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Abstract 

Background:  Pneumoconiosis refers to a class of serious diseases threatening the health of workers exposed to coal 
or silicosis dust. However, the burden of pneumoconiosis is unavailable in China.

Methods:  Incident cases, deaths, and disability-adjusted life years (DALYs) from pneumoconiosis and its subtypes in 
China were estimated from the Global Burden of Disease Study 2019 using a Bayesian meta-regression method. The 
trend of the burden from pneumoconiosis was analyzed using percentage change and annualized rate of change 
(ARC) during the period 1990–2019. The relationship between subnational socio-demographic index (SDI) and the 
ARC of age-standardised death rate was measured using Spearman’s Rank-Order Correlation.

Results:  In 2019, there were 136.8 (95% uncertainty interval [UI] 113.7–162.5) thousand new cases, 10.2 (8.1–13.6) 
thousand deaths, and 608.7 (473.6–779.4) thousand DALYs from pneumoconiosis in China. Of the global burdens from 
pneumoconiosis, more than 60% were in China. Both the total number of new cases and DALYs from pneumoconiosis 
was keeping increasing from 1990 to 2019. In contrast, the age-standardised incidence, death, and DALY rates from 
pneumoconiosis and its subtypes, except for the age-standardised incidence rate of silicosis, and age-standardised 
death rate of asbestosis, experienced a significant decline during the same period. The subnational age-standardised 
death rates were higher in western China than in eastern China. Meanwhile, the subnational ARC of age-standardised 
death rates due to pneumoconiosis and its subtypes were significantly negatively correlated with SDI in 2019.

Conclusion:  China suffers the largest health loss from pneumoconiosis in the world. Reducing the burden of pneu-
moconiosis is still an urgent task in China.
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Background
Pneumoconiosis is a major public concern around  the 
world with 0.20 (0.17–0.23) million new cases and 0.92 
(0.76–1.12) million disability-adjusted life years (DALYs) 
in 2019 [1]. Pneumoconiosis is caused by inhalation and 
the retention of dust and fibers in the lung. According to 
types of occupational dust inhaled, pneumoconiosis is 
classified into asbestosis, silicosis, coal worker pneumo-
coniosis (CWP), and other pneumoconiosis [2]. Pneu-
moconiosis has a long latency, and workers may develop 
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clinical symptoms many years after exposure to casual 
dust. It can also lead to a series of potentially fatal out-
comes, including reduced pulmonary function, progres-
sive massive fibrosis, disability, and premature death. 
There is currently no cure for pneumoconiosis and most 
medical treatments can only decrease further lung dam-
age and symptoms, which highlights the importance of 
prevention.

China is the world’s largest labor market with more 
than 775 million working population [3]. According to 
data revealed by the National Health Commission of 
China, China had 15,898 new cases of pneumoconiosis 
in 2019, which accounted for more than 80% of the total 
occupational diseases that year [4]. However, due to the 
low coverage of occupational health examinations and 
strict diagnostic criteria of pneumoconiosis, the actual 
number of cases is likely to have been underestimated 
[5]. To understand the gap between the actual number 
and diagnosed cases, a systematic analysis of the burden 
due to pneumoconiosis and its trend over time is needed 
in China.

In this study, temporal changes in the burden of pneu-
moconiosis and its four major subtypes, by age and sex, 
during 1990–2019 in China were reported based on 
data from the Global Burden of Diseases 2019. The cor-
relations between subnational socio-demographic index 
(SDI) and annualized rate of change (ARC) of age-stand-
ardised death rate were also determined, which hope-
fully will serve as a reference for policymakers to improve 
health.

Methods
Study data
National and subnational data on incidence, deaths, 
DALYs and the corresponding age-standardised rates of 
pneumoconiosis during 1990–2019 were obtained from 
GBD 2019 [1]. According to the International Classifica-
tion of Diseases 10th revision (ICD 10), pneumoconiosis 
(codes: J60-J65.0, J92.0) was categorized into asbestosis 
(codes: J61-J61.0, J92.0), CWP (codes: J60-J60.0), silico-
sis (codes: J62-J62.9), and other pneumoconiosis (codes: 
J63-J65.0). Socio-demographic index (SDI) is a compos-
ite indicator that covers income per capita, average years 
of educational attainment, and fertility rate in females 
under the age of 25 years [1]. The range of SDI was 0 to 1.

The data used to estimate mortality and disease burden 
of pneumoconiosis included vital registration, mortal-
ity surveillance data in China, and systematic reviews. 
The disease burden from pneumoconiosis was estimated 
separately for males and females, and also for different 
age groups (15–80 + years). The three levels of covari-
ates were used in the pneumoconiosis models [1]. Level 
1 covariates included asbestos consumption per capita, 

coal production per capita, gold production per capita, 
summary exposure value for occupational asbestos, 
occupational beryllium, and occupational silica. Level 2 
covariates included smoking prevalence, indoor air pol-
lution from all cooking fuels, 5-years cumulative ciga-
rettes, and healthcare access and quality index. Level 3 
covariates included education years per capita and SDI. 
All asbestos, coal, and gold covariates are included in 
the total pneumoconiosis model and separately used in 
the asbestosis model, CWP model, and silicosis model, 
respectively.

Statistical analyses
The approaches and frameworks used to estimate inci-
dence, deaths, and DALYs for pneumoconiosis have been 
reported previously [1, 6]. In brief, after bias adjustments 
via a meta-regression-Bayesian, regularised, trimmed 
(MR-BRT) model to allow a direct comparison between 
different study designs and cases, the metrics were esti-
mated by age and sex by means of a Bayesian meta-
regression tool with DisMod-MR 2.1. Prior settings of 
zero remission were employed for all the subtypes of 
pneumoconiosis. Additionally, GBD assumes that there 
is no incidence of pneumoconiosis before the age of 15. 
Meanwhile, a predictive covariate on healthcare access 
and quality was included in the model. Years of life lost 
(YLLs) were calculated by multiplying deaths by standard 
life expectancy at each age range. Years lived with dis-
ability (YLDs) were calculated by multiplying prevalence 
by disability weights. DALYs were the sum of YLLs and 
YLDs for each age‐sex‐location. Uncertainty intervals 
(UIs) for point estimation are produced by using the 25th 
and 975th of 1000 draw values of the posterior distribu-
tion. The percentage change is used as a summary of the 
age-standardised rate trend over a prespecified interval. 
ARC was an average summary of age-standardised rate 
trends over specific periods, which was the difference 
between the natural log of the values at the start year 
and the end year divided by the number of years in the 
interval [1]. Spearman’s correlation was employed to 
determine the relationships between SDI and ARC of 
age-standardised death rates at the subnational level.

Results
Among the total global burdens due to pneumoco-
niosis, 68.7% of new cases, 44.3% of deaths, and 66.2% 
of DALYs were in China. As shown in Table  1, new 
cases of pneumoconiosis grew from 83.6 (69.7–101.4) 
thousand cases in 1990 to 136.8 (113.7–162.5) thou-
sand cases in 2019, which showed an increase of 63.7% 
(40.5%-86.7%). As shown in Fig. 1A, new cases of pneu-
moconiosis reached the zenith in 2006 (143.7 [123.8–
166.4] thousand cases).  In comparison, deaths from 
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pneumoconiosis remained almost constant  (Fig.  1B), 
whereas DALYs due to pneumoconiosis increased by 
20.8% (-5.6%-64.0%) from 503.8 (380.5–624.5) thousand 
years in 1990 to 608.7 (473.6–779.4) thousand years in 
2019 (Table 1 and Fig. 1C).

For different subtypes, silicosis was the leading cause 
of burden from pneumoconiosis, followed by CWP, 
other pneumoconiosis, and asbestosis  (Table  1). Sili-
cosis accounted for 88.3% (67.4%-99.3%) of new cases, 
75.9% (51.6%-98.2%) of deaths, 85.4% (58.5%-99.1%) of 
DALYs from pneumoconiosis in China in 2019. Asbes-
tosis took up the lowest proportion among subtypes 
of pneumoconiosis, accounting for 3.0% (2.0%-4.1%) 
of new cases, 2.3% (1.6%-4.0%) of deaths, and 1.1% 
(0.8%-1.9%) of DALYs from pneumoconiosis in China 
in 2019.

Table S1 and Table  2 present the crude and age-
standardised incidence, death, and DALY rates due 
to pneumoconiosis in China, respectively. The crude 
incidence, death, and DALY rate of pneumoconiosis in 
China in 2019 were 9.6 (8.0–11.4), 0.7 (0.6–1.0), and 
42.8 (33.3–54.8) per 100,000, respectively. From 1990 
to 2019, the crude incidence rates of pneumoconiosis, 
silicosis, and other pneumoconiosis increased by 36.2% 
(16.9%-55.3%), 47.3% (23.3%-71.3%), and 32.8% (18.2%-
48.3%), respectively. Almost all the age-standardised 
incidence, death, and DALY rates of pneumoconiosis 
and its subtypes significantly declined from 1990 to 
2019, except for the age-standardised incidence rate of 

silicosis, and age-standardised death rate of asbestosis. 
It’s worth noting that the age-standardised incidence 
rate of pneumoconiosis maintained at a high level dur-
ing 1994–2006 before it showed a fluctuating downward 
trend (Fig. 1A).

New cases, deaths, and DALYs due to pneumoconio-
sis in males accounted for 93.3%, 94.5%, and 95.2% of 
the corresponding total numbers in 2019 (Table S2). 
Table  3 shows the age-specific incidence, death rates 
due to pneumoconiosis by sex in 2019. As shown in 
Fig. 2A and 2B, the age-specific incidence rate of pneu-
moconiosis and silicosis increased rapidly after the age 
of 25, reaching the zenith in the age group 50–54 in 
males, and the age group  70-74 in females. The death 
rate of pneumoconiosis and silicosis rose sharply after 
the age of 35, reaching the highest in the age group 80 
or older in both sexes (Fig. 2C and 2D). The peak DALY 
rate of pneumoconiosis and its subtypes was observed 
in the age group 80 or older in both males and females 
(Fig. S1).

Figure  3 presents the subnational estimate of age-
standardised death rates. Western China, especially 
Xinjiang, Chongqing, and Qinghai, reached the high-
est age-standardised death rate from pneumoconiosis 
in 2019, whereas eastern China including Shanghai, 
Guangdong, and Shandong had lower age-standardised 
death rates due to pneumoconiosis.

Subnational ARC of the age-standardised death 
rate due to pneumoconiosis from 1990 to 2019 was 

Table 1  Incident cases, Deaths, and DALYs of pneumoconiosis in China, 1990–2019

DALY Disability-adjusted Life-year, CWP Coal Worker Pneumoconiosis

1990 2019 Percentage change (%)

Incident cases
  Pneumoconiosis 83,551 (69,733–101,410) 136,755 (113,659–162,518) 63.68 (40.45–86.65)

  Silicosis 68,236 (54,374–86,422) 120,775 (98,044–145,939) 76.99 (48.16–105.86)

  Asbestosis 5513 (3746–7788) 4065 (2903–5337) -26.26 (-45.01–-0.68)

  CWP 5450 (4419–6665) 4974 (3976–6263) -8.74 (-21.52–4.32)

  Other pneumoconiosis 4351 (3331–5640) 6941 (5272–8870) 59.52 (42.02–78.20)

Deaths
  Pneumoconiosis 11,070 (7744–14,056) 10,201 (8050–13,567) -7.85 (-37.96–60.09)

  Silicosis 8401 (5612–11,032) 7746 (5939–10,860) -7.80 (-39.61–71.42)

  Asbestosis 186 (117–289) 239 (177–391) 28.53 (-25.14–145.13)

  CWP 1661 (542–2518) 1302 (708–2209) -21.62 (-54.23–88.07)

  Other pneumoconiosis 821 (479–1465) 913 (655–1585) 11.27 (-37.44–104.79)

DALYs
  Pneumoconiosis 503,828 (380,498–624,469) 608,694 (473,558–779,381) 20.81 (-5.58–63.97)

  Silicosis 402,187 (298,328–513,715) 519,697 (391,700–677,968) 29.22 (-0.93–75.88)

  Asbestosis 6911 (4649–10,198) 6736 (5138–10,767) -2.53 (-38.73–71.11)

  CWP 57,207 (26,316–81,536) 41,359 (28,064–62,581) -27.70 (-52.64–35.38)

  Other pneumoconiosis 37,523 (24,113–58,935) 40,901 (30,772–61,648) 9.00 (-30.31–67.75)
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negatively correlated with SDI in 2019 (r = -0.591, 
p < 0.001). As for the different subtypes, significant 
negative correlations were observed between SDI and 
ARC of age-standardised death rate due to silicosis 
(r = -0.709, p < 0.001), CWP (r = -0.469, p = 0.007), 
asbestosis (r = -0.800, p < 0.001), and other pneumoco-
niosis (r = -0.714, p < 0.001) from 1990 to 2019.

Discussion
Accounting for 18.5% of the world’s population, China 
has a disproportionately high proportion (66.2%) of 
the global DALYs due to pneumoconiosis. From 1990 
to 2019, the counts of incidence and DALYs due to 
pneumoconiosis kept increasing, whereas the age-
standardised incidence, death, and DALY rate from 

Fig. 1  Trend of incident cases, deaths, and DALYs and corresponding age-standardised rate of pneumoconiosis in China, 1990–2019. Shaded area 
indicates 95% uncertainty intervals. DALY = disability-adjusted life-year

Table 2  The age-standardised incidence, death, and DALY rate of pneumoconiosis (per 100,000) in China, 1990–2019

DALY Disability-adjusted Life-year, CWP Coal worker pneumoconiosis

1990 2019 Percentage change (%)

Age-standardised incidence rate
  Pneumoconiosis 7.82 (6.58–9.36) 6.73 (5.69–7.90) -13.92 (-22.79– -6.05)

  Silicosis 6.34 (5.07–7.86) 5.92 (4.87–7.07) -6.71 (-18.16–3.51)

  Asbestosis 0.51 (0.36–0.71) 0.21 (0.15–0.27) -58.48 (-66.99– -47.41)

  CWP 0.52 (0.42–0.64) 0.25 (0.21–0.31) -51.18 (-55.21– -46.88)

  Other pneumoconiosis 0.45 (0.34–0.57) 0.35 (0.27–0.44) -22.03 (-27.44– -16.36)

Age-standardised death rate
  Pneumoconiosis 1.37 (0.98–1.73) 0.54 (0.43–0.71) -61.01 (-73.32– -33.15)

  Silicosis 1.04 (0.68–1.36) 0.40 (0.31–0.56) -61.18 (-74.34– -27.21)

  Asbestosis 0.02 (0.02–0.04) 0.01 (0.01–0.02) -45.20 (-66.86–4.04)

  CWP 0.21 (0.08–0.32) 0.07 (0.04–0.12) -67.21 (-80.29– -23.14)

  Other pneumoconiosis 0.09 (0.06–0.17) 0.05 (0.04–0.08) -49.11 (-70.82– -7.10)

Age-standardised DALY rate
  Pneumoconiosis 53.98 (41.08–66.73) 29.45 (22.95–37.61) -45.44 (-57.36– -26.34)

  Silicosis 43.21 (32.28–55.06) 24.97 (18.90–32.51) -42.21 (-55.47– -21.16)

  Asbestosis 0.70 (0.47–1.03) 0.35 (0.27–0.56) -49.81 (-68.16– -12.55)

  CWP 6.26 (2.92–8.74) 2.06 (1.39–3.09) -67.10 (-78.29– -37.71)

  Other pneumoconiosis 3.82 (2.52–5.88) 2.07 (1.56–3.12) -45.71 (-64.48– -18.27)



Page 5 of 10Li et al. BMC Public Health         (2022) 22:1114 	

pneumoconiosis decreased by more than 14%. The cor-
relations between subnational SDI and ARC of the age-
standardised death rate due to pneumoconiosis in 2019 
were significantly negative.

Pneumoconiosis is the leading occupational disease 
and the third cause of burden due to chronic respira-
tory diseases in China. Among the estimated 775 mil-
lion workers in China, more than 20 million workers 
were exposed to occupational risk factors in 2019 [7]. 
The estimated incidence of pneumoconiosis was 136.8 
thousand cases in GBD 2019, compared to 15.9 thou-
sand new cases as reported by the government in 2019, 
China [4]. The underestimate of government report 
could be attributed to the following reasons. First, large 
numbers of cases were unreported in small informal 
workshops or township enterprises with dangerous 
working conditions [5]. Second, the government report 
was based on the diagnosed cases which had to meet 
strict diagnostic criteria of pneumoconiosis. Moreover, 
the mobility of migrant workers and the long latency 
of pneumoconiosis caused missing reports. There are 
about 280 million migrant workers in China [8]. Those 
migrant workers are likely to be employed in mines, the 
construction industry, and the manufacturing industry. 
Their mobility gives rise to loose occupational surveil-
lance. Most risk factors for occupational diseases espe-
cially pneumoconiosis are preventable, and there is an 
urgent need for migrant workers to have more strict 
occupational surveillance, vocational training, and 
safety education.

Among four subtypes of pneumoconiosis, silicosis was 
the leading cause of disease burden from pneumoconio-
sis, followed by CWP, other pneumoconiosis, and asbes-
tosis in China in 2019. As their names imply, silicosis, 
coal workers’ pneumoconiosis, and asbestosis are caused 

by inhaling silica dust, coal mine dust, and asbestos fib-
ers, respectively. As the burden of pneumoconiosis was 
100% attributable to occupational exposure, our findings 
are consistent with previous studies that occupational 
silica is still the leading risk factor for pneumoconio-
sis [9–11]. Other pneumoconiosis includes berylliosis, 
aluminous, siderosis, stannosis, and baritosis that result 
from inhalation of beryllium, aluminum, iron, tin fume, 
and barium sulfate particles, respectively [12]. From 1990 
to 2019, the new cases of pneumoconiosis, silicosis, and 
other pneumoconiosis increased by more than 50%. After 
removal of the effects from population growth, the crude 
rates of incidence due to pneumoconiosis, silicosis, and 
other pneumoconiosis were still significantly higher in 
2019 than in 1990. However, after further removal of the 
effects from aging, all the age-standardised incidence 
rates significantly declined except for silicosis. The age-
standardised incidence rate of silicosis remained stable 
from 1990 to 2019, suggesting the rising trend of new 
cases due to silicosis showed no signs of abating in China. 
There is an urgent need for more protection strategies 
and policy support in order to reduce silicosis.

Age-standardised death and DALY rates of pneumo-
coniosis and its subtypes decreased by more than 40%, 
which likely was a result of the persistent efforts by the 
Chinese government. The greatest number of new cases 
from pneumoconiosis was observed in 2006, and the age-
standardized incidence rate of pneumoconiosis started to 
drop from 2006 when China began to take strong super-
vision measures. In 2006, China established the Network 
Direct Report System of Occupational diseases to moni-
tor occupational diseases. A series of government docu-
ments, including the Plan for a Health China 2030 and 
the 13th Five-Year Plan for Occupational Health Hazard 
Prevention and Control, have been released to improve 

Table 3  Age-standardised incidence, death, and DALY rate of pneumoconiosis (per 100,000) by sex in China, 2019

DALY Disability-adjusted Life-year, CWP Coal Worker Pneumoconiosis

Age-standardised incidence rate Age-standardised death rate Age-standardised DALY rate

Males
  Pneumoconiosis 12.51 (10.49–14.72) 1.16 (0.91–1.56) 57.92 (45.02–74.00)

  Silicosis 11.23 (9.20–13.44) 0.89 (0.69–1.25) 49.92 (37.96–65.07)

  Asbestosis 0.30 (0.21–0.38) 0.02 (0.01–0.04) 0.53 (0.37–0.93)

  CWP 0.44 (0.36–0.54) 0.16 (0.08–0.26) 3.99 (2.57–6.15)

  Other pneumoconiosis 0.55 (0.43–0.69) 0.09 (0.06–0.16) 3.48 (2.56–5.42)

Females
  Pneumoconiosis 0.89 (0.74–1.08) 0.06 (0.04–0.08) 2.92 (2.24–3.80)

  Silicosis 0.52 (0.38–0.69) 0.03 (0.02–0.04) 1.64 (1.18–2.26)

  Asbestosis 0.14 (0.09–0.18) 0.01 (0.01–0.01) 0.19 (0.13–0.31)

  CWP 0.08 (0.06–0.10) 0.01 (0.00–0.01) 0.33 (0.23–0.45)

  Other pneumoconiosis 0.16 (0.13–0.21) 0.01 (0.01–0.02) 0.76 (0.55–1.04)
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Fig. 2  Sex- and age-specific incidence, death rate of pneumoconiosis (per 100,000) and its subtypes in China, 2019. A Age-specific incidence rate in 
males, B age-specific incidence rate in females, C age-specific death rate in males, and D age-specific death rate in females
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occupational health in recent years in China [13]. For 
example, 95% of workers exposed to occupational haz-
ards for pneumoconiosis must go through regular health 
checks by 2020. Moreover, China revised and improved 
the law of occupational disease prevention and control 
in 2016. The decreased burden of pneumoconiosis could 
also be attributed to intensified regulatory supervision, 
expanded medical accessibility, and improved medical 
conditions.

The new cases of asbestosis remained high in China 
in  2019. The risk factor of asbestosis is occupational 
exposure to asbestos fibers which is listed as carci-
nogenic to humans (Group 1) by the International 
Agency for Research on Cancer [14]. The use of asbes-
tos has been banned or strictly regulated in countries 
such as the United States, Australia, and many in 
western Europe have since the 1970s and 1980s [15]. 
A few countries, especially Russia, Brazil, China, and 

India, have  continued to use large quantities of asbes-
tos [16]. China produced about 125,000 tons of asbes-
tos, accounting for 11.4% of global total production in 
2019 [17]. We also observed that summary exposure 
values (SEVs) of most occupational carcinogens espe-
cially asbestos have increased in the past three decades 
[7]. Asbestos exposure usually occurred in construc-
tion and shipyards [16]. In order to prevent the public 
health crisis triggered by the use of asbestos, we must 
reduce, or even ban asbestos use. At the same time, we 
need to develop replacement materials and take neces-
sary measures that can help to prevent asbestosis and 
other related diseases.

Our result showed the new cases, deaths, and DALYs 
due to pneumoconiosis in males accounted for about 
95% of the corresponding total numbers in 2019, which 
was consistent with previous reports [18]. The predomi-
nance of males as observed in incident cases, deaths , and 

Fig. 3  Age-standardised death rate (per 100,000) of pneumoconiosis in the provinces of China, 2019
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DALYs of pneumoconiosis might be explained by the fol-
lowing reasons. Dust inhalation in the coal, metal, and 
construction industries is the main cause of pneumoco-
niosis, and workers in those industries are predominantly 
men. Therefore, male workers were exposed to relatively 
higher dust levels than females. In addition, a higher level 
of smoking in male workers might also have contributed 
to the male predominance in the incidence of pneumoco-
niosis. Cigarette smoking can accelerate the onset of sili-
cosis dust by destroying the bronchi’s ciliated epithelium 
and decreasing the pulmonary clearance capacity [19]. 
This phenomenon has also been observed in other stud-
ies. For instance, according to a recent study, the inci-
dence of silicosis in men (17%) was significantly higher 
than in women (4%) at the same average cumulative 
silica dust exposure level [19]. The higher mortality and 
DALY rate in males than in females were mainly related 
to the higher incidence of pneumoconiosis in the former. 
The peak age-specific incidence rate of pneumoconiosis 
was observed in the age group 50–54 in males, which 
was inconsistent with the age group 65–69 reported in 
Great Britain during 1996–2014 [18]. The possible expla-
nations included the difference between the study peri-
ods, research area, and disease classification. Moreover, 
recent studies reported shorter latency periods of silico-
sis are observed in stonecutters [20, 21].

The subnational results showed the age-standardised 
death rate of pneumoconiosis in western China was 
higher than that in the eastern coastal area, which might 
have been a result of the difference in economic devel-
opment level. As SDI, a key factor affecting the socio-
economic development of a specific region, was used to 
explain the regional variations, the relationship between 
SDI and ARC of the age-standardised death rate due to 
pneumoconiosis was further analyzed [22]. The results 
showed subnational SDI was negatively correlated with 
the ARC of the age-standardised death rate due to pneu-
moconiosis and its subtypes, which was in accordance 
with previous studies [10, 23]. The spatial inequality of 
socioeconomic level and medical services have impacts 
on the burden of occupational diseases [7]. Compared to 
less developed areas, especially western China, developed 
areas such as the eastern coastal area in China own more 
institutions certificated to diagnose the occupational 
disease and have a stronger regulatory system. Western 
China is thus in urgent need of adequate supervision and 
medical services of occupational diseases.

Although China has been making ceaseless efforts to 
prevent and control occupational diseases, especially 
pneumoconiosis, the challenges remain huge as shown in 
our study. In order to reduce the incidence and burden 
due to pneumoconiosis in China, much work is needed 
to improve the workplace environment, provide personal 

protective equipment, guide employers to standardized 
work safety protocols, perfect pneumoconiosis surveil-
lance systems, and increase the intensity of regulatory 
supervision [13]. Additionally, research on technical sup-
port for prevention, effective hazards monitoring, fron-
tier fundamental research, key techniques of diagnosis 
and treatment of pneumoconiosis should be strongly 
encouraged.

Our study provides a comprehensive summary of inci-
dence, mortality, and DALY rates from pneumoconiosis 
and its subtypes from 1990 to 2019 in China and repre-
sents the most up-to-date information on burdens due 
to pneumoconiosis. Meanwhile, the standardized esti-
mation method employed by GBD allows us to make 
sub-national comparisons in China. Furthermore, the 
attribution of SDI is examined to explain the variations 
of annualized change rate in burden of pneumoconiosis.

However, this study is still limited in several ways. First, 
national and subnational data are unavailable for the 
occupational exposure levels of dust and fibers in China. 
The main covariates in pneumoconiosis models in GBD 
2019 were asbestos consumption per capita, coal pro-
duction per capita, gold production per capita, summary 
exposure value for occupational asbestos, occupational 
beryllium, and occupational silica [1]. The consumption 
of other dust containing antimony, barium, graphite, 
and iron was not taken into consideration in the mod-
els, which may lead to an underestimate of the burden 
of pneumoconiosis. Second, occupational epidemiologi-
cal studies in China are scarce compared with developed 
countries. GBD employs covariates from developed 
countries to estimate the burden of occupational dis-
eases which may cause uncertainties in the results [1]. 
Third, GBD only includes disabilities associated with the 
most common sequelae of occupational exposure, but 
not mental disorders. Furthermore, the joint effects of 
co-exposure to dust and fibers may lead to misclassifica-
tion of pneumoconiosis. About 23% of pneumoconiosis 
deaths and DALYs from ‘Other pneumoconiosis’ were 
actually due to the three main pneumoconiosis (silico-
sis, asbestosis, or CWP) [23]. Further work, especially 
the national occupational investment and comprehensive 
occupational health monitoring, is expected to expand 
accessible resources and improve accuracy of estimates 
in China.

Conclusion
Our findings show that two-thirds of global health loss 
from pneumoconiosis occur in China. Prevention and 
control of pneumoconiosis is still serious health and 
social issue in China. The heterogeneity between differ-
ent areas of China highlights the urgent need for prefer-
ential policy to less developed regions.



Page 9 of 10Li et al. BMC Public Health         (2022) 22:1114 	

Abbreviations
ARC​: Annualized rate of change; CWP: Coal worker pneumoconiosis; DALYs: 
Disability-adjusted life years; GBD: Global Burden of Diseases Study; ICD: 
International Classification of Diseases; SDI: Socio-demographic index; SEVs: 
Summary exposure values; UI: Uncertainty interval; YLDs: Years lived with dis-
ability; YLLs: Years of life lost.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12889-​022-​13541-x.

Additional file 1: Table S1. Crude incidence, death, and DALY rate of 
pneumoconiosis (per 100,000) in China, 1990-2019. Table S2. Incident 
cases, deaths, and DALYs of pneumoconiosis by sex in China, 2019. Figure 
S1. Sex- and age-specific DALY rate of pneumoconiosis (per 100,000) and 
its subtypes in China, 2019. (A) Males and (B) females. 

Acknowledgements
We acknowledge the contributions of the staff of the Institute for Health 
Metrics and Evaluation, University of Washington.

Authors’ contributions
JL, PY, PN, and MZ conceived the study and provided overall guidance. JL 
prepared the first draft and finalized the manuscript based on comments from 
all other authors. All authors have reviewed and approved the manuscript for 
publication.

Funding
This research received no specific grant from any funding agency in the pub-
lic, commercial or not-for-profit sectors.

Availability of data and materials
The datasets used during the current study are available online on the official 
website of the Institute of Health Metrics and Evaluation (http://​ghdx.​healt​
hdata.​org/​gbd-​resul​ts-​tool).

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 School of Public Health and Beijing Key Laboratory of Environmental 
Toxicology, Capital Medical University, 10 Xitoutiao Road, Fengtai District, 
Beijing 100069, China. 2 National Center for Chronic and Noncommunicable 
Disease Control and Prevention, Chinese Center for Disease Control and Pre-
vention, 27 Nanwei Road, Xicheng District, Beijing 100050, China. 3 Institute 
for Health Metrics and Evaluation, University of Washington, Seattle, WA, USA. 

Received: 12 August 2021   Accepted: 30 May 2022

References
	1.	 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(10258):1204–
22. https://​doi.​org/​10.​1016/​S0140-​6736(20)​30925-9.

	2.	 GBD 2016 Risk Factors Collaborators. Global, regional, and national 
comparative risk assessment of 84 behavioural, environmental and 
occupational, and metabolic risks or clusters of risks, 1990–2016: a 

systematic analysis for the Global Burden of Disease Study 2016. Lancet. 
2017;390(10100):1345–422. https://​doi.​org/​10.​1016/​S0140-​6736(17)​
32366-8.

	3.	 National Bureau of Statistics. China statistical yearbook. 2016. http://​www.​
stats.​gov.​cn/​tjsj/​ndsj/​2016/​index​ch.​htm. Accessed 10 Jan 2021.

	4.	 National Health Commission. Statistical bulletin of China’s health devel-
opment. 2020. http://​www.​nhc.​gov.​cn/​guihu​axxs/​s10748/​202006/​ebfe3​
1f24c​c145b​198dd​73060​3ec44​42.​shtml. Accessed 10 Jan 2021.

	5.	 Zhang Z, Zhao Y, Sun D. China’s occupational health challenges. Occup 
Med (Lond). 2017;67(2):87–90. https://​doi.​org/​10.​1093/​occmed/​kqw102.

	6.	 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(10258):1223–49. 
https://​doi.​org/​10.​1016/​S0140-​6736(20)​30752-2.

	7.	 Li J, Yin P, Wang H, Zeng X, Zhang X, Wang L, et al. The disease burden 
attributable to 18 occupational risks in China: an analysis for the global 
burden of disease study 2017. Environ Health. 2020;19(1):21. https://​doi.​
org/​10.​1186/​s12940-​020-​00577-y.

	8.	 Lancet T. Improving occupational health in China. Lancet. 
2019;394(10197):443. https://​doi.​org/​10.​1016/​S0140-​6736(19)​31799-4.

	9.	 Mandrioli D, Schlunssen V, Adam B, Cohen RA, Colosio C, Chen W, et al. 
WHO/ILO work-related burden of disease and injury: protocol for systematic 
reviews of occupational exposure to dusts and/or fibres and of the effect of 
occupational exposure to dusts and/or fibres on pneumoconiosis. Environ 
Int. 2018;119:174–85. https://​doi.​org/​10.​1016/j.​envint.​2018.​06.​005.

	10.	 Shi P, Xing X, Xi S, Jing H, Yuan J, Fu Z, et al. Trends in global, regional and 
national incidence of pneumoconiosis caused by different aetiologies: 
an analysis from the Global Burden of Disease Study 2017. Occup Environ 
Med. 2020;77(6):407–14. https://​doi.​org/​10.​1136/​oemed-​2019-​106321.

	11.	 Mazurek JM, Wood JM, Schleiff PL, Weissman DN. Surveillance for silicosis 
deaths among persons aged 15–44 years - United States, 1999–2015. 
MMWR Morb Mortal Wkly Rep. 2017;66(28):747–52. https://​doi.​org/​10.​
15585/​mmwr.​mm662​8a2.

	12.	 Chong S, Lee KS, Chung MJ, Han J, Kwon OJ, Kim TS. Pneumoconio-
sis: comparison of imaging and pathologic findings. Radiographics. 
2006;26(1):59–77. https://​doi.​org/​10.​1148/​rg.​26105​5070.

	13.	 Wang B, Wu C, Kang L, Huang L, Pan W. What are the new challenges, 
goals, and tasks of occupational health in China’s thirteenth five-year plan 
(13th FYP) period? J Occup Health. 2018;60(3):208–28. https://​doi.​org/​10.​
1539/​joh.​2017-​0275-​RA.

	14.	 IARC. Monographs on the evaluation of carcinogenic risks to humans 
vol. 100C. 2012. https://​publi​catio​ns.​iarc.​fr/​Book-​And-​Report-​Series/​
Iarc-​Monog​raphs-​On-​The-​Ident​ifica​tion-​Of-​Carci​nogen​ic-​Hazar​ds-​To-​
Humans/​Arsen​ic-​Metals-​Fibres-​And-​Dusts-​2012. Accessed 10 Jan 2021.

	15.	 Carbone M, Adusumilli PS, Alexander HR Jr, Baas P, Bardelli F, Bononi A, et al. 
Mesothelioma: Scientific clues for prevention, diagnosis, and therapy. CA 
Cancer J Clin. 2019;69(5):402–29. https://​doi.​org/​10.​3322/​caac.​21572.

	16.	 Chen T, Sun XM, Wu L. High Time for Complete Ban on Asbestos Use in 
Developing Countries. JAMA Oncol. 2019;5(6):779–80. https://​doi.​org/​10.​
1001/​jamao​ncol.​2019.​0446.

	17.	 United States Geological Survey. Minerals yearbook: asbestos. 2020. 
https://​pubs.​usgs.​gov/​perio​dicals/​mcs20​20/​mcs20​20-​asbes​tos.​
pdf. Accessed 10 Jan 2021.

	18.	 Carder M, Darnton A, Gittins M, Stocks SJ, Ross D, Barber CM, et al. Chest 
physician-reported, work-related, long-latency respiratory disease in 
Great Britain. Eur Respir J. 2017;50(6):1700961. https://​doi.​org/​10.​1183/​
13993​003.​00961-​2017.

	19.	 Poinen-Rughooputh S, Rughooputh MS, Guo Y, Lai H, Sun W, Chen W. 
Sex-related differences in the risk of silicosis among chinese pottery 
workers: a cohort study. J Occup Environ Med. 2021;63(1):74–9. https://​
doi.​org/​10.​1097/​JOM.​00000​00000​002068.

	20.	 Hoy RF, Baird T, Hammerschlag G, Hart D, Johnson AR, King P, et al. Artificial 
stone-associated silicosis: a rapidly emerging occupational lung disease. Occup 
Environ Med. 2018;75(1):3–5. https://​doi.​org/​10.​1136/​oemed-​2017-​104428.

	21.	 Wu N, Xue C, Yu S, Ye Q. Artificial stone-associated silicosis in China: a pro-
spective comparison with natural stone-associated silicosis. Respirology. 
2020;25(5):518–24. https://​doi.​org/​10.​1111/​resp.​13744.

	22.	 Li X, Cao X, Guo M, Xie M, Liu X. Trends and risk factors of mortality and 
disability adjusted life years for chronic respiratory diseases from 1990 to 
2017: systematic analysis for the Global Burden of Disease Study 2017. 
BMJ. 2020;368:m234. https://​doi.​org/​10.​1136/​bmj.​m234.

https://doi.org/10.1186/s12889-022-13541-x
https://doi.org/10.1186/s12889-022-13541-x
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1016/S0140-6736(17)32366-8
https://doi.org/10.1016/S0140-6736(17)32366-8
http://www.stats.gov.cn/tjsj/ndsj/2016/indexch.htm
http://www.stats.gov.cn/tjsj/ndsj/2016/indexch.htm
http://www.nhc.gov.cn/guihuaxxs/s10748/202006/ebfe31f24cc145b198dd730603ec4442.shtml
http://www.nhc.gov.cn/guihuaxxs/s10748/202006/ebfe31f24cc145b198dd730603ec4442.shtml
https://doi.org/10.1093/occmed/kqw102
https://doi.org/10.1016/S0140-6736(20)30752-2
https://doi.org/10.1186/s12940-020-00577-y
https://doi.org/10.1186/s12940-020-00577-y
https://doi.org/10.1016/S0140-6736(19)31799-4
https://doi.org/10.1016/j.envint.2018.06.005
https://doi.org/10.1136/oemed-2019-106321
https://doi.org/10.15585/mmwr.mm6628a2
https://doi.org/10.15585/mmwr.mm6628a2
https://doi.org/10.1148/rg.261055070
https://doi.org/10.1539/joh.2017-0275-RA
https://doi.org/10.1539/joh.2017-0275-RA
https://publications.iarc.fr/Book-And-Report-Series/Iarc-Monographs-On-The-Identification-Of-Carcinogenic-Hazards-To-Humans/Arsenic-Metals-Fibres-And-Dusts-2012
https://publications.iarc.fr/Book-And-Report-Series/Iarc-Monographs-On-The-Identification-Of-Carcinogenic-Hazards-To-Humans/Arsenic-Metals-Fibres-And-Dusts-2012
https://publications.iarc.fr/Book-And-Report-Series/Iarc-Monographs-On-The-Identification-Of-Carcinogenic-Hazards-To-Humans/Arsenic-Metals-Fibres-And-Dusts-2012
https://doi.org/10.3322/caac.21572
https://doi.org/10.1001/jamaoncol.2019.0446
https://doi.org/10.1001/jamaoncol.2019.0446
https://pubs.usgs.gov/periodicals/mcs2020/mcs2020-asbestos.pdf
https://pubs.usgs.gov/periodicals/mcs2020/mcs2020-asbestos.pdf
https://doi.org/10.1183/13993003.00961-2017
https://doi.org/10.1183/13993003.00961-2017
https://doi.org/10.1097/JOM.0000000000002068
https://doi.org/10.1097/JOM.0000000000002068
https://doi.org/10.1136/oemed-2017-104428
https://doi.org/10.1111/resp.13744
https://doi.org/10.1136/bmj.m234


Page 10 of 10Li et al. BMC Public Health         (2022) 22:1114 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	23.	 GBD 2016 Occupational Chronic Respiratory Risk Factors Collaborators. 
Global and regional burden of chronic respiratory disease in 2016 arising 
from non-infectious airborne occupational exposures: a systematic analy-
sis for the Global Burden of Disease Study 2016. Occup Environ Med. 
2020;77(3):142–50. https://​doi.​org/​10.​1136/​oemed-​2019-​106013.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1136/oemed-2019-106013

	The burden of pneumoconiosis in China: an analysis from the Global Burden of Disease Study 2019
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study data
	Statistical analyses

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


