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Abstract

Background This study aimed to analyze the trends and burden of occupational exposure to asbestos in the United
States (U.S.) from 1990 to 2019, focusing on mortality rates, geographic distribution, age and sex patterns, and causes
of death.

Methods Data on the number of deaths attributable to occupational exposure to asbestos were collected from

1990 to 2019 in the U.S. Joinpoint analysis was conducted to assess trends over time, and regression models were
applied to calculate annual percentage changes (APC) and annual average percentage changes (AAPC). Geographic
distribution was examined using mapping techniques. Age and sex patterns were analyzed, and causes of death were
identified based on available data.

Results From 1990 to 2019, the overall number of deaths due to occupational exposure to asbestos in the U.S.
increased by 20.2%. However, age-standardized mortality rates (ASMR) and age-standardized disability-adjusted

life years (DALYs) rates (ASDR) exhibited a decline over the same period. Geographic analysis revealed differences in
the number of deaths across states in 2019, with California reporting the highest number of fatalities. Age-specific
mortality and DALYs showed an increase with age, peaking in older age groups. Tracheal, bronchus, and lung cancer
were the leading causes of death attributed to asbestos exposure, with increasing trends observed over the past five
years.

Conclusion The study highlights significant trends and burden in occupational exposure to asbestos in the U.S,,
including overall increases in mortality rates, declining ASMR and ASDR, geographic disparities, age and sex patterns,
and shifts in causes of death. These findings underscore the importance of continued monitoring and preventive
measures to mitigate the burden of asbestos-related diseases.
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rates
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Background

Asbestos, a group of naturally occurring minerals
renowned for their heat resistance and durability, has
been extensively utilized in various industries worldwide
[1]. Despite its industrial utility, asbestos is now recog-
nized as a potent carcinogen, posing significant health
risks to individuals exposed to its fibers. In 1977, the
International Agency for Research on Cancer determined
that asbestos meets the criteria for being a human car-
cinogen [2, 3]. All forms of asbestos have carcinogenic
effects on humans, including lung and laryngeal cancer,
among others. Additionally, it can cause non-malignant
conditions such as asbestosis, pleura thickening, and
pleura plaques [4]. An estimated 125 million people
globally are thought to be exposed to asbestos at work
at this time [4, 5]. Asbestos is responsible for approxi-
mately 255,000 deaths per year (with a range of 243,223
to 260,029), with 233,000 deaths resulting from work-
related exposure (ranging from 222,322 to 242,802) [6].
Mesothelioma is a malignant tumor that can be attributed
to asbestos exposure in at least 80% of cases [7], accord-
ing to the Global Burden of Disease (GBD), approxi-
mately 29,300 people worldwide died from mesothelioma
in 2019 [8, 9], doubling since 1990 [10]. Due to the long
incubation period of asbestos-related diseases, even if the
use of asbestos were to cease now, it would take several
decades for the number of related deaths to decrease [5,
11]. According to an article published by Soeberg et al. in
2018, although Australia had implemented a comprehen-
sive asbestos ban in 2003, it was not until 2018, almost
fifteen years later, that Australia had just seen a peak in
the prevalence of asbestos-related diseases, and the risk
of asbestos exposure continues to exist [12].

South Korea acknowledged the hazards of asbestos
in 1993, but it wasn’t until 16 years later, in 2009, that a
complete ban was enacted [13]. In the UK, while asbes-
tos policy was established in 1932, a full ban was not
implemented until 1999 [14]. New Zealand took 13 years
to adopt a policy on asbestos that paralleled Australia’s
approach [14, 15]. Despite approximately 60 countries
having completely banned the use of asbestos and the
World Health Organization’s continuous calls for coun-
tries to cease its usage [16], the implementation of new
bans has recently slowed down [9]. Asbestos remains
widely utilized today [6]. However, due to health and
liability concerns associated with asbestos use, its utili-
zation in the United States (U.S.) is gradually decreasing.
In 2023, it’s estimated that the U.S. consumed approxi-
mately 150 tons of chrysotile asbestos [17]. According to
GBD 2016, the estimated number of deaths from pleura
mesothelioma caused by asbestos in the U.S. is 3,282 [6].
Currently, there exists a lack of detailed estimates regard-
ing the number of deaths caused by asbestos-related
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diseases in the U.S., as well as the distribution of deaths
attributed to different causes.

In this study, we aim to analyze asbestos-related disease
trends and burden in the U.S. over the period from 1990
to 2019. Our focus is on identifying temporal patterns in
mortality rates, geographic distribution of disease bur-
den, age and sex-related disease patterns, and chang-
ing causes of death. This will deepen our understanding
of asbestos-related diseases’ landscape and support the
development of prevention and intervention strate-
gies. We hope that the U.S. will recognize the hazards of
asbestos use, implement a complete ban on its usage.

Materials and methods

Data sources

The GBD study stands as an ongoing global collabora-
tive epidemiological endeavor, meticulously assessing
the burden of diseases, injuries, and risk factors across
204 countries and regions by gender and age group. Cur-
rently, it incorporates data spanning from 1990 to 2019.
The GBD study provides assessments of adjusted life
years for mortality and disability attributed to 369 dis-
eases and injuries, alongside 87 risk factors [18, 19]. For
this research, data concerning the number of deaths,
disability-adjusted life years (DALYs), age-standardized
DALYs rates (ASDR), and age-standardized mortal-
ity rates (ASMR) associated with all causes of occupa-
tional exposure to asbestos in the U.S. from 1990 to 2019
were procured from the GBD 2019 dataset (http://ghdx.
healthdata.org/gbd-results), regarding particular data
extraction techniques, refer to additional file 1. Simul-
taneously, we analyzed the unique burden of diseases
resulting from occupational exposure to asbestos. This
includes tracheal, bronchus, and lung cancer, mesothe-
lioma, pneumoconiosis, larynx, and ovarian cancer, these
are all level 3 diseases brought on by occupational expo-
sure to asbestos in the GBD database. The specific ICD
codes corresponding to these diseases have been detailed
in previous publications [8]. Furthermore, demographic
information such as sex and age was collected to esti-
mate the burden of all causes of occupational exposure to
asbestos in the U.S.

Estimation methods

Occupational exposure to asbestos is characterized as the
cumulative percentage of individuals subjected to lifelong
exposure within an occupational setting. Primary data
is sourced from the International Labour Organization,
while supplementary datasets are obtained by submitting
inquiries to various institutions via the GBD Collaborator
Network [18]. Upon data acquisition, consolidation into
a tabular format is executed, followed by the generation
of survey-weighted estimations of economic activity and
occupation across GBD Geography and corresponding
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years. The Asbestos Impact Ratio (AIR) is then employed
to gauge the prevalence of asbestos exposure, calculated
as the mortality rate attributed to mesothelioma observed
within the population, divided by the mesothelioma mor-
tality rate in individuals highly exposed to asbestos. The
AIR is expressed using the following equation:

_ Mort,, —N,,

AIR = 2 ey " e,
Mort'cy:—N,,

Mort, Mortality rate due to mesothelioma; N, Mortality
rate due to mesothelioma in population not exposed to
asbestos; Mort', Mortality rate due to mesothelioma in
population highly exposed to asbestos; y, year; c, country;
S, Sex.

Statistical analysis

The connection point regression model is utilized to
assess the trajectory of disease burden linked to occupa-
tional exposure to asbestos in the U.S. from 1990 to 2019.
This model is capable of segmenting the entire timeframe
and identifying the years (connection points) where the
trend experiences significant shifts [19, 20]. Regression
analysis is conducted on the natural logarithms of various
interval rates, enabling the calculation of the annual per-
centage change (APC) and its corresponding 95% confi-
dence interval (CI) for each segment. The overall trend
is summarized by the annual average percentage change
(AAPC) [21-23]. Statistical significance is denoted by a
P-value less than 0.05.

We conducted an analysis to highlight the geographic
disparities in the number of deaths attributed to occu-
pational exposure to asbestos across various states of
the U.S. in 2019. Utilizing relevant maps, we illustrated
these differences. Additionally, we examined the distribu-
tion of disease burden resulting from occupational expo-
sure to asbestos among different age groups in the same
year. Furthermore, we presented the proportion of deaths
attributed to occupational exposure to asbestos in 2019,
encompassing various conditions such as trace, bruchus,
and lung cancer, mesothelioma, pneumoconiosis, larynx
cancer, and ovarian cancer. We used Joinpoint Regres-
sion Software 4.9, created by the Statistical Research and
Applications Branch of the National Cancer Institute
in the U.S., to do joinpoint analysis on the data. Subse-
quently, we utilized R statistical software (version 4.3.2)
for further data analysis and visualization.

Results

Overall trends of occupational exposure to asbestos

In both sexes, the number of deaths attributable to occu-
pational exposure to asbestos increased from 33,926.7
[95% uncertainty interval (UI): 24,871.5-42,661.4] in
1990 to 40,764.1 (95% UL 30,522.8-51,859.3) in 2019,
marking a 20.2% increase. However, ASMR [AAPC —1.3
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(95% CI: -1.5, -1)] and ASDR [AAPC —-1.8 (95% CI: -2,
-1.6)] showed varying degrees of decline from 1990 to
2019. Overall, ASMR and ASDR due to occupational
exposure to asbestos exhibited a declining trend in
males and both sexes, with males showing a more pro-
nounced decrease. Additionally, male ASMR and ASDR
were significantly higher than those of both sexes and
females. The ASMR of males decreased from 21.94 (95%
UL 15.63-28.17) in 1990 to 13.21 (95% UL 9.39-17.14)
in 2019, marking a -39.8% decrease, with AAPC of -1.7
(95% CI: -1.9, -1.5). Conversely, the ASMR of females
increased from 1.9 (95% UI: 1.28-2.57) in 1990 to 2.02
(95% UI: 1.29-2.9) in 2019, representing a 6.3% increase,
with AAPC of 0.2 (95% CI: 0, 0.5). Both male and female
ASDR showed a decline from 1990 to 2019, with AAPC
of -2.3 (95% CI: -2.5, -2.1) and —-0.3 (95% CI: -0.5, -0.1)
respectively. Looking at specific time periods, ASMR
showed an upward trend from 1990 to 1995 for males,
females, and both sexes, followed by a gradual decrease
until males and both sexes showed a resurgence in 2016,
while females showed a similar resurgence in 2017. ASDR
exhibited a similar trend, both sexes shown an increase
trend between 1990 and 1995, which was followed by
a decreasing trend until both sexes reached 2016, the
female started to exhibit an upward trend once more in
2017, while the male showed a negative trend between
1990 and 1995 until 2016 (Fig. 1; Tables 1 and 2).

The burden of occupational exposure to asbestos in
various states of the United States in 2019

Figure 2 illustrates the fatalities, ASMR, and ASDR
caused by occupational exposure to asbestos in each state
during 2019. California reported the highest number of
deaths, with 3,151 fatalities, followed closely by Flor-
ida with 2,775.9, Pennsylvania with 2,357.7, Texas with
2,343.5, and Ohio with 2,061.1. Conversely, the District
of Columbia reported the lowest number of fatalities,
totaling 28.5 (Fig. 2 and Additional file 2). In 2019, West
Virginia, Maine, and Louisiana recorded the highest age-
standardized mortality rates (ASMR) at 12.4, 11.3, and
10.5 respectively, compared to the lowest rate in the Dis-
trict of Columbia at 3 per 100,000 population (Fig. 2 and
Additional file 3). Similarly, the highest age-standardized
disability-adjusted life years (ASDR) rates were observed
in West Virginia at 218.3, Maine at 186.5, and Louisiana
at 182. Contrastingly, the District of Columbia again
reported the lowest rate at 50.9 per 100,000 population
(Fig. 2 and Additional file 4).

Age and sex patterns

From 1990 to 2019, the number of deaths and DALYs
was lower in females compared to males. The num-
ber of death cases gradually increased starting from the
age group of 50-54 years and continued to rise with
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Fig. 1 Joinpoint regression analysis in age-standardized mortality (A) and DALYs (B) rates of all causes occupational exposure to asbestos in the United

States from 1990 to 2019 by sexes. DALYs =disability-adjusted life years

age, reaching its peak in males aged 75-79 years, after
which it began to decline rapidly. A similar pattern was
observed in females, with the peak in the number of
deaths occurring in the 80-84-year-old age group. Addi-
tionally, the number of DALYs increased with age, peak-
ing in males aged 70-74 years, followed by a substantial
decrease. In females, the number of age-specific DALYs
peaked in the 75-79-year-old age group. Age-specific
death rates increased from the age group of 50-54 years

to 85-89 years in both genders, after which they rapidly
declined in males. Similarly, age-specific rates of DALYs
increased from the age group of 50-54 years to 80—84
years in both genders, followed by a rapid decline in
males (Fig. 3).

Different causes of death
Overall, tracheal, bronchus, and lung cancer account for
the highest number of deaths attributed to occupational
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Table 2 The trends of ASMR and ASDR of all causes occupational exposure to asbestos in United states of America by joinpoint
regression. ASMR=age-standardized mortality rate; ASDR=age-standardized disability-adjusted life years rate; APC=Annual percent
change; AAPC= Average annual percent change

ASMR ASDR
Cohort Index Year Estimate (95% Ul) P value Year Estimate (95% Ul) P-value value
Both APC 1990-1995 06(-0.1,1.2) 0.087 1990-1995 0.3(-0.3,0.9) 0.335
1995-2002 -0.9 (-14,-04) 0.001 1995-2002 -1.7(-2.1,-1.2) 0
2002-2016 -25(-27,-24) <0.001 2002-2016 -34(-35,-32) 0
2016-2019 0.8 (-0.6,23) 0.264 2016-2019 16(0.2,3) 0.024
AAPC 1990-2019 -1.3(-15,-1) <0.001 1990-2019 -1.8(-2,-1.6) 0
Female APC 1990-1995 25(2,3.0) <0.001 1990-1995 1.9(14,24) 0
1995-2001 1.5(09,2) <0.001 1995-2000 0.8(0.1,1.6) 0.025
2001-2012 -0.5(-0.7,-0.3) <0.001 2000-2008 -1(-13,-0.7) 0
2012-2017 -2.2(-29,-14) <0.001 2008-2017 -1.8(-2,-1.6) 0
2017-2019 0.8(-15,33) 0474 2017-2019 0.8(-14,3.1) 046
AAPC 1990-2019 0.2(0,0.5) 0.094 1990-2019 -0.3 (-0.5,-0.1) 0.006
Male APC 1990-1995 0.1(-0.6,0.8) 0.768 1990-1995 -0.2 (-0.8,0.5) 0.631
1995-2002 -1.5(:2,-1) <0.001 1995-2002 -2.1(-26,-1.6) 0
2002-2016 -3(-3.2,-29) <0.001 2002-2015 -3.9(-4.1,-3.8) 0
2016-2019 0.9 (-0.6,24) 0.231 2015-2019 0.3(-06,1.2) 0.505
AAPC 1990-2019 -1.7(-19,-1.5) <0.001 1990-2019 -23(-25,-2.1) 0
The number of deaths caused by occupational exposure to asbestos in the United States in 2019 The ASMR caused by occupational exposure to asbestos in the United States in 2019
Deaths number [l o-100 [l 100-s00 soo-1000 [ 1000-1500 1500-2000 2000-2500 25003000 [ 3000+ AsvR [l o> s I s e

The ASDR caused by occupational exposure to asbestos in the United States in 2019
ASDR [ s0-100 l’. w0-150 [l rs0-200 [ 200

Fig. 2 The number of deaths, ASMR, and ASDR caused by occupational exposure to asbestos in the United States in 2019
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exposure to asbestos, and it appears that these numbers
have been steadily increasing over the past five years. In
both sexes and males specifically, mesothelioma ranks as
the second leading cause of death, while ovarian cancer
ranks second among females. Notably, pneumoconiosis
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significantly contributes to male deaths but less so to
female deaths (Fig. 4).

In the U.S., among both sexes, neoplasms account for
the highest number of deaths attributable to occupational
exposure to asbestos. The number has increased from
33,609.8 (95% UL: 24,558.6—42,347.8) in 1990 to 40,073.6
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(95% UI: 29,867-51,090.9) in 2019, representing a 19.2%
increase. Pneumoconiosis, causing deaths, has seen a
substantial rise from 316.9 (95% UI: 287.3-434.4) in
1990 to 690.6 (95% UI: 564.8—-753.1) in 2019, marking a
117.9% increase. Within neoplasms, deaths attributed to
tracheal, bronchus, and lung cancer have increased from
30,463.8 (95% UL 21,523.4-39,006.8) in 1990 to 35,642.8
(95% UI: 25,661.7-46,332.5) in 2019, marking a 17%
increase. From 1990 to 2019, death counts due to differ-
ent causes have increased to varying extents. Notably,
pneumoconiosis-related deaths in female patients have
seen the highest percentage increase at 136.4%, whereas
deaths in male patients due to larynx cancer have seen
the lowest percentage increase at 9.1%.

Regarding ASMR, the percentage change in deaths
attributed to neoplasms (5.8%) and tracheal, bronchus,
and lung cancer in females has increased, as well as pneu-
moconiosis in both sexes (22.2%) and males (13%). How-
ever, the rest have decreased, with the largest decline
observed in the percentage change of larynx cancer
in males at -42.3%, and the smallest decline seen in the
percentage change of mesothelioma in females at -9.1%.
In ASDR, apart from a 1.4% increase in the percentage
change attributed to pneumoconiosis in both sexes, the
rest have decreased. The largest decline is observed in
males with tracheal, bronchus, and lung cancer at -50.3%,
followed by larynx cancer in males at -49.6% (Table 1).

Discussion

In this study, we report the estimated disease burden
attributable to occupational exposure to asbestos in
the US. as estimated by GBD 2019. According to our
research, there was a rise in asbestos-related work-
place mortality in the United States between 1990 and
2019, despite a decline in ASMR and ASDR over the
same period. In age groups greater than 50-54, males
have higher mortality numbers, ASMR, and ASDR
than females, and the burden reaches its peak among
the elderly. Furthermore, the primary causes of mortal-
ity from asbestos exposure at work are lung cancer, tra-
chea, and bronchus, and the number of deaths from
these conditions has been increasing recently. However,
it is imperative to acknowledge the persistent burden of
asbestos-related diseases, highlighting the ongoing need
for preventive measures and targeted interventions in the
U.S.

Exposure to asbestos may lead to lung cancer, laryngeal
cancer, ovarian cancer, and mesothelioma. Additionally,
exposure to asbestos can also lead to other diseases such
as asbestosis. An incurable disease of the serosal lining,
malignant mesothelioma is frequently brought on by
asbestos exposure [24]. Pneumoconiosis includes silico-
sis, asbestosis, coal worker's pneumoconiosis, and other
pneumoconiosis [25]. We know that a significant portion
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of the global cancer burden may be prevented through
interventions aimed at reducing exposure to known can-
cer risk factors [26]. As early as 2007, the World Health
Organization (WHO) formulated the national pro-
gram outline for eliminating asbestos-related diseases
[27]. According to the American Mineral Commodity
Summaries 2024, the estimated global consumption of
unmanufactured asbestos fibers from 2015 to 2023 was
1.1 to 1.3 million metric tons per year [17]. However, it
is estimated that every 20 metric tons of asbestos pro-
duced and consumed globally leads to one death [6]. We
must recognize that the most effective way to eliminate
diseases related to asbestos is to stop using all types of
asbestos.

In this study, we focused on assessing the trends and
burden of occupational exposure to asbestos in the U.S.
from 1990 to 2019. We found that both ASMR and ASDR
decreased to varying degrees in both males and females
as well as in both sex groups. This discrepancy may be
attributed to several factors. Firstly, advancements in
medical treatment and diagnostic techniques may have
contributed to improved survival rates among individu-
als diagnosed with asbestos-related diseases, thus influ-
encing the observed decline in ASMR and ASDR [28].
Additionally, changes in occupational safety regula-
tions and increased awareness of asbestos-related haz-
ards may have led to reduced exposure levels over time,
although the lag effect of historical exposure cannot be
overlooked. Around 40 years ago, a research was carried
out by the National Research Council (NRC) in Atlanta,
Georgia, to determine the relative risk of negative health
consequences from exposure to several environmental
mutagenic pollutants (EMPs). After examining several
EMP kinds, it was determined that exposure to chryso-
tile asbestos posed the most danger, primarily due to the
greater likelihood of airborne particles of respirable size
being inhaled. This finding highlights the importance
of addressing and mitigating the risks associated with
chrysotile asbestos exposure in order to protect public
health [29, 30]. Gutiérrez et al. provide guidelines for the
removal and ultimate disposal of installed asbestos-con-
taining construction materials. These recommendations
can be helpful in directing national and regional organi-
zations as they create comprehensive plans with precise,
quantifiable, and doable objectives for the replacement
of installed asbestos-containing building materials in the
future [31].

Our comprehensive regression analysis reveals that
from 1990 to 2019, both ASMR and ASDR of all causes
occupational exposure to asbestos have declined across
all genders. However, a notable increase of APC has
been observed since 2016 for both sexes, and particularly
among females, starting in 2017. Despite only the ASDR
indicating statistical significance with a P-value of less
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than 0.05, this trend warrants our attention. This may be
attributed to a consistent rise in pneumoconiosis cases
[32]. Interestingly, an investigation into the incidence and
prevalence rates of pneumoconiosis among U.S. medi-
cal insurance beneficiaries from 1999 to 2019 found a
decline in asbestosis cases, yet pneumoconiosis remains
prevalent among medical insurance beneficiaries [33].
However, the GBD database did not take into account the
impact of pneumoconiosis on asbestosis data, which may
lead to overestimation of the burden on asbestosis.

Our analysis revealed significant variations in the num-
ber of deaths, ASMR, and ASDR caused by occupational
exposure to asbestos across different states in the U.S. in
2019. California reported the highest number of fatalities,
followed by Florida, Pennsylvania, Texas, and Ohio. The
three states with the highest ASMR and ASDR are West
Virginia, Maine, and Louisiana. These disparities may
reflect differences in industrial activities, historical asbes-
tos use, and occupational safety regulations among states.
For instance, states with a legacy of heavy industry and
manufacturing may experience higher rates of asbestos-
related diseases due to prolonged exposure among work-
ers. The chlor-alkali industry is the only remaining major
consumer of asbestos minerals in the U.S. The good news
is that in 2023, three out of eight chlor-alkali plants in
the U.S. are using alternative materials to replace asbes-
tos diaphragms [6]. Many materials can replace asbestos,
including calcium silicate, carbon fiber, etc. Some non-
fibrous minerals or rocks, such as perlite, are also consid-
ered possible alternatives to asbestos.

Our research findings emphasize different age and gen-
der patterns in the burden of asbestos-related diseases
in the U.S. Overall, the disease burden caused by occu-
pational exposure to asbestos in males is much higher
than in females. This may be related to a greater chance
of asbestos exposure for males. This obliquely implies
that females are less likely than males to be exposed to
asbestos. The age group with the highest number of male
deaths is 75-79 years old, which is related to the long
incubation period of diseases caused by asbestos expo-
sure. The mortality rate for males and females reaches its
peak in the 85-89 age group, after which the mortality
rate for males rapidly decreases while the rate for females
steadily decreases. This may reflect differences in sus-
ceptibility to asbestos-related diseases and healthcare-
seeking behaviors between males and females. Therefore,
screening the asbestos exposure history of elderly can-
cer patients, establishing a specialized registry, and early
diagnosis and treatment of asbestos-related diseases are
also crucial [4].

Tracheal, bronchus, and lung cancer emerged as the
leading causes of death attributed to occupational expo-
sure to asbestos, with a notable increase in number of
deaths observed over the past five years. The second most
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common cause of mortality for both sexes was meso-
thelioma, whereas ovarian cancer was the second most
common cause of death among females who had worked
with asbestos. The increasing trend in number of deaths
for these diseases underscores the persistent health risks
associated with asbestos exposure and emphasizes the
need for continued surveillance and preventive measures.
Furthermore, the differential impact of asbestos-related
diseases across genders highlights the importance of tai-
lored approaches to disease management and prevention.
Based on the perspective of Markowitz, it is believed
that promoting low-dose computed tomography (LDCT)
screening among asbestos-exposed workers is of utmost
importance. Markowitz also suggests certain standards
for LDCT screening. Moreover, the requirements also
cover people who have (a) smoked for a minimum of
ten pack-years without a time limit following their ces-
sation, or (b) have a history of asbestos-related fibrosis,
chronic lung disease, a family history of cancer, a per-
sonal history of cancer, or exposure to numerous work-
place lung carcinogens [28]. In addition to focusing on
tracheal, bronchus, and lung cancers caused by occupa-
tional asbestos exposure, we should also pay attention to
ovarian cancer caused by occupational asbestos exposure
among females. Furthermore, it is important to pay more
attention to ASMR, which has demonstrated an increas-
ing tendency in both sex and male, and the fact that the
annual number of deaths from pneumoconiosis has more
than doubled since 1990.

There are still some limitations to this study. First, GBD
data is reconstructed through mathematical models from
different quality data sources, which inevitably has some
limitations and is difficult to avoid bias. Second, we use
the Joinpoint regression model to determine the time
trends of the entire period and each segmented period,
but there are also some limitations to this model. Third,
our study did not assess the potential effects of asbes-
tos exposure in non-occupational asbestos exposure.
Fourthly, there are no precise data in the GBD database,
it is inferred using the model, it still needs to be con-
firmed what the real scenario is. Finally, there may be dif-
ferences in the early identification of diseases, thus there
may be biases present.

Conclusion

In summary, our research offers important new under-
standings of the patterns and costs associated with
asbestos exposure at work in the U.S. Although the
disease-related mortality rates caused by occupational
asbestos exposure in the U.S. have been decreasing, the
number of deaths has been continuously increasing in
recent years, especially for tracheal, bronchus, and lung
cancers. We advocate for the U.S. to immediately imple-
ment a total prohibition on asbestos.
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