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Background: Asbestos-related diseases are still a major public health
problem. The World Health Organization (WHO) has estimated that
107,000 people worldwide die each year from mesothelioma, lung cancer, and asbestosis. We review what is known about asbestos use, production, and exposure and asbestos-related diseases in the world today,
and we offer predictions for the future. Although worldwide consumption of asbestos has decreased, consumption is increasing in many developing countries. The limited data available suggest that exposures may
also be high in developing countries. Mesothelioma is still increasing
in most European countries and in Japan but has peaked in the United
States and Sweden. Although the epidemic of asbestos-related disease
has plateaued or is expected to plateau in most of the developed world,
little is known about the epidemic in developing countries. It is obvious
that increased asbestos use by these countries will result in an increase
in asbestos-related diseases in the future.
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INTRODUCTION
IARC: International
Agency for Research
on Cancer
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The usefulness of asbestos as an insulating
material was recognized by the Egyptians
and mentioned by Pliny in Roman times, but
large-scale production of asbestos began only
in the late nineteenth century (36). Asbestos is
a term that has been used to describe a group
of six commercially available silicate minerals
with ﬁbers that are generally long, thin, and
ﬂexible when separated. Asbestos ﬁbers are
classiﬁed into two types: serpentine and amphiboles. Serpentine asbestos is curly, whereas
amphibole ﬁbers are straight. Chrysotile is
the only serpentine form of asbestos. The amphibole ﬁbers that have been marketed in the
past include crocidolite (riebeckite), amosite
(cummingtonite-grunerite) and anthophyllite,
tremolite asbestos, and actinolite asbestos.
More than 90% of asbestos mined in the past
century was chrysotile asbestos, and chrysotile
presently accounts for more than 99% of
production worldwide (41).
All forms of asbestos have been judged to
be carcinogenic by the World Health Organization’s International Program on Chemical
Safety (22) and International Agency for Research on Cancer (19), and in the United States
by the Environmental Protection Agency (12),
the National Institute for Occupational Safety
and Health (40), and the National Toxicology
Program (42). The carcinogenicity of asbestos
was reviewed most recently by a group of scientists at an International Agency for Research
on Cancer (IARC) meeting in March 2009.
The group concluded that all forms of asbestos
(chrysotile, crocidolite, amosite, tremolite, actinolite, and anthophyllite) are associated with an
increased risk of mesothelioma and lung, laryngeal, and ovarian cancers (21, 56).
It may seem peculiar to some readers that
asbestos is the subject of this review, given that
we have known about the hazards associated
with asbestos use for many years. The ﬁrst
clinically recorded case of asbestos-induced
lung disease, later known as asbestosis, was
reported in London, in a 33-year-old man who
worked in an asbestos textile plant for 14 years,
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by a Charing Cross Hospital physician Dr. M.
Murray in 1906 (39). Numerous deaths (∼50)
were also reported in a French asbestos textile
factory [Auribault 1906 cited in (54)]. Italian
physicians reviewed the cases of 30 asbestos
workers who had lung disease, seen in a Turin
clinic, between 1894 and 1906 [Scarpa 1908
cited in (54)]. The name asbestosis was ﬁrst
applied in the medical literature to a case of
lung ﬁbrosis in a 33-year-old female asbestos
textile worker published in 1927 (7). The ﬁrst
epidemiologic study of asbestos textile workers
published on March 14, 1930, by Merewether
& Price, both with the UK Government
Home Ofﬁce, established general causation
between asbestos exposure and the lung disease
asbestosis (37).
The ﬁrst suspicion that asbestos exposure
caused lung cancer came from Lynch & Smith
(30) in the United States and Gloyne (13) in
the United Kingdom, who reported three cases
of lung cancer detected during autopsy studies of asbestos workers who had asbestosis. Sir
Richard Doll published the ﬁrst formal epidemiologic cohort study that demonstrated a
large excess (11 observed versus 0.8 expected)
of lung cancer among asbestos factory workers in Great Britain (10). The ﬁrst persuasive
report of a causal link between mesothelioma
and asbestos was made in 1960 by Wagner, who
identiﬁed 33 mesothelioma cases in individuals
many of whom had either worked or lived in
the vicinity of a South African crocidolite mine
(64). A few years later, epidemiology studies
conﬁrmed mesothelioma’s causal relationship
to asbestos, ﬁrst, with a study of a manufacturing plant in Ohio by Mancuso & Coulter (32)
and, second, with a study of insulation workers
by Selikoff and coworkers (53).
Sir Richard Doll in his landmark study
in 1955 questioned, “Whether the speciﬁc
industrial risk of lung cancer has yet been
completely eliminated cannot be determined
with certainty,” owing to regulations that were
instituted in 1931 (10). Studies since 1955 have
demonstrated that the 1931 regulations did not
eliminate the risk of cancer from asbestos, and
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unfortunately, despite subsequent changes in
regulatory and other policies, asbestos-related
diseases and exposures remain a major public
health concern today. In fact, the burden of
asbestos-related diseases is increasing in most
areas of the world. The use of asbestos has
now been banned in 55 countries worldwide,
but these bans are mostly recent and have
not yet had a measureable impact on the
incidence of asbestos-related diseases. Because
of its widespread past use, the epidemic of
asbestos-related diseases is known to be nearly
worldwide and thus may be described as we
have here as a pandemic rather than just an
epidemic. The World Health Organization
(WHO) recently estimated that ∼107,000
people in the world die each year from
asbestos-related diseases and those resulting
from occupational exposures (68).
The primary objective of this article is to
present a review of what we currently know
about the worldwide pandemic of asbestosrelated diseases. To place this subject in its
proper context, we start with a description of

the current use, production, and potential exposures to asbestos. This discussion is followed
by a review of what is known about the current
incidence and mortality of asbestos-related diseases in the world. Finally, we consider what
the future might hold for the global pandemic
of asbestos-related diseases.

WHO: World Health
Organization

CURRENT USE AND
PRODUCTION
Worldwide consumption of asbestos has
changed dramatically over the past century as
illustrated in Figure 1. The consumption of
asbestos greatly increased from the 1920s until its peak in the 1980s. Worldwide consumption rates continued to drop until the late 1990s
when they stabilized at roughly 2 million metric tons per year, approximately half of what it
was during the peak consumption in the 1980s.
The most recent available data from 2010 indicate that worldwide consumption remains at
about this level (R.L. Virta, USGS, personal
communication, June 7, 2012). The drop in
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Figure 1
Worldwide consumption of asbestos by region, 1920–2003. From Reference 63.
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Figure 2
Worldwide consumption of asbestos by country, 1995–2003. From Reference 63.

consumption after the 1980s coincided with efforts in Western Europe and North America to
limit asbestos use and, perhaps as importantly,
with demonstrated liability of the manufacturers for cancers due to asbestos exposure.
However, during this same time period
the consumption of asbestos by countries in
Eastern Europe, South America, and Asia has
increased. Asbestos consumption by country
from 1995 to 2003 is presented in Figure 2.
The leading consuming nations since 1995
have been Russia and China, but substantial
amounts have also been consumed in Brazil,
Thailand, Kazakhstan, India, Ukraine, and
Iran. The upward trend that can be seen in
India has continued and, according to the latest
data from 2010, has reached approximately
420,000 metric tons, making India the second largest consumer after China (R.L. Virta,
USGS, personal communication, June 7, 2012).
Worldwide production of asbestos in 2011 by
country is illustrated in Figure 3. Russia is
currently the largest producer of asbestos in the
world followed by China, Brazil, Kazakhstan,
4.4
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and Canada. Total worldwide production in
2011 was ∼2,000,000 metric tons (62).

CURRENT POTENTIAL
FOR EXPOSURE
The WHO estimates that 125 million people globally are exposed to asbestos in the
workplace (68). The use of asbestos has
been virtually eliminated in most but not all
developed countries. The European Union
has completely banned the use of asbestos
since 1999. Although the United States has not
banned asbestos, the use of asbestos by industry
has been reduced to trivial levels because of a
combination of regulation and litigation. The
United States imported only ∼800 metric tons
in 2010 (R.L. Virta, USGS, personal communication, June 7, 2012). The US Occupational
Safety and Health Administration (OSHA) has
estimated that 1.3 million workers in general
industry continue to be exposed to asbestos in
the United States (41). Asbestos exposures in
the United States and Western countries still
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Figure 3
Worldwide production of asbestos in 2011 by country. From Reference 62.

occur from buildings containing asbestos. The
most dramatic example is the destruction of the
World Trade Centers on 9/11, which resulted
in exposures to asbestos from the resulting
dust cloud (29). Occupational exposures can
occur in the maintenance and the abatement
of asbestos in buildings (15). Community exposures also result from the contamination of
the environment by past industrial production
of materials containing asbestos. The most
notable recent US example is in Libby, Montana, where signiﬁcant rates of asbestos-related
diseases have been observed among community
residents who never worked in the vermiculite
mining operations; the vermiculite ore was
contaminated with as much as 25% amphibole
asbestos. Asbestos-related disease has also been
found in communities around industrial plants
that produced vermiculite from the Libby ore
(2, 57). An increase in mesothelioma has been
documented in communities with asbestos
mining in South Africa (48), Australia (14, 27),
Italy (31) and Quebec (6). Finally, asbestos
is a naturally occurring mineral, and excess
mesotheliomas have been reported among
residents living near deposits of asbestos in
California (43), Greece (51), Turkey (4),
Cyprus (34), Corsica (49), and Sicily (44).
Much less is known about the potential
levels of asbestos exposures in developing
countries, but the ﬁndings from a few pub-

lished studies suggest that exposures may be
high by today’s standards. In India, Dave &
Beckett (8) reported that in 1994 levels of
200–400 ﬁbers/cubic centimeter (fb/cc) were
found in asbestos mills (that subsequently have
been reduced to 2 fb/cc in one of the mills),
and as high as 100 fb/cc in textile facilities and
10 fb/cc in cement mills. By comparison, the
current permissible exposure limit (PEL) in
the United States and many western countries
is 0.1 fb/cc and is 1.0 fb/cc in India.
Several epidemiologic studies in China have
reported on asbestos exposure levels. Yano
et al. (69) reported in an epidemiologic study of
an asbestos mixed products company that average asbestos exposures in 1999 were 7.6 fb/cc
(range 5.2–58) and 4.5 fb/cc (range 0.7–17.0)
in the raw material and textile sections of the
plant. Wang et al. recently reported average
exposures of 29.0 fb/cc (range 2.9–63.8 fb/cc)
in a Chinese chrysotile asbestos mine (65) and
2.3 fb/cc (range 1.5–3.6 fb/cc) in a separate
study (66) in a textile factory. It is noteworthy
that a large excess of lung cancer and nonmalignant respiratory diseases was also observed
in these studies, supporting the likely presence
of relatively high exposures in these industries
in the past. One paper on a chrysotile mine in
Russia reported low average concentrations of
between 0.02 and 0.17 fb/cc with a maximum
of 2.7 fb/cc (23). No data are available for
www.annualreviews.org • Worldwide Pandemic of Asbestos Diseases
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other countries that produce or use asbestos
in Asia, Africa, Eastern Europe, and Latin
America.
Some recent efforts have aimed to limit the
use of and the potential for exposure to asbestos in the developing world. In 2005, China
banned all export and import of amphibole asbestos and, in 2011, banned all asbestos ﬁber
types from use in siding and other wall construction products. Turkey and Thailand recently banned all uses of asbestos, and Taiwan
has eliminated most uses of asbestos (24).

CURRENT WORLDWIDE
INCIDENCE AND MORTALITY
OF ASBESTOS-RELATED
DISEASES
The best data we have on the worldwide
incidence and mortality from asbestos-related
diseases are for mesothelioma. Driscoll et al.
(11) estimated that 43,000 people worldwide
die each year from mesothelioma. Pathologic
diagnosis of mesothelioma can be difﬁcult, and
the disease may therefore be underreported
in many countries. A speciﬁc International
Classiﬁcation of Diseases (ICD) code for

mesothelioma has been available only since
the tenth revision (ICD10), which was ﬁrst
implemented in 1994. Many countries have
not implemented ICD10 yet, and the accuracy
of coding varies by countries.
Although the proportion of mesothelioma
attributable to asbestos exposure varies, an
attributable fraction of 80% is often cited
(60). Only 19% of mesothelioma cases in the
Australian registry had no known history, and
of this “no known history” group, 81% had
ﬁber counts >200,000 ﬁbers/g dry lung, 30%
with more than 106 ﬁbers/g >2 μm, including
“long” (>10 μm) ﬁbers, suggesting that nearly
all cases had been exposed (27). For every one
case of mesothelioma, we have observed several cases of lung cancer in epidemiologic studies of asbestos-exposed workers for all types of
asbestos except crocidolite (35, 55). Thus it is
appropriate to view mesothelioma incidence as
a useful marker of asbestos-related diseases in
general as well as a marker of what is generally
a fatal disease.
A map of the distribution of agestandardized mesothelioma incidence rates for
males by country for 1998–2002 is presented
in Figure 4. The data for this map come from

Rate (per 100,000)
0.10–0.47
0.48–1.20
1.21–3.30
No data

Figure 4
Worldwide age standardized mesothelioma incidence rates (per 100,000) for males in 1998–2002. Data from Reference 20.
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a subset of data1 in the IARC report, Cancer in
Five Continents (20). As noted in another review
(5), perhaps the most remarkable features of
this map are the vast areas of the world for
which we do not have any information on
mesothelioma incidence. The rates also vary
tremendously, spanning more than 3 orders of
magnitude. The highest incidence of mesothelioma in the world was reported in the Italian
Genoa Province (5.8 per 100,000). Other areas
of the world reporting high rates include the
West Cape of Australia (4.7 per 100,000), the
Northern Yorkshire (4.2 per 100,000) area of
the United Kingdom, Northern Ireland (4.0
per 100,000), and Scotland (3.6 per 100,000).
Approximately 95% of the participating cancer
registries have reported cases of mesothelioma
to the IARC program.
Delgermaa et al. (9) recently presented an
analysis of worldwide mesothelioma mortality
data based on the WHO mortality database. A
total of 92,253 mesothelioma deaths reported
by 83 countries between 1994 and 2008
were included in the analysis. The worldwide
age-adjusted rate for mesothelioma mortality
was 4.9 per million. The United Kingdom was
found to have the highest age-adjusted mortality rate (17.8 per million), followed by Australia
(16.5 per million), and Italy (10.3 per million).
Trend analyses were also conducted based on
a subset of the data from countries (n = 46)
reporting at least 5 years of data. Age-adjusted
mesothelioma mortality was found to be increasing ∼5% per year, and it more than doubled over the 15-year study time period. Analysis of trends in different continents revealed a
signiﬁcant annual increase in Asia (3.7%) and
in Europe (3.4%). Analysis by country revealed
a signiﬁcant annual increase in Japan (3.5%)
and a decrease in the United States (0.8%). On
the basis of their ﬁndings, the authors suggest,
“The different time trends observed between
the countries may be an early indication that

1
The data include only cancer registries that have at least
15 years of data and that agreed to allow their data to be
published annually.

the disease burden is slowly shifting toward
those that have used asbestos more recently”
(p. 716).
The data sets on trends in mortality and
incidence of mesothelioma discussed above
are missing data from many underdeveloped
countries, some of which are currently heavy
users and/or producers of asbestos. Upperincome countries contributed more than 88%
of all the mesothelioma cases to the WHO
mortality database. An increasing trend from
1980 to 2003 in mesothelioma mortality has
been reported in Brazil (46), which is the third
largest producer and a major consumer of
chrysotile asbestos (Figures 2 and 3). An increasing trend in mortality from mesothelioma
has also been reported in Mexico between
1979 and 2000 (1). Takahashi & Karjalainen
(59) have reported an annual rate of ∼45 cases
of mesothelioma in South Korea and 2 deaths
per year in Singapore. No data are available for
Russia, Kazakhstan, China, India, or Thailand,
which, as discussed above, have used substantial
amounts of asbestos in recent years.
Asbestosis and pleural plaques are also common ﬁndings among asbestos workers. Both
of these outcomes could be considered “sentinel” events of asbestos exposure that are useful to observe asbestos-related diseases (50). In
the United States, asbestosis mortality peaked
in 2000 at 1,493 deaths and declined slightly
to 1,470 deaths in 2004 (50). A study of asbestos miners and millers in India reported
that the overall prevalence of asbestosis was
11.5% (8). Cases of asbestosis have also been
reported from compensation systems in China,
Indonesia, Japan, Korea, Malaysia, Philippines,
Singapore, and Thailand (59).

THE FUTURE OF THE
ASBESTOS PANDEMIC
Peto et al. (47) published the ﬁrst attempt to develop predictions of the future direction of the
mesothelioma epidemic in Great Britain. On
the basis of their analyses of age and birth cohort rates for mesothelioma, they projected that
the peak of the mesothelioma epidemic would
www.annualreviews.org • Worldwide Pandemic of Asbestos Diseases
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reach 2,700–3,300 deaths in the year 2020. Using a dosimetric model and Bayesian methods,
the Health Safety Executive (HSE) of Great
Britain has more recently predicted that the
epidemic in Great Britain will peak in 2016 at
2,038 cases (16). Similar efforts have been made
to predict the future course of the mesothelioma epidemic in several other European
countries, including Denmark (25), France (3,
18), the Netherlands (52), and Italy (33). These
analyses have all indicated that the mesothelioma epidemic will not peak for a few more
years. For Europe as a whole, La Vecchia et al.
(26) predicted that the peak will occur sometime between 2010 and 2020. One exception
is Sweden, where mesothelioma rates peaked
in 1995 (17). This earlier peak reﬂects the fact
that, in 1976, Sweden became the ﬁrst country
in Europe to place a nearly total ban on asbestos
use. Mesothelioma mortality rates have, in
fact, begun to decline in the United States
(9), which is most likely due to the signiﬁcant
reduction in asbestos use in the United States
during the 1970s. Leigh & Driscoll (27) predict
that mesothelioma rates in Australia have also
peaked.
In contrast with Europe, the United States,
and Australia, mesothelioma rates in Japan have
been rising and are predicted to peak only sometime between 2030 and 2039 (38). Japan began to use asbestos in signiﬁcant quantities after
World War II, and heavy consumption of asbestos continued until 1990 and ended in 2003
with a ban.
Predicting the future course of the asbestos
epidemic in developing countries is severely
hampered by the paucity of data on exposures
and disease occurrence from these areas of the
world. A strong correlation between asbestosrelated diseases and past national consumption
of asbestos has been reported in several publications (28, 45, 58, 61). Most recently, Lin
published an ecologic analysis of mesothelioma
and asbestosis mortality data for 2000–2004
from the WHO and the mean per capita consumption of asbestos in 1960–1969 (28). Historical use of asbestos was found to be a strong
predictor (R2 = 0.74, p < 0.0001) of mesothe4.8
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lioma mortality in both sexes and of asbestosis
(R2 = 0.79, p < 0.0001) among males in
regression models of the log of the agestandardized mortality rates weighted by
population size. It would be hazardous to use
these models to predict the future epidemic in
developing countries such as India that have
recently increased their asbestos consumption.
The models are based on ecologic analyses,
which may be biased by individual population
characteristics. In addition, the models do not
account for changes in the type of asbestos
consumed, which is currently nearly exclusively
chrysotile. Nonetheless, these analyses clearly
indicate that increased asbestos use will result
in an increase in asbestos-related diseases in
the future.

DISCUSSION
The pandemic of asbestos-related diseases
shows some signs of abating in the developed
world, whereas the pandemic is increasing in
the developing world. One hopeful sign is that
worldwide production and use of asbestos have
declined, although by only about one-half of
the peak in the late 1970s. The decline is clearly
attributable to a cessation of use mostly by developed countries. The use of asbestos has currently been banned in 55 countries (24). Some
other countries, such as the United States, have
not banned asbestos but have greatly reduced
their consumption owing to legal liability concerns. Unfortunately, asbestos consumption is
increasing in other parts of the world such as
India and much of Asia.
Exposures in the developed world have
been greatly reduced or eliminated in industrial operations, but exposures do still occur
from asbestos remaining in existing buildings,
from old industrial sites and from naturally
occurring asbestos. Little is known about
the level of asbestos exposures in developing
countries, but what has been reported suggests
that the levels may be quite high in India and
China. The mere fact that asbestos exposure
does not seem to be monitored, or at least is
not being reported, in many of the countries
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that are currently producing or using asbestos
is worrying. It suggests that these countries do
not have the technology and expertise to cope
with these very hazardous materials.
The prognosis for the world pandemic of asbestos disease is very different for the developed
and developing economies of the world. The
incidence of mesothelioma and other asbestosrelated diseases has begun to decline in Sweden
(17), Australia (27), and the United States (9)
and is projected to decline in most of Europe
within the next decade. These declines reﬂect
dramatic changes in asbestos consumption
by these countries owing either to regulatory
policies to prohibit asbestos use (i.e., Sweden)
or to liability concerns (i.e., the United States)
that have occurred over the past 40 years.
Very few data are available on which to
base predictions for the developing world.
However, it is quite obvious that the current
rise in consumption and the likely poor control
of asbestos exposures will translate to a rise in
the rates of asbestos-related diseases in these
nations in the future.
What can be done to stop the asbestos
pandemic from spreading? In 2006, the WHO
published a statement that “the most efﬁcient
way to eliminate asbestos-related diseases is
to stop using all types of asbestos” (68, p. 1).
Although this is a very useful statement, it may

not go far enough. Eliminating asbestos use
is not just the most efﬁcient way to prevent
asbestos-related diseases; based on our experience, it is, indeed, the only way to prevent disease. As is evident from the history of asbestos
use and control described here, the risks of
exposure to asbestos cannot be adequately controlled by technology or by regulation of work
practices. Even the best workplace controls
cannot prevent exposure to asbestos products
once they are in use or when they join the waste
stream. Safer substitutes for asbestos exist and
are feasible for use in developing countries (67).
In recent years, some countries using asbestos,
such as China, have begun to control its use,
and we can only hope that this trend continues
worldwide.
Eliminating the scourge of asbestos-related
diseases will also require continued vigilance
and control of exposures from asbestos that is
still in buildings or is naturally occurring and
from former mining and industrial sites. Unfortunately, even if a total worldwide ban were
instituted today we would still be faced with this
legacy and this epidemic 20–40 years from now
because of current and past use. Meanwhile societies need to do everything possible, including
a ban on usage, to reduce exposures and to offer care to the unfortunate victims of asbestosrelated diseases.
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