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Abstract

Objectives: This study was performed with the aim of investigating the temporal patterns and de-
terminants associated with mortality from asbestosis among 21 cohorts of Asbestos-Cement (AC)
workers who were heavily exposed to asbestos fibres.

Methods: Mortality for asbestosis was analysed for a cohort of 13 076 Italian AC workers (18.1%
women). Individual cumulative asbestos exposure index was calculated by factory and period of
work weighting by the different composition of asbestos used (crocidolite, amosite, and chryso-
tile). Two different approaches to analysis, based on Standardized Mortality Ratios (SMRs) and Age-
Period-Cohort (APC) models were applied.

Results: Among the considered AC facilities, asbestos exposure was extremely high until the end of
the 1970s and, due to the long latency, a peak of asbestosis mortality was observed after the 1990s.
Mortality for asbestosis reached extremely high SMR values [SMR: males 508, 95% confidence
interval (Cl): 446-563; females 1027, 95% Cl: 771-1336]. SMR increased steeply with the increasing
values of cumulative asbestos exposure and with Time Since the First Exposure. APC analysis re-
ported a clear age effect with a mortality peak at 75-80 years; the mortality for asbestosis increased
in the last three quintiles of the cumulative exposure; calendar period did not have a significant
temporal component while the cohort effect disappeared if we included in the model the cumulative
exposure to asbestos.

Conclusions: Among heaviest exposed workers, mortality risk for asbestosis began to increase be-
fore 50 years of age. Mortality for asbestosis was mainly determined by cumulative exposure to
asbestos.

Keywords: ashestos exposure; ashestos-related diseases; ashestosis; cohort mortality study; retrospective
assessment

Introduction continue to injure the lungs, depending largely upon the

nature and concentration of the dust (Lippmann, 2014).
Asbestos-Cement (AC) facilities have reported a high

asbestos-fibre concentration at the workplace with the use

Asbestosis is an occupational lung disease caused by
the inhalation and deposition of asbestos fibres in the
lung, thereby leading to diffuse interstitial fibrosis. It can
be asymptomatic in the early stages but its progression
over time entails disability, respiratory insufficiency, and
premature death (CDCP, 2004; Lippmann, 2014), thus
causing an average loss of 13.0 potential years of life per
decedent (Diandini et al., 2013). All forms of asbestos
cause asbestosis (Collegium Ramazzini, 2010). Although

of crocidolite and amosite fibres as well as chrysotile. The
presence of a consistent lung asbestos burden among AC
workers provided a further evidence of heavy asbestos ex-
posures (Gylseth et al., 1983; Merler et al., 2017).

In general, to become clinically evident asbestosis
requires heavy exposures and epidemiological studies
. . . . . provide evidence that there is a threshold fibre dose in
the diagnosis of asbestosis is usually made via radiog-
R . . . . the range of 25-100 ff/ml-years (Mossman and Churg,
raphy, initial interstitial fibrosis can be established either
1998), but lower exposure has been also observed by aut-
opsy (Sluis-Cremer et al., 1990). In the 1950s-1960s, the
diagnosis of asbestosis was based on X-ray views or lung
biopsy, while since 1986 the use of HRCT improved the
early detection of asbestosis (Oksa et al., 1994) without
substantial changes in more recent periods. The death

rate for asbestosis, especially for men (Lin et al., 2007),

by histology (Lippmann, 2014) or by High-Resolution
Computed Tomography (HRCT); in the latter, either bi-
lateral honeycombing (Wolff ez al., 2015) is evident or the
sum grade of irregular opacities comes to be more than 2
on the International Classification for Occupational and
Environmental Respiratory Diseases (ICOERD) scale
(Kusaka et al., 2005). After deposition, the asbestos fibres
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is associated with past asbestos consumption (Lin ef al.,
2007; Antao ef al., 2009). Among the general population
of England and Wales in the period 1968-2008, the as-
bestosis mortality rate was higher in males and reached
a peak in the recent calendar periods and in older ages
(Hanley et al., 2011). A similar tendency was observed
in Australia between 1979 and 2002, with a higher risk
among males (Smith and Leggat, 2006). In the USA, the
death rate due to asbestosis increased from 1970 till 2000
and declined thereafter (Bang et al., 2008). In spite of the
increasing trend in the number of deaths from asbestosis
registered in Western countries (Bang et al., 1999; Hanley
et al.,2011), the associated mortality rates tend to decline
(Antao et al., 2009) after the peak of asbestosis mortality
is attained among the workers of earlier birth cohorts
(Darnton et al., 2012). This behaviour is a consequence
of the peculiarities of asbestosis, characterized by a high
survival implying a long latency between the death and
the first exposure. The historical worldwide consump-
tion of asbestos fibres increased from the 1920s reaching
a peak in the 1980s and declined in intensity only after
1980 (Stayner et al., 2013; Abelmann et al., 2015).

Few occupational cohorts have been studied in
order to quantify the risk from asbestosis in relation to
their past asbestos exposure. Chrysotile textile workers
showed a strong exposure-response relationship be-
tween the exposure to chrysotile and asbestosis mor-
tality (Hein et al., 2007; Deng et al., 2012). Harding
et al. (2009) carried out a study on British asbestos
workers undergoing regular medical examinations and
detected that incidence for asbestosis was associated
with the birth cohort, age at first exposure, year of first
exposure, duration of exposure, latency, and job type.
The occupational sector is a good predictor of asbestosis
since heavily exposed tasks report an elevated risk for
asbestosis (Markowitz et al., 2013).

In the absence of detailed information on exposure,
most epidemiological studies have reported a birth co-
hort effect on asbestosis rate (Harding et al., 2009;
Harding and Darnton, 2010; Darnton et al., 2012), with
a strong decline for recent birth cohorts (Hanley et al.,
2011; Farioli et al., 2018). The present study is a part
of a large project on epidemiological surveillance of as-
bestos workers (Ferrante et al., 2017). The aim of this
investigation was to explore the temporal components
of asbestosis mortality in relation to the intensity of as-
bestos exposure, among a pooled cohort of AC workers.

Material and methods

AC cohorts
This study included workers employed in 21 Italian AC
facilities: these cohorts have already been discussed by

two previous studies (Ferrante ef al., 2017; Luberto
et al., 2019). The production cycle of AC industries in
Italy was similar in the different companies and was
based on the ‘Hatschek process’ using 13-15% of as-
bestos, mostly chrysotile with lower fractions of crocido-
lite and amosite depending on the product type (Patroni
et al., 1987; Luberto et al., 2019).

The 21 cohorts of the study met the following re-
quirements: (i) a follow-up investigation completed
and updated; (ii) a period of observation longer than
40 years by the pooling of individual records for all the
workers in the cohorts retrieved by the official rosters
for each factory. Only anonymized data were pooled,
identifiable data remaining at the local study level.
Table 1 describes the characteristics of 21 cohorts. This
research was performed on 13 076 AC workers, with a
predominance of males (81.9%). The factories that have
been included are a sample of those involved in the pro-
duction of AC products in Italy, but can be supposed to
be representative of the occupational sector, since they
have adopted a standard production cycle (Patroni et al.,
1987). Different activities were often conducted in the
same environment. The main production of the indus-
tries included plain or corrugated sheets, as well as pipes,
slabs, tanks, chimneys, and other products. In many fac-
tories, the production also included the manually manu-
facture of small pieces (Luberto et al., 2019).

Statistical analysis
Standardized Mortality Ratio (SMR) was used, as is
conventional, as a descriptive measure of asbestosis mor-
tality. Vital status was ascertained through the Registrar
Office of the municipality of the last residence. The be-
ginning of the follow-up varied across factories; the end
of follow-up was at least 31 December 2010, for four
cohorts (Table 1 factory no. 3,4, 10, and 21) and at least
31 December 31 2012, for the remaining 17 cohorts
(Supplementary Tables S1 and S2, available at Annals of
Work Exposures and Health online). The cause of death
was obtained by municipalities in case of death prior to
1986, and by Local Health Authority of residence there-
after, and was coded according to the 9th revision of the
International Classification of Diseases (ICD) (Table 1).
Duration of the exposure was computed by sum-
ming up all work durations, while the latency was cal-
culated as Time Since the First Exposure (TSFE) in years
in this occupational setting. The number of expected
deaths was based on regional mortality rates provided
by the National Institute of Health in terms of region,
cause, gender, age, and calendar year from the year 1970
(Pirastu ef al., 2016). Therefore, deaths and person-years
(p-ys) before 1970 were excluded from the SMR analysis
for 498 workers who were lost or died before 01/01/1970
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(431 dead, 15 emigrated, and 52 lost to follow-up). The
95% confidence interval (CI) of SMR was estimated ac-
cording to Poisson’s distribution of observed deaths.
SMRs for asbestosis were computed stratifying for
gender, birth cohort, year at first exposure, age at first
exposure and for the combination of TSFE (<20, 20-39,
and >40 years) and quintiles (Q) of Cumulative fibre-
weighted Average Exposure Index (CAEI) whose calcula-
tion formula is reported in more detail in Supplementary
File S3, available at Annals of Work Exposures and
Health online weighting for the type of asbestos fibre.

An Average Exposure Index (AEI) was applied to all
members of a given cohort, without gender differences,
considering the exposure geometric mean (E) and the
proportional size of the workforce (F) by factory (f), time
period (), and type of occupational exposure (d for direct
or i for indirect), according to the following formula:

AElg = (Egq * Fgq + Egi ¥ Fry)

To account for the commercial type of asbestos used
in each factory, we considered in the analysis a fibre-
weighted AEI based on the proportion of chrysotile
(CH,), amosite (A,), and crocidolite (CR;) used by each
factory and time period. The weights were the power
factors estimated for the asbestos type by Hodgson and
Darnton (2010) corresponding to 1 for chrysotile, 14 for
amosite, and 71 for crocidolite. The fibre-weighted AEI
index was computed as below

fibre-weighted AEI
— AEI; # (1% CHy + 14 % Ag + 71 % CRy,)

which provided the average chrysotile equivalent as-
bestos concentration in fibres per cubic centimetre. From
the fibre-weighted AEI a CAEI was computed on the
basis of the occupational history of each worker sum-
ming the contribution of all his periods of activity T, at
each factory F;:

fibre-weighted CAEI
= Z fibre-weighted AEI

teTinf ek

where CAEI values were reported in chrysotile equiva-
lent asbestos concentration in fibres per millilitre for
years (ff/ml-years).

Mortality rates for asbestosis were investigated by
means of an Age-Period-Cohort (APC) regression model,
assuming a Poisson distribution for number of death for
asbestosis and computing person-years from the hiring
date to the end of follow-up without left restriction.
APC models were used to explore the temporal patterns
by providing an evaluation of the effects of age at risk,

cohort of birth, and calendar period on mortality rates
and on the combined estimation of the relative risk of
each effect. A Bayesian procedure was applied to esti-
mate an APC model where age, cohort and calendar
were assumed to be random variables in order to easily
overcome problem of model identifiability. Considering
a hierarchical structure, the factory of employment was
also considered a further random variable. Summarizing,
the considered random variables were age at risk (13
five-year age groups from 30 to 90+ years old), calendar
period (20 five-year calendar periods covering 1920-
20135), birth cohort (19 five-year birth cohorts covering
1890-1980), factory of employment (21 factories). To
account for factors potentially affecting the mortality
rate for asbestosis, the following fixed effects were
also included: gender, quintiles of the cumulative fibre-
weighted exposure index and age at first exposure in
binary form (<30 years and >30 years). Cut-offs for quin-
tiles derived from the overall fibre-weighted CAEL; cumu-
lative exposure was a time-dependent variable changing
across classes of age and calendar period. Technical de-
tails about the Bayesian APC model specification and fit-
ting are reported in Supplementary File S4, available at
Annals of Work Exposures and Health online.

The posterior marginal distribution of the param-
eters was obtained by numerical approximations by
means of the Integrated Nested Laplace Approximation
(INLA) framework (Rue et al., 2009). The risk associ-
ated with the fixed and the random effects were reported
as Mortality Rate Ratios (RR), by the exponential trans-
formation of the a posteriori parameter estimates calcu-
lating their 95% credible intervals (CIs) according to the
2.5 and 97.5% quantile of a posteriori distribution.

In order to assess the effect of CAEI on temporal
components, an additional analysis was performed
estimating coefficients of an APC model excluding CAEIL
Statistical analyses were performed using the program R
3.5.2 (R Core Team R, 2014) and appropriate packages
(INLA for Bayesian APC model; tscount for time series
functions; Epi for statistical functions in epidemiology).

Results

The cohort included 13 076 workers (Table 1; 10 714
males and 2362 females) and 388 914 p-ys beginning from
the year 1970. Almost half of the workers were employed
in three factories (Eternit of Casale Monferrato 25.8%;
Eternit of Bagnoli 11.1%; Fibronit of Broni 10.2%). The
study achieved a good level of completeness (140 subjects
were lost at follow-up, 73 migrated abroad before the
end of follow-up). The year of first employment was be-
fore 1960 for 37.3% of the workers with a marked gender
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difference (32.3% males versus 59.5% females). More
than half of the workers were younger than 30 years of
age at the time of recruitment (59.3%) with a higher pro-
portion among the subgroup of female workers (74.7%).
A difference in gender in relation to the duration of
employment was observed, with a somewhat higher per-
centage of females being employed for less than 10 years.
Overall, 7057 subjects (54.0%) died during the follow-up
with a slight difference by gender (males: 55.7%; females:
45.9%). The cause of death was known for 95.9% and
for 97.6% of the male and female deaths, respectively.
The study reported 416 deaths from asbestosis (5.9%
of total deaths). These deaths mostly occurred after 1990
(66.4%) and involved an increasing proportion of females
over time from 3.2% before 1979 to 17.5% after the
year 2000 (Supplementary Table S5, available at Annals
of Work Exposures and Health online). We registered an
increased number of asbestosis deaths by calendar period
because of the long time since first exposure to death.
A marked difference between males and females was ob-
served in the distribution of the amount of death for as-
bestosis by calendar period [mean = standard deviation
(SD): males 1993 = 13.0 years; females 1999 = 9.9 years]
and by TSFE (mean = SD: males 42.1 = 12.3 years; fe-
males 55.3 = 10.7 years), consistent with higher exposure
among men leading to earlier deaths from asbestosis
(Fig. 1) The cohort reported an asymmetric distribution
of CAEI (mean: 471 ff/ml-years; median: 230 ff/ml-years)
with a substantial variation (1st Q-3rd Q: 30.4-705
ff/ml-years; min—-max = 0-3857 ff/ml-years). The five

Year of death for asbestosis by gender

0.06

gender

i

Relative frequency
g

0.02

L L
1960 1980 2000
Period (year)

quintiles had the following cut-offs: 1st Q <12.9, 2nd Q
12.9-103, 3rd Q 103-456, 4th Q 456-981, and 5th Q
>981 ff/ml-years. Asbestos exposure before 1960 was ex-
tremely high and levelled-off only after 1980 (Fig. 2).

Estimates of SMR were 543 (CI: 491-599) for the
overall cohort 1028 (CI: 771-1336) among the female
workers and 508 (CI: 456-563) among males. Asbestosis
SMR decreased with increasing values among categories
of year at birth and year at first exposure in both gen-
ders; the highest SMR values were reported for workers
born before 1919 and for those at work before 1949.
A higher SMR for asbestosis was showed by workers
starting their exposure before an age of 20 years with
respect to those exposed in later ages (Table 2).

SMR analysis by CAEI, TSFE, and gender is reported
in Table 3. Among males, SMR for asbestosis increased
monotonically by quintiles of CAEI (from 42.4 in the 1st
Q to 830 in the 5th Q), and by categories of TSFE (from
208 to 1101 from the category 0-19 years to >60 years).
The presence of few male deaths for asbestosis in the first
two quintiles and for latency less than 19 years resulted
in SMRs with large CI. Among the female workers, no
deaths were recorded in the 1st Q of exposure and for
less than 20 years of TSFE. However, SMR increased
across the remaining categories of CAEI and TSFE. In
considering these figures it should be borne in mind that
SMRs for men and women should not be compared, and
that within quintiles of CAEI men’s exposure is higher
than women’s. For both genders, the largest SMR was
recorded in the highest combination of CAEI and TSFE.

TSFE by gender

0.08

0.06

gender

M

Relative frequency
2
e

0.02

20 40 60 80
TSFE (years)

Figure 1. Histogram of the relative frequency of asbestosis death by calendar period and by TSFE for male in black and female in
grey with a non-parametric estimation of the density function (vertical dotted line indicates the mean value).
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Figure 2. Chrysotile equivalent asbestos concentrations by calendar year across factories (log scale, ff/ml).

In APC analysis, an increased mortality RR for as-
bestosis in second to fifth quintiles of CAEIL, as com-
pared with the reference (1st Q), was recorded (2nd Q
RR: 2.49, CI: 0.64-13.29; 3rd Q RR: 5.34, CI: 1.50-
26.7; 4th Q RR: 13.6, CI: 3.88-66.5; 5th Q RR: 19.9,
CI: 5.66-98.3). Mortality RR for asbestosis was lower
among female workers as compared with male workers
(RR: 0.34, CI: 0.25-0.46). Workers starting their ex-
posure after an age of 30 years showed a slightly de-
creased risk (RR: 0.87, CI: 0.70-1.08). The mortality
RR from asbestosis showed a marked excess for the
major Eternit production facilities at Bagnoli and Casale
Monferrato and for the smaller Fibronit plant at Bari
(Fig. 3).

Estimated mortality RR increased exponen-
tially with age, starting from 65 years and reaching
a peak in the 85 years age class (RR: 20.8, CI: 13.7-
32.7). The cohort and period components showed
a flat RR trend (Supplementary Fig. S6, available at
Annals of Work Exposures and Health online). The
estimate of an APC model without the inclusion of
the CAEI as a covariate shows an apparent cohort
effect associated with an increased RR among the
workers born in the years 1905-1928 and for those

at work before an age of 30 years (RR: 1.56, CI:
1.27-1.93), but these findings disappeared when ex-
posure was accounted for (Supplementary Fig. S6,
available at Annals of Work Exposures and Health
online).

Discussion

The analysis of 21 cohorts of AC workers in Italy and
the occurrence of a large number of deaths from asbes-
tosis allowed to investigate the temporal components
of asbestosis mortality, exploring several determinants.
The study accomplished a long follow-up (more than
40 years) and achieved a satisfactory level of complete-
ness (1.3% lost to follow-up, 95% causes of death are
known); the existence of an adequate number of deaths
from asbestosis, in both genders, allowed gender-specific
analyses.

Due to the lack of individual data on jobs and work
activities for all members in the cohorts, the evaluation
of asbestos exposure in this study was based on the con-
struction of an asbestos exposure index that considered
the probability, intensity, and mineralogical composition
of asbestos exposure at the cohort, rather than at the
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Table 3. SMR for asbestosis by quintiles of CAEI, TSFE, and gender.

TSFE

CAEI

Total

60+ years

40-59 years

20-39 years

0-19 years

SMR (CI) O/E SMR (CI) O/E SMR (CI) O/E SMR (CI)

O/E

SMR (CI)

O/E

10.6-169)
55.3-204)
180-356)
463-686)

724-952)
456-563)

42.4

2/0.05

0/0
0/0

73 (18.3-292) 0/0.01

2/0.03

15t Q 0/0.01

2nd Q

M

106

9/0.08
33/0.13
100/0.18

30.2 (4.1-204)

1/0.03
16/0.06
53/0.09

109/0.13

8/0.04
14/0.06
42/0.07
69/0.09

135/0.29

0/0.01

253
564
830
508

204/0.25
348/0.69

731 (103-5186)
1396 (936-2083)
1101 (744-1629)

1/0.01

0/0
24/0.02
25/0.02

264 (162-431)
588 (449-770)
838 (695-1011)
548 (473-634)

179/0.33

236 (140-398
567 (419-767
757 (598-959
461 (390-546

226 (56.4-902)
467 (194-1122)

273 (68.4-1093)
208 (108-400)

2/0.01
5/0.01
2/0.01
9/0.04
0/0
0/0
0/0
0/0
0/0

3rd Q
4th Q
5thQ
Total

0/0.00

0/0
0/0

0/0

0/0
0/0
0/0
0/0

1st Q

F

94-1510)
153-1085)
586-2023)

1068-2071)
771-1336)

378
407
1088

2/0.01

617 (154-2466)
459 (147-1422)
1409 (705-2818)

2/0.01

2nd Q
3rd Q
4th Q

4/0.01
10/0.01
35/0.02
51/0.05

1275 (180-9054)

1/0.01

3/0.01

1572 (393-6287)

2/0.01
16/0.01
19/0.01

8/0.01
14/0.01
27/0.03

1489
1028

2401 (1471-3919)
2113 (1348-3312)

1039 (615-1755)
913 (626-1331)

1519 (632-3648)

5/0.01

5thQ
Total

501 (209-1204)

5/0.01

0/0.00

worker’s level (Hodgson and Darnton, 2010; Luberto
et al., 2019). For each worker, the CAEI was calculated
by summing up all indices assigned to the factory where
the study participants worked through their period of
employment. The effect of the exposure was measured
by means of diverse and complementary analyses (SMR
and APC regression model) in order to explore mortality
patterns, not as thoroughly evaluated in the previous
studies (Harding et al., 2009; Deng et al., 2012; Farioli
et al., 2018); Our study, however, was restricted to a
single occupational sector. SMR analysis is commonly
used in mortality studies, but SMRs from asbestosis
are strongly influenced by the proportion of asbestos
workers in the reference population, When this propor-
tion varies across the strata of the reference population,
for example by gender or geography, caution is needed
in making inferences based on SMR comparisons, as it
may not be a reliable measure of risk. APC regression
was included to permit an analysis based on internal rate
ratios.

The mortality from asbestosis was assessed on the
basis of the underlying cause of death. Previous re-
ports on some of the cohorts included in the study
(Magnani et al., 2008; Menegozzo et al., 2011) re-
vealed that additional cases had been reported as con-
comitant causes; therefore, an underestimation of the
burden of asbestosis-related mortality is possible in this
study. Furthermore, 35 deaths in males and 1 in females
were recorded as ‘other pneumoconiosis’. It is unlikely
that a substantial number of AC workers could have
died from pneumoconiosis different from asbestosis, so
these deaths might have been at least partly misclassi-
fied but the lack of information about possible other
exposing tasks in their work history prevents us from
drawing further conclusions. Overall, the high number
of deaths for asbestosis is the consequence of high ex-
posure to asbestos in the AC sector. The results of this
study may also be extended to other occupational sec-
tors with high asbestos exposures, such as insulators
or asbestos-textile workers, both reporting a high mor-
tality risk for asbestosis (Bang et al., 2008; Harding
et al., 2009). The results obtained in this study suggest
that the higher SMR for asbestosis among females with
respect to males does not reflect a real higher risk, but
a larger impact of the AC sector on rates of the refer-
ence female population compared with males. This is
supported by the internal analysis based on relative
risks demonstrating a lower mortality risk for asbes-
tosis among female workers, consistent with previous
reports (Darnton et al., 2012; Farioli et al., 2018). This
result, stemming also from the analyses adjusted for cu-
mulative exposure and time since first exposure, may be
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Mortality RR by factory of employment
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Figure 3. Mortality Relative Risk (log scale) estimated by APC regression model by factory adjusted for other model covariates.

viewed as an indication that females performed tasks indices. In our view, this is justified by the fact that CAEI
associated with a lower asbestos, not completely cap-  calculations were based on estimates for exposure in-
tured by the average exposure and cumulative exposure  tensity representing factory-specific average values and
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could not take into account the jobs of cohort members,
whereas women were mainly employed in specific tasks,
with less demand for physical strength (such as manu-
facture of ‘special’ products) and, presumably, different
exposure patterns.

A further potential limitation in exposure assessment
was the adjustment of exposure estimates by fibre type.
Whereas, given the variation in use of different asbestos var-
ieties across the factories included in this study, there was a
need to adjust exposure estimates by fibre type, the power
factors for amosite and crocidolite relative to chrysotile
were derived from the meta-analysis of studies on meso-
thelioma risk by Hodgson and Darnton (2010), and do not
necessarily represent correctly their fibrogenicity.

No cases were observed in women in the first quintile
of cumulative exposure, corresponding to the nominal
category ‘up to 12.9 ff/ml-years’, in agreement with pre-
vious estimates of risk (Tossavainen et al., 1997); two male
workers died from asbestosis in the first quintile, possibly
because of misclassification of the exposure, given the lack
of information on their other work activities, or due to
higher exposures of males within the CAEI quintiles.

Both SMR and APC analyses reported a dose-re-
sponse relationship between cumulative asbestos ex-
posure and asbestosis mortality that did not level off
at the highest exposures. This result differed from that
of the previous reports (Finkelstein, 1989; Farioli et al.,
2018), but is consistent with a log-quadratic trend as
found in a cohort of chrysotile textile workers (Berry
et al., 1979; Deng et al., 2012).

The APC analysis was adjusted for mineralogical
variety and time-dependent variables which make the
results obtained in this study comparable with other co-
horts exposed only to chrysotile fibres (Harding et al.,
2009). The different estimates of mortality risk for as-
bestosis among factories imply that, despite similar cycle
processes among cohorts (Patroni et al., 1987), the cir-
cumstances and levels of exposure differed and were not
completely captured by the cumulative exposure index
and its parameters reported in the present study.

In APC analysis exposure at earlier ages was associ-
ated with a higher RR, but this result almost completely
disappeared adjusting by CAEL The same behaviour was
observed for the temporal cohort effect: in fact adjusting
by CAEIL the APC model failed to find a significant co-
hort effect, implying such cohort effect was due to the
presence of birth cohorts hired during periods at high as-
bestos exposures. The studies that analysed the temporal
dynamics of mortality for asbestosis are restricted to
Western countries and report a clear cohort effect asso-
ciated with reduced risk among the birth cohort starting
from 1930 (Harding et al., 2009). Asbestos exposure,

however, had not been adjusted for. A calendar period
effect was not observed in the present study: this result
differs from that observed in studies carried out on the
general population (Hanley ez al., 2011), but is conceiv-
able in occupational studies.

No information on smoking habits was available.
Previous studies found a higher risk of mortality from
asbestosis in current and former compared with never
smokers (Wraith and Mengersen, 2008; Harding et al.,
2009; Frost et al., 2011). Tobacco smoking is indeed
a well-known risk factor for many cardiovascular dis-
eases, as well as lung cancer and other malignancies as
the larynx, bladder, head, and neck, blood, and others
and may be a powerful cause of competing mortality.
Our inability to adjust for smoking is indeed a limita-
tion of our study. However, there are no indications that
the proportion of smokers in this pooled cohort differed
from that in the general population and across the levels
of exposure.

The present study allowed us to estimate the ad-
justed exposure—response relationship between asbestos
exposure and asbestosis mortality. However, we had ob-
served just the tip of the iceberg since mortality from as-
bestosis differs from its incidence: among Italian female
workers compensated for asbestosis (Germani et al.,
1999), the percentage of deaths from asbestosis was only
13.7% (38/277), while among a selection of workers who
were compensated for asbestosis in Canada (Finkelstein
et al., 1981) and Poland (Szeszenia-Dabrowska et al.,
2002), the proportion of deaths for respiratory diseases
(mainly asbestosis) reached 36.1 and 14.7%, respectively.
Studies based on incidence may be more appropriate to
estimate the real burden of asbestosis because subjects
with asbestosis have a relative long survival and com-
peting causes of death may affect the asbestosis mortality.

The findings of this study confirmed that mortality
from asbestosis has mainly been determined by cumu-
lative exposure to asbestos (Darnton ef al., 2012). As
a consequence of the rapid decline in exposures after
1980 in Italy, deaths from asbestosis may be expected to
sharply decrease in the next decades. Further research is
needed to assess the influence of the different varieties of
asbestos on asbestosis mortality.

Supplementary Data

Supplementary data are available at Annals of Work Exposures
and Health online.
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