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summary
Background: The coastal area of Friuli Venezia Giulia (FVG) region, north-eastern Italy, was characterized by 
work activities in which asbestos was used until the early 1990s, particularly in shipbuilding. A public health sur-
veillance program (PHSP) for asbestos-exposed workers was established, although limited evidence exists about the 
efficacy of such programs in reducing disease occurrence and mortality. Objectives: To compare mortality in a cohort 
of 2,488 men occupationally exposed to asbestos, enrolled in a PHSP in FVG between the early 1990s and 2008, with 
that of the general population of FVG and Italy. Methods: Standardized Mortality Ratios (SMR), with 95% Con-
fidence Interval (95% CI), for all causes, all cancers, lung (LC) and pleural cancer (PC) were estimated in the cohort 
and in subgroups of workers with the first hire in shipbuilding that caused asbestos exposure (<1974, 1974-1984, 
1985-1994). Results: A strong excess in mortality for PC with reference to FVG (SMR=6.87, 95% CI 4.45-10.17) 
and Italian population (SMR=13.95, 95% CI 9.02-20.64) was observed. For LC, the FVG-based SMR was 1.49 
(95% CI 1.17-1.89) and the Italy-based 1.43 (95% CI 1.12-1.81). Mortality among workers with the first hire in 
shipbuilding before 1974 was high for PC (FVG-based SMR=8.98, 95% CI 5.56-13.75; Italy-based SMR=18.41, 
95% CI 11.40-28.17) and for LC (FVG-based SMR =1.60, 95% CI 1.18-2.11; Italy-based SMR=1.54, 95% CI 
1.14-2.03). Further, for LC between 1974 and 1984, the FVG-based SMR was 2.45 (95% CI 1.06-4.82), and 
the Italy-based SMR was 2.33 (95% CI 1.01-4.60). Conclusions: This cohort experienced an excess mortality for 
pleural and lung cancer, compared with regional and national populations. For lung cancer, the excess was stronger in 
workers with the first hire in shipbuilding before 1985, suggesting a key role of asbestos exposure.

riassunto
«Mortalità in una coorte di lavoratori esposti all'amianto sotto sorveglianza sanitaria». Introduzione: La zona 
costiera del Friuli Venezia Giulia (FVG), Italia nord-orientale, è caratterizzata da attività produttive in cui l ’a-
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Abbreviations:
Attributable Risk (AR)
Computed tomography (CT)
Friuli Venezia Giulia (FVG)
Low-dose computed tomography (LDCT)
Relative Risk (RR)
Standardized Mortality Ratios (SMR)

introduction

The increase in diseases of the respiratory system 
in former workers exposed to asbestos had been ob-
served during the last century, around the seventies. 
The increased incidence and mortality were evident 
for asbestos-related respiratory diseases, mainly for 
cancers of the pleura and lung cancers (18). In par-
ticular, mesothelioma is closely associated with ex-
posure to asbestos, whose pathogenicity of fibers is 
significantly modulated by their physical-chemical 
characteristics and follows the geography and histo-
ry of asbestos exposure (13, 23). Asbestos was used 
in Italy since the early 1900s in several employment 
sectors, such as the metalworking industry, the tex-
tile industry, shipbuilding industry, electricity pro-
duction industry, and several craft work activities 
and trades. Asbestos was generally used for thermal 
and acoustic insulation. Damage to human health 
arising from inhalation of the fibers has affected a 
large part of the exposed population, both workers 

and their spouses. For mesothelioma of the pleura, 
exposure to asbestos has a major causal role. 

Various European regulations have been estab-
lished for asbestos. In the years 1991 and 1992, 
Italian Legislative Decrees (D.Lgs.) were approved 
(8, 16) declaring the ‘extreme attention to risk’ and 
banning the use of asbestos in the work environ-
ment. The establishment of occupational health sur-
veillance programs for formerly exposed workers, 
organized by health service agencies and managed 
by qualified and experienced personnel, is recom-
mended, although very limited evidence exists on 
the efficacy of such programs in reducing disease 
occurrence and mortality (27).

The coastal area of FVG has been characterized 
by the presence of work activities where asbestos 
was used in large amount until the years 1990-1992, 
particularly in the shipbuilding industry, as well as 
within metalworking industries, in port or the cot-
ton mills. A large number of workers were therefore 
exposed to asbestos; in the early months of 2014 
over 9,100 individuals were enrolled in the FVG 
Register of Exposed to Asbestos (2). However, this 
list may underestimate the number of people for-
merly exposed to asbestos since enrollment in the 
register is voluntary (2, 29).

In a case-control study conducted in the general 
population of Trieste, the largest city in this coastal 

mianto veniva utilizzato fino ai primi anni 1990, in particolare nell ’industria navalmeccanica. L’efficacia dei pro-
grammi di sorveglianza sanitaria pubblica (PSSP) negli ex lavoratori esposti nel ridurre frequenza di malattia e 
mortalità non è ancora supportata da evidenza scientifica. Obiettivi: Confrontare la mortalità di una coorte di 
2,488 uomini professionalmente esposti ad amianto, iscritti ad un PSSP in FVG dai primi anni ‘90 fino al 2008, 
con quella della popolazione generale di FVG e Italia. Metodi: I rapporti standardizzati di mortalità (SMR) e il 
relativo intervallo di confidenza (IC 95%), per tutte le cause, tutti tumori, tumore del polmone (TP) e tumore della 
pleura (TPL) sono stati calcolati nella coorte e in sottogruppi di lavoratori stratificati sulla base della data di prima 
assunzione che ha determinato esposizione ad amianto nella cantieristica navale (<1974, 1974-1984 e 1985-1994). 
Risultati: È stato osservato un eccesso di mortalità per TPL, rispetto alla popolazione regionale (SMR=6.87, IC 
95% 4.45-10.17) e italiana (SMR=13.95, IC 95% 9.02-20.64). Per TP, l ’SMR-FVG era 1.49 (IC 95% 1.17-
1.89), e l ’SMR-Italia era 1.43 (IC 95% 1.12-1.81). L’eccesso di mortalità tra i lavoratori assunti prima del 1974 
nella costruzione navale era maggiore per TPL (SMR-FVG=8.98, IC 95% 5.56-13.75; SMR-Italia=18.41, IC 
95% 11.40-28.17) e per TP (SMR-FVG=1.60, IC 95% 1.18-2.11; SMR-Italia=1.54, IC 95% 1.14-2.03). Inoltre 
per TP, nel periodo 1974-1984, l ’SMR-FVG era 2.45 (IC 95% 1.06-4.82) mentre l ’SMR-Italia era 2.33 (IC 95% 
1.01-4.60). Conclusioni: La coorte indagata ha evidenziato un incremento di mortalità per tumore della pleura e 
del polmone. Per il tumore del polmone l ’incremento è stato maggiore tra i lavoratori con prima data di assunzione 
nella costruzione navale prima del 1985, suggerendo un ruolo chiave dell ’esposizione ad amianto.
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area and the location of shipbuilding industries, the 
RR of lung cancer, adjusted for smoking and air pol-
lution, for certain occupational exposures to asbes-
tos was 2.0 for squamous cell carcinoma (95% CI 
1.28-3.11), 2.11 for small cell carcinoma (95% CI 
1.31-3.39) and 2.16 for adenocarcinoma (95% CI 
1.32- 3.53); the AR estimate for possible or definite 
exposure to asbestos was 20% (95% CI 11.5-28.5) 
(5). The interaction between asbestos and smoking 
regarding lung cancer risk is between additive and 
multiplicative; the association between asbestos ex-
posure and lung cancer risk is essentially linear but 
may level off at very high exposures. The RR for lung 
cancer increases between 1% and 4% per fiber-year 
(f-y)/ml, corresponding to a doubling of the risk at 
25-100 f-y/ml (22).

To evaluate whether male workers with previ-
ous occupational exposure to asbestos and enrolled 
in a public health surveillance program experienced 
an increase in mortality from all causes, all cancers, 
lung cancer, and malignant neoplasm of the pleura, 
we conducted an historical cohort study using as ex-
ternal comparisons the general population of FVG 
region and the whole Italian population. Moreover, 
we evaluated whether the period of the first hire at 
a job that caused asbestos exposure affected the oc-
currence of mortality in our cohort: trends in sup-
ply and consumption of asbestos in Italy peaked 
between the 1970s and the mid-1980s, with a rapid 
decrease since 1985 (32).

methods

Setting

The FVG Region is located in North-East of 
Italy and has a total of 1,218,985 inhabitants (15). 
The Local Health Authority (LHA) located around 
the coastal city of Monfalcone provides health care, 
including preventive occupational medicine, to res-
idents of part of the coastal area of FVG. Since the 
nineties, LHA has promoted a number of techni-
cal and health care activities, as part of an overall 
“asbestos project”, with the aim, on the one hand, 
to control the danger of asbestos-containing struc-
tures, landfills, instruments, and on the other, to 
take action limiting the health effects of past expo-

sure, both on workers and on the general popula-
tion.

As a part of this project, a public health surveil-
lance program for persons with previous occupa-
tional exposure to asbestos has been carried out at 
a dedicated outpatient clinic of the LHA Occupa-
tional Medicine Center. Former workers exposed to 
asbestos and their spouses had voluntary access to 
this clinic from the early 1990s to the first decade 
of 2000s. Although some surveillance had started 
some years before, 91% of medical surveillance and 
examinations were provided after 1991 according to 
Italian legislation (8): this cohort study is based on 
subjects identified at this clinic until 2008. The pe-
riodicity of the examinations at the Center was de-
fined by the doctor, but often also by the perceived 
needs of the subject. Exams varied individually and 
included physical examination, basal spirometry, al-
veolar diffusion of CO (DLCO), chest radiography 
and computerized chest tomography (CT). 

Exposure assessment

The exposure to asbestos was individually con-
firmed by occupational health personnel during the 
surveillance examinations. The evaluation of the lev-
el of exposure to asbestos was carried out by an oc-
cupational doctor using a semi-quantitative meth-
od. Level of exposure was established individually 
based on work history and accessible documenta-
tion, such as the employment card, acknowledg-
ment of exposure by National Institute for Insur-
ance against Accidents at Work (INAIL), and/or 
declarations from colleagues. For each worker, the 
intensity of exposure was quantified by anamnestic 
data, information obtained during the interviews, 
and according to job-exposure matrices available in 
the literature (11, 12, 25). The intensity of exposure 
was considered high when there was evidence that 
the subject had direct or indirect contact with fria-
ble material containing asbestos in confined spaces; 
medium, when the subject had occasional contact 
with friable materials, worked with compact mate-
rial containing asbestos or used continuously sub-
strates containing asbestos; low, when the subject 
had occasional exposure to environmental materials 
containing asbestos.  
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Trends in supply and consumption of asbestos in 
Italy peaked between the 1970s and the mid-1980s, 
with a rapid decrease since 1985 (32). For this rea-
son, the first hire with asbestos exposure year was 
considered to account for possible differences in the 
intensity of exposure. 

Data collection

For each person, during surveillance program the 
following information was collected and electroni-
cally recorded by the occupational physician: demo-
graphics (name, surname, date of birth, residence 
and phone number); company name and industry 
sector; total years of exposure to asbestos; cigarette 
smoking habits (i.e., never, ex or current smoker); 
type, date and findings of the examination. Since 
only 96 women enlisted in the surveillance program, 
their evaluation will not be presented in this report.

Follow-up

Selection cohort process is described in figure 1. 
For each member of the cohort, the residential sta-
tus in FVG and the vital status, including the cause 
of death, between 1 January 1989 and 31 December 
2011 were assessed through record linkage with the 
regional databases of residents and of mortality, re-
spectively, of the Regional Health Database, using an 
anonymized unique personal identifier. Each mem-
ber of the cohort was followed-up from the date of 
the first surveillance examination or 01/01/1989, 
whichever was last, to the date of death, end of resi-
dence in FVG or 31/12/2011, whichever was first. 

Assessment of mortality

Observed deaths were identified through record 
linkage with the mortality database. In this data-
base, the causes of death are codified according to 
the WHO International Classification of Diseases, 
9th edition, (ICD-9). Deaths for all cancers were 
identified through ICD-9 codes 140 to 239; for 
malignant neoplasm of the pleura through code 163 
and for lung cancer through code 162.

We calculated the time difference between sur-
veillance enrollment and death, to estimate the pos-

sible weight of residual prevalent cases of an often 
rapidly lethal disease such as malignant neoplasm of 
pleura or lung cancer. 

Statistical analysis

The number of observed deaths and calendar 
year- and age-specific mortality rates from 1989 to 
2011 (Supplemental tables 1-4) were calculated for 
all causes of death, all cancers, malignant neoplasms 
of the pleura and lung cancer. 

As measures of association, we calculated SMRs, 
with 95% Confidence Interval (95% CI), through 
the indirect method (6). SMR was calculated as the 
ratio of the number of deaths observed in the cohort 
to the number expected by the calendar year- age- 
and sex-specific rates among the general population 
in FVG and Italy.

To conduct sensitivity analyses, we used two ex-
ternal standards: the general population of FVG 
Region and of Italy. The sources of the age-specific 
mortality rates for men were as follows:

-  for mortality for all causes and all cancers, in-
cluding lung cancer but excluding malignant 
neoplasm of the pleura, the rates provided by 
Istituto Superiore di Sanità (14) for the FVG 
region and Italy (years 1989-2011), respectively;

-  for malignant neoplasm of the pleura, the rates 
calculated from the data of mortality provided 
by the National Institute of Statistics (ISTAT) 
(15) for FVG and for Italy (years 1989-2011).

For the years 2004 and 2005, standard rates were 
not available. We thus used the available rates of the 
closest year: for the year 2004, we used the rates of 
the year 2003, for 2005 the rates available for the 
year 2006. Subgroup analyses restricted to subjects 
with the first hire in shipbuilding that determined 
asbestos exposure (from here on only ‘first hire’ or 
‘hired’) ever employed in the shipbuilding industry 
were also conducted. To account for possible differ-
ences in the intensity of exposure over the years, the 
subgroup was further categorized according to the 
hiring period in the following three groups: (a) sub-
jects hired for the first time before the year 1974, 
(b) those hired for the first time between 1974 and 
1984 and (c) those who were hired for the first time 
between 1985 and 1994.  
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All analyses were performed using SAS© soft-
ware, Version 9.3 (SAS Institute Inc., Cary, N.C., 
USA) and Microsoft®Excel 2013 spreadsheet. 

results

Table 1 shows the characteristics of the cohort. 
The cohort included 2,488 men, with 26,415.78 
person-years of follow-up during period 1989-2011, 
and a mean follow-up of 10.62 years per subject. 
About 68% of the subjects had a medium exposure 
to asbestos, and 70% was represented by workers 
employed in the shipbuilding industry. 

Over 94% of deaths for all causes, 92% of deaths 
for malignant neoplasm of the pleura, and over 98% 

for lung cancer, occurred after 12 months from 
surveillance enrollment (Supplemental table 5). 
Measures of frequency and SMRs for all causes, all 
cancers, cancer of pleura, lung, and other individual 
cancers and for groups of non-neoplastic causes 
are presented in table 2. A total of 388 deaths were 
observed. The SMRs for all causes were 0.89 (95% 
CI 0.80-0.98) and 0.94 (95% CI 0.85-1.03), based 
on FVG and Italian rates, respectively. Mortality 
for non-neoplastic causes was lower than expected: 
SMR was 0.88 (95% CI 0.76-1.01), based on FVG 
rates and 0.90 (95% CI 0.78-1.03), based on Italian 
rates (data not shown). The observed deaths for all 
cancers did not exceed expected deaths: the SMR 
was 0.96 (95% CI 0.83-1.11) based on FVG rates 

Figure 1 - Cohort Selection Process 
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and 1.07 (95% CI 0.92-1.24) based on Italian rates.
A total of 25 deaths for malignant neoplasm of 

the pleura were observed, compared with 3.64 and 
1.79 expected according to the rates in FVG and 
general Italian population, respectively. The corre-
sponding SMRs were 6.87 (95% CI 4.45-10.17) and 
13.95 (95% CI 9.02-20.64).  A total of 70 deaths for 
lung cancer were observed, and the SMRs were 1.49 
(95% CI 1.17-1.89) and 1.43 (95% CI 1.12-1.81), 
respectively.

An increased, albeit not significant, mortality was 
also found for esophageal cancer standardizing for 
Italian rates. Colorectal cancer mortality was signif-

icantly lower than expected as compared with FVG 
general population. A highly significant reduction 
in prostate cancer mortality was also found: SMR= 
0.09 (95% CI 0.00-0.49) based on FVG rates, 
SMR= 0.10 (95% CI 0.00-0.55) based on Italian 
rates. 

The SMRs stratified by age group are presented 
in table 3. As expected, deaths under age 50 years 
were sparse. The SMRs for age 50-59 were lower 
than 1, with a borderline significant reduction of 
mortality for all cancers. A mortality excess was 
found at ages 50 and over for malignant pleural can-
cer, with an SMR from 4.84 (95% CI 1.58-10.54) 

Table 1 - Characteristics of the study cohort (N=2,488) 

  N %

Age at surveillance enrollment (years) Mean (SD) 56.76 (11.99) -
 0-54 970 38.99
 55-59 491 19.73
 60-64 430 17.28
 65-69 284 11.41
 70-74 170   6.83
 75-79   96   3.86
 80+   47   1.89

Exposure level Low   477 19.17
 Medium 1691 67.97
 High   320 12.86

Years of exposure Mean (SD) 18.28 (9.97) -
 <10 481 19.33
 10-19 837 33.64
 20-29 796 31.99
 30+ 374 15.03

Industry sector Metalworking  294 11.89
 Shipbuilding  1,740 70.39
 Electric   96   3.88
 Insulation   89   3.60
 Other 253 10.23

Person-years of observation before year 2000 4,588.56 17.37
 2000-2002 3,168.67 12.00
 2003-2005 5,650.95 21.39
 2006-2008 6,592.78 24.96
 2009-2011 6,414.82 24.28
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based on FVG rates, to an SMR of 29.14 (95% CI 
9.44-67.89) based on Italian rates.  A mortality ex-
cess was also found at ages 70 and over for lung can-
cer, with an SMR from 1.55 (95% CI 1.03-2.25), 
to an SMR of 2.02 (95% CI 1.01-3.62) based on 
Italian rates.

Table 4 displays the results for subgroups of for-
mer workers exposed to asbestos in the shipbuild-
ing industry, by the period at first hiring. The results 
pertaining to the group with the hypothesized high-

est level of exposure to asbestos (first hiring before 
1985) and longer latency show a particularly high 
mortality for lung cancer (with an SMR from 1.54 
(95% CI 1.14-2.03) based on Italian rates, to an 
SMR of 2.45 (95% CI 1.06-4.82) based on FVG 
rates) and malignant neoplasm of the pleura  (with 
an SMR from 8.98 (95% CI 5.56-13.75) based on 
FVG rates, to an SMR of 18.41 (95% CI 11.40-
28.17) based on Italian rates) but not for all causes 
and all cancers. 

Table 3. Standardized Mortality Ratios by Cause of Death and Age Group. Observed (O) and Expected (E) Cases, SMR and 
95% Confidence Interval (95% CI)

  FVG Standard Rates* Italian Standard Rates**
Cause of Death by age group  O E SMR 95% CI E SMR 95% CI

All Causes
   ≤39     1 2.39 0.42 0.01-2.33 2.57 0.39 0.01-2.17
   40-49     4 5.71 0.70 0.19-1.79 5.41 0.74 0.20-1.89
   50-59   35 46.43 0.75 0.53-1.95 42.34 0.83 0.58-1.15
   60-69 121 131.16 0.92 0.77-1.11 118.90 1.02 0.85-1.22
   70-79 137 152.76 0.90 0.76-1.06 146.36 0.94 0.79-1.11
   80+   90 98.84 0.91 0.74-1.13 98.79 0.91 0.74-1.13

All Cancers   
   ≤39     0 0.31 0.00 - 0.33 0.00 -
   40-49     2 2.01 0.99 0.12-3.58 1.78 1.12 0.14-4.05
   50-59   13 22.22 0.59 0.31-1.00 19.97 0.65 0.35-1.11
   60-69   74 68.40 1.08 0.85-1.37 60.04 1.23 0.97-1.56
   70-79   67 69.11 0.97 0.76-1.23 61.73 1.08 0.85-1.38
   80+   25 26.94 0.93 0.60-1.37 25.48 0.98 0.63-1.45

Malignant Neoplasm of Pleura***   
   ≤39 - 0.00 - - 0.00 - -
   40-49 - 0.02 - - 0.02 - -
   50-59     3 0.47 6.40 1.32-18.69 0.22 13.71 2.82-40.04
   60-69   11 1.56 7.04 3.51-12.60 0.76 14.37 7.17-25.73
   70-79     6 1.24 4.84 1.58-10.54 0.62 9.70 3.17-21.14
   80+     5 0.35 14.45 4.68-33.68 0.17 29.14 9.44-67.89

Lung Cancer  
   ≤39 - 0.06 - - 0.03 - -
   40-49     1 0.40 2.49 0.06-13.85 0.42 2.40 0.06-13.38
   50-59     4 5.57 0.72 0.20-1.84 6.06 0.66 0.18-1.69
   60-69   26 17.66 1.47 0.96-2.16 18.97 1.37 0.89-2.01
   70-79   28 17.82 1.57 1.04-2.28 18.06 1.55 1.03-2.25
   80+   11 5.55 1.98 0.99-3.55 5.44 2.02 1.01-3.62

* Standard rate: age-specific mortality rates of FVG for years 1989-2003 and 2006-2011, provided by the Istituto Superiore 
di Sanità (ISS); ** Standard rate: age-specific mortality rates of Italy for years 1989-2003 and 2006-2011, provided by the 
Istituto Superiore di Sanità (ISS); *** Standard rate: age-specific mortality rates of FVG and Italy for years 1989-2003 and 
2006-2011 calculated from the data of mortality provided by the National Institute of Statistics (ISTAT);  Cohort included 
2,488 subjects, for 26,415.77 total person-years.
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discussion 

Strengths of the study

Under certain circumstances, epidemiologic 
studies of asbestos-exposed workers undergoing 
health surveillance may fulfill several criteria rel-
evant to etiologic objectives: (a) the observation 
is conducted longitudinally, i.e., the direction of 
the observation goes from exposure to disease oc-

currence; (b) the hypothesis and related study in-
clusion criteria are exposure specific, i.e., cohort 
members are selected only under the condition of 
confirmed asbestos exposure; (c) the study allows 
for the evaluation of associations with multiple out-
comes, i.e., mortality for malignant neoplasm of the 
pleura and lung cancer are the main outcomes, but 
the concurrent opportunity exists to estimate also 
all causes and all cancers mortality; (d) the cohort 
may be a representative sample of all the asbestos-

Table 4. Standardized Mortality Ratios by Cause of Death, Industrial Sector and Year of Hire. Observed (O) and Expected 
(E) Cases, SMR and 95% Confidence Interval (95% CI)

  FVG Standard Rates* Italian Standard Rates**
Cause of Death  O E SMR 95% CI E SMR 95% CI

All Causes
   All industrial sectors1 388 437.30 0.89 0.80-0.98 414.38 0.94 0.85-1.03
   Shipbuilding2 301 336.86 0.89 0.80-1.00 319.93 0.94 0.84-1.05
      Shipbuilding hired <19743 257 295.02 0.87 0.77-0.99 280.92 0.91 0.81-1.04
      Shipbuilding hired 1974-19844   30 27.78 1.08 0.73-1.54 25.89 1.16 0.78-1.66
      Shipbuilding hired 1985+5   14 14.06 1.00 0.54-1.67 13.12 1.07 0.58-1.79

All Cancers     
   All industrial sectors1 181 188.99 0.96 0.83-1.11 169.33 1.07 0.92-1.24
   Shipbuilding2 144 143.01 1.01 0.85-1.19 128.17 1.12 0.95-1.33
      Shipbuilding hired <19743 124 123.86 1.00 0.83-1.20 111.19 1.12 0.93-1.34
      Shipbuilding hired 1974-19844   14 12.88 1.09 0.59-1.83 11.44 1.22 0.67-2.06
      Shipbuilding hired 1985+5     6 6.27 0.96 0.31-2.09 5.54 1.08 0.35-2.36

Malignant neoplasm of pleura***     
   All industrial sectors1   25 3.64 6.87 4.45-10.17 1.79 13.95 9.02-20.64
   Shipbuilding2   22 2.71 8.12 5.09-12.26 1.33 16.60 10.41-25.06
      Shipbuilding hired <19743   21 2.34 8.98 5.56-13.75 1.14 18.41 11.40-28.17
      Shipbuilding hired 1974-19844     0 0.25 - - 0.13 - -
      Shipbuilding hired 1985+5     1 0.12 8.40 0.21-46.81 0.06 16.88 0.43-94.04

Lung Cancer     
   All industrial sectors1   70 47.05 1.49 1.17-1.89 48.99 1.43 1.12-1.81
   Shipbuilding2   59 35.56 1.66 1.28-2.16 36.86 1.60 1.23-2.08
      Shipbuilding hired <19743   49 30.71 1.60 1.18-2.11 31.79 1.54 1.14-2.03
      Shipbuilding hired 1974-19844     8 3.27 2.45 1.06-4.82 3.43 2.33 1.01-4.60
      Shipbuilding hired 1985+5     2 1.58 1.26 0.15-4.56 1.64 1.22 0.15-4.39

* Standard rate: age-specific mortality rates of FVG for years 1989-2003 and 2006-2011, provided by the Istituto Superiore 
di Sanità (ISS); ** Standard rate: age-specific mortality rates of Italy for years 1989-2003 and 2006-2011, provided by the 
Istituto Superiore di Sanità (ISS); *** Standard rate: age-specific mortality rates of FVG and Italy for years 1989-2003 and 
2006-2011 calculated from the data of mortality provided by the National Institute of Statistics (ISTAT); 1Follow Up Period: 
1989-2011. Cohort included 2,488 subjects, for 26,415.77 total person-years; 2Follow Up Period: 1989-2011. Cohort included 
1,740 subjects, for 18,972.65 total person-years; 3Follow Up Period: 1989-2011. Cohort included 1,370 subjects, for 13,206.14 
total person-years; 4Follow Up Period: 1989-2011. Cohort included 234 subjects, for 3,176.32 total person-years; 5Follow Up 
Period: 1989-2011. Cohort included 136 subjects, for 2,590.19 total person-years
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exposed persons within a specific area and time 
period and, therefore, its disease experience may 
reflect the effects of the exposure in that area. In 
our case the group of exposed subjects (the study 
cohort) was established as population-based and all 
the asbestos-exposed workers residing in the ter-
ritory of the LHA were eligible for inclusion in 
the surveillance program at the local Occupational 
Medicine Center; (e) a valid comparison group of 
unexposed subjects can be identified and its sex-
, age- and time period-specific mortality rates are 
compared with the rates of the exposed. In this 
study we used two comparisons: the first one was 
the regional population that reflects the underly-
ing morbidity and mortality of cancer due to factors 
other than asbestos exposure, the second was the 
whole Italian population which represents baseline 
rates (particularly of lung cancer and pleural neo-
plasms) not influenced by the asbestos experience 
of the index population. 

The choice of analyzing workers undergoing 
health surveillance also avoids the limitations that 
may be present when an occupational cohort co-
incides with the workers of a single company. In 
the latter case, sometimes subjects’ inclusion in the 
cohort study fully depends on the company col-
laboration and on data completeness, i.e., access to 
complete personnel records. Indeed, in the study 
area such access has not been possible for some dec-
ades, and the study of workers under public health 
surveillance has now overcome this limitation. In 
addition, a population-based approach to asbestos-
exposed workers also allows for the inclusion of in-
dividuals whose job has been outsourced (subcon-
tracted) and not included directly under the main 
shipyard payroll. Outsourcing jobs in different areas 
and historical periods may represent a large propor-
tion of exposed workers.

Possible limitations 

The use of asbestos-exposed workers undergoing 
health surveillance has also limitations. In particular, 
selection bias may arise whenever observation-time 
in the study does not include the whole pool of data 
related to every person who ever experienced occu-
pational exposure to asbestos in the study area, with 

each person followed to the end of life (30). It is well 
known that most studies use a subset of this per-
son-time experience, and hence bias may occur (7). 
Indeed, in our study, follow-up started only when 
asbestos-exposed workers entered health surveil-
lance. Therefore, the follow-up period (observation) 
from age at hiring in the first job entailing asbestos 
exposure till entry in health surveillance is missing. 
It might have occurred that subjects who died or left 
the study area before the establishment of the health 
surveillance program, or before the start of follow-
up, experienced an exposure that was qualitatively 
(type of asbestos materials, other carcinogens or 
toxicants) or quantitatively (concentration or dura-
tion) different as compared with the subjects who 
enrolled in the surveillance program. This selection 
bias might under or overestimate mortality rates of 
conditions with short induction period (injuries, 
cardiovascular diseases, respiratory diseases, certain 
neoplasms). Also, the exclusion of an important part 
(18%) of the persons initially enrolled by the LHA 
because of the impossibility of linkage with the Re-
gional Health Database information might cause a 
selection bias. 

The cohort appears left truncated, hence the ob-
served person-time from the beginning of the ex-
posure to the beginning of the follow up is reduced, 
and the rates of occurrence of the cohort give rise 
to an overestimation of the effects. Left-truncation 
bias is not a major issue when latency analysis is not 
the goal of the study, as in our case.

About the main outcomes of interest, i.e., mor-
tality for lung and pleural cancers, we assume that 
the induction period for the study subjects was not 
completed at time of surveillance enrollment par-
ticularly for those exposed for the first time since 
the middle 1980s: the descriptive epidemiology of 
mesothelioma showed, as of 2014, increasing mor-
tality rates in the study area and the whole country 
(28). Regarding possible differential exclusion from 
follow-up of individuals due to migration out of 
the study area, this might have occurred, although 
the FVG enjoyed a period of growth and prosper-
ity from the 1960s to the year 2008; therefore, it is 
unlikely that many of them moved, thus becoming 
ineligible for enrollment in the surveillance pro-
gram. Another possible selection bias to consider is 
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enrollment in the surveillance program depending 
on health status rather than on likelihood of asbes-
tos exposure. Bias might have occurred if subjects 
enrolled because symptomatic or because they had 
received a diagnosis of any cancer, or specifically 
lung or pleural cancers. To avoid such a bias, we ex-
cluded subjects who had received any diagnosis of 
cancer during the period of operation of the region-
al cancer registry (1995-2009). In addition, for the 
purpose to estimate the weight of latent cancers, we 
conducted a sensitivity analysis that calculated the 
number of deaths occurring within the first 12, 24, 
36, 48 and 60 months from enrollment in the sur-
veillance program (Supplemental table 5). It is well 
known that the prognosis of lung and pleural can-
cers is poor. Therefore, it is unlikely that selection 
bias due to preferential selection associated with a 
latent cancer condition played a role in the study 
results and that large overestimation of the SMRs 
is present.

On the other hand, it is possible that, while we 
excluded from the cohort prevalent cancer cases, in 
this way we may have reduced for other cancers the 
comparability of the cohort versus the general pop-
ulation mortality rates. In fact, the general popula-
tion (which is an external comparator) does include 
persons with a long-lasting diagnosis of cancer, es-
pecially as it relates to less lethal sites such as colon 
and prostate. All these things considered, we may 
conclude that the SMR for all cancers in this analy-
sis may be slightly underestimated, lending even 
more credit to the interpretation that occupational 
exposure to asbestos in this cohort is causally as-
sociated both to mesothelioma and to lung cancer. 
Instead, results about other cancer sites should be 
interpreted with caution. 

From this cohort of asbestos-exposed workers 
undergoing health surveillance, 25 deaths for ma-
lignant neoplasm of the pleura were observed, and 
a consequent large excess of mortality was esti-
mated with mortality ratios between 7 and 14, ac-
cording to the two populations (local and national) 
that we used as comparisons. In addition, a total of 
70 deaths for lung cancer was observed displaying 
SMRs around 1.5 in the overall cohort.  

Internal consistency

Although these results are consistent in all sub-
groups within the cohort, the increase in mortality 
from lung cancer and malignant neoplasm of the 
pleura showed to be stronger among former work-
ers exposed to asbestos in the shipbuilding industry. 
In our study results are even stronger among sub-
jects with known hiring in shipbuilding before the 
year 1974 for malignant neoplasm of the pleura and 
between 1974 and 1984 for lung cancer. The excess 
of mortality from malignant neoplasm of the pleura 
is not statistically significant in the cohort of for-
mer workers hired for the first time in shipbuilding 
between 1985 and 1994: this fact may be explained 
by the low number of subjects of the subcohort and 
the low number of observed cases (cohort=136 men; 
observed=1). These results can also be explained by 
the long latency of the malignant neoplasm of the 
pleura: likely, former workers exposed to asbestos, 
hired for the first time since the mid-1980s, could 
become cases until 2020 or later. 

Results for cancers other than lung and pleura 
showed some mortality decrease for several sites, 
notably stomach, colorectal, prostate, and leukemia 
as well as a non-statistically significant excess mor-
tality observed for esophageal cancer (based on Ital-
ian, but not on local rates). The latter result on the 
esophagus may be due to the strong and the well-
known mortality excesses for esophageal cancer of 
the whole FVG region when compared to the rest 
of Italy. These results may be explained by the re-
gional higher prevalence of risky behaviors related 
to alcohol drinking (10, 34). Therefore, it is unlikely 
that this reportedly positive association be explained 
as an effect of asbestos exposure. Rather, it is worth 
noting that in this cohort we did not find an as-
sociation with cancer of the larynx, another target 
organ of both asbestos and alcohol exposure. More 
evident, on the other hand, is the reduced mortal-
ity for stomach, colorectal, and especially prostate 
cancer as compared both with local and Italian rates. 

Mortality for all causes did not differ from that of 
the general population, not even when standardiza-
tion was performed on subcohorts of former work-
ers exposed to asbestos in shipbuilding industries, 
in different periods. This finding may be partially 
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explained by a healthy worker effect; in fact, 58.27% 
of the cohort was in working-age with less than 60 
years, at first examination.

External consistency

Two preliminary, descriptive reports about work-
ers from the same local shipyard who were hired 
in 1942 and 1950-1959 were published previously, 
showing high mesothelioma occurrence (3, 4). One 
Italian historical cohort mortality study was con-
ducted among 3,984 shipyard workers in the harbor 
of Genoa, Italy, between 1960 and 1981 (28). In this 
cohort, SMRs were computed using male residents 
in the Province of Genoa as the referent population. 
For the whole cohort, significantly increased SMRs 
were detected for all causes, all cancers, liver, larynx, 
lung, pleural and bladder cancers, respiratory tract 
diseases, and cirrhosis of the liver. In particular, for 
malignant pleural neoplasm, the observed number 
of deaths was 60, the expected number was 11.5 
with an SMR of 5.24, 95% CI: 4.00-6.74. For lung 
cancer, the observed number of deaths was 298, the 
expected number was 168.7, with an SMR of 1.77, 
95% CI: 1.57-1.98.

The international epidemiological evidence of 
health problems caused by asbestos exposure among 
shipyard workers is profuse. In particular, the asso-
ciation between asbestos and pleural and lung neo-
plasms have been the subject of a number of orig-
inal studies and multiple reviews (17, 20, 27, 31).  
Supported by strong evidence from studies among 
shipyard workers, the association between occupa-
tional asbestos exposure and malignant neoplasm of 
the pleura has been demonstrated (21) and findings 
suggest that the association between asbestos expo-
sure and lung cancer risk is linear (22).

According to ‘The Helsinki Declaration on Man-
agement and Elimination of Asbestos-Related Diseases’ 
adopted by the International Conference on Moni-
toring and Surveillance of Asbestos-Related Dis-
eases, for medical, legal, and social reasons asbestos-
related diseases should be diagnosed at the earliest 
possible stage (33) for minimizing the adverse health 
effects of asbestos, as well as for compensation of 
disease and disability. In addition, since new scien-
tific evidence provides support to the health ben-

efits of low-dose computed tomographic screening 
in people with a high risk of smoking-related lung 
cancer (1), by analogy, the Helsinki Declaration also 
recommended such screening programs for workers 
with a history of asbestos exposure who are at high 
risk of lung cancer. Presently, such a recommenda-
tion is based on the evidence that CT scan screening 
in asbestos-exposed workers is effective in detect-
ing asymptomatic lung cancer (9, 24), although evi-
dence of reduced mortality among asbestos-exposed 
workers enrolled in organized screening programs is 
scanty. Pesch et al. (2010) estimated the cancer risk 
of asbestos in a surveillance cohort of 576 German 
workers highly exposed to asbestos in a variety of 
industrial sectors (26). They were selected for high-
resolution computerized tomography of the chest in 
1993-1997 and were followed up to 15 years. In this 
cohort SMRs were 28.1 (95% CI: 15.73-46.36) for 
pleural mesothelioma, 0.39 (95% CI: 0.17-0.77) for 
lung cancer, 0.59 (95% CI: 0.49-0.70) for all causes 
and 0.82 (95% CI: 0.63-1.07) for all cancers. 

Mastrangelo et al. (2013) showed preliminary 
results of mortality from post-occupational health 
surveillance of asbestos workers recruited in the 
Veneto Region (about 1,700 asbestos workers) and 
monitored either with chest x-ray or LDCT (19). 
Compared to the general population the SMRs 
for lung cancer were 1.05 (95% CI: 0.48-1.99) in 
workers without pleural plaques, 1.05 (95% CI: 
0.48-2.00) in workers with pleural plaques but not 
asbestosis and 4.62 (95% CI: 0.56-16.7) in workers 
with asbestosis. Pleural mesothelioma mortality was 
not reported. 

In summary, whereas results from both our co-
hort and the German cohort described by Pesch et 
al. (2010) are consistent in demonstrating a still very 
strong association with neoplasm of the pleura dur-
ing asbestos-exposed surveillance, lung cancer rela-
tive mortality varies across monitored cohorts. 

conclusions

When compared to the general population of 
FVG and of Italy, this cohort of subjects enrolled 
in a surveillance program for exposure to asbestos 
showed a very strong excess of mortality for malig-
nant neoplasm of the pleura. Lung cancer mortality 
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was also significantly increased. Relative mortal-
ity was stronger when we considered subcohorts of 
former workers exposed to asbestos in shipbuilding 
industries: for lung cancer, the excess was stronger 
in workers with the first hire in shipbuilding be-
tween 1974-1984, suggesting a key role of asbestos 
exposure. Mortality for all causes did not differ from 
that of the general population; this finding may be 
partially explained by a healthy worker effect. Fu-
ture internal analyses of this cohort should evaluate 
whether any of the surveillance activities conducted 
within subgroups such as periodic LDCT dem-
onstrate any relative reduction in lung cancer and 
mesothelioma mortality.
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