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Background: Pneumoconiosis remains a widespread occupational disease globally. This study provides an updated overview of the global burden of pneumoconiosis, examining incidence and mortality from 1990 to 2021.

Methods: The study assessed the incidence and mortality of pneumoconiosis using GBD data from 1990 to 2021, presenting findings as point estimates with 95% uncertainty intervals.

Results: In 2021, there were 62,866 new pneumoconiosis cases and 18,323 deaths worldwide, with age-standardized incidence (ASIR) and age-standardized mortality rates (ASMR) of 0.736 and 0.219 per 100,000 population, respectively, showing decreases of 28.5 and 52.8% since 1990. The highest ASIR and ASMR of pneumoconiosis were found in middle and high-middle SDI quintiles in 2021, with East Asia having the highest ASIRs. ASIR and ASMR generally declined but rose in Australasia and Oceania from 1990 to 2021. Globally, the number of incidences peaked at 65–69 years in 1990 and 2021, with death peaks at 65–69 years in 1990 and 80–84 years in 2021. A correlation analysis revealed that ASIR and ASMR either decreased or remained stable in the majority of countries and territories as SDI increased. Decomposition analysis shows that population growth and aging drove the global number increase in most regions, while epidemiological changes had a negative impact.

Conclusion: Despite an overall decline in global pneumoconiosis burden from 1990 to 2021, particularly in the middle and high-middle SDI quintiles, and in East Asia. The future looks promising, but pneumoconiosis remains a public health concern. The implementation of prevention strategies and improving the quality of life of current patients should be a priority.
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Introduction

Pneumoconiosis is a chronic pulmonary disease characterized by diffuse fibrosis of lung tissue due to prolonged occupational exposure to dust (1). Coughing, sputum production, chest tightness, and dyspnea are common symptoms. It can result in progressive pulmonary fibrosis, pulmonary arterial hypertension, cor pulmonale, and right heart failure, severely impairing patients’ quality of life and imposing a substantial economic burden on the community. Disease burden varies markedly across regions and socioeconomic groups due to disparities in occupational health standards and resources (2, 3).

Silicosis accounts for a predominant proportion, approximately 90%, of all diagnosed pneumoconiosis cases. The epidemiological data on silicosis from the Global Burden of Disease (GBD) for 2019 indicated an increase in both the number of incidence and mortality among patients (3). However, following age standardization, both indicators exhibited a downward trend. The burden of pneumoconiosis has evolved globally over time. It is essential to establish consistent, comparable, and systematic analyses of the disease burden and trends of pneumoconiosis in different regions of the world in order to formulate effective intervention strategies.

The present study offers updated findings from the GBD regarding pneumoconiosis for the year 2021. In this study, the incidence and deaths of pneumoconiosis, socio-demographic index (SDI), as well as the potential causes of these epidemiological changes in GBD from 1990 to 2021, were systematically visualized for ages, years, and regions worldwide. As a consequence of the availability of estimates regarding the disease burden associated with pneumoconiosis, clinicians, epidemiologists, and health policymakers will be better positioned to optimize the allocation of medical resources and devise more effective public health interventions.



Methods


Data sources

In this study, the data on pneumoconiosis were obtained from the GBD 2021, which offers the most current epidemiological estimates regarding the burden of 459 diseases and injuries across 204 countries and territories worldwide, spanning 1990 to 2021. The data for this analysis are publicly available via the Global Health Data Exchange1 (4). Detailed descriptions of the data, methods, and statistical approaches can be found in previous publications (5, 6). Moreover, the Institutional Review Board at the University of Washington exempted the need for informed consent for accessing GBD data (7). The study adhered to the Guidelines for Accurate and Transparent Health Estimates Reporting (8).

The GBD study utilized an advanced modeling approach to quantify the burden of pneumoconiosis. DisMod-MR 2.1, a Bayesian meta-regression disease modeling tool, was used to calculate incidence and prevalence statistics. DisMod-MR 2.1 is a meta-regression tool founded on the Bayesian statistical framework. As described from the official and previous literature (9, 10), its construction process is delineated as follows: First, multi-source data within the GBD database, encompassing incidence, prevalence, mortality rates and others, are integrated and preprocessed. These data are derived from global surveys, hospital records, literature reports, and monitoring systems. By means of standardization and correction of the data, the consistency of data quality is ensured. Subsequently, the DisMod-MR 2.1 model structure is established. This model is predicated on the natural history of diseases and categorizes disease states into three types: healthy, diseased, and deceased. The model depicts the transitions among these states via differential equations, including incidence, remission rate, excess mortality rate, and background mortality rate. Under the Bayesian meta-regression framework, the data are stratified by geographical regions, age, gender, etc., and covariates adjustments and random effects are incorporated to account for heterogeneity. Concurrently, rational prior distributions are set for the model parameters, and the posterior distributions are updated in combination with new data. To quantify the uncertainty, the Markov Chain Monte Carlo (MCMC) method is employed to estimate the posterior distribution, thereby generating uncertainty intervals for the parameters. Ultimately, the model outputs age-gender-region-specific disease parameter estimations and validates the rationality of the model through external data.

The diagnosis of pneumoconiosis in the Global Burden of Disease (GBD) 2021 is based on the 10th edition of the International Classification of Diseases (ICD-10). Pneumoconiosis (J60-J65.0, J92.0) encompasses silicosis (J62-J62.9), asbestosis (J61-J61.0, J92.0), coal workers’ pneumoconiosis (J60-60.0), and other forms of pneumoconiosis (J63-J65.0).



Socio-demographic index

The SDI is a comprehensive metric introduced by the Institute for Health Metrics and Evaluation in the United States in 2015. This index assesses a nation’s level of development while highlighting the interplay between social progress and health outcomes. Essentially, it is the geometric average of total fertility rates for individuals under 25 years of age, the mean level of education for those aged 15 and older, as well as the per capita income of the lagged distribution. The value of 0 signifies the lowest levels of income and years of education, as well as the highest fertility rate. Conversely, the value of 1 indicates the highest levels of income and years of education, accompanied by the lowest fertility rate (11). As a consequence of the SDI values, 204 countries and territories have been categorized into five distinct quintiles: high SDI, high-middle SDI, middle SDI, low-middle SDI, and low SDI.



Stratified analysis

Stratification was conducted based on age (15–19 years, in 5-year intervals up to 95 years and over), calendar year (1990–2021), and geographic region. According to the GBD study, the world is categorized into 21 distinct geographical regions. Age-standardized rate (ASR) has been employed to assess the burden of pneumoconiosis over time, across different regions, and among various age groups, including both age-standardized incidence (ASIR) and age-standardized mortality rates (ASMR). The purpose of age standardization is to eliminate the impact of population age structure, thereby enhancing the comparability of research indicators. Pearson correlation analysis was conducted to examine the association between ASRs for pneumoconiosis and the SDI across 204 countries and territories globally, with the objective of identifying determinants of the changing disease burden.



Analyses of decomposition

To assess the influence of population growth, aging demographics, and evolving epidemiological trends on the changing burden of pneumoconiosis, we utilized a methodology established by Das Gupta (12). In this study, we employed mathematical methods to isolate the standardized effect of each multiplicative factor, thereby quantifying the specific contribution of each component to the variation in pneumoconiosis disease burden.



Statistical analyses

Estimates of the pneumoconiosis burden, including 95% uncertainty intervals (UIs), are sourced from the GBD 2021 database (see text footnote 1, respectively). The incidence and death rates are presented as predictions, expressed in terms of individuals per 100,000 population, along with their respective 95% UIs. This study was conducted using R software (version 4.4.1; Bell Laboratories, Lucent Technologies). All hypotheses were tested on a two-sided basis with a significance level set at 0.05.




Results


The disease burden of pneumoconiosis incidence globally, in SDI quintiles and 21 GBD regions

The global incidence number of pneumoconiosis patients was 42,188 (95% UI: 35,786, 48,913) in 1990, rising to 62,866 (95% UI: 54, 617, 71,103) by the year 2021, as shown in Table 1. It is estimated that in 1990, the ASIR of pneumoconiosis patients worldwide was 1.029 (95% UI: 0.897–1.185) per 100,000 population. However, by 2021, the ASIR had decreased to 0.736 (95% UI: 0.639–0.832) per 100,000 population, reflecting a reduction of 28.5% (95% UI: −31.5, −25.3) compared to that of in 1990.



TABLE 1 The incidence cases and ASIR of pneumoconiosis in 1990 and 2021.
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In the SDI quintiles, the middle SDI quintile experienced the most substantial decline of 33.7% from 1990 to 2021 (95% UI: −37.0, −30.2). A smaller reduction was observed in the low-middle and low SDI quintiles, with decreases of 19.8% (95% UI: −23.4, −16.1) and 18.8% (95% UI: −22.7, −14.8), respectively (Table 1). The high SDI and high-middle SDI quintiles experienced ASIR decreases of 25.4% (95% UI: −29, −21.5) and 30.4% (95% UI: −33.3, −27.1), respectively. Figure 1 illustrates the ASIR for each year from 1990 to 2021 including both global and SDI quintiles, with the legend sorted in accordance with the ASIR value for the year 2021. As illustrated, both the global and SDI quintile ASIRs have shown a decline from 1990 to 2021. However the ASIRs for the middle SDI and high-middle SDI quintiles remain higher than that of the global average. In contrast, the ASIRs for the low-middle SDI and low SDI quintile are comparatively lower.
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FIGURE 1
 Changes in ASIR and ASMR of pneumoconiosis in SDI quintiles and globally from 1990 to 2021.


Over the period 1990–2021, ASIR declined in most of the GBD regions. In Australasia and Oceania, however, a significant increase was observed, with ASIR increasing by 44.3% (95% UI: 33.4, 55.7) and 22.2% (95% UI: 6.5, 44.2), respectively (Table 1 and Figure 2). From 1990 to 2021, the ASIR of East Asia, which had the highest ASIR in 1990, decreased by 35.3% (95% UI: −38.6, −32.0). Meanwhile, in Central Europe, the ASIR declined by 45.4% (95% UI: −49.2, −40.9). Western Europe followed closely with a reduction of 44.7% (85% UI: −47.8, −40.8). The ASIR for each GBD region from 1990 to 2021 is illustrated in Figure 2. Legends are sorted according to ASIR estimations for 2021.
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FIGURE 2
 Changes in ASIR and ASMR of pneumoconiosis in GBD regions from 1990 to 2021.




The disease burden of pneumoconiosis deaths globally, in SDI quintile and 21 GBD regions

The number of death attributed to pneumoconiosis globally rose from 17,471 (95% UI: 15,589, 19,436) in 1990 to 18,323 (95% UI: 16,041, 20,916) in 2021. Following age standardization, the global ASMR decreased from 0.464 (95% UI: 0.416, 0.515) per 100,000 population in 1990 to 0.219 (95% UI: 0.192, 0.249) per 100,000 population in 2021. This represents a reduction of 52.8% (95% UI: −59.9, −44.4) over this period.

In the SDI quintiles, the most significant reduction in ASMR was observed in the high SDI quintile, with a decrease of 60.7% (95% UI: −63.7, −57.6). This was followed by a reduction of 56.6% (95% UI: −66.2, −43.9) in the high-middle SDI quintile, a decline of 51.5% (95% UI: −64.1, −35.4) in the middle SDI quintile, and a decrease of 25.2% (95% UI: −38.4, −5.0) in the low SDI quintile. As illustrated in Figure 1, the ASMR is presented for each year from 1990 to 2021, both globally and categorized by SDI quintiles. The ASMR for global and SDI quintiles exhibited a decline from 1990 to 2021. Notably, the baseline ASMR was highest in the high-middle SDI quintile; however, it ultimately fell below the 2021 level observed in the middle SDI quintile. Nonetheless, ASMR remained consistently low within the low-middle SDI and low SDI quintiles throughout this period.

The ASMR exhibited a decline in most GBD regions from 1990 to 2021. However, increases were observed in Australasia and Oceania, with rises of 67.8% (95% UI: 41.2, 105.3) and 86.1% (95% UI: 0.9, 259.9), respectively. Central Europe experienced the most significant reduction in ASMR, with a decrease of 78.4% (95% UI: −81.8, −74.8). This was followed by Eastern Europe, which saw a decline of 69.9% (95% UI: −75.1, −61.7), Central Latin America at a reduction of 69.8% (95% UI: −73.3, −66.2), and Western Europe with a decrease of 69.7% (95% UI: −72.5, −66.6). Figure 2 presents the ASMR for the 21 GBD regions from 1990 to 2021, with the legend sorted according to the ASMR values for the year 2021. Although East Asia continues to exhibit the highest in 1990, this downward trend is clearly observable. In 2021, the ASMR is already lower than that of both Southern Sub-Saharan Africa and Central Sub-Saharan Africa. In comparison to 1990, the ASMR in Australasia exhibited a significant increase in the year 2021 (Table 2).



TABLE 2 The deaths cases and ASMR of pneumoconiosis in 1990 and 2021.
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The age distribution of ASIR and ASMR of pneumoconiosis in the world and the GBD regions

As demonstrated in Figure 3 and Supplementary Table 1, the incidence of pneumoconiosis numbers worldwide has shown a consistent increase with age from 1990 to 2021, peaking within the 65–69 age group before experiencing a gradual decline. Notably, after reaching the age range of 25–29, all subsequent age groups showed a higher number of cases in 2021 than in 1990. There was also an increase with advancing age in the number of deaths attributed to pneumoconiosis worldwide in 1990 and 2021, with peaks observed in the age groups of 75–79 and 80–84, respectively. Before the 75–79 age group, the number of deaths estimated in 2021 was lower than that in 1990. Conversely, for those aged beyond this group, the mortality numbers were higher compared to those estimated in 1990. A comparable age distribution is observed in East Asia, where the burden of disease is most pronounced. In Western Europe, where the burden of disease is also significant, patients with pneumoconiosis reach their peak incidence and mortality in the ages of 80–84 group. In comparison to global trends, the peak ages for both the incidence and mortality of pneumoconiosis have shifted to later years.

[image: Figure 3]

FIGURE 3
 Age Distribution of Pneumoconiosis Incidence and deaths Across 21 GBD Regions and Globally in 1990 and 2021.




The relationship between SDI and pneumoconiosis disease burden

Data from 2021 indicate that among 204 countries and territories, the ASIR of pneumoconiosis increased with rising SDI (r = 0.154, p = 0.036), as shown in Figure 4. The ASIR was notably high in Kiribati (1.42 per 100,000 population), China (1.42 per 100,000 population), North Korea (1.34 per 100,000 population), Lesotho (1.2 per 100,000 population), and Chile (1.03 per 100,000 population). Somalia (0.83 per 100,000 population) had the highest incidence rate in low SDI quintiles, while Austria (0.89 per 100,000 population), South Korea (0.80 per 100,000 population), the United States (0.7 per 100,000 population), and France (0.69 per 100,000 population) exhibited relatively high rates in high SDI quintiles. The ASMR of pneumoconiosis showed a negative correlation with SDI (r = −0.368, p < 0.001). Lesotho recorded the highest mortality rate at 1.08 per 100,000 population, followed by Mali and Namibia. Notably, mortality rates in high SDI regions demonstrated an upward trend compared to high-middle SDI quintiles.

[image: Figure 4]

FIGURE 4
 The ASIR and ASMR of pneumoconiosis in 204 countries and territories in 2021, with the corresponding values of SDI.




Analyses of decomposition

In general, pneumoconiosis incidence and mortality have increased over the past 32 years, with the largest increases observed in the middle SDI quintile (Supplementary Tables 2, 3; Figure 5). In East Asia, the decomposition analysis chart has been relocated to the SDI quintile regions due to a higher population than other GBD regions (Figure 5). Following East Asia, South Asia experienced the greatest increase in both incidences and deaths. Both the number of incidences and deaths in Western Europe decreased the most. Supplementary Tables 2, 3 provide detailed values. In general, aging and population growth are the principal factors contributing to pneumoconiosis cases rise. Epidemiological changes have negatively impacted the increasing number of this disease. The rise in pneumoconiosis cases in Australasia and Oceania may be positively influenced by epidemiological changes.

[image: Figure 5]

FIGURE 5
 Changes in pneumoconiosis incidence and deaths in according to population-level determinants: impact of population growth, aging, and epidemiological dynamics from 1990 to 2021.


The black dot signifies the cumulative change resulting from the three components. For each constituent, a positive value denotes an increment in pneumoconiosis incidence/deaths associated with that factor, with the extent of the value reflecting the magnitude of the increase. Conversely, a negative value signifies a reduction in pneumoconiosis incidence/deaths linked to the respective factor, with the value’s size indicating the degree of the decrease.




Discussion

During the period from 1990 to 2021, the global and regional disease burden of pneumoconiosis has changed significantly. The primary contributor to occupational mortality and disability is occupational pneumoconiosis. This study utilizes GBD 2021 data to estimate the incidence and deaths in the world from 1990 to 2021, while several studies have previously estimated the prevalence and incidence of pneumoconiosis and its subspecies silicosis (3), asbestosis (13), and coal workers’ pneumoconiosis (14) in specific regions using previous data.

This study revealed that the incidence of pneumoconiosis rose from 42,188 cases in 1990 to 62,866 cases in 2021. Concurrently, the number of deaths from this disease increased from 17,471 in 1990 to 18,323 in 2021. However, both the ASIR and ASMR for pneumoconiosis have shown a continuous decline over this period. As illustrated in Figure 5, the rise in both the incidence and death numbers of pneumoconiosis on a global and regional scale can be primarily attributed to the increase in the global population, as well as demographic aging. The age-standardized burden of pneumoconiosis has diminished over the past 32 years, signifying advancements in the prevention and treatment of this disease on a global scale (15). Other data further support this conclusion. For instance, according to reports from Ontario, Canada, the incidence of silicosis fell from 0.42 cases per 100,000 people in 1996–2000 to 0.06 cases per 100,000 population in 2016–2019. A similar trend was observed for asbestosis, decreasing from 1.66 cases per 100,000 population to 0.51 cases per 100,000 population (16). The Italian health authorities collected discharge data from nearly all hospitals nationwide. From 2001 to 2015, hospital admissions due to asbestosis or silicosis declined significantly by 68.1%, with non-urgent hospitalizations decreasing by 83.6%. Moreover, the reduction in in-hospital mortality was even more pronounced (17). The US CDC analyzed domestic pneumoconiosis mortality data from 1999 to 2018. During this period, overall pneumoconiosis deaths number decreased by 40.4%, with coal workers’ pneumoconiosis deaths declining by 69.6% and silicosis deaths dropping by 53.0% (18).

In 2021, the AISR and ASMR of pneumoconiosis in the middle SDI and high-middle SDI quintiles were higher than the global average, whereas those in the low-middle SDI and low SDI quintiles were lower than the global average (Figure 1). In accordance with previous studies, countries with middle to high SDI levels experience a disproportionately high burden of pneumoconiosis (2, 3). This observation may be explained by rapid urbanization and industrialization in middle SDI and high-middle SDI quintiles, accelerating occupational dust exposure and raising disease incidence. As well, improved medical resources and public awareness may enhance the detection of pneumoconiosis. The use of high-voltage chest radiography, computed tomography (CT), and multidisciplinary team evaluations play a critical role in diagnosing pneumoconiosis (19, 20). In contrast, low SDI quintiles may be underdiagnosed of pneumoconiosis due to limited access to modern diagnostic technologies and underdeveloped healthcare systems.

In most of the GBD regions, the ASIR and ASMR decreased from 1990 to 2021. The Australasia and Oceania regions, however, both rates increased, with ASIR increasing by 44.3% (95 UI: 33.4, 55.7) and 22.2% (95 UI: 6.5, 44.2), and ASMR increasing by 67.8% (95 UI: 41.2, 105.3) and 86.1% (9 UI: 0.9, 259.9), respectively.

Figure 4 presents the correlation analysis of ASIR and ASMR with SDI values across 204 countries and territories globally. The ASIR exhibits a weak positive correlation with SDI, while the ASMR shows a negative correlation. Pneumoconiosis is highly prevalent in industrial settings, particularly in industries with high levels of industrialization such as mining, construction, and manufacturing. Industrial development levels vary significantly among countries worldwide. Nations like the United States, France, Austria, and South Korea have undergone multiple industrial revolutions and completed the industrialization process. China and Chile are currently at an intermediate stage of industrialization, while countries such as Lesotho, Kiribati, North Korea, and Somalia remain at a low level of industrialization due to factors such as isolation, poverty, and geographical location. Countries with high or post-industrialization levels generally exhibit relatively lower incidences of pneumoconiosis, likely due to stringent occupational health protection measures and advanced medical technologies. However, some cases still occur. Countries with low levels of industrialization tend to have lower pneumoconiosis incidences, possibly due to weaker industrial foundations. Nevertheless, certain low-industrialization countries experience relatively higher incidence, potentially due to specific industrial activities or inadequate protective measures. Intermediate-stage industrialized countries show the highest incidence of pneumoconiosis, likely because of frequent industrial activities, especially in high-risk sectors such as mining, construction, and manufacturing. The higher the SDI values, the lower the ASMR of pneumoconiosis, indicating that favorable medical conditions and strict occupational health policies can effectively reduce mortality. However, in high SDI quintiles, the mortality rate has shown a relative increase compared to high-middle SDI quintiles, which may be attributed to factors such as aging population, increased burden of chronic diseases, and historical industrial issues.

Based on the decomposition analysis of Figure 5, changes in the epidemiology of pneumoconiosis in most regions have been negative, resulting in a decrease in incidence and death numbers. In Australasia, pneumoconiosis epidemiological changes are positive, leading to increased incidence and death numbers. Silicosis cases in Australia increased significantly in 2019, which was closely related to the rapid expansion of the artificial stone industry. Since 2015, approximately 580 workers engaged in the processing of artificial stones have been diagnosed with pneumoconiosis in Australia (21). Monash University reports that up to 25% of workers in Victoria’s artificial stone countertop industry suffer from pneumoconiosis. Artificial stone is banned in Australia for the first time in response to the surge in silicosis cases (22). The nationwide ban came into effect in most states and territories on July 1, 2024. The ban on the use and import of engineered stone products in Australia is aimed to diminish the risk of workers developing silicosis and other silica dust-related diseases. By taking these measures, the Australian government shows that it takes workers’ health seriously and has taken appropriate action to safeguard it.

The alarming increase in pneumoconiosis cases has not been confined to Australia alone in recent decades. In China, the rapid expansion of the mining industry has exposed a significant number of workers to occupational hazards. During the past 32 years, the ASIR of pneumoconiosis has consistently been higher in East Asia than in other regions, and it remained elevated in 2021. As the SDI increased, both ASIR and ASMR in East Asia decreased markedly due to economic development, policy implementation, improved medical care, and increased public health awareness (23), as illustrated in Figure 4. The disease burden of pneumoconiosis cannot, however, be ignored at this time, given the long latency period of pneumoconiosis and the ongoing challenges in comprehensive regulation and prevention (24).

As shown in Figure 2, the regions with significant declines in ASIR include Western Europe (−44.7, 95% UI: −47.8% to −40.8%) and Central Europe (−45.4, 95% UI: −49.2% to −40.9%). The region with the largest reduction in ASMR is Central Europe (−78.4, 95% UI: −81.8% to −74.8%), followed by Eastern Europe (−69.9, 95% UI: −75.1% to −61.7%), Central Latin America (−69.8, 95% UI: −73.3% to −66.2%), and Western Europe (−69.7, 95% UI: −72.5% to −66.8%). According to the decomposition analysis presented in Figure 5, the reductions in ASIR and ASMR in Western Europe were primarily attributed to epidemiological changes, which accounted for a substantial proportion of the decline. Overall, European regions are at the forefront in terms of pneumoconiosis prevention and treatment. In Europe, such as Italy and Spain, the primary causes of pneumoconiosis are the inhalation of asbestos fibers and silica dust. In Italy, the National Institute for Insurance against Accidents at Work coordinates pneumoconiosis prevention and control efforts based on the Occupational Health and Safety Act. A national silicosis surveillance network has been established to monitor cases. In 1992, Italy enacted an asbestos ban and initiated a comprehensive removal program, subsequently promoting the use of substitutes and preventive measures. In Spain, the focus is on controlling dust sources and reducing airborne transmission. Multiple regulations have been implemented to restrict dust-generating industries and minimize worker exposure, thereby reducing the risk of pneumoconiosis.

The global burden of pneumoconiosis increased with age from 1990 to 2021. The incidence number peaked in the 65–69 age group, and in each age group above 25–29 years, the number of incidence in 2021 was higher than in 1990. It can be attributed to the global aging population and overall population growth over the past 32 years. Silicosis, the most prevalent and severe form of pneumoconiosis, manifests clinically several years after silica dust exposure, with symptoms such as cough, expectoration, and dyspnea. Even after cessation of exposure, silicosis continues to cause progressive lung damage. Consequently, the age of disease onset is significantly delayed compared to the age of initial dust exposure. Figure 3 shows that the number of deaths from pneumoconiosis in the world increased progressively with age in 1990 and 2021, peaking in the 75–79 age group in 1990 and the 80–84 age group in 2021. In the East Asian region, which accounts for the largest population share, the age distribution of pneumoconiosis incidence and deaths is in line with the global pattern. Compared with the global peak, pneumoconiosis incidence and death in Western Europe, the second-largest affected region has been notably delayed since 2021. It can be attributed to the cumulative clinical experience of occupational health professionals over the past 32 years, as well as advancements in diagnostic and therapeutic technologies. This advance is even more evident In Western Europe. Additionally, this trend underscores the challenges of implementing relevant social security measures in an aging population.

At present, treatment options for pneumoconiosis remain limited. Comprehensive management primarily focuses on common clinical symptoms of patients, including cough, chest pain, and dyspnea, which may provide relief in symptoms and improve quality of life. Most workers do not wear protective equipment during work, and new hazardous materials often go undetected in a timely manner. These factors may result in harmful dust exposure. The prevention, early diagnosis and advanced treatment strategies of pneumoconiosis are essential to addressing the problem. In order to improve the quality of life and prolong survival in patients, researchers need to identify therapeutic targets and develop innovative therapeutic strategies. In the near future, some potential treatments, such as antifibrotic drugs (25, 26), may be clinically applicable. With the advent of high-throughput omics technologies, rapid advancements in bioinformatics, and gene editing technology, in-depth research on pneumoconiosis is now possible (27).

Pneumoconiosis is an incurable condition, underscoring the critical importance of prevention. The disease can lead to a decline in lung function even before chest imaging reveals any abnormalities. For monitoring everyone to 3 years, some scholars have proposed using lung function tests and low-dose conventional and high-resolution computed tomography scans (28). Importantly, pulmonary fibrosis may continue to progress even after the dust exposure has ceased. A comprehensive, coordinated, and regular screening approach is therefore important for secondary and tertiary prevention strategies that can result in an improvement in quality of life and lifespan (29). While financial constraints in low- and middle-income countries may limit such efforts, this approach remains particularly vital because advanced pneumoconiosis can lead to complications such as pulmonary arterial hypertension and right heart failure (30), posing significant threats to life (31). Additionally, individuals with pneumoconiosis have a higher risk of developing concurrent conditions like tuberculosis and malignant tumors compared to the general population.

For this study, we used data from the GBD 2021 database, which is comprised of population dynamics registrations, death surveillance data, inpatient hospital registrations, insurance claims files and systematic reviews of different countries. Consequently, the data are detailed, homogeneous and highly comparable, which facilitates comparisons between regions. However, the database also has several limitations. First, all data used in this study were derived from GBD 2021, which aggregates information from diverse sources. In some low-income countries, the actual number of cases is likely to be underestimated because of a lack of reliable epidemiological data, underdiagnosis, and underreporting. Global collaboration must be strengthened, and a unified online reporting system developed for better management and data integration (32). In addition, the GBD data update process has a time lag that prevents it from quickly reflecting current health conditions and disease trends. This delay can hinder timely decision-making during public health events or outbreaks. In data-scarce situations, reliance on estimation models may introduce biases. To combat these issues, GBD conducts annual collaborative data searches with domestic partners, followed by thorough data cleaning and validation. Regular updates to GBD estimates help reduce discrepancies and lag in data integration (33).



Conclusion

Overall, pneumoconiosis remains an important occupational health problem in the world, with a persistent and substantial disease burden. Compared to global averages, middle SDI and high-middle SDI quintiles have had higher AISR and ASMR of pneumoconiosis over the past 32 years. While East Asia has a notably high ASIR of pneumoconiosis, both the ASIR and ASMR have shown marked declines. Similarly, Europe has witnessed significant reductions in both ASIR and ASMR. This downward trend may be attributed to the emphasis on the prevention, diagnosis, and treatment of pneumoconiosis in most parts of the world. In 2021, the pneumoconiosis burden was highest among 65-69-year-olds worldwide, highlighting the latency period associated with occupational pneumoconiosis. A positive correlation was found between the ASIR of pneumoconiosis in 2021 and SDI, while a negative correlation was found between SDI and ASMR. The problem of pneumoconiosis is not only a global health challenge but also necessitates adjustments in occupational environment regulation and public health services. Pneumoconiosis burden reduction is of critical importance. There is a need for the government to establish and refine occupational health management regulations and strengthen supervision. Enterprise managers should prioritize the construction of protective facilities in the workplace, conduct regular occupational health examinations for employees, and implement effective preventive measures. The development of new technologies, the transition to dust-free operations, and increased health awareness will result in a sustained reduction in the pneumoconiosis disease burden.



Data availability statement

Publicly available datasets were analyzed in this study. This data can be found at: https://ghdx.healthdata.org/gbd-2021/.



Author contributions

YC: Conceptualization, Data curation, Investigation, Methodology, Software, Supervision, Visualization, Writing – original draft, Writing – review & editing. DL: Conceptualization, Investigation, Software, Visualization, Writing – original draft, Writing – review & editing. HJ: Data curation, Supervision, Validation, Writing – original draft, Writing – review & editing. WL: Writing – original draft, Writing – review & editing. YT: Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This project (JSZJ20241202) was supported by Jiangsu Province Occupational Health Scientific Research Project Technical Topics 2024.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2025.1559540/full#supplementary-material



Footnotes

1   https://ghdx.healthdata.org/gbd-2021/



References

 1. Qi, X-M, Luo, Y, Song, M-Y, Liu, Y, Shu, T, Liu, Y , et al. Pneumoconiosis: current status and future prospects. Chin Med J. (2021) 134:898–907. doi: 10.1097/CM9.0000000000001461 

 2. GBD 2019 Chronic Respiratory Diseases Collaborators. Global burden of chronic respiratory diseases and risk factors, 1990-2019: an update from the global burden of disease study 2019. EClinicalMedicine. (2023) 59:101936. doi: 10.1016/j.eclinm.2023.101936 

 3. Liu, X, Jiang, Q, Wu, P, Han, L, and Zhou, P. Global incidence, prevalence and disease burden of silicosis: 30 years’ overview and forecasted trends. BMC Public Health. (2023) 23:1366. doi: 10.1186/s12889-023-16295-2 

 4. Ferrari, AJ, Santomauro, DF, Aali, A, Abate, YH, Abbafati, C, Abbastabar, H , et al. Global incidence, prevalence, years lived with disability (YLDs), disability-adjusted life-years (DALYs), and healthy life expectancy (HALE) for 371 diseases and injuries in 204 countries and territories and 811 subnational locations, 1990–2021: a systematic analysis for the global burden of disease study 2021. Lancet. (2024) 403:2133–61. doi: 10.1016/S0140-6736(24)00757-8 

 5. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases and injuries in 204 countries and territories, 1990-2019: a systematic analysis for the global burden of disease study 2019. Lancet. (2020) 396:1204–22. doi: 10.1016/S0140-6736(20)30925-9

 6. Naghavi, M, Ong, KL, Aali, A, Ababneh, HS, Abate, YH, Abbafati, C , et al. Global burden of 288 causes of death and life expectancy decomposition in 204 countries and territories and 811 subnational locations, 1990–2021: a systematic analysis for the global burden of disease study 2021. Lancet. (2024) 403:2100–32. doi: 10.1016/S0140-6736(24)00367-2 

 7. GBD 2019 Risk Factors Collaborators. Global burden of 87 risk factors in 204 countries and territories, 1990-2019: a systematic analysis for the global burden of disease study 2019. Lancet. (2020) 396:1223–49. doi: 10.1016/S0140-6736(20)30752-2 

 8. Stevens, GA, Alkema, L, Black, RE, Boerma, JT, Collins, GS, Ezzati, M , et al. Guidelines for accurate and transparent health estimates reporting: the GATHER statement. Lancet. (2016) 388:e19–23. doi: 10.1016/S0140-6736(16)30388-9 

 9. GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Global, regional, and national incidence, prevalence, and years lived with disability for 354 diseases and injuries for 195 countries and territories, 1990-2017: a systematic analysis for the global burden of disease study 2017. Lancet. (2018) 392:1789–858. doi: 10.1016/S0140-6736(18)32279-7 

 10. Epi Visualization. Institute for Health Metrics and Evaluation. Available online at: https://www.healthdata.org/data-tools-practices/interactive-visuals/epi-visualization (Accessed February 25, 2025).

 11. Global Burden of Disease Study. (GBD 2021) socio-demographic index (SDI) 1950–2021 | GHDx (2021). Available online at: https://ghdx.healthdata.org/record/global-burden-disease-study-2021-gbd-2021-socio-demographic-index-sdi-1950%E2%80%932021 (Accessed December 2, 2024).

 12. Das, GP. A general method of decomposing a difference between two rates into several components. Demography. (1978) 15:99–112. doi: 10.2307/2060493 

 13. Miao, X, Yao, T, Dong, C, Chen, Z, Wei, W, Shi, Z , et al. Global, regional, and national burden of non-communicable diseases attributable to occupational asbestos exposure 1990-2019 and prediction to 2035: worsening or improving? BMC Public Health. (2024) 24:832. doi: 10.1186/s12889-024-18099-4 

 14. GBD Chronic Respiratory Disease Collaborators. Prevalence and attributable health burden of chronic respiratory diseases, 1990-2017: a systematic analysis for the global burden of disease study 2017. Lancet Respir Med. 8:585–96. doi: 10.1016/S2213-2600(20)30105-3 

 15. Zeng, Q, and Jiang, D. Global trends of interstitial lung diseases from 1990 to 2019: an age–period–cohort study based on the global burden of disease study 2019, and projections until 2030. Front Med. (2023) 10:1141372. doi: 10.3389/fmed.2023.1141372 

 16. Zhang, Y, Rajaram, N, Lau, A, Mehta, K, Holness, DL, Tarlo, SM , et al. Silicosis, asbestosis, and pulmonary fibrosis in Ontario, Canada from 1996 to 2019. Am J Ind Med. (2023) 66:670–8. doi: 10.1002/ajim.23504 

 17. Ferrante, P. Asbestosis and silicosis hospitalizations in Italy (2001-2015): results from the National Hospital Discharge Registry. Eur J Pub Health. (2019) 29:876–82. doi: 10.1093/eurpub/ckz003 

 18. Bell, JL, and Mazurek, JM. Trends in pneumoconiosis deaths - United States, 1999-2018. MMWR Morb Mortal Wkly Rep. (2020) 69:693–8. doi: 10.15585/mmwr.mm6923a1 

 19. Masanori, A. Imaging diagnosis of classical and new pneumoconiosis: predominant reticular HRCT pattern. Insights Imaging. (2021) 12:33. doi: 10.1186/s13244-021-00966-y 

 20. Sun, W, Wu, D, Luo, Y, Liu, L, Zhang, H, Wu, S , et al. A fully deep learning paradigm for pneumoconiosis staging on chest radiographs. IEEE J Biomed Health Inform. (2022) 26:5154–64. doi: 10.1109/JBHI.2022.3190923 

 21. Kirby, T. Australia reports on audit of silicosis for stonecutters. Lancet. (2019) 393:861. doi: 10.1016/S0140-6736(19)30478-7 

 22. Tomic, D. Silicosis in Australia: recent developments and future challenges. Respir Med Today. (2024) 9:37–9.

 23. Wang, H, Ye, Q, Zhang, H, Sun, X, and Li, T. Prevention and treatment of pneumoconiosis in the context of healthy China 2030. China CDC Wkly. (2023) 5:927–32. doi: 10.46234/ccdcw2023.162 

 24. Zhao, J-Q, Li, J-G, and Zhao, C-X. Prevalence of pneumoconiosis among young adults aged 24-44 years in a heavily industrialized province of China. J Occup Health. (2019) 61:73–81. doi: 10.1002/1348-9585.12029 

 25. Maher, TM, Corte, TJ, Fischer, A, Kreuter, M, Lederer, DJ, Molina-Molina, M , et al. Pirfenidone in patients with unclassifiable progressive fibrosing interstitial lung disease: a double-blind, randomised, placebo-controlled, phase 2 trial. Lancet Respir Med. (2020) 8:147–57. doi: 10.1016/S2213-2600(19)30341-8 

 26. Chen, S, Cui, G, Peng, C, Lavin, MF, Sun, X, Zhang, E , et al. Transplantation of adipose-derived mesenchymal stem cells attenuates pulmonary fibrosis of silicosis via anti-inflammatory and anti-apoptosis effects in rats. Stem Cell Res Ther. (2018) 9:110. doi: 10.1186/s13287-018-0846-9 

 27. Karczewski, KJ, and Snyder, MP. Integrative omics for health and disease. Nat Rev Genet. (2018) 19:299–310. doi: 10.1038/nrg.2018.4 

 28. Centers for Disease Control and Prevention. Current intelligence bulletin 64: coal mine dust exposures and associated health outcomes - a review of information published since 1995. (2023).

 29. Heppleston, AG. Prevalence and pathogenesis of pneumoconiosis in coal workers. Environ Health Perspect. (1988) 78:159–70. doi: 10.1289/ehp.8878159 

 30. Wang, H, Lyu, X, Luo, D, and Dai, H. Prevalence and types of comorbidities in pneumoconiosis - China, 2018-2021. China CDC Wkly. (2023) 5:837–43. doi: 10.46234/ccdcw2023.159 

 31. Yates, DH, Perret, JL, Davidson, M, Miles, SE, and Musk, AW. Dust diseases in modern Australia: a discussion of the new TSANZ position statement on respiratory surveillance. Med J Aust. (2021) 215:13–15.e1. doi: 10.5694/mja2.51097 

 32. Kheiwa, A, Baek, I, Harris, IS, Minhas, AMK, and Abramov, D. Worldwide prevalence of heart failure due to congenital heart disease: an analysis from the global burden of disease study 2021. Int J Cardiol Congenit Heart Dis. (2025) 19:100552. doi: 10.1016/j.ijcchd.2024.100552 

 33. Arndt, MB, Abate, YH, Abbasi-Kangevari, M, Abd ElHafeez, S, Abdelmasseh, M, and Abd-Elsalam, S. Global, regional, and national progress towards the 2030 global nutrition targets and forecasts to 2050: a systematic analysis for the global burden of disease study 2021. Lancet. (2024) 404:2543–83. doi: 10.1016/S0140-6736(24)01821-X 


Copyright
 © 2025 Chen, Liu, Ji, Li and Tang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fmed-12-1559540-g005.jpg
Global{ NG o Global
High SDI He High SDI
High-middle SDI e High-middle SDI
Middle SDI . e Middle SDI
Low-middle SDI K] Low-middle SDI
Low SDI o Low SDI
East Asia Il - | East Asia

20000 [ 20000 40000

Incidence

High-income Asia Pacific:
High-income North America
Western Europe.

South Asi
Australasia
Andean Latin America:
Tropical Latin America:
Central Latin America.
Southern Latin America
Caribbean:
Central Europe:
Eastern Europe
Central Asia.
North Africa and Middle East
Southeast Asia.
Oceania.
Western Sub-Saharan Africa.
Eastern Sub-Saharan Africa.
Central Sub-Saharan Africa
Southern Sub-Saharan Africa

High-income Asia Pacific
High-income North America
Western Europe.

South Asia.

Australasia

Andean Latin America.
Tropical Latin America
Central Latin America.
Southern Latin America
Caribbean:

Central Europe.

Eastern Europe

Central Asia.

North Africa and Middle East
Southeast Asia.

Oceania.

Western Sub-Saharan Africa
Eastern Sub-Saharan Africa
Central Sub-Saharan Africa.
Southern Sub-Saharan Africa

-10000 0

J—"
Andaan Lot Amecca
‘Souther Latn Amaica-
Canbbesn

Contal Asa

Oceania

Wostor Sub-Saharan Atica
Easter Sub-Saharan Al

[ aging
[ Epidemiological change
Population

o e ——
Soutar Su-Sanarn Al
lo B ET
2000 3 2000 4000
Incidence

Australasia
Andoan Latin America
Southern Latin America.
Caribbean

Gontral Asia

Southeast Asia

Oceania.

‘Central Sub-Saharan Afica
‘Southor Sub-Saharan Afica

500 S0 100150

-3000 -2000

-1000
Deaths

1000






OPS/images/fmed-12-1559540-t001.jpg
Location 1990 2021 Percentage change

in ASRs fi 1990
Case (95% UI) ASRs per Case (95% UI) AsRsper  MASRfrom 19

100,000 (95% 100,000 (95%
ul ul

Global 42,188 (35,786,48,913) 1029 (0.879,1.185) 62,866 (54,617,71,103) 0736 (0.639,0.832) ~28.5(-31.5,-25.3)

Socio-demographic index

High SDI 10,324 (8,804,11,892) 0,940 (0.807,1.078) 14,287 (12,639,16,091) 0.701 (0.618,0.789) ~25.4(-29,-21.5)
High-middle SDI 12,194 (10,331,14,138) 1204 (1.025,1.392) 16,083 (13,837,18,334) 0,839 (0.725,0.957) ~304 (-333,-27.1)
Middle SDI 14,440 (12,125,16.94) 1281 (1.081,1.505) 22,871 (19,521,26,182) 0,849 (0.7300.971) -337(-37,-302)
Low-middle SDI 3,995 (3,344,4,699) 0.598 (0.505,0.694) 7,285 (6.236,8,482) 0.480 (0.415,0.548) ~19.8 (~23.4,-16.1)
Low DI 1,201 (994,1,408) 0.503 (0.426,0.583) 2311 (1977,2,682) 0.408 (0.354,0.463) ~188(-227,-148)
GBD regions
High-income Asia ~312(-355,-264)
pac 1809 (1,537,2088) 0.901 (0.769,1.033) 2,873 (2,540,3,255) 0,620 (0.548,0.702)
acific
High-income North -102(-174,-28)
2,699 (2,187,3207) 0769 (0.6230.914) 4,505 (3,866,5,189) 0.690 (0.593,0.786)
America
Western Europe 5,887 (5,125,6672) 1021 (0.892,1.149) 5,261 (4,762,5,840) 0.564 (0.505,0.631) —14.7 (~47.8,-40.8)
Australasia 85(76,95) 0359 (0.3220.401) 295 (271,325) 0,518 (0.474,0.572) 443 (33.4,55.7)
Andean Latin America 128 (111,146) 0,621 (0.539,0.703) 252(222,284) 0425 (0.376,0.478) ~315(=35.8,-27.4)
Tropical Latin America 656 (547,785) 0,625 (0.5220.736) 1,263 (1,102,1,435) 0.494 (0.431,0.562) ~208(~26.8,~14.6)
Central Latin America 901(747,1,077) 0,938 (0.782,1.102) 1,698 (1,414,2004) 0.661 (0.554,0.776) ~295(=33.1,-26.1)
Southern Latin America 304 (271,339) 0,652 (0.5820.725) 418 (377.466) 0.484 (0.434,0.540) -258(-29.7,-21.5)
Caribbean 62(49,77) 0.230 (0.1820.281) 94(73,119) 0.178 (0.138,0.225) ~225(-28.8,-16.0)
Central Europe 1,392 (1,201,1,599) 0,927 (0.804,1.056) 965 (833,1,121) 0.506 (0.434,0.588) 454 (~49.2,-40.9)
Eastern Europe 1,216 (973,1,462) 0444 (0.357,0.532) 920 (753,1,088) 0,290 (0.238,0.344) ~347(=39.1,-29.8)
Central Asia 208 (173,251) 0425 (0.355,0.501) 324(273,384) 0,389 (0.3320.447) -85 (~139,-28)
North Africa and ~115(~16.1,-6.5)
797 (639,999) 0358 (0.293,0.438) 1,666 (1,337,2052) 0316 (0.2620.381)
Middle East
South Asia 4,071 (3,384,4,775) 0,660 0.557,0.773) 7783 (6,645.9.083) 0.500 (0.433,0.577) ~242(-28.8,-19.0)
Southeast Asia 1042 (815,1,325) 0319 (0.251,0.401) 2,173 (1721,2,700) 0,298 (0.239,0.367) ~67 (~124,-08)
East Asia 20,006 (16,643,23,630) 2183 (1.820,2.556) 30,658 (26,242,35,283) 1413 (1.215,1.624) ~353 (~38.6,-32.0)
Oceania 16 (12,20) 0,526 (0.431,0.626) 43(36,51) 0,642 (0.543,0.747) 222(65442)
Western Sub-Saharan —154 (=217, -9.1)
155 (116,199) 0.148 (0.113,0.189) 331(246.433) 0,125 (0.095,0.158)
Africa
Eastern Sub-Saharan ~257(~29.1,-21.8)
414 (342,482) 0,550 (0.456,0.633) 727 (623,835) 0.408 (0.355,0.459)
Africa
Central Sub-Saharan ~202(-248,-15.7)
i 114/(94,132) 0,541 (0.459,0.619) 233(198,271) 0432 (0.378,0.488)
rica
Southern Sub-Saharan ~151 (-19.4,-10.3)
226 (189,265) 0,814 (0.6820.952) 384(332.438) 0.691 (0.601,0.783)

Africa





OPS/images/fmed-12-1559540-g003.jpg
[l Andean Latin America [ Central Latin America [l High-income Asia Pacific  Southeast Asia Western Sub-Saharan Africa
o~ W corva A Mot Arrca [l Southon Lt Amerca

location_name [l crbben Cotase I ot i st St [l Souvrn sut-ran e
W coninia [ Eosom Euopn W oo I et Latn Arorea

[ convoicucpe [l GostonSub-Saharan Avica [l Souh Asia B vosumEunpe

1990 2021

15-19
10000 4000

5000 o 5000 2000 o 2000
s Manbourt bl ks tn v 1005 dal oot The Numbers of Deaths in 1990 and 2021

00





OPS/images/fmed-12-1559540-g004.jpg
ASIR (per 100,000)

o

r=0.154, p=0.036

ASMR (per 100,000)

23 050
‘Socio-Demographic Index

B3

r=-0.368, p<0.001

0% 050
Socio-Demographic index





OPS/images/fmed-12-1559540-t002.jpg
Location 1990 2021 Percentage change

in ASRs fi 1990
Case (95% UI) ASRs per Case (95% UI) AsRsper  MASRfrom 19

100,000 (95% 100,000 (95%
ul ul

Global 17,471 (15,589,19,436) 0.464 (0.416,0.515) 18,323 (16,041,20916) 0219 (0.192,0.249) —52.8(-59.9, ~44.4)

Socio-demographic index

High SDI 5,654 (5,348,5941) 0.494 (0.468,0.519) 4,643 (4,157,4977) 0.194 (0.176,0.208) ~60.7 (~63.7, ~57.6)
High-middle SDI 5,135 (4,545,5,781) 0,539 (0.479,0.606) 4,537 (3,700,5,540) 0.234(0.191,0.285) ~56.6 (~66.2, ~43.9)
Middle SDI 4,647 (3,838,5,606) 0.463 (0.387,0.553) 5701 (4,553,7,068) 0225 (0.181,0.277) ~515 (~64.1,-35.4)
Low-middle SDI 1,245 (794,1706) 0.231(0.148,0.320) 2,250 (1,666,2,862) 0,173 (0.127,0.222) ~25.2(~384,-5.0)
Low DI 777 (450,1,255) 0410 (0.238,0.661) 1,185 (636,1,951) 0279 (0.148,0.462) 32 (~44.6,-10.5)
GBD regions
High-income Asia
R 1,072 (998,1,148) 0,536 (0.499,0.574) 1,270 (1,105,1,413) 0219 (0.1920.245) ~59.2(~64.1,-53.9)
High-income North
Ameria 1,296 (1,194,1,385) 0343 (0316,0.365) 830(739,899) 0.116 (0.103,0.125) =662 (~69.0, ~63.4)
Western Europe 3,808 (3,563,4,044) 0.618 (0.580,0.655) 2,177 (1938,2,386) 0.187 (0.169,0.204) ~69.7 (~72.5,-66.8)
Australasia 45 (39,51) 0.184 (0.161,0.21) 190 (163,219) 0.309 (0.266,0.356) 67.8 (41.2,105.3)
Andean Latin America 52(38,67) 0,262 (0.196,0.335) 117 (85,162) 0.204 (0.148,0.283) ~224(~49.2,10.6)
Tropical Latin America 154 (143,166) 0.167 (0.153,0.182) 414 (380,446) 0.164 (0.15,0.177) ~18(-117,99)
Central Latin America 227 (215.239) 0.300 (0.283,0.316) 218 (190,244) 0.091 (0.079,0.102) ~69.8 (~73.3,-66.2)
Southern Latin America 129 (114,149) 0.287(0.253,0.329) 146 (126,168) 0.161 (0.138,0.185) —437 (=535, -32.4)
Caribbean 11(10,13) 0.047 (0.041,0.054) 119,13) 0.02(0.0160.025) ~58.2(~66.6, ~48.8)
Central Europe 616 (558,681) 0412 (0.374,0.455) 207(185,234) 0.089 (0.079,0.100) ~78.4(~81.8,~74.8)
Eastern Europe 459 (377,540) 0.166 (0.137,0.194) 178 (160,196) 0,050 (0.045,0.055) -699 (~75.1,-61.7)
Central Asia 90 (68,119) 0.198 (0.149,0.263) 94(69,129) 0.127 (0.093,0.172) ~36.1(~59.9, ~0.4)
North Africa and
Nl Bt 285 (217,404) 0.178 (0.133,0.265) 452(350,594) 0.108 (0.085,0.142) ~39.1 (=53.5,-18.0)
South Asia 947 (517,1,446) 0.196 (0.108,0.298) 1919 (1,301,2,660) 0.147 (0.101,0.204) ~249 (~43.4,10.1)
Southeast Asia 38(26,53) 0017 (0.0120.024) 65 (43,93) 0,011 (0.008,0.016) ~343(-539,14)
East Asia 7,233 (5,897.8.846) 0.881(0.723,1.063) 8,496 (6,606,10957) 0411 (0321,0.524) ~534 (~67.1,-35.8)
Oceania 0.1 0,028 (0.011,0.056) 3(16) 0,053 (0.0170.119) 86.1(09,259.9)
Western Sub-Saharan
e 477 (294,757) 0,632 (0.386,0.996) 644 (362,1,014) 0402 (0.228,0.623) =364 (~49.3-19.8)
Eastern Sub-Saharan
i 297 (157510) 0.465 (0.241,0.788) 441 (207,748) 0.308 (0.141,0.524) ~338(~47.6,-136)
Central Sub-Saharan
e 95 (46,163) 0,520 (0.2400.927) 199 (83,398) 0.445 (0.175,1.008) ~144(~44.4,33.6)
Southern Sub-Saharan

142 107,179) 0,581 (0.435,0.746) 251(216,287) 0.482 (0.418,0.561) ~17.0(~35.6,5.6)

Africa





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Global and regional burden of pneumoconiosis, 1990–2021: an analysis of data from the global burden of disease study 2021



		Introduction



		Methods



		Data sources



		Socio-demographic index



		Stratified analysis



		Analyses of decomposition



		Statistical analyses









		Results



		The disease burden of pneumoconiosis incidence globally, in SDI quintiles and 21 GBD regions



		The disease burden of pneumoconiosis deaths globally, in SDI quintile and 21 GBD regions



		The age distribution of ASIR and ASMR of pneumoconiosis in the world and the GBD regions



		The relationship between SDI and pneumoconiosis disease burden



		Analyses of decomposition









		Discussion



		Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Supplementary material



		Footnotes



		References



















OPS/images/fmed-12-1559540-g001.jpg
Bl oo oo S o

-_LeoRe N

* High-middie SDI =~ HighSDI ~+- Low SOI

0s-

ASMR

02

1900 1902 1904 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
Loty

1500 1902 1904 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
fobcahis






OPS/images/fmed-12-1559540-g002.jpg
<o~ EmtAda ~o= High-income Asia Pacfic -0~ Tropioal Letih Americs  —o- Canivel Asin <0= Westem Sub-Eaharan Alion.
< Southern Sub-Saharan Afica-e- Wester Europe =+~ Souther Latn America =~ North Afica and Middie East

o= High-income Norih America =~ Austalasia o Cental Sub-Saharan Afica + Southeast Asia

= ContalLatin America  ~+- Central Ewope. - Andoan Latn Amorica - Eastom Europo

= Oceania - sou Asia - Eastem Sub-Saharan Afica + Caribean

000)

ASIR (per 100,

0 19z o4 198 1s 2000 2002 2004 2008 2000 2000 202 2004 W0 20 200
Year
o~ Southern Sub-Saharan Afica - Eastor Sub-Saharan Afica~e- Southern Latin America + Ceniral Latn America =~ Southeast Asia

- Contal Sub-Saharan Afica ~o- High-income Asa Pacific =~ South Asia o GentralEurope.

ASMR (per 100, 000)

o Eastasia o Andean Lot America =~ Cenral Asia - Oceania
- Western Sub-Saharan Africa =~ Western Euope - High-income North America =~ Eastern Europe
o pustalasia - Trpical Latin America  ~+- North Afica and Midde East ~ Caribbean

904

1900

2000

2002

204

2008

20

0

21

ED

0






OPS/images/cover.jpg
& frontiers | Frontiers in Medicine

Global and regional burden of
pneumoconiosis, 1990-2021: an
analysis of data from the global
burden of disease study 2021












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Medicine






