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Abstract To justify the continuous use of two million tons of
asbestos every year, it has been argued that a safe/controlled
use can be achieved. The aim of this review was to identify
recent scientific studies that present empirical evidence of: 1)
health consequences resulting from past asbestos exposures
and 2) current asbestos exposures resulting from asbestos
use. Articles with evidence that could support or reject the
safe/controlled use argument were also identified. A total of
155 articles were included in the review, and 87 % showed
adverse asbestos health consequences or high asbestos expo-
sures. Regarding the safe/controlled use, 44 articles were iden-
tified, and 82 % had evidence suggesting that the

safe/controlled use is not being achieved. A large percentage
of articles with evidence that support the safe/controlled use
argument have a conflict of interest declared. Most of the
evidence was developed in high-income countries and in
countries that have already banned asbestos.

Keywords Asbestos . Safe/controlled use . Conflict of
interest . Scientific evidence

Introduction

There are two main groups of asbestos fibers, amphiboles and
serpentines [1–4]. Amphiboles include amosite, crocidolite,
tremolite, actinolite, and anthophyllite [2–6]. Chrysotile is
the only type of asbestos in the serpentine group [1–3, 5].
Asbestos has several physicochemical characteristics, includ-
ing tensile strength and resistance to heat, fire, and corrosion,
which result in multiple industrial applications [1, 7].
Therefore, asbestos has been and is still used in a large number
of industrial products [1, 4, 6–8].

All forms of asbestos are carcinogenic to humans (Group
1) [1, 2, 9, 10]. Asbestos, including chrysotile, causes meso-
thelioma, cancer of the lung, larynx, and ovary [1, 2, 9, 10].
The scientific evidence suggests that there is no threshold for
the carcinogenic effect of asbestos exposure [1, 4, 5, 9].
Because of its negative health effects, since the 1980s, differ-
ent countries, especially high-income countries, began to re-
strict and ban the use of asbestos [2, 11]. The first country to
implement a complete ban on asbestos was Iceland in 1983
[12], and by September 2015, 57 countries have banned the
production and consumption of all forms of asbestos [13].

Asbestos has been used since ancient times [7], but
its consumption markedly increased from the 1920s un-
til the 1980s [2]. At the global scale, the highest level
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of asbestos consumption occurred in 1977, when ap-
proximately 4.7 million tons were reached [6, 11, 12].
Then, asbestos health risks triggered country-wide bans
and stringent regulations, which resulted in a worldwide
asbestos consumption decline until the late 1990s, when
it leveled at two million tons, a consumption level that
has been maintained since then with some minor fluc-
tuations [2, 4, 6, 11, 12]. Most of the asbestos currently
used is chrysotile (95-100 %) [1, 6, 7, 9], and low- and
middle-income countries have a major share in the con-
sumption and production of asbestos at a global scale
[1, 2, 4, 9, 11]. Furthermore, in some parts of the world
consumption is increasing, especially in Asia [2, 12,
14]. In 2012, 60 % of the global asbestos consumption
was concentrated in China (26 %), India (25 %), and
Brazil (9 %) [4]. It is estimated that 125 million people
in the world are occupationally exposed to asbestos [3,
9], and each year 107,000 people die from asbestos
related diseases (i.e., mesothelioma, lung cancer, and
asbestosis) [2, 4, 11, 14].

One argument that has been used to justify the contin-
ued use of asbestos is that chrysotile asbestos is safe to
use because it has a lower cancer potency compared to
other asbestos types [15–18]. Although there is some ev-
idence of a potency difference for mesothelioma [3, 4, 16,
19, 20], for lung cancer this potency difference is contro-
versial [3, 5, 18, 19, 21, 22], and for both mesothelioma
and lung cancer the potency difference has been strongly
contended. Additional arguments to justify the use of
chrysotile include that exposure is prevented because
chrysotile-containing products are high-density (i.e.,
non-friable) [16] and that control interventions can be
implemented to achieve a safe/controlled use [17, 18]. In
many of the studies that argue in favor of a safe/controlled
use of asbestos, conflicts of interest of the authors have
been identified [1].

This review considers scientific publications over the
last 5.5 years (Jan 2010 - Jul 2015), identifying studies that
analyze health impacts associated with asbestos exposure,
including studies that report no adverse health outcomes.
The review also identifies studies that analyze asbestos
exposures derived from the use of both asbestos and
asbestos-containing products. The primary aim of this re-
view is to determine among recently published scientific
studies, how many studies show evidence of asbestos ad-
verse health effects or high asbestos exposures compared
to those that show no evidence of asbestos health effects or
low asbestos exposures. The distribution of studies that
either support or oppose the safe/controlled use argument
is also identified. During the review process, for each study
it was determined if a conflict of interest was reported and
the income level of the country where the study was
conducted.

Methods

The search process was conducted using PubMed. Keywords
for the search were: asbestos + country name, safe use + as-
bestos, and controlled use + asbestos. Name of the countries
were identified using the list of TheWorld Bank income econ-
omy classification, consulted on December 1st, 2015. To be
included in the review, articles should have been published
between January 1st, 2010 and July 31st, 2015, and only arti-
cles written in English were considered. The search process of
the keywords involving countries was finalized on January
22nd, 2016. The search process of the keywords involving
safe and controlled use was conducted on March 15th, 2016.
Once an article was identified, it was downloaded for free
through multiple databases with which our institution,
Universidad de los Andes, is affiliated.

From the list of titles of the articles that could not be
accessed for free, articles that could be relevant for the review
were selected. This list of articles was requested through
Celsius Network, a software that, among other things, gives
access to published articles in libraries that are member of
Library Linkage. Because of budget constraints, articles that
could not be accessed for free through Celsius Network were
not included in the review. Furthermore, some articles that
were requested through Celsius Network were not found by
the system.

Articles identified in the search process by the country of
origin were distributed based on this classification between six
readers. There were no specific criteria for this distribution.
Since sometimes PubMed classifies articles in a wrong coun-
try, the same article may have been included in more than one
country and because of this some articles were read by more
than one reader.

Since the purpose of the review was to identify empirical
evidence regarding asbestos exposures resulting from asbestos
use or health consequences derived from the use of asbestos,
our readers classified the articles based on pre-established
criteria. Three groups of studies were identified:

1) Epidemiological studies presenting evidence of the pres-
ence or absence of adverse health consequences in popu-
lations exposed to asbestos. In this category, studies ad-
dressing the following health outcomes were the only
ones included: mesothelioma, asbestosis, pleural plaques,
lung opacities and thickening, and cancer of the lung,
larynx, and ovaries.

2) Exposure assessment studies that reported air asbestos
concentrations or asbestos exposures resulting from the
use of either asbestos or asbestos containing products.
Regulatory compliance was also considered in this group
of studies if it was explicitly discussed. In some studies,
regulatory compliance was determined based on local
regulations, which could be different from the
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international reference value for asbestos air concentra-
tion of 0.1 f/cc.

3) Review articles and meta-analysis, if asbestos exposure
was assessed in the study.

Articles focused on the following topics were excluded:

& Theoretical and simulation studies.
& Toxicological studies involving animals or in vitro studies.
& Studies analyzing the mode of action by which asbestos

induce disease, including studies of genotoxicity.
& Studies presenting treatment options or prognostic meth-

odologies for asbestos-related diseases (ARD).
& Studies that use projections to estimate future number of

ARD cases.
& Studies stating that no exposure to asbestos occurred or

that asbestos exposure could not be proven.
& Studies in which asbestos exposure was not assessed or

determined.
& Studies involving environmental exposure produced by

naturally occurring asbestos.
& Studies in which asbestos exposures occurred because of

contamination of a material and not because of asbestos
use (e.g., diamond mine, talc industry).

& Studies addressingmultiple contaminants without individ-
ual conclusions for asbestos.

& Studies focused on methods for fiber counting.
& Studies that use information and surrogates constructed in

countries or regions different from the one where the study
was conducted, to estimate number of people occupation-
ally exposed to asbestos.

& Studies analyzing potential and not validated biomarkers
of disease presence or progression.

& Letters to the editor, editorials, responses, or
commentaries.

For all the articles included, the following characteris-
tics were determined: 1 – Country where the study was
conducted, based on the geographical region of the study,
and not the nationality of authors or institutions involved
(i.e., if more than one country was involved, it was clas-
sified as either regional or global); 2 – Based on the
World Bank country income classification (i.e., consulted
on December 1st, 2015), the income level of each country
was established (i.e., high, upper-middle, lower-middle, or
low); 3 – Type of asbestos identified in the study; 4 –
Conflict of interest reported by the authors of the study.
If at least one author reported a conflict of interest, the
article was classified as having a conflict of interest.
Conflict of interest was solely determined based on what
was reported by the authors in the article, and the re-
searchers involved in this review made no changes on
what was reported. If there was no specific report of either

presence or absence of conflict of interest, it was classi-
fied as Not Reported (NR).

Because of the extremely low number of studies
identified in the initial search with evidence of either
no asbestos health consequences or compliance of as-
bestos exposure limits (i.e., eight articles), an addition-
al search was conducted using as keywords the names
of some authors whose research has been sponsored by
the industry. Three additional studies were identified.
This search was conducted between March 27th and
April 1st, 2016.

In some studies that complied with the inclusion criteria, it
was difficult to define if the results could be used to determine
elevated health risks or high air asbestos concentrations or
exposures. In such cases, the study was classified as
ambiguous.

We also tried to determine if the safe/controlled use
concept could be assessed in some of the articles that
complied with the inclusion criteria. In this case, studies
included were not restricted to those that explicitly ana-
lyzed the presence or absence of a safe/controlled use.
Thus, studies that did not have as explicit aim an analy-
sis of the safe/controlled use were also included. For
this, two types of studies were included in this
classification:

1 Recent asbestos exposure studies (i.e., considering only
asbestos sampling conducted after the year 2000) that
found high asbestos concentrations resulting from as-
bestos use or absence of exposure controls (i.e., which
can be considered evidence of lack of safe/controlled
use), and recent studies that found no or low asbestos
exposure (i.e., which support the safe/controlled use).
When an exposure assessment article was not explicit
about the year in which sampling was conducted, the
corresponding author was contacted to confirm the year
of the study.

2 Epidemiological studies of populations exposed to chrys-
otile, that found adverse health effects, not necessarily be-
cause of recent exposures, to take into consideration the
latency of ARD (i.e., which argues against the safe/
controlled use), and studies that, based on epidemiological
data, concluded that chrysotile does not cause disease or is
less toxicologically potent than amphiboles (i.e., which
supports the safe/controlled use).

During a period of 10 weeks, weekly meetings were held
between all readers to discuss studies that were difficult to
classify, and to verify that the inclusion and exclusion criteria
were consistently applied.

A final discussion of all the articles that were included in
the review was conducted with all the readers, to verify one
more time how each article was classified.
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Results

A total of 1516 articles were identified through the search
process. After applying the inclusion and exclusion criteria,
155 articles were included in the review. Looking at the con-
sistency of the classification of articles that were read by two
or more members of the research team (i.e., 231 articles), 206
articles with multiple readers were classified in similar groups
(89 %). For the remaining 25 articles with unmatched classi-
fication (11 %), each article was discussed and a classification
was determined by consensus.

Articles that were excluded from the review because they
could not be accessed for free (n = 44), are included in
Supplementary Material 1, Table S1. These 44 articles repre-
sent 3 % of the total number of articles initially identified.

Table 1 presents a classification of all the articles published
between January 1st, 2010 and July 31st, 2015. Table 1 pre-
sents both epidemiological and exposure assessment studies
as defined above, including all types of asbestos (i.e., amphi-
boles or chrysotile), and without restricting the moment in
time when exposures occurred. Thus, Table 1 could include
the analysis of morbidity or mortality of populations exposed
to asbestos several decades ago, which is consistent with the
latency period of many asbestos related diseases. Table 1
groups articles in three categories, based on asbestos health
consequences (i.e., present or absent), asbestos exposure
levels (i.e., compliant or non-compliant), and ambiguous
when a study could not be classified based on the information
it presented.

Most of the studies published in the period analyzed
(n = 134; 87 %) present evidence of adverse health conse-
quences resulting from asbestos exposures, or extremely high
asbestos exposures of people using either asbestos or asbestos
containing products. Only 11 (7 %) studies in the period ana-
lyzed presented evidence of no or reduced health conse-
quences resulting from asbestos exposure or low asbestos
concentrations associated with asbestos use. Ten studies were
also classified as ambiguous. Regarding the conflict of inter-
est, most of the studies (69 %) that report adverse health con-
sequences or high asbestos exposures reported no conflict of
interest, 8 % of the studies declared a conflict of interest, and
23 % of the studies do not report if there was a conflict of
interest. For studies reporting no health effect or exposures in
compliance with asbestos exposure limits, 70 % had a conflict
of interest, 10 % reported no conflict of interest, and 20 % did
not report if there was a conflict of interest.

There were also important differences in terms of the char-
acteristics of the income levels of the countries that produced
the scientific evidence. From the 155 articles included in the
review, 63 % were conducted in countries with high econo-
mies, 21 % in countries with upper-middle economies, and
less than 1 % were conducted in countries with lower-
middle economies. In the period analyzed, no studies were

conducted in countries with low economies. Fifteen percent
of the studies included more than one country, and for these
studies an income-economy group could not be specified.

Analyzing in more detail the distribution of studies accord-
ing to the income level of the countries, not considering stud-
ies classified as ambiguous, 145 studies were included in the
review. From this, 22 studies were regional (i.e., Asia, Europe)
or global, and could not be assigned to a specific country.
Thus, 123 studies conducted in a specific country were iden-
tified. From these 123 studies, 91 (74 %) were conducted in
countries with high economies, 31 (25 %) in countries with
upper-middle economies, one (1 %) in a country with a lower-
middle economy, and no studies were conducted in countries
with low economies. Furthermore, 65 of the 123 studies
(53 %) were conducted in countries that have already banned
asbestos (i.e., Australia, Belgium, Denmark, Finland, France,
Germany, Greece, Israel, Italy, Japan, Netherlands, New
Caledonia, Poland, South Korea, Spain, Sweden, and the
United Kingdom) [13]. Thus, only 58 studies were identified
in countries that currently use asbestos, including 16 studies in
the United States and eight studies in Canada, both high econ-
omy countries with stringent regulations for asbestos.
Consequently, only 34 studies were identified over a period
of more than 5 years in countries that use asbestos and do not
have high economies. This is an extremely low number, con-
sidering that only 57 countries have banned asbestos. In
Supplementary Material 2, Table S2 details the percent distri-
bution of income levels of the countries where the studies
were conducted.

Table 2 identifies and classifies studies depending on
whether the evidence presented supports or not the safe/
controlled use. Two types of studies were included in this
classification, based on exposure assessment studies that pre-
sented evidence of high or low asbestos exposure (i.e., with
samples collected after 2002), and epidemiological studies
that presented evidence of presence or absence of health ef-
fects on populations exposed to chrysotile. All the studies
shown in Table 2 were also included in Table 1. Table 2 does
not include ambiguous studies.

As shown in Table 2, 44 studies had evidence that either
supported or did not support the safe/controlled use argument.
Thirty-six studies (82 %) had evidence against the
safe/controlled use argument, and eight studies (18 %) had
evidence that supported the safe/controlled use argument.
Focusing on the studies that did not support the safe/
controlled use argument, 11 % reported a conflict of interest,
64 % had no conflict of interest, and 25% did not reported if a
conflict of interest was present. For the eight studies with
evidence that support the safe/controlled use argument, four
(50 %) had a conflict of interest, one (12 %) had no conflict of
interest, and three (38 %) did not report if a conflict of interest
existed. For studies that present recent evidence of asbestos
exposure as a consequence of the use of either asbestos or
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asbestos containing products, 15 studies (79 %) identified ex-
tremely high exposures that do not support the safe/controlled
use concept. From these 15 studies, one reported a conflict of
interest, seven had no conflict of interest, and seven did not
report if a conflict of interest existed. Four studies (21 %)
reported recent evidence of low or no asbestos exposures
(i.e., supporting the safe/controlled use argument), in which
two had a conflict of interest, and two did not report if a
conflict of interest existed. Thus, there were no studies with
recent evidence of low or no asbestos exposure with no con-
flict of interest.

In terms of the income level of the countries where the 44
studies were conducted (Table 2), 36%were done in countries
with high-economies, 55 % in countries with upper-middle
economies, 2 % in countries with low-middle economies,
and no studies were conducted in countries with low econo-
mies. Three of the studies involved multiple countries, and
income level could not be determined. All the studies that
had evidence to support the safe/controlled use argument were
conducted in countries with either high economies (six; 75 %)
or in multiple countries (two; 25 %). In Supplementary
Material 2, Table S3 details the percent distribution of income
levels of the countries where the studies were conducted.

Discussion and Conclusions

This review analyzed scientific studies published between
January 1st, 2010 and July 31st, 2015, that presented empiri-
cal evidence of either health consequences associated with
asbestos exposure or asbestos exposure assessments in occu-
pational or general population settings in which asbestos or
asbestos-containing products are used.

Overall, recent scientific evidence confirms once again the
devastating effects of asbestos use in the health of populations
at the global scale. Most of the studies included in the review
had evidence of either adverse health effects or high asbestos
exposures (Table 1). Furthermore, we identified 44 studies
that had evidence that support or contradict the safe/
controlled use argument (Table 2), and most of these studies
presented evidence that did not support the achievement of a
safe/controlled use of asbestos. Advocates of the safe/
controlled use argument could debate that the health effects
observed in some of the 44 studies included populations ex-
posed to high asbestos concentrations, which would not com-
ply with the conditions of a safe/controlled use. Thus, we did
an independent analysis to identify articles with recent evi-
dence of asbestos exposure resulting from the use of the ma-
terial (Table 2), and most of them showed that there was no
safe/controlled use of asbestos because of high exposures.
There were five articles in this group in which the year of
the sampling campaign was not explicit. We asked the corre-
sponding authors about the year when sampling wasT
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conducted, and we received confirmation about the year of the
study from four authors. Thus, for only one study [81] and
based on the content of the article, we assumed that the asbes-
tos exposure assessment was recent. Since occupational expo-
sure limits can change between countries, exposures classified
as in compliance in a country based on local regulations, could
have been classified as not in compliance if the international
standard of 0.1 f/cc had been used.

Among the 15 recent articles included in Table 2 that re-
ported extremely high asbestos exposure, one article was from
Belgium and included exposure to friable asbestos during a
renovation of an old building in 2007 [28].This would not
correspond with the conditions of the safe/controlled use.
However, Belgium has strict regulations for this type of job
and is a high economy country with the financial and technical
resources to enforce these regulations, and this study was in-
cluded because it presents evidence of how difficult it is to
control asbestos exposure resulting from the legacy of past
asbestos use. This would be more critical in upper-middle,
lower-middle, and low economies.

Some of the studies included in the review that analyzed
incidence and prevalence of asbestos related diseases, estimat-
ed asbestos exposure using asbestos consumption or the loca-
tion of the asbestos industry as surrogates. We recognize that
this could lead to an ecological fallacy.

Most of the studies that presented evidence of no or little
health effects resulting from asbestos exposure, or studies pre-
senting low or no asbestos exposures, had a conflict of interest
declared. Contrary to that, most studies presenting evidence of
adverse health effects resulting from asbestos exposure or
high asbestos exposures had no conflict of interest to declare
(69 % vs. 9 %, Table 1). This has been observed in other areas
of research. For example, two studies analyzing the associa-
tion between sponsorship and research outcome in the devel-
opment of new drugs and medical devices found that the re-
sults of studies funded by industry were more likely to favor
the product of the sponsor, compared to studies with other
funding sources [166, 167]. In a recent review of the potential
effect of sponsorship in animal studies analyzing the effects of
Atrazine, the authors found that studies that were not funded
by industry were more likely (p-value 0.07) to conclude that
atrazine had adverse effects compared to studies funded by
industry [168].

We also identified some studies (n = 4) in which the authors
declared they had no conflict of interest, but this declaration
was followed by an acknowledgement of funding that clearly
created a financial conflict of interest. For the purposes of this
review, the declaration of the authors of the study (i.e., no
conflict of interest) was maintained, but this is something that
requires further discussion. A conflict of interest exists and
must be declared if the authors have received funding that
could potentially compromise the design and implementation
of the study, as well as their judgment, recognizing that

declaring a conflict of interest does not necessarily mean that
the study has been compromised. However, this is not a deci-
sion that the authors can make, and if a financial conflict of
interest exists, it must be declared. The declaration of conflict
of interest by authors should be verified with diligence by all
journals, to prevent situations like the ones described above.
Furthermore, from the original 155 articles identified, 38 did
not report if a conflict of interest existed. All journals should
have a mandatory requirement for a disclaimer of conflict of
interest, especially in controversial topics like asbestos health
consequences and use.

One concerning aspect of this review is the extremely low
number of articles published in upper-middle, lower-middle,
and low economy countries. Since most of the studies includ-
ed in the review have been conducted in countries that have
already banned asbestos or have stringent regulations on the
material, exposure levels identified in this review could un-
derestimate actual asbestos exposures occurring in low- and
middle-income countries.

Regarding the countries that are the major producers
(Russia, China, Brazil, Canada, Zimbabwe, Colombia) and
consumers (China, India, Brazil, Russia, Indonesia,
Kazakhstan, Thailand, Ukraine, Uzbekistan) of asbestos in
the world [1, 2, 11], no studies were found for this review
from Russia, Zimbabwe, Indonesia, Kazakhstan, Thailand,
Ukraine, and Uzbekistan. Furthermore, three major players
of the asbestos global trade, China, India, and Brazil, had what
seems to be a rather low number of studies considering the
volume of asbestos these countries produce and consume.
Brazil and India only had one study each, and China had 14
studies. Thus, it is intriguing how with such a low number of
scientific studies, especially in countries that use asbestos and
in some cases in extremely large volumes, it could be argued
that the material can be sold because there is a safe/controlled
use. In fact, the majority of the little evidence that has been
produced in countries that consume and produce asbestos sug-
gests that a safe/controlled use of the material is not
happening.

As authors we applied several quality control strategies to
conduct the review.We specified in the framework of our aims
clear inclusion and exclusion criteria. We held regular meet-
ings to discuss those articles that were difficult to classify and
the classification was reached by consensus. We had a per-
centage of articles (i.e., 231, 15 %) read by more than one
person (i.e., blinded) to double check the way studies were
classified, and for 89 % of the articles with two or more
readers there was coincidence in the classification made.
Finally, when closing the review, we did a group discussion,
one by one, of the 155 articles included in the review.
However, we acknowledge that there is always the possibility
of human error in a review of this size. We may have missed
articles that should have been included in the review, and we
may have misclassified some articles in the process. Thus, we
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invite other authors to build on the work we are presenting in
the current review, to improve if necessary what we have
done.

In closing, the scientific literature published in recent years
confirms the negative consequences derived from the histori-
cal use of asbestos. Moreover, most of the studies that could
be used to determine if a safe/controlled use of asbestos is
being achieved suggest that current asbestos use is resulting
in high asbestos exposures. We also found very few studies
analyzing the use of asbestos containing construction prod-
ucts, which is one of the categories of asbestos products with
the highest production and consumption at a global scale. The
scientific literature does not seem to support the
safe/controlled use concept, and we join other authors, once
again, in a call for a global ban of asbestos.
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