decrease since 1990. China had the highest number of deaths [200,748.4 (151,897.6 to 260,703.9)], while Nepal had the highest 
ASMR [39 (27.7 to 50)] and ASDR [724.5 (549 to 894.2)]. Males and females 75–79 and 80–84 years old had the highest number of 
COPD deaths. A negative correlation was observed when SDI > 0.4, whereas a positive correlation was found when SDI < 0.4.
Conclusion: From 1990 to 2019, there was an increase in the number of deaths, but a decline in ASMR and ASDR globally. Besides, 
there was a heterogeneous burden of COPD attributable to occupational particulate matter, gases, and fumes across regions and 
countries. It is important to develop and implement strategies to prevent and reduce the burden of COPD attributable to occupational 
particulate matter, gases, and fumes.
Keywords: chronic obstructive pulmonary disease, occupational particulate matter, gases, fumes, global burden of disease, deaths 
number, age-standardized rates

Introduction
Chronic obstructive pulmonary disease (COPD) is a lung disorder characterized by airway obstruction that causes 
shortness of breath and coughing. It manifests after long-term inhalation of irritant gases such as cigarette smoke and 
chemicals.1 According to World Health Organization (WHO), COPD is the world’s third greatest cause of death, 
accounting for 3.23 million deaths in 2019.2 COPD is a major public health concern, particularly in poor and middle- 
income nations, where over 90% of COPD deaths occur.1,2 According to the latest Global Burden of Disease (GBD) 
study, the DALYs of COPD have risen from 13th in 1990 to 6th in 2019, globally.3 With the growing global population 
and the aging population, COPD is expected to become more common over the next several decades.4,5

Occupational exposure accounts for 15–20% of the burden of COPD in the population.6,7 Some of the risk factors for 
getting COPD include age, occupational exposure to dust and fumes, indoor and outdoor air pollution, genetic risk 
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factors, and most notably, tobacco smoking.2,8 Over the last 40 years, scientific evidence on the link between workplace 
exposure and COPD has accumulated.9 Population-based studies provide evidence supporting a causal relationship 
between occupational exposures and COPD development.7 Several studies have found that occupational exposure to 
vapors, dusts, gases, and fumes impairs large airway function and raises the risk of COPD.7,10,11 Despite efforts to 
minimize dust exposure, the construction and building industry continues to pose a challenge for occupational health and 
safety protection.12,13 A study of Swedish construction workers found that occupational exposure to air pollution, such as 
inorganic dust, gases, and fumes, increases COPD incidence, especially among non-smokers.11 Jong et al reported that 
smokers and non-smokers both experience small airway obstruction due to exposure to gases, vapors, dusts, or fumes.10 

However, there is no comprehensive assessment of the impact of occupational particulate matter, gases, and fumes on 
COPD.

The COPD burden attributed to risk factors has been reported using GBD 2019. These papers primarily discuss the 
burden of COPD associated with risk factors.14–16 Until now, there has not been a study examining the most recent 
changes in COPD attributed to occupational particulate matter, gases, and fumes burden based on GBD 2019. To estimate 
the global, regional, and national burdens of COPD attributed to occupational particulate matter, gases, and fumes across 
204 nations and territories between 1990 and 2019, we used data from the GBD 2019 database for a second analysis. We 
scrutinized the temporal trends in COPD attributed to occupational particulate matter, gases, and fumes on a global and 
regional scale spanning from 1990 to 2019. This analysis aims to enhance our comprehension of the burden imposed by 
COPD attributed to occupational particulate matter, gases, and fumes. Furthermore, we delved into exploring the 
correlation between COPD and the Social Demographic Index (SDI), attributing this relationship to the burden posed 
by occupational particulate matter, gases, and fumes. The results would raise awareness of occupational particulate 
matter, gases, and fumes among people worldwide and contribute to the development of tailored preventative and 
intervention plans for these workers in various geographical areas.

Methods
Overview
The GBD study, led by the Institute for Health Metrics and Evaluation (IHME), is the largest global observational 
epidemiological study conducted to date.17 More than 7000 researchers gather and examine data for the Global Burden of 
Disease in 156 nations and territories.18 From 1990 to 2019, the GBD 2019 investigated 369 diseases and injuries and 87 
risk factors globally, regionally, and nationally.3,19,20 The methods used to determine the disease burden and analyze each 
measure in GBD 2019 have been described in detail previously.3 The general framework established for comparative risk 
assessment (CRA), used in GBD since 2002, was followed for the GBD 2019 estimation of attributable burden.3,21,22

Data Sources
Data on COPD prevalence, incidence, and remission are obtained from literature provided by collaborators or systematic 
reviews. Other sources of data include vital registrations for cause of death and hospital claims for non-fatal estimates. 
Measures based on spirometry are included in all data.3 In GBD 2019, there are four risk factor hierarchies: behavioral, 
environmental, occupational, and metabolic risk factors are at level 1; twenty risks or groups of risks are included in level 2, 52 
risks or groups of risks are included in level 3, and 69 specific risk factors are included in level 4.19 Occupational particulate 
matter, gases, and fumes belong to level 3.19 Five categories–high SDI, high-middle SDI, middle SDI, low-middle SDI, and 
low SDI–are used to classify countries and territories according to the SDI, which ranges from 0 to 1.0 represents the lowest 
level of development and 1 represents the highest. The SDI is a composite indicator of a nation’s lag-distributed per capita 
income, average years of schooling, and fertility rate among females under 25.23 The data used in this study on the burden of 
COPD attributable to occupational particulate matter, gases, and fumes were derived from the GBD Results Tool (https:// 
vizhub.healthdata.org/gbd-results/). We downloaded SDI data from this website (https://ghdx.healthdata.org/record/ihme- 
data/gbd-2019-socio-demographic-index-sdi-1950-2019). According to the GBD 2019, the estimates are based on age- 
standardized rates per 100,000 population.
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Definitions
According to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) classification, COPD is defined as 
a measurement of <0.7 FEV1/FVC (one second of forceful exhalation/total forceful expiration) in a person.3 COPD 
severity was also graded based on the GOLD classification. It is characterized as mild (I), moderate (II), or severe or very 
severe combined (III, IV) when the FEV1 score is 80%, 50–79%, or 50% of the normal value, respectively.3,14 COPD 
included diseases coded J41, J42, J43, J44, and J47 in the International Classification of Diseases (ICD) version 10 and 
491–492, and 496 in ICD version 9.

Statistical Analysis
The deaths number, and ASMR and ASDR were the main indices used to evaluate the burden of COPD attributable to 
occupational particulate matter, gases, and fumes. All estimates were reported with a 95% uncertainty interval (UI). To 
visualize the geographic variation regarding COPD attributable to occupational particulate matter, gases, and fumes in 
the number of deaths, ASMR, and ASDR in 2019, we generated maps of COPD attributable to occupational particulate 
matter, gases, and fumes. Percentage changes in COPD attributable to occupational particulate matter, gases, and fumes 
deaths number, ASMR and ASDR from 1990 to 2019 were defined as (Number2019-Number1990)/Number1990 ×100%. 
We assessed the relationship between the burden of COPD attributable to occupational particulate matter, gases, and 
fumes and SDI based on location and year. We used R statistical software (version 4.1.2) to analyze and visualize the 
data.

Results
Global Level
Between 1990 and 2019, Figure 1 shows global trends for deaths, DALYs, ASMR, and ASDR due to COPD attributable 
to occupational particulate matter, gases, and fumes. The deaths and DALYs of COPD attributable to occupational 
particulate matter, gases, and fumes increased from 1990 to 2019 in both sexes and males, but not significantly in 
females. On the other hand, the ASMR, and ASDR decreased gradually. The deaths and DALYs of COPD attributable to 
occupational particulate matter, gases, and fumes were lower in females than in males. The ASMR and ASDR of COPD 
attributable to occupational particulate matter, gases, and fumes were higher in males than in females (Figure 1).

Globally, the total deaths of COPD attributable to occupational particulate matter, gases, and fumes increased by 
18.6%, from 436.4 thousand (95% UI: 340.3 to 518.2) in 1990 to 517.7 thousand (413.9 to 634.5) in 2019. The ASMR 
decreased by 46% from 12.23 (9.47 to 14.57) in 1990 to 6.61 (5.24 to 8.17) in 2019 per 100,000 population. Meanwhile, 
the ASDR of COPD attributable to occupational particulate matter, gases, and fumes was 257.92 (206.41 to 302.34) per 
100,000 population in 1990 and 143.02 (118.56 to 168.69) per 100,000 population in 2019, with a percentage change of 
−44.5% (Table 1).

Regional Level
Among 21 GBD regions based on geography, the deaths of COPD attributable to occupational particulate matter, gases, 
and fumes were highest in East Asia 206.7 thousand (95% UI: 157.9 to 267.4) and South Asia 172.9 thousand (130.7 to 
215.8) in 2019. Oceania 0.7 thousand (0.5 to 0.9) and Australasia 0.9 (0.7 to 1.2) had the lowest number of deaths in 
2019. Compared to 1990, the deaths number of COPD attributable to occupational particulate matter, gases, and fumes in 
most regions increased in 2019, the highest rise was seen in Central Latin America (158.1%). However, the deaths 
number of COPD attributable to occupational particulate matter, gases, and fumes was deceased in only three regions 
[Central Europe (−17.3%), East Asia (−17.8%), and Eastern Europe (−42.4%)]. The highest ASMR of COPD attributable 
to occupational particulate matter, gases, and fumes in 2019 occurred in South Asia [14.82 (10.95 to 18.65)], Oceania 
[12.73 (9.15 to 16.6)], and East Asia [11.79 (8.81 to 15.45)] per 100,000 population. The ASMR of COPD attributable to 
occupational particulate matter, gases, and fumes increased in the Caribbean (9.4%) and High-income North America 
(7.3%) between 1990 and 2019 and decreased in other 21 GBD regions. South Asia 304.05 (239.42 to 370.44), Oceania 
259.19 (195.41 to 332.92), and East Asia 210.73 (168.47 to 263.54) had the highest ASDR per 100,000 population in 
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2019, while High-income Asia Pacific had the lowest ASDR [24.07 (18.38 to 30.94)] per 100,000 population. Only the 
Caribbean region has seen an increase in ASDR (12.3%) from 1990 to 2019, at the same time, the remaining 20 regions 
were all decreased, the biggest decline in East Asia (−69.3%) from 1990 to 2019 (Table 1).

National Level
Among 204 countries and territories, China [200,748.4 (95% UI: 151,897.6 to 260,703.9)] and India [148,380.2 
(106,620.1 to 187,390.9)] were the two countries with the highest deaths number of COPD attributable to occupational 
particulate matter, gases, and fumes in 2019. The deaths number of COPD attributable to occupational particulate matter, 
gases, and fumes was less than 1 in some countries (Antigua and Barbuda, San Marino, Cook Islands, Tuvalu, Nauru, 
Niue, and Tokelau) (Figure 2A and Supplementary Table 1). The highest ASMR in 2019 occurred in Nepal [39 (27.7 to 
50)] per 100,000 population, followed by Bhutan [16.9 (11.3 to 24.5)], Nepal is more than twice as many as Bhutan. The 

Figure 1 The deaths number (A), DALYs number (B), ASMR per 100,000 population (C), ASDR per 100,000 population (D) of chronic obstructive pulmonary disease 
attributable to occupational particulate matter, gases, and fumes by sex, 1990–2019. 
Abbreviations: ASMR, age-standardised mortality rate; ASDR, age-standardised DALYs rate; DALYs, disability-adjusted life years.
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Table 1 Death Number, Age-Standardized Mortality Rates, and Age-Standardized DALYs Rates of Chronic Obstructive Pulmonary Disease Attributable to Occupational Particulate 
Matter, Gases, and Fumes for Both Sexes in 1990 and 2019

Characteristics Deaths Number Age-Standardized Mortality Rates per 
100,000 Population

Age-Standardized DALYs Rates per 100,000 
Population

1990 No. *103 

(95%UI)
2019 No. *103 

(95%UI)
Percentage 

change
1990 No. 
(95%UI)

2019 No. 
(95%UI)

Percentage 
change

1990 No.  
(95%UI)

2019 No.  
(95%UI)

Percentage 
change

Global 436.4  
(340.3–518.2)

517.7  
(413.9–634.5)

18.6% 12.23  
(9.47–14.57)

6.61  
(5.24–8.17)

−46% 257.92  
(206.41–302.34)

143.02  
(118.56–168.69)

−44.5%

High SDI 26.3  
(20.7–32.7)

40.2  
(30.3–52)

52.9% 2.43  
(1.91–2.98)

1.92  
(1.48–2.43)

−21% 64.54  
(53.34–76.29)

52.97  
(43.48–62.87)

−17.9%

High-middle SDI 112.4  
(85.5–135.2)

85.5  
(65.5–112.7)

−23.9% 11.74  
(8.76–14.23)

4.28  
(3.26–5.65)

−63.5% 231.18  
(181.29–272.74)

90.97  
(74.26–113.17)

−60.6%

Middle SDI 171.2  
(128.4–204.5)

180.7  
(143.6–226.9)

5.5% 21.55  
(16.07–26.13)

8.78  
(6.79–11.19)

−59.3% 409.38  
(314.66–484.9)

169.64  
(139.42–205.04)

−58.6%

Low-middle SDI 102.2  
(79–122.7)

167.8  
(130.2–205.6)

64.2% 21.74  
(16.85–26.45)

14.55  
(11.08–18.1)

−33.1% 444.61  
(350.76–526.31)

292.95  
(236.01–349.52)

−34.1%

Low SDI 24.2  
(18.2–29.8)

43.4  
(33.9–52.6)

79.3% 13.29  
(9.94–16.73)

10.91  
(8.31–13.5)

−17.9% 283.18  
(221.37–342.33)

227.14  
(184.57–268.67)

−19.8%

Andean Latin America 0.5  
(0.4–0.6)

1  
(0.7–1.4)

100% 2.66  
(2.06–3.41)

1.92  
(1.35–2.65)

−27.8% 48.39  
(39.28–58.91)

34.89  
(27.36–45.26)

−27.9%

Australasia 0.7  
(0.5–0.9)

0.9  
(0.7–1.2)

28.6% 2.96  
(2.26–3.69)

1.72  
(1.26–2.26)

−41.9% 71.76  
(57.82–86.67)

44.12  
(34.89–54.34)

−38.5%

Caribbean 0.5  
(0.4–0.7)

1.2  
(0.9–1.5)

140% 2.13  
(1.66–2.67)

2.33  
(1.76–2.97)

9.4% 46.03  
(37.38–55.59)

51.68  
(41.35–63.42)

12.3%

Central Asia 2.4  
(1.9–2.8)

2.5  
(2–3.1)

4.2% 5.53  
(4.47–6.53)

4.41  
(3.47–5.56)

−20.3% 128.58  
(108.07–148.43)

93.73  
(77.68–112.11)

−27.1%

Central Europe 5.2  
(4.2–6.2)

4.3  
(3.2–5.5)

−17.3% 3.65  
(2.91–4.42)

1.88  
(1.44–2.4)

−48.5% 84.97  
(69.98–100.33)

49.47  
(39.89–59.48)

−41.8%

Central Latin America 3.1  
(2.4–3.7)

8  
(6–10.3)

158.1% 4.49  
(3.49–5.56)

3.64  
(2.72–4.69)

−18.9% 82.99  
(69.06–98.08)

68  
(54.7–83.79)

−18.1%

Central Sub-Saharan 
Africa

1.4  
(0.9–1.9)

2.6  
(1.7–3.7)

85.7% 8.6  
(5.85–12.18)

6.89  
(4.53–10.33)

−19.9% 180.2  
(131.93–244.18)

151.49  
(110.03–207.43)

−15.9%
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Table 1 (Continued). 

Characteristics Deaths Number Age-Standardized Mortality Rates per 
100,000 Population

Age-Standardized DALYs Rates per 100,000 
Population

1990 No. *103 

(95%UI)
2019 No. *103 

(95%UI)
Percentage 

change
1990 No. 
(95%UI)

2019 No. 
(95%UI)

Percentage 
change

1990 No.  
(95%UI)

2019 No.  
(95%UI)

Percentage 
change

East Asia 251.6  

(183.4–303.2)

206.7  

(157.9–267.4)

−17.8% 39.13  

(28.51–48.79)

11.79  

(8.81–15.45)

−69.9% 686.95  

(506.87–822.81)

210.73  

(168.47–263.54)

−69.3%

Eastern Europe 9.9  

(7.6–12)

5.7  

(4.4–7.4)

−42.4% 3.65  

(2.77–4.42)

1.6  

(1.24–2.06)

−56.2% 86.78  

(69.26–102.99)

40.87  

(32.84–50.32)

−52.9%

Eastern Sub-Saharan 

Africa

4.9  

(3.7–6.1)

7.3  

(5.8–9)

49% 8.22  

(6.12–10.52)

5.75  

(4.45–7.15)

−30% 186.44  

(149.04–228.06)

133.31  

(110.2–159.81)

−28.5%

High-income Asia 

Pacific

2.8  

(2.1–3.5)

5  

(3.1–7.6)

78.6% 1.53  

(1.14–1.95)

0.87  

(0.57–1.29)

−43.1% 38.41  

(30.82–46.45)

24.07  

(18.38–30.94)

−37.3%

High-income North 

America

10.2  

(8.1–12.6)

19.5  

(15–24.2)

91.2% 2.73  

(2.19–3.38)

2.93  

(2.28–3.61)

7.3% 83.5  

(68.37–98.71)

82.5  

(67.76–97.72)

−1.2%

North Africa and 

Middle East

5.6  

(4.3–7)

11  

(8.4–13.9)

96.4% 3.98  

(3.01–5.07)

3.11  

(2.33–3.95)

−21.9% 90.79  

(73.25–111.78)

76.01  

(60.99–92.18)

−16.3%

Oceania 0.3  

(0.3–0.4)

0.7  

(0.5–0.9)

133.3% 15.32  

(11.27–20)

12.73  

(9.15–16.6)

−16.9% 313.78  

(241.18–403.28)

259.19  

(195.41–332.92)

−17.4%

South Asia 92  

(70.8–113.2)

172.9  

(130.7–215.8)

87.9% 22.19  

(16.66–27.71)

14.82  

(10.95–18.65)

−33.2% 453.31  

(357.07–548.85)

304.05  

(239.42–370.44)

−32.9%

Southeast Asia 19.8  

(14.8–24.2)

32.4  

(25.4–39.5)

63.6% 9.9  

(7.3–12.3)

6.49  

(5–8.04)

−34.4% 211.53  

(165.86–252.89)

149.32  

(122.18–176.48)

−29.4%

Southern Latin 

America

1.5  

(1.2–1.8)

2.6  

(2–3.3)

73.3% 3.4  

(2.73–4.17)

3.06  

(2.37–3.82)

−10% 75.03  

(62.68–88.92)

65.11  

(53.21–78.71)

−13.2%

Southern Sub-Saharan 

Africa

1.2  

(0.9–1.5)

1.8  

(1.5–2.2)

50% 5.13  

(3.98–6.55)

3.89  

(3.13–4.78)

−24.2% 128.5  

(104.97–156.11)

98.09  

(81.89–115.31)

−23.7%

Tropical Latin 

America

4.9  

(3.9–5.8)

8.4  

(6.7–10.3)

71.4% 6.42  

(5.07–7.82)

3.65  

(2.9–4.51)

−43.1% 129.12  

(106.09–150.58)

75.16  

(62.39–88.8)

−41.8%

Western Europe 14.2  

(10.8–17.9)

16.9  

(12.1–22.6)

19% 2.31  

(1.78–2.9)

1.6  

(1.2–2.08)

−30.7% 55.18  

(44.38–66.18)

40.55  

(32.5–49.15)

−26.5%

Western Sub-Saharan 

Africa

3.9  

(3–4.9)

6.5  

(5–8.1)

66.7% 5.43  

(4.11–6.91)

4.48  

(3.42–5.64)

−17.5% 127.68  

(103.68–156.11)

106.48  

(86.61–128.74)

−16.6%
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ASMR of COPD attributable to occupational particulate matter, gases, and fumes was less than 1 in 11 countries 
(Figure 2B and Supplementary Table 2). The highest ASDR in 2019 were observed in Nepal [724.5 (549 to 894.2)] and 
Democratic People’s Republic of Korea [329.5 (253.7 to 410.7)] per 100,000 population (Figure 2C and Supplementary 
Table 3).

Age and Sex Patterns
The number of deaths and DALYs was lower in females than males in 2019, except 95-plus-year-old age group. In 2019, 
the deaths number of COPD attributable to occupational particulate matter, gases, and fumes was highest in the 75–79- 
year-old and 80–84-year-old age group for males and females, respectively. The ASMR of COPD attributable to 
occupational particulate matter, gases, and fumes started increasing in the early age groups and peaked in the 85–89- 
year-old and 95-plus-year-old age groups for males and females, respectively. The number of age-specific DALYs peaked 
in 70–74-year-old in males and females. Age-specific rates of DALYs increased during the middle ages in both genders, 
and peaked in the 85–89-year-old and 80–84-year-old age group for males and females, then decreased in both genders 
(Figure 3).

Association with the SDI
Middle SDI had the highest deaths number of COPD attributable to occupational particulate matter, gases, and fumes 
[180.7 thousand (95% UI: 143.6 to 226.9)] in 2019. High SDI had the lowest deaths number of COPD attributable to 
occupational particulate matter, gases, and fumes [40.2 (30.3 to 52)]. Compared with 1990, the deaths number of COPD 
attributable to occupational particulate matter, gases, and fumes was declined only in High-middle SDI (−23.9%) in 
2019, while the remain SDI all increased, with the highest increased in Low SDI (79.3%). Low-middle SDI had the 
highest ASMR [14.55 (11.08 to 18.1)] and ASDR [292.95 (236.01 to 349.52)] per 100,000 population in 2019. High SDI 
had the lowest ASMR [1.92 (1.48 to 2.43)] and ASDR [52.97 (43.48 to 62.87)] per 100,000 population in 2019. The 
ASMR and ASDR of COPD attributable to occupational particulate matter, gases, and fumes were declined between 
1990 and 2019 (Table 1).

Our study examined the relationship between SDI and the corresponding ASDR of COPD attributable to occupational 
particulate matter, gases, and fumes in 21 GBD regions between 1990 and 2019. On the whole, a non-linear-shaped 
relationship was observed between the ASDR of COPD attributable to occupational particulate matter, gases, and fumes 
and SDI from 1990 to 2019. The SDI and ASDR of COPD attributable to occupational particulate matter, gases, and 
fumes were negatively associated when SDI exceeded 0.4. However, there is a positive correlation when SDI is less than 
0.4. Western Sub-Saharan Africa, North Africa and Middle East, Central Latin America, Caribbean, Andean Latin 
America, Tropical Latin America, Southern Latin America, and High-income Asia Pacific all had lower than expected 
ASDR, from 1990 to 2019. East Asia, South Asia, Oceania, and High-income North America had higher than expected 
from 1990 to 2019. A higher burden of ASDR was observed in Australasia, Eastern Sub-Saharan Africa, and Central 
Sub-Saharan Africa during the early years, but it declined in the latter years (Figure 4).

Discussion
This study was carried out to assess the global burden of COPD caused by occupational particulate matter, gases, and 
fumes. The number of deaths and DALYs of COPD attributable to occupational particulate matter, gases, and fumes 
increased from 1990 to 2019, while the ASMR and ASDR showed a declining trend. The number of COPD deaths 
attributed to occupational particulate matter, gases, and fumes increased by 18.6% compared to 1990. We also found that 
the burden of COPD attributable to occupational particulate matter, gases, and fumes was considerably higher among the 
elderly and males. Moreover, a non-linear relationship was observed between the SDI and the ASDR of COPD 
attributable to occupational particulate matter, gases, and fumes, with a negative association when the SDI exceeded 
0.4 and a positive correlation when the SDI was less than 0.4.

Clinical and scientific advances have resulted in a better knowledge of COPD and improved patient treatment. 
Although there is no cure for COPD,2 COPD is still a preventable and avoidable disease.2,9 Treatment can help control 
symptoms, halt disease development, and enhance a person’s quality of life. Common COPD therapies included: 
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a combination of medications such as bronchodilators and corticosteroids to open airways and reduce inflammation; 
oxygen therapy for severe cases; pulmonary rehabilitation to improve muscle strength and lung function; surgery in some 
cases such as lung volume reduction or transplantation; and lifestyle changes such as quitting smoking and avoiding 
irritants.24,25

Despite the knowledge that tobacco smoking, secondhand smoking, air pollution, and exposure to fuel oil fumes are 
the primary risk factors for COPD.26 Pollutants in the workplace, particularly inorganic dust, can cause airway injury and 
inflammation, which are hallmarks of COPD etiology.9 Studies have shown that workers in industries such as mining, 
construction, and agriculture who are exposed to high amounts of particulate matter, dust, and fumes are at a higher risk 
of getting COPD.9,27,28 Additionally, exposure to chemicals such as nitrogen oxides and sulfur dioxide can cause COPD 
in employees in particular sectors such as petrochemical and steel manufacture.29 These findings imply that occupational 
exposure to particulate matter, gases, and fumes can have long-term consequences on lung health and contribute to the 
development of COPD. Besides, according to Plaat et al, occupational exposures may induce differential methylation of 
gene expression regulating genes and thereby may induce other adverse health effects.30 A study found that smoking and 
occupational exposure together yielded an additive effect on incidence of COPD.31 Similarly, a study from Swiss worker 
found that long-term exposure to occupational exposures to biological dusts, mineral dusts, gases/fumes, and VGDF at 
high levels were associated with increased incidence of moderate COPD in a population of Swiss working adults.7 COPD 
is already an underdiagnosed condition, and occupational COPD is less common than would be predicted.9 The reasons 
for occupational COPD underdiagnosis are several. General practitioners frequently believe that occupational medicine 
training is insufficient,32 some patients who are still working may fail to report a specific job exposure.33 To solve this 
problem, employers must offer a safe working environment and safeguard their employees from hazardous chemicals. 
Ventilation systems, personal protection equipment (eg, masks), and regular air quality monitoring are examples of such 
measures. Besides, workers should also be appropriately taught to wear protective equipment and understand the dangers 
involved with their employment.34 Workers must report any COPD symptoms to their doctor. Even though self-reported 
exposure to VGDF may have overestimated the risk of occupational COPD.35

The present research found that the deaths number increased from 1990 to 2019, while the ASMR and ASDR showed 
a declined. The cause can be due to several factors, including: Rise in population: Even if the ASMR and ASDR is 
decreasing, an increase in the total population size might contribute to an increase in the number of COPD fatalities. 
Improved diagnosis and treatment: Even if the number of fatalities from COPD is growing as individuals live longer with 
the illness, improved diagnosis and treatment can lead to a decrease in the ASMR and ASDR. Changes in risk factors: 
Changes in the distribution of COPD risk variables such as age, gender, and smoking status can also have an impact on 
the number of fatalities, ASMR, and ASDR. Improved data collection: Improved data collection methods and increasing 
knowledge of COPD can also contribute to a rise in the number of fatalities ascribed to occupational particulate matter, 
gases, and fumes, while the ASMR and ASDR decreases as healthcare improves.

At the regional level, this study observed a non-linear-shaped relationship between SDI with the ASDR of COPD 
attributable to occupational particulate matter, gases, and fumes. A positive association was observed between SDI and 
the DALY rates at SDI levels lower than 0.4. South Asia and Oceania are the regions where SDI is lower than 0.4 in 
a certain period of time, and their burden is higher than expected. SDI is a composite measure of income per capita, years 
of education, and total fertility rate. This could be due to the fact that South Asia and Oceania likely stems from the poor 
working conditions, lack of awareness, and underdeveloped healthcare systems prevalent in these regions during that 
time period.

This research also found that the ASMR and ASDR of COPD attributable to occupational particulate matter, gases, 
and fumes rose with age in both sexes and was greatest in persons over the age of 80. COPD can have a long latency 
period, meaning it may take years or even decades for the disease to develop after exposure to pollutants.36 The length of 
time particulate matter, gases, and fumes exposure leads to COPD can vary, depending on various factors such as 
frequency, duration, and level of exposure, as well as individual factors such as genetics and overall health. The specific 
reason remains to be further studied.

A recent study found that low- and middle-income countries shoulder 62.6% of the world’s COPD and lung cancer 
burden, which is projected to escalate in the coming decades due to aging populations and inadequate control of tobacco 
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Figure 2 Global distribution of chronic obstructive pulmonary disease attributable to occupational particulate matter, gases, and fumes burden in terms of deaths (A), 
ASMR (B) and ASDR (C) in 2019. 
Abbreviations: ASMR, age-standardized mortality rate; ASDR, age-standardized DALYs rate; DALY, disability-adjusted life year.
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Figure 3 Global number of deaths and death rate (A) and global number of DALYs and DALY rate per 100,000 population (B) of chronic obstructive pulmonary disease 
attributable to occupational particulate matter, gases, and fumes by age and sex in 2019. DALY, disability-adjusted life years.
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and air pollution.3 Therefore, policymakers can adopt a multifaceted approach to preventing COPD attributable to 
occupational particulate matter, gases, and fumes, including legislation, supporting safe work practices, stimulating 
research, increasing awareness, and offering assistance to affected persons. It is critical to safeguard employees by 
enacting laws that define limits for permissible amounts of occupational particulate matter, gases, and fumes exposure in 
the workplace and provide consequences for noncompliance. Fundamentally, increase funding for research into the 
causes and effects of occupational particulate matter, gases, and fumes exposure and COPD, as well as ways to prevent it, 
is necessary to address this issue effectively. Raising public awareness about the dangers of occupational particulate 
matter, gases, and fumes exposure and the importance of protecting workers is crucial. Finally, providing support, 
treatment, and compensation for individuals affected by COPD related to occupational particulate matter, gases, and 
fumes exposure is necessary to address the impact of this disease on those who are affected. COPD is a preventable and 
treatable chronic lung disease.2 Individuals with COPD must collaborate with their healthcare physician to design 
a treatment plan that is appropriate for them. To avoid future loss in lung function and to lessen the health and 
socioeconomic burden of COPD, early diagnosis and identification of occupational causes is critical.9

There were some limitations to our study. First, GBD 2019 uses modeling tools to achieve data for locations and years 
that cannot be obtained, and there is a possibility of deviation. Second, GBD 2019 was generated using the DisMod-MR 
method after summarizing and cleaning the collected data, specific statistics on mortality and DALY trends from 1990 to 
2019 were lacking. Third, there are also limits to COPD registries, particularly in less developed countries, which may 

Figure 4 Age-standardised DALY rates (ASDR) of chronic obstructive pulmonary disease attributable to occupational particulate matter, gases, and fumes for 21 GBD 
regions by Socio-demographic Index, 1990–2019. Expected values based on Socio-demographic Index and disease rates in all locations are shown as the black line. 
Abbreviations: DALY, disability-adjusted life-year; GBD, Global Burden of Diseases.
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contribute to under reporting. Fourth, the statistics on COPD caused by occupational particulate matter, gases, and fumes 
were based on self-reports, which may contain inconsistencies and biases.

Conclusion
From 1990 to 2019, the number of deaths due to COPD caused by occupational particulate matter, gases, and fumes 
increased, while the ASMR and ASDR showed a declining trend globally. The focus should be on employees who are 
exposed to particulate matter, gases, and fumes for extended periods, providing them with protection and guidance. To 
prevent COPD caused by occupational particulate matter, gases, and fumes, the government should enact legislation.
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