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Abstract
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Introduction. The objective of this contribution is to describe, for the first time, occur- | © silicosis

rence, temporal trends and spatial patterns of mortality from silicosis in Italy in recent | ¢ mortality
decades. e cluster analysis
Methods. Mortality data on pneumoconiosis due to silica or silicates (ICD-9 code 502, | ® spatio temporal analysis
ICD-10 code J62) were extracted from the Italian National Mortality Database. Tempo- |  risk assessment
ral trends were analysed in the period 1990-2012; standardized rates per 100 000, spatial

distribution, including cluster analysis, were computed for eleven years, i.e. 2000-2012

(2004-2005, data non available).

Results. In the period 1990-2012, a general decline in mortality was found with a total

decrease of 74% and an estimated three year percentage change of -7.72. 4590 deaths

from silicosis were observed in eleven years, 98% of them among men. The average age at

death was 79.8 years. The mean age standardized rate was 0.33 (95% CI: 0.32 to 0.34).

The Regions of Aosta Valley, Abruzzo and Sardinia had the highest rates. The assessment

of risk at municipality level showed a significant excess of risk in 804 out of 8057 munici-

palities. Clusters of municipalities with a risk higher than expected were 34, observed in

18 out of 21 Regions.

Conclusions. The study shows that mortality due to silicosis in Italy has steadily de-

clined in the last decades, with differences among Regions. Clusters of municipalities

with an excess of risk should be verified with Local Health Units in order to assess the

need of targeted preventive actions.

INTRODUCTION

Silicosis is a world-wide occupational sclerogenic
pneumoconiosis caused by prolonged intrapulmonary
deposition of free crystalline silica particles according
to a dose-dependent function [1]. Silica particles trig-
ger a complex process leading to interstitial pulmonary
fibrosis [2]; knowledge on this disease has been improv-
ing over time [3]. Silicosis may also develop and prog-
ress subsequently to the end of occupational exposure.

Crystalline silica shows a long biopersistence in the
body, in particular in lungs, due to its chemical composi-
tion and insolubility in biological fluids. Cumulative dose
of silica (concentration of respirable dust, multiplied by
its content in crystalline silica, and for the duration of
exposure), represents the most important risk factor.

Occupational exposure to respirable crystalline silica
mainly occurs in a wide range of activities, namely in
agriculture, mining, quarrying and related milling op-

erations, construction, glass production (including fi-
breglass), cement production, abrasive production and
use, ceramic industry, iron and steel mills, foundries,
metal industry, shipbuilding and repair, rubber and
plastic industry, automobile repair [4].

Silicosis latency can range from a few months to more
than 30 years, depending on the physico-chemical char-
acteristics of crystalline silica particles, on their concen-
tration in the respirable fraction of the total dustiness,
on the characteristics of the job at risk and on the clini-
cal form of the disease. The latter has an influence on
the median survival from diagnosis that ranges from 10
to 40 years.

Occupational crystalline silica exposure is associated
with pulmonary tuberculosis, chronic obstructive pul-
monary disease, lung cancer, autoimmune diseases (for
example autoimmune vasculitis and renal autoimmune
diseases) and silicosis [5].
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Silicosis is one of the most frequent occupational dis-
eases in the world, particularly in rapidly industrializing
countries such as China, Brazil, South Africa, and in
low-income countries. However, precise estimates of
exposure levels in these countries are not available at
present. As for high income countries, a sharp reduc-
tion in the incidence of silicosis has been registered
in the last decades. For example, in the United States
(where at least 2.3 million workers have been estimated
as potentially exposed to respirable crystalline silica in
2016 [6]) the number of deaths from silicosis has de-
clined from 1065 in 1968 to 101 in 2010 [7, 8]. Despite
the fact that reduced mortality rates were found in the
US during 2001-2010 in subjects coded with silicosis
as the underlying or contributing cause of death, no
changes were observed in the age group 15-44 years [8].

A study conducted in 15 European countries for the
estimation of the number of workers exposed to human
carcinogens in the period 1990-1993, calculated that
3.2 million workers (280 000 in Italy) were exposed to
crystalline silica [9]. The update of the same study for
the period 2000-2003 showed for Italy an estimate of
250 000 workers exposed to silica [10]. According to an
estimate by the Italian Workers Compensation Author-
ity (INAIL), 29 000 workers were at high risk of expo-
sure to silica in the period 2000-2004; these workers
were mainly employed in construction/demolition pro-
cesses, quarrying, metallurgy, and processing of non-
metallic products, mostly in Sardinia, Liguria, Tuscany,
Latium (especially in the province of Viterbo), and in
the province of Trento [11]. In the period 2000-2004
INAIL ascertained 1003 cases of silicosis (96% men,
4% women), while in 2013 the cases of silicosis were 84
(82 men, 2 women) [12].

An Italian cohort mortality study conducted on 14
929 subjects ascertained as silicotics by INAIL, follow-
ing national diagnostic criteria, showed that in 1335
cases (15.67%) silicosis was the underlying cause of
death [13].

The aim of the present study is to investigate mor-
tality from silicosis in Italy, with special reference to
its temporal trends (1990-2012) and spatial patterns
(2000-2012).

METHODS
Data source

Mortality data specific for all 8057 Italian municipali-
ties were provided by the National Institute of Statistics
(Istat). Population denominator are calculated every
year by Istat as the average between two adjacent years.
The underlying cause of death was coded using the 9
revision of the International Classification of Diseases
until 2003 (ICD-9; pneumoconiosis due to other silica
or silicates: code 502); since then ICD-10 has been
used (pneumoconiosis due to other dust containing
silica and pneumoconiosis due to talc dust: code J62).
Data related to 2004-2005 are not available.

Indicators used for the analysis of mortality

Mortality rates and spatial analyses were computed
for 2000-2012 using both a direct and an indirect stan-
dardization.

The direct method was used for calculating the age-
standardised death rate (ASR) per 100 000, by age and
gender, referring to the European standard population
(ESP), an artificial population structure, updated by
Eurostat (Statistical Institute of the European Union)
in 2012 [14].

Trends of mortality (1990-2012) were evaluated at
national level, and in Regions where the average rate
values were higher than the national one; the ASR was
calculated for three-year periods to reach a higher de-
gree of robustness in computations.

Joinpoint regression analysis [15] was used to identify
points where the linear slope of the trend (on a logarith-
mic scale) changed significantly. The estimated three-
year percentage change (EAPC) was then calculated.
Standardized mortality ratios (SMRs) were calculated
for each of the 8057 Italian municipalities. The SMR
for the period 2000-2012 was computed as the ratio
of the number of observed deaths to the number of
expected deaths. To compute SMR, the following five
macro-areas were considered as reference: North-West
(Piedmont, Lombardy, Liguria, Val d’Aosta); North-
East (Veneto, Friuli-Venezia Giulia, Trentino-South
Tyrol, Emilia-Romagna); Center (Tuscany, Umbria,
Marche, Latium); South (Abruzzo, Molise, Campania,
Apulia, Basilicata, Calabria) and Main Islands (Sicily
and Sardinia). The age-specific SMR and their 95%
confidence intervals (95% CI) were estimated either
based on a Poisson distribution (if the observed deaths
were fewer than 100) or using the Byar method (in case
of more than 100 observed deaths).

Cluster analysis

Since death due to silicosis is rare, the expected
mortality in many municipalities was very low; conse-
quently, an SMR-based surveillance system could be
affected by random variation and generate a number
of positive signals by chance. For this reason and in
order to determine whether concentrations of disease
could be related to the geographic distribution of occu-
pational exposure to silica, a municipal cluster analysis
was carried out. The cluster analysis allows identifying
areas with the highest variations from the expected fig-
ures as compared to values of the Region of reference.
This approach was previously applied according to the
spatial analysis of pleural mesothelioma risk associated
with asbestos exposure [16]. This analysis was at first
performed considering the 2000-2012 period, using the
SatScan software (version 9.4.2, release date: July 2015)
[17]. The procedure employs a circular or elliptical win-
dow of varying radius, from zero to some upper limit,
which moves on the entire study area, centred at each
step on one of the municipalities, identified by the x, y
coordinates of the municipality’s town hall. The meth-
od creates an infinite number of distinct geographical
circles/ellipses with different sets of neighbouring data
locations within them: each circle/ellipsis is a possible
candidate for a cluster. Under the null hypothesis, the
observed number of cases follows a uniform distribu-
tion, so that the expected number of cases in an area
is proportional to its population size. The relative risk
is the estimated risk within the cluster divided by the
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estimated risk outside the cluster. Since the phenom-
enon of mortality from silicosis was heterogeneously
distributed on the territory, the maximum percentage
of the “population” used to determine the maximum
circle size of the scanning window was fixed to 30% of
the total population of the Region of reference.

Average age at death from silicosis was calculated for
Regions and Clusters.

RESULTS
Temporal trends (1990-2012)

The mean ASR for the entire period was 0.33 per 100
000 (95% CI: 0.32 to 0.34) overall, 0.86 for males and
0.01 for females. The mean ASR was 1.06 in the first
three years (1990-1992) (95% CI: 1.01 to 1.10) and
0.22 in the last three years (2010-2012) (95% CI: 0.21
to 0.23), with a decrease of 74% (EAPC -7.72; 95%
CI: -8.5 to -7.0) (Figure 1). The decrease in mortality
varied depending on the geographic area: in Northern
Italy the Joinpoint model, applied to the whole period,
showed a descending trend in Aosta Valley Region,
which was higher than the national level, with values
of ASR from 13.95 (1992-1994) to 0.93 (2010-2012)
and EAPC -12 (95% CI: -14.7 to -9.2); in Trento, ASR
decreased less markedly shifting from 1.91 (1992-1994)
to 0.34 in the last three year period (EAPC -6.77; 95%
CI: -10 to -3.4); in Liguria ASR had a strong decrease
until 1998 (EAPC -9.05; 95% CI: -17.9 to 0.7) and then
it slowed down in the next time period (ASR = 1.31 in
1992-1994, ASR = 1.31 in 1996-1998, ASR = 0.56 in
2010-2012). In Central Italy, in Tuscany Region ASR

decreased from 1.81 (1992-1994) to 0.51 in the last
three year period (EAPC -6.3; 95% CI: -7.3 to -5.2). In
Southern Italy, ASR was 4.1 in 1992-1994 and 1.03 in
2010-2012: in Calabria Region ASR was 1.71 in 1992-
1994 and 0.54 in 2010-2012 (EAPC -7.9; 95% CI: -7.3
to -3.8); in the islands EAPC was -7.7 (95% CI: -3.8 to
-7.3) in Sicily and -9.1 (95% CI: -10.5 to -7.7) in Sar-
dinia with an ASR decreasing from 6.67 to 1.

Spatial patterns (2000-2012)

In the period 2000-2012, 4590 deaths for silicosis
were registered, with a mean number of approximately
417 deaths per year; 4494 (98%) among men, only 96
among women (Table 1). The average age at death was
79.86 years: 98.2% after 65 years, 1.7% between 50 and
64 years, and only 0.1% of deaths occurred before the
age of 49, with the youngest death occurred at 38 years
of age. Some Regions showed higher rates as compared
to the national average (Table 2) and some Regions had
a slightly lower average age at death from silicosis than
the Italian one (Friuli-Venezia Giulia 78.34; Molise
78.58; Campania 76.92 and Sicily 78.53). The very low
portion of cases deceased in the age-group 50-64 were
concentrated in few Regions (Lombardy, Liguria, Tus-
cany, Abruzzo, Calabria, Sicily and Sardinia).

The risk analysis (SMR) at municipal level showed
significant excesses in 804 out of 8057 Italian munici-
palities (in the majority of cases the excess found con-
sisted in a single death); the geographical distribution
of death excesses was heterogeneous on the entire na-
tional territory (data not shown).
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Figure 1

Trend in mortality from silicosis in Italy,1990-2012. Age-standardized rate (ASR) per 100 000 persons; Confidence Interval (Cl) 95%,

Join-point regression model.
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Table 1
Silicosis mortality, 2000-2012. Age-group and gender-specific crude rates. Standardized mortality rates per 100 000 (Standard popula-
tion: ESP)

Men Women Total

Age group Observed Crude Standardized Observed Crude Standardized Observed Crude Standardized

cases rates rates cases rates rates cases rates rates
(C195%) (C195%) (C195%)
0-49 years 5 0.003 0.002 = - = 5 0.001 0.001
(0.001-0.006) (0.000-0.003)
50-64 years 73 0.12 0.12 4 0.01 0.01 77 0.07 0.06
(0.09-0.15) (0.002-0.02) (0.05-0.08)
65+ years 4416 832 7.63 92 0.13 0.09 4508 3.55 290
(7.41-7.87) (0.08-0.12) (2.78-2.95)
Total 4494 145 0.86 96 0.03 0.01 4590 072 033
(0.84-0.89) (0.01-0.02) (0.32-0.34)

N
ORIGINAL ARTICLES AND REVIEWS . . - §

Table 2
Silicosis mortality, 2000-2012. Regional distribution. Standardized
mortality rates per 100 000 (Standard population: ESP) Number of clusters
in each Regions
Region Observed Standardized rates
cases (C195%) cluster 1
Piedmont 203 0.17 (0.15-021) @ cluster
cluster 3
Aosta Valley 48 1.50(1.10-2.15) cluster 4
Lombardy 350 0.16 (0.15-0.18) ® custers
Bolzano 25 0.25 (0.16-0.41)
Trento 79 0.67 (0.53-0.87)
Veneto 186 0.16 (0.14-0.19)
Friuli-Venezia Giulia 71 0.22 (0.17-0.30)
Liguria 411 0.75 (0.68-0.85)
Emilia-Romagna 122 0.10 (0.08-0.13)
Tuscany 747 0.68 (0.63-0.73)
Umbria 35 0.14 (0.09-0.22)
Marche 111 0.26 (0.21-0.32)
Latium 134 0.11 (0.10-0.14)
Abruzzo 513 1.53(1.39-1.69)
Molise 12 0.15 (0.07-0.37)
Campania 48 0.05 (0.04-0.07) Figure 2
Apulia 149 0.18 (0.15-0.21) Mortality from silicosis in Italy, 2000-2012. Significant clusters
Basilicata 47 0.34 (0.25-0.50) (p-value < 0.05) in each Region.
Calabria 352 0.82 (0.73-0.92)
Sicil 258 0.25 (0.22-0.29 .
Y ' : ) fifteen clusters were found in Southern Italy and Islands
Sardinia 689 192(1.77-2.08) (1218 observed vs 146.7 expected deaths).
[taly 4590 0.33(0.32-0.34)

DISCUSSION
This study describes silicosis mortality trends (1990-
2012) and spatial patterns (2000-2012) in Italy. As in
Cluster analysis (2000-2012) other high income industrialized countries, death rates
The cluster analysis method applied to each Region  have progressively declined over time. In Italy, however,
allowed identifying 34 geographic clusters of silicosis  many activities still involve potential occupational ex-
mortality in 18 out of 21 Regions (Figure 2; Table 3a,  posures: mining, digging and rock processing, produc-
3b, 3¢). tion of ceramics, and the building sector, especially for
Fifteen clusters were in Northern Italy, with 716  renovations. Furthermore, high exposure levels have
deaths found »s 128.9 expected; five clusters were in  been recently reported in activities concerning the use
Central Italy (499 observed vs 70.02 expected deaths);  and processing of synthetic materials containing large



SILICOSIS MORTALITY IN ITALY

g:ilz:)esszwortality, 2000-2012. Significant municipality clusters in Northern Italy. References: regional rates
Centroid Radius/ Municipalities p-value  Observed Expected Relative risk Average
semi-axis cases cases (C195%) age
(km)2
Piedmont
1 Gattinara 1.8 2 < 0.001 14 044 31.77 (17.39-53.39) 80.5
2 Ronco Canavese 28.3/189 56 <0.001 24 3.16 76.10 (48.66-11.30) 794
3 Salza di Pinerolo 6.9/4.6 3 <0.001 6 0.07 88.63 (31.46-18.66) 815
4 Coniolo 10.2/6.8 14 < 0.001 17 2.59 6.57 (3.82-10.51) 80.4
5 Limone Piemonte 12.1 4 0.036 6 043 13.95 (5.12-30.37) 76.8
Lombardy
1 Bormio 85.5 196 < 0.001 148 14.64 10.11 (85.34-11.89) 79.3
Liguria
1 La Spezia 353 34 <0.001 270 59.78 4.52 (3.99-5.09) 81.2
2 Cicagna 6.6/4.4 7 < 0.001 22 1.85 11.86 (7.45-18.00) 76.7
Trentino-South Tyrol
1 Carzano 41.9/21 79 0.001 40 1548 2.58(1.85-3.52) 78.1
2 Racines 6.2 2 0.027 7 0.78 9.00 (3.61-18.49) 79.7
Veneto
1S. Gregorio nelle Alpi 30.2 56 <0.001 69 12.85 537 (4.18-6.80) 80.5
Friuli-Venezia Giulia
1 Pulfero 29.6/19.7 32 <0.001 24 525 4.57 (2.93-6.80) 78
2 Pasiano di Pordenone 19.7/13.1 13 0.003 24 8.54 2.81(1.80-4.18) 793
Emilia Romagna
1 Lizzano in Belvedere 33.1/22.1 22 <0.001 33 257 12.84 (8.83-18.03) 81.8
2 Novafeltria 9.3 5 <0.001 12 044 27.43 (14.09-47.64) 80.5
?f the cluster is an ellipse to describe it in addition to the radius there is the value of the semi-axis.
Table 3b
Silicosis mortality, 2000-2012. Significant municipality clusters in Central Italy. References: regional rates
Centroid Radius/ Municipalities p-value Observed Expected Relative risk Average
semi-axis cases cases (C195%) age
(Km)=
Tuscany
1 Scarlino 33.1/22.1 10 <0.001 234 227 10.31(90.23-11.73) 82
2 Piazza al Serchio 22.5/15 17 < 0.001 146 12.23 11.94 (10.06-14.06) 79.8
Umbria
1 Costacciaro 21 7 < 0.001 20 246 8.14 (4.97-12.56) 80
Marche
1 Auditore 54 71 < 0.001 65 31.88 2.04 (1.57-2.60) 79.5
Latium
1 Civita Castellana 104/7 6 <0.001 34 0.75 45.26 (31.39-63.35) 77.8

?If the cluster is an ellipse to describe it in addition to the radius there is the value of the semi-axis.

amounts of crystalline silica [18, 19]. These scenarios
have taken place in the absence of regulation about ex-
posure levels, since only recently the EU has started to
consider the introduction of a limit value in the working
environment for dust containing free crystalline silica.
Even though it is not possible to make direct compari-

sons, due to differences in health regulation or other
factors such as in rates calculations (i.e. different ref-
erence populations), the total number of cases in Italy
appears to be one order of magnitude higher than that
observed in the US and UK [8, 20, 21]. The authors
cannot exlude that Italy’s excess of silicosis as underly-

N
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Silicosis mortality, 2000-2012. Significant municipality clusters in Southern ltaly and the Islands. References: regional rates

Table 3c

Centroid Rac!ius{ Municipalities p-value
semi-axis
(km)2

Abruzzi
1 Capistrello 0 1 <0.001
2 Tossicia 16.7/11.1 15 < 0.001
3 Pennapiedimonte 25.5/85 28 < 0.001
Campania
1 Centola 10.7/7.1 4 <0.001
2 Lapio 14.3/4.8 18 < 0.001
Apulia
1 Ugento 23.6/15.7 25 <0.001
Basilicata
1 Lauria 14.3/9.5 7 <0.001
Calabria
1 Motta S. Giovanni 0 1 < 0.001
2 Colosimi 35/838 25 < 0.001
3 Acri 0 1 <0.001
4 San Basile 0 1 <0.001
Sicily
1 Assoro 37.5/25 25 < 0.001
2 Ustica 162.9/54.3 5 < 0.001
Sardinia
1 Buggerru 44/29.3 22 < 0.001
2 Orotelli 11.7/7.8 4 0.004

Observed  Expected Relative risk Average
cases cases (C195%) age
62 1.84 33.75 (25.83-43.19) 76.8
104 13.67 7.61 (6.20-9.24) 79.8
90 28.19 3.19(2.57-3.92) 81.1
9 013 67.51 (31.66-13.14) 75.1
13 053 24.47 (13.57-43.59) 784
80 8.04 9.95 (7.89-12.38) 795
38 247 15.38 (10.89-21.12) 784
91 1.18 76.85 (62.09-94.69) 794
96 10.94 8.77 (7.11-10.72) 776
40 3.95 10.13 (7.23-13.79) 786
10 0.36 27.90 (13.32-51.08) 804
113 10.74 10.52 (8.65-12.67) 79
27 0.67 40.34 (26.56-58.63) 783
427 60.49 7.06 (6.40-7.76) 813
18 4.20 4.29 (2.54-6.77) 784

2|f the cluster is an ellipse to describe it in addition to the radius there is the value of the semi-axis.

ing cause of death could be partially due to the misuse
of criteria for silicosis ascertainment when the worker
is still alive.

While mortality from silicosis has dramatically
dropped down in recent years in most Italian Regions,
in Liguria [11], Sardinia and Abruzzo, standardized
rates are still close to 2 cases per 100 000 individuals
per year. These Regions are included by INAIL among
the top five Italian Regions in terms of risks for workers.
The average age at death from silicosis in these Regions
is around 80 years, in line with the general national
mortality. In some Regions there are still slight concen-
trations of cases in younger age groups, that definitely
require a special focus.

For some of the clusters it is possible to identify local
occupational activities at risk of respirable silica dust
exposure [11, 22].

In fact, the historical presence of mining activities
can be found in many important clusters, as in Pied-
mont in the Canavese area (mining and processing of
gneiss rock, with over 30% of silica and talc) and in Chi-
sone Valley (graphite extraction, talc mining and mill-
ing) [23]; in Lombardy in Bormio (quarries of quartzite
and granite, both rocks with a high silica content, and
gneiss); in Trentino-South Tyrol (porphyry quarries,
with a silica content equal to 30-35%); in Tuscany in

Scarlino (processing of titanium minerals) and Piazza
al Serchio (silver mines); in Marche (sulphur removal);
in Apulia (extraction of bauxite at Ugento); in Sicily
(sulphur mine in Assoro); in Sardinia (coal mining in
Buggerru, bauxite and granite in Orotelli [24, 25]).
The cluster of Civita Castellana (Viterbo) is associated
with the production of ceramics, since several medium-
sized industries that produce bathroom fixtures and
kitchenware using raw materials with high content of
silica (clay, feldspar, quartz) are located in the area. A
significant incidence of silicosis has been observed for
decades in Civita Castellana [26, 27].

The presence of areas at higher risk could be due to
the concurrence of occupational exposure and inade-
quate preventive activities. Furthermore, in some areas
mortality from silicosis could be over-diagnosed due to
local sensitivity to social security aspects issues, as the
ascertained cases of silicosis fall in the category of oc-
cupational diseases.

The present approach does not allow to assess with
certainty the risk of silicosis due to frequent and wide-
spread activities that imply exposure to silica, like
those in the building sector. Indeed, our results in
some way might show the consequence of exposures
occurred mainly in the '70s and '80s, with special refer-
ence to fairly well localized activities such as quarries,
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excavation of hydroelectric and highway tunnels, and
foundries.

Mortality is not the best indicator of silicosis occur-
rence, since the disease is usually chronic and it is not
always registered as the underlying cause of death. This
could result in an underestimation of the disease, even
if it is not likely that the phenomenon might affect the
temporal and spatial analyses, unless mortality certifica-
tions were differential in time or in space. This hypoth-
esis, however, is not supported by available evidence.

Mortality due to silicosis is a rare event and expo-
sure to silica can lead to the onset of a variety of symp-
toms/diseases that can eventually be causes of death. A
study on these mortality causes could lead to a better
knowledge of the epidemiological framework of those
clusters with no available evidence of local exposure so

far [22, 28].

CONCLUSIONS

The present study shows that mortality due to sili-
cosis has steadily declined in the last decades but it is
still not eradicated. One of its main features is regional
variability, due to the presence or absence of sources of
exposure and to different exposure levels in the various
areas, but also partially due to possible different inter-
pretations at regional level of the national guidelines for
ascertainment of occupational diseases.

As for the estimation of exposure levels, a general re-
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achieving a better insight of the occurrence of silicosis
in Italy. For an even better perspective, though, a col-
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