
Abstract
Exposure to asbestos causes a wide range of diseases, such as

asbestosis, malignant mesothelioma (MM) and other types of can-
cer. Many European countries have reduced production and use of
asbestos and some have banned it altogether. Based on data
derived from the World Health Organisation (WHO) Cancer
Mortality Database, we investigated whether some regions in
Europe could have a higher relative risk of MM incidence than
others. The data were compared, including the number of MM
deaths per million inhabitants and aged-standardized mortality
rates. Applying Moran’s I and Getis-Ord Gi statistic on the aged-
standardized mortality rates of MM cases assisted the spatial anal-
ysis of the occurrence of health events leading to an assessment of
the heterogeneity of distribution and cluster detection of MM. We
found a statistically significant positive autocorrelation for the
male population and also the general population, while there was
no statistically significant positive one for the female population.
Hotspots of relative risk of developing MM were found in north-

western Europe. For the general population, Great Britain and the
Netherlands stood out with high levels at the 99% and 95% confi-
dence levels, respectively. For the male population, the results
were similar, but with addition of risk also in Belgium and
Switzerland. However, in many European countries with high
asbestos use per capita, the MM incidence was found to still be
low. The reasons for this are not yet clear, but part of the problem
is certainly due to incomplete data in registers and databases. The
latency time can be longer than 40 years and is related to the inten-
sity and time of exposure (occupational, para-occupational and
environmental). In Europe, even though peak production occurred
in the 1960s and 1970s, a significant decrease in production did
not occur until 25 years later, which means that the impact will
continue for as late as The mid 2030s. 

Introduction
The term asbestos is applied to a group of minerals that have

been widely used in the construction industry over the past century
(Hendry, 1965). Physical properties such as strong and indestruc-
tible fibres are valuable for creating resilient, heat-resistant building
sheets and heat insulation for boilers and furnaces. The global peak
of the production of asbestos-containing products occurred in the
1960-1980 period when there were more than 3000 asbestos appli-
cations in the national economies (Virta, 2002).

Exposure to airborne asbestos fibres occurs during handling of
the material in relation with mining, transport and construction. In
addition, there is also exposure during removal and repair of exist-
ing asbestos structures, as well as due to deterioration of the mate-
rial in situ (McDonald et al., 1997). Fibrous shape, such as that
shown by fluoro-edenite, eronite and tremolite minerals in various
geographical areas, affects the airways when inhaled (Ledda et al.,
2018), and the fibres resist natural removal from the lungs as they
become embedded in the pulmonary parenchyma (Suzuki &
Yokohama, 1991). They accumulate in the lung tissue throughout
life, and their negative impact on health depends on the degree of
deep penetration, and the number of fibres retained in the lower
parts of the respiratory system (Jamrozik et al., 2011). The inflam-
matory and cancerous reactions in the pulmonary and pleural
parenchyma lead to asbestosis, various forms of lung cancer
(especially in smokers), pleural malignant mesothelioma (MM),
mild pleural effusion and diffuse pleural thickening (Robinson et
al., 2005). However, this process is gradual and overt disease does
generally not occur until many years, even decades later (Reid et
al., 2014). 

Recognizing asbestos exposure as a specific health risk was ini-
tially slow. While epidemiological studies were key to understand-
ing the association, laboratory testing of asbestos exposure con-
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tributed to understanding the carcinogenicity process at the cellular
level (Murray, 1990; Barrett, 1994). The most important feature
determining the ability of the asbestiform fibres to induce tumours
lies in their physical dimensions, i.e., a diameter below 3 microme-
tres and a length of more than 5 micrometres (Donaldson et al.,
1993). The number of MM cases depends on the type of asbestos
used and increases with the use of crocidolite (McDonald &
McDonald, 1978). The risk is much higher when exposure includes
crocidolite or amosite than chrysotile alone (McDonald &
McDonald, 1996). Indeed, crocidolite is considered the most potent
fibre type concerning MM pathogenesis (Schneider et al., 2008).

Asbestos dust constitute the direct cause of MM (Carbone &
Bedrossian, 2006; Wagner et al., 1960; Burdorf & Heederik,
2011). This neoplasm is a malignant, rare and very deadly type of
tumour, which typically originates in the mesothelial cells lining
the body’s serous cavities, mainly the pleura and the peritoneum
(Huncharek, 1992; Agudo et al., 2000; Neyens et al., 2017). The
International Statistical Classification of Diseases and Related
Health Problems (ICD-10) classifies it as malignant neoplasms of
mesothelial and soft tissue, which is categorized as C45 when
affecting the lungs after asbestos exposure. The intensity of expo-
sure is a relevant factor that determines the duration of latency
periods (Bianchi et al., 1997; Mowe et al., 1984). The disease has
proven exceptionally resistant to chemotherapy, radiotherapy and
surgery. MM has a very aggressive natural history with a median
survival of around 9 months (Robinson & Chahinian, 2002). 

The increasing number of deaths from MM from year to year
is becoming a serious problem. Safe disposal of asbestos is one of
the goals of the World Health Organization (WHO, 2016, 2018),
and WHO and the International Labour Organization (ILO) there-
fore recommend banning the use of all forms of asbestos as the
most effective way to eliminate asbestos-related diseases. Many
countries have already introduced total bans on both production
and use (WHO, 2018). However, these actions will only bring
results in the future. Currently, an important process is to build
public awareness of the harmful effects of asbestos on human
health and provide adequate medical care. The mortality rates
illustrates the differences in levels between individual countries
(Mackenbach et al., 2016) and contributes to appropriate action to
reduce death due to MM in the future.

In Europe, a significant increase in MM cases was observed in
the 1980s and felt to be due to the large use of asbestos during the
recovery after World War II (Van der Borre & Deboosere, 2014). The
highest mortality rates due to MM have occurred in highly developed
countries such as Great Britain, Italy, Belgium, France, the
Netherlands and Sweden (Peto et al., 1999), countries that all have
used large amounts of asbestos in industry. Globally, MM is causing
nine deaths per million deaths in men but only 1.9 in women, a dif-
ference thought to due to the traditionally lower participation of
women in industry (Van der Borre & Deboosere, 2014). However, at
the national level, these figures vary considerably. 

The geographical distribution of cases and discovering the
potential sources of asbestos contamination are vital for limiting
MM. Spatial analysis and spatial regression allow capturing the
relationship between cases of illness and environmental conditions
(Wakefield, 2007). We aimed at comparing the incidence and mor-
tality of MM and assess the heterogeneity in the distribution of
cases by the application of spatial statistics for the detection of
clusters, outliers and regions with a reduced risk based on aged-
standardized mortality rates (ASMR) of MM in 30 countries in
Europe during the period 2005-2015. 

Materials and methods

Study area
An analysis of the spatial distribution of MM was carried out

for 30 of the 44 European countries (see online Appendix). The
remaining 14 countries were excluded from the study due to lack
of complete MM data. The number of deaths caused by MM
according to ICD-10 is published by the International Agency for
Research on Cancer (IARC). The Cancer Mortality Database con-
tains selected cancer mortality statistics by country extracted from
the latest update (June 2019) of WHO’s database (IARC, 2020).
We used the total number of MM cases registered by ICD-10 under
C45 classified by country and gender (IARC, 2020). Even though
the data in the database were updated in June 2019, data from some
countries are those reported at the end of 2015, while others are
from 2017. To unify the approach, we accepted all data reported in
the period 2005-2015 for the study.

Statistics
Spatial disease analysis can be carried out by local and global

statistics, where the former examines the existence and distribution
of disease clusters, while the latter provides answers to more gen-
eral questions about clustering, homogeneity of relative risk (RR),
and the potential existence of spatial correlation between the RR in
different regions. We used global autocorrelation by Moran’s I and
global Getis-Ord Gi statistics to investigate potential clustering
and local Moran’ I to determine areas characterized by an
increased value of the coefficient. 

Tobler’s law (1970), according to which the features of neigh-
bouring areas are more similar than remote areas, applies when
investigating spatial relationships. The ASMR in the different
countries were tested and all calculations were performed for
males, females and the general population. The age-standardized
rate is a weighted mean of the age-specific rates, where the weights
are the proportions of persons in the corresponding age.
Calculations with populations mathematically adjusted to have the
same age structure is needed when comparing populations with
different ages because age has a powerful influence on risk, e.g., of
dying from cancer. We used the WHO data as the weighted mean
of the age-specific rates; the weights were taken from the popula-
tion distribution of the standard population and expressed per
100,000 inhabitants (IARC, 2020). When applying this approach
to mortality, defined as the number of deaths occurring in a given
period in a specified population (IARC, 2020), it becomes age-
adjusted mortality ASMR.

Considering the adjusted standardized mortality rate (ASMR),
the RR, a set of neighbouring areas becomes a cluster if the RR of
disease is high in number of closely located areas, while an outlier
is distinguished by a high RR in comparison to a background of
neighbouring areas with low RR (NIPH, 2012). In this study, areas
are whole countries and Moran’s I autocorrelation coefficient was
used to measure the correlation between neighbouring observa-
tions, calculated with the following formula (Moran, 1950; Li et
al., 2007):

                     

(1)
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where n is the number of countries; wij the weight matrix of links
between i and j (ASMR in country i or j); xi and xj variables in the
i and j spatial units (countries); and the arithmetic mean of the
variable for all units. The value of local Moran’s I range from +1
(indicating high- high or low-low clusters) through 0 (= a random
pattern) to –1 (indicating high-low or low-high outliers) (Wang et
al., 2016).

To examine the measure of the level of the mutual grouping of
high and low values, the global Getis-Ord Gi statistic was applied
(Getis & Ord, 1992; Ord & Getis, 1995).

                     

(2)

where xi and xj are variables in the spatial units i and j; wi and wj

the weight of links between unit i and unit j; and n the number of
spatial units. The feature that differentiates the research objects is
ASMR. Statistical measures of Getis-Ord Gi statistics were used to
determine the local pattern indicating points of high MM risk (Ord
& Getis, 1995):

                     

(3)

where wij is the weight of links between i and j (MM incidence fre-
quency or aggregated number of registered MM cases in country i
or j); xj the variable in unit j; and d the maximum distance within
which the clusters are expected to occur. Gi(d) statistic measures
the intensity of the clustering of high or low values (Harris et al.,
2017). To identify the statistically significant hotspot and cold spot

clusters the local Moran’s I statistic was applied (Anselin, 1995):

            

(4)

In the calculation of Moran’s I and Getis-Ord Gi as the param-
eter of the conceptualization of spatial relationships, inverse
Euclidean distance was chosen as a function suitable for continu-
ous data modelling. Mines, plants and places where asbestos is
used or produced are sources for the release of asbestos fibres into
the environment. Airborne fibres continuously move considerable
distances from such emission sources.

The European continent is characterized by a large number of
countries of various sizes, some of which are islands (Great
Britain, Ireland, Iceland and Malta), some of which are far away
from the continent. To ensure that each country had no less than 3
neighbours and the outliers did not distort the results, a Spatial
Weights Matrix was generated. The threshold distance values used
to calculate the weight matrix (Table 1) were determined based on
the first statistically significant spatial autocorrelation peak from
the designated tool (Incremental Spatial Autocorrelation). Z-score
peaks are the values used for functions with distance parameters
(Lin & Lu, 2009). Spatial weight matrices were calculated for men,
women and the general population.

In the two examined groups, i.e. the general population and the
male population for the distance of 700 km, the first peak of the Z
(I) value was recorded. For the calculation of the weight matrix,
this distance was used as the threshold value for all calculations
performed. For the female population, the highest recorded z-score
was 1.35, also for a distance of 700 km; there was a statistically
significant positive autocorrelation for the female population.

x
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Table 1. Weight matrix for the variation of distance.

                                                 General population                                                       Men                                                      Women
Distance                   Moran’s I          z-score*            P                     Moran’s I         z-score*          P              Moran’s I       z-score*        P

200,000                                    0.054                        0.67                 0.5031                             0.058                       0.68              0.4982                    0.019                     0.58           0.5640
300,000                                    0.079                        0.90                 0.3662                             0.089                       0.95              0.3426                    0.011                     0.60           0.5510
400,000                                    0.189                        1.49                 0.1369                             0.233                       1.76              0.0780                  –0.111                  –0.40          0.6858
500,000                                    0.243                        1.83                 0.0667                             0.282                       2.08              0.0373                  –0.071                  –0.20          0.8398
600,000                                    0.459                        3.50                 0.0005                             0.495                       3.75              0.0002                    0.102                     0.99           0.3228
700,000                                    0.427                        3.95                 0.0001                             0.455                       4.18              0.0000                    0.120                     1.35           0.1767
800,000                                    0.363                        3.54                 0.0004                             0.389                       3.77              0.0002                    0.075                     0.99           0.3203
900,000                                    0.307                        3.37                 0.0008                             0.332                       3.60              0.0003                    0.062                     0.97           0.3331
1,000,000                                 0.275                        3.25                 0.0012                             0.291                       3.42              0.0006                    0.070                     1.12           0.2638
1,100,000                                 0.201                        2.81                 0.0050                             0.223                       3.06              0.0022                    0.003                     0.46           0.6442
1,200,000                                 0.212                        3.22                 0.0013                             0.232                       3.48              0.0005                    0.009                     0.59           0.5559
1,300,000                                 0.176                        3.29                 0.0010                             0.186                       3.46              0.0005                    0.032                     1.07           0.2861
1,400,000                                 0.126                        2.86                 0.0042                             0.134                       3.01              0.0026                    0.014                     0.89           0.3743
1,500,000                                 0.073                        1.88                 0.0601                             0.076                       1.94              0.0530                    0.005                     0.70           0.4824
1,600,000                                 0.021                        1.15                 0.2485                             0.020                       1.14              0.2560                    0.004                     0.81           0.4184

*z-score =  ; P<0.05 is considered significant.
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Source of data
Spatial data on the territorial division of Europe were obtained

from the Natural Earth database in ESRI shapefile format (Natural
Earth, 2019). They reflect the territorial division of Europe into
countries. Data on the asbestos supply and consumption trends in
European countries until 2003 were derived from the U.S.
Geological Survey (https://www.usgs.gov/centers/nmic/asbestos-
statistics-and-information). Consumption was defined as produc-
tion plus imports minus exports (Virta, 2006). The relational
database, adapted to the requirements of the PostgreSQL database
(https://www.postgresql.org/), was designed and developed to pro-
vide a geospatial analysis. ArcGIS software, version 10.5
(https://desktop.arcgis.com/en/quick-start-guides/10.5/arcgis-
desktop-quick-start-guide.htm) was used for mapping.

Results
A statistically significant positive autocorrelation of the ASMR

was observed for the male population and the general population,
but not for the female population. The strongest autocorrelation of
ASMR occurred for the male population (Table 2).

Hotspots (Getis-Ord Gi) of the RR for MM were found to be
located in the north-western part of Europe. For the general popu-
lation, they included Great Britain and the Netherlands with confi-
dence levels at 99% and 95%, respectively. There were no cold
spots in any of the study groups (Figure 1).

Cluster and outlier analysis (Moran’s I) with high and low RR
values for MM were determined. Countries with high RR of MM
incidence surrounded by high RR of MM incidence are shown in
Figure 2. Similarly, High-High clusters (hotspots) were observed
in north-western Europe for the male population (in Great Britain,
Netherlands and Belgium). For the general population,
Switzerland was added. Low-Low ASMR of RR rates of develop-

                   Article

Table 2. Rates of aged-standardized mortality due to malignant mesothelioma rate in Europe.

Case group                            Moran’s I                      Var (I)               Z (I)                    Getis-Ord Gi                 Var (G)                     Z (G)

General population                           0.457084                               0.01329                    4.2631                                 0.0444                              0.000009                            3.2815
Female population (F)                     0.140166                               0.01301                    1.5310                                 0.0361                              0.000003                            0.9603
Male population (M)                        0.486553                               0.01332                    4.5133                                 0.0460                              0.000001                            3.6602
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Figure 1. Hotspot analysis of the aged-standardized mortality rates in Europe. A) General population cases; B) male cases.
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Figure 3. The production of asbestos in Europe (tons).

Figure 2. Local autocorrelation of the aged-standardized mortality rates in Europe. A) General population cases; (B) male cases.

ing MM, these were Bulgaria, Romania and Moldova. The figures
of the spatial distribution of RR of MM in the male and in the gen-
eral population are almost identical. Annual asbestos production in
Europe has declined since its peak in 1980. As shown in Figure 3,
the annual aggregate production of asbestos fell from approximate-

ly 160,000 tons in 1980 to approximately 4000 tons by 1999,
where they have remained for the past decade. After Russia, Italy
was the second-largest producer of asbestos in Europe for most of
the 20th century (Virta, 2006). After World War I, the Balangero
Mine near San Vittore opened, and the production of chrysotile
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started. Around 1968, this mine was upgraded to increase produc-
tion which peaked at 165,000 tons per year in 1976; however pro-
duction ceased in 1991 (Virta, 2006). France extracted chrysotile
until 1965, when the Eternit Company operated the Canari Mine
on the coast of Corsica (Hindry, 2012). Finland was the world’s
primary source for anthophyllite asbestos (the Paakkila Mine)
from about 1919 to 1975 (Virta, 2006), while Slovakia produced
small amounts of asbestos until 1999 in its mine near Dobšiná
(Sulcova et al., 2001). Bulgaria had asbestos deposits (anthophyl-
lite and tremolite), which were extracted in three underground and
four open-pit mines until 1980 (Vangelowa et al., 2015) and Serbia
extracted chrysotile in its Korlace and Stragari Mines (Bowles,
1955), which are now closed.

The consumption in analysed European countries has declined
since its peak in 1975. As shown in Figure 4, the annual aggregate
consumption of asbestos fell from approximately 1.6 million tons
in 1975 to approximately 19.0 thousand tons by 2003. An exami-
nation of consumption patterns shows a similar pattern across
countries that no longer consume asbestos: a stable growth to a
peak and then a decline. That decline is a result of introduced legal
bans on asbestos use. However, this pattern has occurred at differ-
ent times for different countries. For example, peaks occurred in
the 1960s in Great Britain, in the 1970s in Czechia, France, Spain
and Poland, and in the 1980s in Germany and Italy.  Although most
European countries have banned the production of asbestos-con-
taining products, products containing asbestos are still in use,
which has an impact on environmental exposure to asbestos fibres.
The comparison of asbestos consumption per capita to the year of
the introduction of the asbestos ban (sometimes with exceptions of
certain products or uses) is shown in Figure 5.

The consumption in Europe in the period 1920-2003 was concen-
trated in Germany, Italy, France and Great Britain (Figure 6). Those
four countries accounted for 54% of European asbestos consumption,
while eight others - Poland, Spain, Czechia, Belgium, Luxembourg,
Slovakia, Romania and Hungary - accounted for an additional 30+%.
The remaining 10% was spread across 18 countries. 

Per capita asbestos use (Figure 7) is an indicator of the MM
risk (Krówczyńska & Wilk, 2018; Tsakane, 1997). The per capita
asbestos consumption rate ranged between 0.7 kg (Serbia) and
38.1 kg (Slovakia) with a median of 10.7 kg in Spain, Switzerland
and Portugal.

Discussion
One of the main tasks of public health institutions is to study

the spatial diversity in the occurrence of various disease entities to
identify environmental factors influencing the increase (or
decrease) of health events (such as cases or deaths). If the factors
affect a relatively large region, then this increase is recorded in
several neighbouring administrative units/countries forming a dis-
ease cluster (hotspot). On the other hand, if environmental factors
affect only a small area within a single administrative unit of the
country, then it is an outlier (NIPH, 2012). The obtained results of
this study are presented in the form of hotspot links with areas of
asbestos production and use per capita.

Since pleural MM (C45) is directly related to asbestos, the pro-
duction and use of these minerals in European countries were anal-
ysed. Occupational exposure was estimated in individual coun-
tries, but there was a lack of research on environmental exposure
estimation due to the lack of data on the number of asbestos prod-
ucts still in use. Poland seems to be the only country, where such
studies have been carried out (Krówczyńska et al., 2014;
Krówczyńska & Wilk, 2018; Wilk et al., 2019).

In the areas found to be hotspots and local autocorrelations
with a high RR of disease, the highest ASMR values in the male
population as well as the general population were recorded in
Belgium, Great Britain, Netherlands and Switzerland. The ASMR
value curve in the study years in all these countries, except
Belgium, was found to be slightly sloping. Considering the number
of all deaths due to MM recorded in a given year in the male pop-
ulation, the highest number of deaths was recorded in Great
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Figure 4. The total asbestos consumption in Europe in the period 1920-2017 (tons).
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Figure 5. Comparison of the year of asbestos ban with asbestos use in Europe 1920-2020.

Figure 6. The total asbestos consumption in Europe in the period 1920-2017 per country (tons). 

Britain, followed by Germany, Italy and France. There is numerous
literature references on the incidence of asbestos in workers
(Alies-Patin & Valleron, 1985; Gardner et al., 1986; Peto et al.,
1995, 1999; Magnani et al., 2001; Hodgson et al., 2005;
Marinaccio et al., 2005; Musti et al., 2009; Hindry, 2012;

Schonfeld et al., 2014; Corfiati et al., 2015; Baur, 2018; HSE,
2019). Great Britain has a long experience of monitoring of MM,
which goes back to 1968 (Peto et al., 1995). The annual number of
MM deaths has risen rapidly by about 12-fold after 1968 (Hodgson
et al., 2005). Projections made by the Health and Safety Executive
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(HSE), the national regulator for workplace health and safety in
Great Britain, suggest that there will be around 2500 deaths per
year until the decline, potentially starting around 2020 (HSE,
2019). More than half the number of annual deaths occur in those
above 75 years of age (HSE, 2019). A slight reduction has very
recently been observed in the male population, while there is a
slight increase in the female population (HSE, 2019). The ASMR
in Great Britain for the period of 2005-2015 for the male popula-
tion amounted to 2.9, and for the general population –1.7. The
mortality rate will depend on the background level and any resid-
ual asbestos exposure, e.g. environmental exposure. It is expected
that between 1968 and 2050, there will have been approximately
90,000 deaths due to MM in Great Britain, 65,000 of which will
occur after 2001 (Hodgson et al., 2005). 

Germany is among the countries with high asbestos per capita
use (Figure 7A), and with a high number of new MM cases diag-
nosed (Figure 8). In Germany, the peak of MM burden was predict-
ed to occur by 2020 (Schonfeld et al., 2014), and the undertaken
study contains current data emanating from 2015 (IARC, 2020).
ASMR in Germany is, however, lower than in other European
countries, and it is reported that the total number of asbestos-relat-
ed deaths is double these figures because of long latency periods
leading to a large number of underreported cases (Baur, 2018).

In Italy, the asbestos per capita indicator is much lower than in
Germany, but the absolute number of MM cases detected is at a
similar level (Figure 8). Estimations on MM incidence based on
the age-period-cohort models were similar to those obtained from
the asbestos consumption model (Marinaccio et al., 2005).

Asbestos cement industry, as well as shipbuilding and repair
plants, were indicated as the reasons for MM deaths. Also, a high
percentage of environmental exposure cases were found in clusters
where asbestos-cement plants were located. Differences in type
and source of exposure may also explain the different percentages
of cases occurring in the female population (Corfiati et al., 2015).
The last survey show that the peak of MM cases is expected in the
period 2020-2024. The decrease will be slow: about 26,000 MM
cases during the next 20 years (2020-2039), and the epidemic in
Italy is far from being concluded despite the national ban imple-
mented in 1992 (Oddone et al., 2020).

Chrysotile asbestos consumption in France peaked in the
1970s (Hindry, 2012) with almost 12 kg per capita use (Figure 7A).
As recent as in 2015, France still presented the fourth-highest num-
ber of recognized MM cases in Europe (Figure 8). Data published
by the National Health Insurance Fund for Salaried Workers show
that occupational diseases due to asbestos exposure have low
recognition rates (ANSES, 2016). In the year 2000, the French
National Research and Safety Institute estimated that 1 to 2 million
workers were potentially exposed to asbestos during repair and
maintenance operations, including 900,000 in the building sector
(Banaei et al., 2000). A peak MM incidence in France is therefore
expected in the period 2030-2040 (Banaei et al., 2000).

In Belgium, the per capita use amounted to almost 28 kg per
person in the period 1920-2003 (Figure 7A). MM deaths were pri-
marily concentrated in geographic areas with proximity to former
asbestos industries, with a significant excess in male mortality
associated with shipbuilding and asbestos-cement production.

                   Article

Figure 7. Production and use of asbestos use in Europe 1920-2003. A) Per capita asbestos use in Europe (kg per person); B) Raw
asbestos fibres production (tons). 
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Belgium became a major international asbestos manufacturer in
the early 1900 and, one of Europe’s largest asbestos groups,
Eternit, started operating in Belgium in 1905 (Van der Borre &
Deboosere, 2014). ASMR for the male population for the period of
2005-2015 amounted to 1.6, and for the general population to 1.0.
The MM mortality here has long been underestimated and is nowa-
days perceived as one of the highest MM mortality rates in the
world (Van der Borre & Deboosere, 2014).

Although the use of asbestos has been concentrated to Great
Britain, Germany, Italy and France, it was expected that these
countries should be expected to also present the largest number of
cases. They do when considering the absolute numbers of death,
but when analyzing the ASMR, even if they are difficult to com-
pare, due to the different population sizes in the particular coun-
tries at different times, the highest ASMR, i.e. above 1.5 for men
and above 1.0 in the general population, was instead recorded for
Great Britain, the Netherlands, Switzerland, Belgium, i.e. only
Great Britain figures in both groups.

About 90% of asbestos imported into Switzerland was pro-
cessed by Eternit factories into asbestos cement products (Schlegel
& Kempf, 1982). Per capita, asbestos use in Switzerland is almost
12 kg (Figure 7A). Swiss National Accident Insurance Fund
reports an increasing number of MM cases from 50 registered in
1999 to 124 in 2013 and undertaking an asbestos prevention pro-
gram, which aims to protect employees from exposed asbestos
fibres (SUVA, 2014). Based on combined data from Britain,
France, Germany, Italy, the Netherlands, Switzerland, and
Hungary, a peak of MM cases in the male population was expected
at about 90,000 cases around 2018 (Peto et al., 1999). 

In these countries, associated costs are increasing in parallel
with the increase in the number of asbestos-related diseases
(Tompa et al., 2017). The increase in these costs in the years 2009-
2012 is very significant (Baur, 2018) since as much as 80% of
these costs may be those related to pensions and rehabilitation,
while less than 20% goes to health care for early detection of ill-

nesses and healthcare. In designated high-risk areas, i.e. Great
Britain, the Netherlands, Belgium and Switzerland, significant
funds are allocated to MM, but we do not know in what proportion
they are divided into pensions, compensation, rehabilitation, early
diagnosis, detection and treatment, therefore it cannot be conclud-
ed that health services need to be improved to reduce the number
of MM deaths.

There was no direct correlation between the amount of
asbestos used for per capita production and the areas of increased
relative disease risk. One reason may be the latency period. The
process of disease causation and inhalation of asbestos fibres is
still unclear (Pott et al., 1989) in the context of the exposure period
in occupation, industry and the environment. This is due to lack of
historical measurements of fibre concentrations, which makes it
difficult to study the possible relationship between exposure levels
and delayed disease. Besides, the type of asbestos used, periods of
employment, life expectancy, potential misdiagnosis, as well as
differences in asbestos susceptibility affect the latency period
(Bianchi & Bianchi, 2007).

The results of the research indicate that the periods between
the first exposure to asbestos and the diagnosis of MM are 20-30
years. However, studies conducted on a large number of cases indi-
cate that, in general, latency periods are longer and have a wide
range of variability. Based on a study of Davenport Naval
Dockyards employees in the UK diagnosed with MM, the average
latency time was 48.5 years (Hilliard et al., 2003). In Italy, it is on
average 48 years with a median of 51 years (Bianchi & Bianchi,
2007); however, a shorter latency period was observed among
those exposed at work (43 years) compared to those exposed in
environmental and para-occupational exposure (51 years).
Increasing latency from year to year may be due to some reduction
in the intensity of asbestos exposure in most workplaces in the
period before asbestos was banned. The latency period in environ-
mental exposure, as shown by the results of a small sample of
cases (98), is about 5 years longer than in domestic exposure
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Figure 8. The number of deaths due to malignant mesothelioma (MM) in various European countries in the period 2005-2015. Data
from IARC, 2020.
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(Marinaccio et al., 2007).
Areas with an increased relative risk of MM, i.e. in Great

Britain (peak production in the 1960s), the Netherlands (peak pro-
duction in the mid-1970s), Belgium (peak production in the mid-
1970s), Switzerland (peak production in the 1980s), should occur
at different times. However, the collected data show that the num-
ber of deaths and ASMR values remains almost constant. One
wonders if this is because according to the calculated average
latency time of 48 years for Great Britain (Hilliard et al., 2003), the
maximum values in the number of deaths per MM should be
expected in 2008 (according to WHO databases, the maximum
number was denoted for 2009). Assuming this period to be 45
years in the Netherlands and Belgium the highest number of MM
cases should be expected in 2020, and in Switzerland in 2025. The
ASMR curve in the analysed period in European countries is start-
ing to fall slightly, except in Belgium. This can be influenced by
the time elapsed from the peak of the production to its termination.
The time from peak asbestos consumption to a 75% decrease in
production in Great Britain was 25 years, in the Netherlands less
than 10 years, in Belgium less than 20 years, and in Switzerland 5
years (Allen et al., 2018). By shifting production peaks and
decreasing production, we obtain the time from which we should
start counting the latency period falls around 1985, in most coun-
tries and in Belgium in 1990, which means that similar levels of
incidence can be expected to be around 2030-35.

Even though asbestos is a major risk factor, the combination of
smoking and asbestos exposure may lead to an increase in the risk
of certain types of lung cancers. The review of undertaken studies
made by Lee (2001) shows that exposure to asbestos increases the
risk of lung cancer in non-smokers and that there is a joint relation-
ship between asbestos and smoking resulting in a multiplying
effect. However, because asbestos and smoking are both parts of
the carcinogenic process, it has been pointed out to be very diffi-
cult to accurately calculate the contribution of asbestos to lung
cancers occurring in asbestos-exposed smokers (van Zandwijk et
al., 2020). Klebe et al. (2020) have pointed out that asbestos and
smoking are inseparable agents at the biological level in the indi-
vidual case to cause asbestos-related diseases. The increasing rela-
tive risk of lung cancer among non-smokers due to asbestos expo-
sure without associated asbestosis was surveyed by Markowitz et
al. (2013). The survey has concluded that asbestosis increases the
risk of lung cancer and, when considered together with smoking,
has an additive effect. The conducted research has shown that the
increased risk from smoking varies by the number of cigarettes
smoked, duration of smoking, inhalation, and product smoked.
Also, the increase of asbestos exposure depends not only on the
extent and duration of exposure but also on the type of asbestos
and the nature of exposure, i.e. occupational or environmental
(Lee, 2001). 

Pleural MM (C45) may be also influenced by genetic factors;
based on epidemiological analysis of the inhabitants of Turkish vil-
lages in Cappadocia, the mortality rate due to this cancer is 50%.
Erionite, a fibrous volcanic rock, is used there for building con-
struction. Despite the similar exposure of all inhabitants of the
region, the incidence of MM was observed with different frequen-
cy in individual families, which suggests another influence, possi-
bly genetic predisposition, apart from the environmental factor
(Carbone et al., 2007). MM is also detected in people who have
previously received treatment with ionizing radiation during radio-
therapy, and these changes develop approximately 20 years after
the cessation of irradiation. The cause of pleural MM (C45) can

also be caused by prolonged pleural inflammation or the influence
of chemical agents (Yang et al., 2008). Therefore, it is difficult to
clearly define the influence of the agents that case MM, although
asbestos remains the main risk factor.

Unfortunately, detailed data in some national and world
databases on the incidence and mortality of MM are incomplete or
unavailable. This is a serious limitation as it does not allow suffi-
cient knowledge and risk perception. In the short term, it is expect-
ed that the number of cases related to environmental exposure will
increase, but without access to reliable registers of places of use of
asbestos products, it will be difficult to document, test and predict. 

The amount of asbestos used per person in the countries anal-
ysed with a potentially higher RR of disease, which is 11.8 kg per
person in Great Britain, 27.8 kg in Belgium 7, 1 kg , in The
Netherlands and 10.7 kg in Switzerland. However, these data do
not correspond to the number of cases per million inhabitants,
which is 37 for Great Britain, 18 for The Netherlands, 12 for
Belgium and 9 for Switzerland (IARC, 2020). In the case of The
Netherlands and Switzerland, it could be influenced by the very
quick time of introduction of the restriction on production. The
published literature on the subject also give this kind of data for
other countries (McElvenny et al., 2005).

Research undertaken by Gilham et al. (2018) has shown that
the average lifetime MM risk from environmental asbestos expo-
sure in the UK is around 1 in 10,000. The risk is related to the
exposed asbestos worker subgroup and possibly higher also in pol-
luted buildings. Further data are needed to establish whether
asbestos still present in buildings poses a risk to people living
there, and whether asbestos environmental exposure mainly occurs
during childhood or after entry into work. It was pointed out that
similar studies are needed in other countries to estimate the ongo-
ing environmental and occupational MM risks worldwide, includ-
ing the contribution of chrysotile. The possible solution to gauge
the asbestos environmental exposure would be to estimate the geo-
graphical distribution of asbestos products still in use
(Krówczyńska et al., 2020).

Conclusions
Asbestos is a major risk factor of MM, a malignancy risk

which increases when combined with smoking and radiation expo-
sure; it could also be influenced by genetic predispositions. There
is a clear connection with production and use of the different
asbestos minerals but we need more data on the actual state of the
art as far as asbestos products usage is considered to predict risks
and improve understanding of the problem.
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