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ZAMBON P, SIMONATO L, MASTRANGELO G, W[NKELMANN R, SA[A B, CREPET M. Mort al­
ity of workers compensated for silicosis during the period 1959-[963 in the Veneto region of Italy. Scand
J Work Environ Health 13 (1987) Jl 8-123. After reports appe ared from oth er countries indicating an
excess risk of lung cancer among silicotics, a cohort of workers compensated for silicosis during the period
1959-1963 in the Veneto region of Italy was constructed and followed for mortality throu gh 1984. The
results of the study showed a large mortal ity excess for infectious diseases (180 observed versus 9.5 ex­
pected), due to silicotuberculosis, and for diseases of the respiratory system (270 observed versus 33.5
expected) due to silicosis. An elevated standardized mortality ra tio of 239 (70 observed versus 29.3 ex­
pected) from lung cancer was also detected. An increasing pattern was observed with time since first ex­
posure, while the relationship with employment category and duration of exposure was less clear-cut. The
lung cancer excess was also strongly associated with cigarette smoking, there being a dose-respon se rela­
tionship with daily cigarette consumption . The study confirms the results from other epidemiologic stud­
ies on silicotics which show this pathol ogical condition to be associated with increased lung cancer mortal­
ity.
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The question of whether exposure to silica dust may
entail a carcinogenic risk for the lung in addition to
its well-known effects on pulmonary parenchyma was
reopened recently afte r a long period during which the
epidemiologic data available have been considered to
pro vide rather negative evidence for this association.
Goldsmith et al (6) reviewed the experimental and
human studies and concluded that the available evi­
dence is suggestive of an association between lung
cancer and exposure to silica . A similar review by
Heppleston (7) arri ved at opposite conclu sions, ex­
onerating silica itself from a carcinogenic role.

The mortality of workers compensated for silicosis
has been recently investigated in Sweden (14), Cana­
da (5), Finland (8), and Italy (9). These studies con­
sistently report an elevated mortality for lung cancer,
which is however difficult to interpret in relation to
the possible association between exposure to silica dust
and lung cancer risk. In 1982 we reported (16) the re­
sults of a historical follow-up , through 31 December
1980, of a cohort of workers compensated for silico­
sis during the period 1959-1963 in the Veneto region
of Italy.

The Veneto region (northeast Italy) presents one of
the highest rates of silicosis in Italy due to the fact that ,
part icularly in the past , a significant proportion of the
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male working population has been employed in mines,
tunnel s, and quarries in this and other regions of Ita­
ly and also abroad . Considering the poor work con­
ditions in the first hal f of the century , these workers
are likely to have been exposed to high levels of silica
dust.

The present paper improves and extends the follow­
up study to 31 December 1984, and investigates
whether workers compensated for silicosis are at higher
risk of death than the general population, part icular
attention being given to tub ercolosis, silicotuberculo­
sis, nonmalignant respiratory diseases, and lung
cancer.

Subjects and methods

The members of the study population were all newly
compensated cases of silicosis among residents in the
Veneto region in the northeast part of Italy (popula­
tion in 1980,4296 545) during the period January 1959
- 31 December 1963. The cases were ascertained
through the archi ves of the seven provincial offices of
the National Institute for Compensation of Occupa­
tional Diseases.

The two major crit eria for compensation were a ra­
diolo gical diagnosis of silicosis and an occupational
history of exposure to silica. Only cases of silicosis have
been included in the cohort. Two workers compensat­
ed for asbestosis during the same period were excluded.

Included in the study were 157 persons compensated
after working as miners in Belgium. As those who have
worked in other European countries are not registered
by the Institute for Compensation of Occupat ional Dis-



eases , it is not possible to evaluate with precision to
what extent the loss of such cases affects the com­
pleteness of the cohort, but , according to estimates
from the Institute, their number should not exceed 100.

Com plete occupational histories for the period in­
volving exposure to silica dust were available for most
of the cases (88 0/0) from the archi ves of the aforemen­
tioned institute. When missing, the information was
supplemented by the clinical records of the hospital s
in which the silicosis had been diagnosed, mainl y the
Inst itute of Occupational Medicine of the University
of Padova and the General Hospital in Belluno.

For 31 (2.4 % ) workers (included in the cohort) the
type of exposure remained unknown, and for 8 (0.6 % )
the durat ion of exposure to silica was not reported .
Th e occupationa l history was not upd ated after the
date of compensation, and thu s we cannot exclude
some underestimation of duration of exposure in our
da ta.

Out of the I 370 cases receiving compensation dur­
ing the study period, six females (0.4 %) , as well as
51 individuals (3.8 %) for which the inform ation on
date of birth, residence or date of first exposure was
not ava ilable, have been excluded from the follow-up.

The status of all the remaining I 313 members of
the cohort as of 31 December 1984 has been ascertained
through the mortalit y registr ies of the town s of resi­
dence. A copy of the dea th certificates was obt ained
for each decedent. The und erlying cause of death was
coded according to the eighth revision of the Interna­
tional Classificat ion of Diseases (15). For 551(62.8 % )
of the 878 deaths, the result s of the postmortem ex­
amination were also available. For all but six of these
persons, the diagno sis of silicosis was confirmed at
autopsy. Th is finding indicates a high level o f reliabi­
lity for the criteria used in assign ing compensatio n.

Inform ation on smo king habits was available for
I 225 wor kers (93.3 % ). Th e number of cigare ttes
smo ked da ily was known for 889 of the I 064 smok­
ers or ex-smokers (83.6 %). Thi s informat ion was re­
ported in a direct interview with the worker when he
appli ed for compensation. Howeve r, any changes that
occurred in the smoking habits after the interview are
not known.

Since the first report on the follow-up of this cohort
(16), the files of an additional 69 ind ividuals eligible
for inclusion in the stud y have been discovered , and
they have now been included in the study popul ation.
For a few individua ls, incorrect dates of first exposure
had to be modi fied, and there will be small differences
in the distr ibut ion of the observed and expected deaths
in any comparisons with the previous follow-up.

Lung cancer mortality in Ital y is characterized by
a wide geographic variability with an increasing gra­
dient from the southern region s to the nor thern ones
(3). As lung cancer mortality rates in the Veneto re­
gion are some 40 % higher than national ones, both
nat ional and regional populations have been used as
reference. Age-, sex- and five-year calendar-specific na-

tional mortality rate s were available for the per iod
1959-1980, and the y were extended until December
1984 in order to cover the period of ob servation. Re­
gional mortalit y rates were available onl y for two cal­
endar periods, ie, 1967-1973 and 1974-1980. In or ­
der to cover the entire period of observation , the rates
of the first period have been used for the period
1959-1973 , and tho se of the second period were ex­
tended up to the end of the follo w-up.

A mod ified life-table procedure and computing
program (4) has been u sed for computing the person­
years at risk , expected numbers of deaths, and stan­
dardized mortality ratios (observed/ expected x (00)
for the period of observat ion 1959-1984. Ninety-five
percent confidence inter vals for the standardized
mortality rat ios have been computed on the assump­
tion of a Poisson distribution.

Generalized linear interactive modelling (GUM) (to)
has been used for some aspects of the analysis of lung
cancer mortality .

Results

Dur ing the observat ion period 878 deaths occurred
among the I 313 memb ers of the cohort, which con­
tr ibuted, for the same period, 23 493.9 person- year s
at risk. Th e dist ribution of person-y ears by time since
first exposure (table I) clearly shows that the great ma­
jority of person-years occurred in the very long ob­
servation periods due to the criteria of inclusion in the
cohort.

Table 2 reports the result s of the mortali ty analysis
during the overall period of observation by cause of
death . Total mortality was significantly increased
mainly due to the large excess of deaths from silico­
tub erculosis and silicosis.

Cancer mort ality was also significantly in excess due
to the twofold increase of lung cancer and to an ex­
cess of cancer of the upper respiratory and digest ive
tracts.

Six deaths from leukemia (3.0 expected) and one
from lymphoma (3.5 expected) occurred. Gastrointes­
tinal cancer was not found to be in excess.

Among the other causes of death only mortality
from diseases of the digestive system presented a sta­
tistically significant increase. Thirty deaths from cir­
rhosis of the liver accounted for the entire excess.

In table 3 we present the causes o f death of majo r
interest analyzed by time since first exposure to silica

Table 1. Dist ribu tion of the person-yea rs at risk and the nurn­
ber of deaths by li me since first exposure dur ing the follow­
up, 1959-1984.

Time since first expos ure (years)

oS 9 10-19 20-29 30-39 ,, 40 Total

Person-years 307.9 3 457.0 7434.1 7206.8 5 088.1 23 493.9
Number of deat hs 1 48 189 275 365 878
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Table 2. Mortality analysis by selected cause with the nation- d ust. T he standard ized m ortali ty ratio for a ll neo-
al mortality rates as reference for the expe cted (E) number of

plasms increased with t im e since fi rst ex posure ma in-deaths . The overall period of observation was 1959- 1984. 10
= observed number of death s, SMR = standardized mortal- ly d ue to the lung cancer morta lity , which steadily in-
ity ratio, 98 % CI 95 % confidence interval] creased reaching statistically sign ifica nt excesses in the

Cause of death' 0 E SMR 95 % CI groups with 30- 39 and ~ 40 years since first ex po-

All causes 878 408 .7 215 201-230
sure . The two major causes of dea th s, namely silico-
tuberculosis a nd silicosis , wer e co nsistent ly elevat ed

Infectious diseases 180 9.5 1903 1895-21 93 wit h no clea r re latio nsh ip wit h tim e since firs t ex po-(001-136)

Silicotuberculosis (010) 175 sure .

Neoplasms (140-209) 146 107 .1 136 115- 160 The relat ionship between lung ca ncer mortality a nd

Buccal, pharynx (140-149) 7 3.7 190 76-390 durat io n of exposure is shown in ta b le 4 wit h both the
Esophagus (150) 5 2.9 170 52-402 nati onal a nd regional rates for co m paris o n . WorkersDigestive tract (151- 154) 18 27.4 66 39-104
Larynx (161) 8 4.4 182 79-358 exposed for 20 o r m ore years to si lica dust appear to
Lung (162) 70 29 .3 239 186-302

be at high er risk than those in the ca tegories withLeukemia (204-207) 6 3.0 200 73-435
Lymphomas (200-203. shorter exposu re . This pa tt ern co ntrasts wi th that of
208- 209) 1 3.5 28 1-159
Allothers 31 32 .9 94 64- 134 the two main ca uses o f death (ie, silico tube rc ulosis a nd

Diseases of the circulatory silicosis) , for which there was an inver se rel a tionsh ip
system (390-458) 181 169 .8 107 92-123 between duration of exposure and mortality (results
Diseases of the respiratory

not reported in tabular form) .system (460-519) 270 33 .5 807 713-908

Silicosis (515) 236 A ll the sta ndardi zed mortality ra tio s were eq uall y

Diseases of the digestive reduce d by so me 30 C1Jo whe n the region al po pulat ion
system (520-577) 49 36 .0 136 101- 180 was used as a reference. As th e reg io nal po pula t ion
Accidents (800-999) 29 23.6 123 82-177 is like ly to be more compara ble to the study popul a-
All others 23 29 .3 79 50-1 18 tion , com pariso n with the nati on al population has been

a Code of the International Classification, eighth revision , in paren- o mitted in tables 5 a nd 6.
theses.

Table 3. Mo rtality analysis by time since the subjects' first exposure andselected causes ofdeath. The mortal ity of the national population has
beenusedas reference. (0 = observed number of deaths, E = expected num berofdeaths, SMR = standardized mortality ratio, 95 % CI = 95 %
confidence Interval)

Years Cause of death'
since Diseases 01 Ihefirst All causes Infectious diseases Neoplasms Lung respiratorysystemexpo -
sure OlE SMR 95% Clb OlE SMR 95 % CI ' Ol E SMR 95 % Clb OlE SMR 95% Clb OlE SMR 95 % Clb

",9 1/1.7 58 0-328 - /0.1 0 1/0.4 253 - /0.1 0 - /0.1 0
10-19 48120.5 234 173- 310 1411.2 1136 638- 1958 3/4.8 62 13- 183 -/1.2 0 0-307 10/1.3 765 369- 1415
20-29 189/75.2 25 1 218-291 63/2 .8 2224 1729 ·- 2879 24/19 .8 121 78-180 7/5.3 131 53-272 47/5.3 879 652 -1179
30-39 275/ 125.3 219 194-247 56/2 .8 1967 151 1-2597 45/35 .5 127 92-170 26/ 10.4 250 163- 366 89/9 .6 927 745 - 1141
'< 40 365/ 186.0 196 176-218 47/2.4 1932 1439 - 2804 73/46 .6 157 123-197 37/12.3 300 212-415 124/17.1 725 582 -839

Total 878/408.7 215 201-230 180/9.5 1903 1628-2192 146/107.1 136 115-1 60 70/29 .3 239 186-302 270/33. 5 807 713 - 908

a Infectious diseases = ICD 001-1 36, neoplasms = ICD 140-209, iung = ICD 162, diseases of the respiratory system = ICD 460 - 519 (ICD =
International classification of diseases, eighth revision).

b The confidence interval was not computed if the expected num berwas less than 0.5.

Table 4. Lung ca ncer mortality 20 or more yea rs since the su bjects' first expos ure by duration of exposure. The mortality of
both the national and regional populat ions have been used as reference. (E = expected number of deaths , SMR = standard­
ized morta lity ratio)

Duration of exposure (years)
Years

s 9 10-19 '< 20since
first National rates Regional rates Observed N at ion~ rates Regional rates National rates Regional ratesexposure Observed Observed

E SMR E SMR E SMR E SMR E SMR E SM R

20-29 3 2.8 108 4.2 72 4 2.0 203 3.1 130 0.5 0 0.9 0
30 -39 10 4.7 213" 6 .3 159 9 4.1 219" 5.6 160 6 1.5 393 ' 2.2 274 "
?- 40 14 3.9 361" 5 .1 274 " 12 4.9 245" 6 .5 185 11 3.4 32 1" 4.7 235"

Total 27 11.4 237" 15 .6 173" 25 11.0 227" 15.2 164" 17 5.4 315" 7.8 217"

" P < 0.05.
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Table 5. Lung cance r mortal ity 20 or more years si nce fir st expos ure by type of exposure. The mortali ty of the regional popula-
tion has been used as referenc e. (0 = observed number of deaths, E = expe cted numbers of death s, SMR = standardiz ed
mortali ty ratio, 95 % CI = 95 % co nf ide nce interval)

Typeof exposure
Years
since Mining Tunneling Quarrying Mixed mining, tun- Otherfirst neling and quarrying
exposure

OlE SMR 95 % CI OlE SMR 95 % CI OlE SMR 95 % CI OlE SMR 95 % CI Ol E SMR 95 % CI

20- 29 212 .2 91 11- 330 2/2.9 70 8-252 ·1004 0 212.0 101 12-364 1/0.7 144 4-804
30-39 5/3.6 140 46-328 915.2 173 79-328 3/0.4 683 141-1993 713.8 182 73-371 2/1.0 209 25-754
? 40 6/3.3 185 68-402 1716.2 274 160-438 311.0 294 61-860 714 .8 146 59-300 3/0.8 359 74-1047

Total 1319.6 135 72- 231 28115.0 187 124- 271 6/1 .9 314 115- 684 16/11.2 143 82-233 6/2.7 222 81-482

Table 6. Lung cance r mortali ty 20 or more years since f irst exposure by the subj ect s' daily consu mpt ion of cigarettes and their
dur ation of exposure. The mortality of the regio nal popula t ion has been used as reference. (0 = obs erved number of death s,
E = expec ted number of deaths, SMA = standardized mo rtality ratio, 95 % CI = 95 % confidence interval)

Duration of exposure (years)

Smo king rate :5 9 10-19 ~ 20 Total

DIE SMR 95 % CI DIE SMR 95 % CI DIE SMR 95 % CI DIE SMR 95 % CI

o c iga rettes/d 0/2.3 0 0-1 60 1/1.9 52 1-292 3/0.9 33870 - 98 7 4/5.1 79 21 -20 1

1-9 cigarettes/d 7/4.4 158 64 -326 7/4.7 148 60-306 5/2.3 21 4 70 - 500 19/11.3 168 100-28 9

10-19
cigarett es/d 8/4.3 185 80 - 365 12/4.9 24 3 126-425 5/2.1 23777-552 25/11.4 2201 42-325

~ 20 c iga rettes/d 511.1 459 158-1 134 3/1.3 228 47-666 2/0.5 38 1 46-1 376 10/2.9 348164- 628

Total 20/12.2 165 101 - 256 23/12.9 179 113-26 8 15/5.9 256 143 - 422 58/30 .9 188 143-24 3

Tabl e 5 shows the lung cancer mortality by type of
exposure 20 or more years since first exposure . An ele­
vated standardized mortality ratio is discernibl e in all
the listed categories. Silicotics with exposure in quar­
ries showed the highest overall standardized mor tal ­
ity ratio . All the ratios were however based on small
numbers.

We also analyzed the lung cancer mortality in rela­
tion to the calendar periods in which the members of
the coho rt were first exposed to silica . No clear pat­
tern was discernible apart from a decreased standard­
ized mortality ratio (close to 100 when the regional ref­
erence population was used) for those entering after
1945. This finding is however difficult to inter pret be­
cause of the shorter follow-up of this subgroup, and
these results have not been presented.

Out of the I 225 members of the cohort with known
smoki ng hab its, 975 (79.6 070) were current smokers
at the time of the claim for compensation, 89 (7.3 010)
were ex-smo kers , and on ly 161 (13.1 (1(0) had never
smoked . The results of the analysis by smoking hab­
its indicate that the excess risk for lung cancer was con­
centra ted among current smokers (59 observed versus
22. 1 expected, sta nda rdized mortality rat io 268).

Tabl e 6 present s the results of the analysis of the
lung cancer mortali ty by the am ount of smoking and
the duration of exposure to silica. The ex-smokers were
assigned to the cigarette smoking category correspond -

ing to their reported previous consum ption. Th e ex­
clusion from the an alysis of 262 individuals with an
unknown level of smoking and eight without duration
of exposure accounts for the slight di fferences fro m
the previou s tables.

No clear synergistic effect between the smoki ng and
silica exposure was discern ible, whereas an increasing
pattern was present for lung cancer mortality with an
increasing level of smo king within the exposure cate­
gories, the magnitude of risk being largest in the cat e­
gory with the longest duration of exposure. The ef­
fect of the two variables (level of smoking and dura­
tion of exposure) have formally been tested with GUM
(10). Both variables were independently associated with
an increase in the standardized mortal ity ratio for lung
cancer. The associa tion was statistically significant
(P < 0.01) for smok ing but not for duration of expo­
sure (P = 0.2). A multiplicative model poorly fit the
data with a significa nt negat ive inte ract ion term for
the highest exposure and smoking categor ies. The ef­
fect of each factor was only evident in the lower ex­
posure categor ies of the other .

Discussion and conclusions

The evidence of a lack of association between silicosis
and lung cancer has been mainly based on findin gs
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from an autopsy series in which the frequenc y of lung
cancer in silicotics was compared to that in nonsilico­
tics (13). Recent studies in Sweden, the United States,
Finland, and Italy provide new evidence of a positive
association between silicosis and lung cancer (5,8, I I,
12, 16). All these studies repor ted an elevated overall
mortali ty, mainly due to nonmalignant respiratory dis­
eases and to tuberculosis or silico tuberculosis.

The results of our study confi rm these earlier find­
ings. Our cohort exhibited a large mort ality excess due
to silicotuberculosis and silicosis. More than 50 0J0 of
the death s were due to these two causes, and there was
no relat ionship with dur ation or typ e of exposure or
with smoking habits.

Lung cancer mortality was elevated , and the results
from autopsies indicated that it could well have been
underestimated . Twenty-two lung cancer cases not re­
ported on the death certi ficates were found by post­
mortem examination , while only six lung cancers re­
ported on the death certificates were not confir med at
autopsy. •

The lung cancer excess was only slightly associated
with duration of exposure (although it showed a clear
relationship amon g nonsmokers and light smokers).
Work ers with the longest durat ion of exposure expe­
rienced the lowest mortality from silicotuberculosis and
silicosis and the highest mortality from lung cancer.
This finding suggests that the risk for lung cancer is
diffi cult to detect when it is comp eting with the high
risk of dying from silicotuberculosis and silicosis. The
most severe cases of silicosis, in fact , have often been
associated with relatively short periods of exposure to
very high levels of silica dust.

Occupat ions in mines, tunnels, and foundries involve
potential exposure to oth er well-known carcinogens,
eg, radon daughters and polycyclic aromatic hydro­
carbons. The possible contributing role of other oc­
cupa tional carcinogens such as these cannot be ruled
out in our study.

The anal ysis by date of first exposure to silica was
suggestive of a decrease in the standardized mortality
ratio for lung cancer among tho se employed dur ing
the more recent work cond itions. Thi s apparent effect
might partly be due to the shorter follow-up of the late
entrants in that neither of the two major causes of
death due to silica exposure showed a downward trend
with time of starting exposure.

Although smoking in our study population was as­
sociated with the lung cancer excess, the magnitude of
the risk was such as not to be readily explained by the
effect of tobacco alone, even with the use of a region­
al reference population , which should have had char­
acteristics closer to the population under study. Among
the members of the cohort for whom the tobacco con­
sumption was known, 15.4 0,70 had never smoked,
73.8 0J0 were light smokers, and 10.8 0J0 were heavy
smokers (at least one pack per day). Similar data were
not available for the Veneto region for the entire study
period. Ho wever, the distr ibut ion of smoking hab its
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in the Veneto population according to the 1980 census
(9) were the following: 41.7 0J0 never smokers, 50.9 0J0
light smokers, and 7.4 0J0 heavy smokers. The appli ­
cation of the model suggested by Axelson (2) to our
data shows that the difference in the smoking habits
between the study populat ion and the reference popu­
lat ion should account for a 39 0J0 excess of lung cancer
among silicotics, as compare d to the 70.4 0J0 found.

Con sideration should also be given to the fact that
the expected values were computed on the basis of the
lung cancer rates of the general popul ation, which is
constituted of both smokers and nonsmokers. Accord­
ing to Saracci (13) the expected values for nonsmokers
should be reduced by a factor of at least 4 when the
possible effect of other exposures is being investigated.
After the application of this adju stment , the standard­
ized mortality rat ios for nonsmokers would present a
three- to fourfold excess for lung cancer, depending
on the reference population used. Although these es­
timates are based on small numbe rs and might well be
affected by misclassification , they are however sugges­
tive of the presence of a risk factor for lung cancer
in additi on to smoking.

A possible inte rpretation could be that silicosis it­
self, being a progressive disease, may predispose to the
developm ent of the neoplasia. Archer and his col­
leagues (1), in a follow-up study of uranium miners,
found a higher frequency of bronchogenic cancer
amon g miners with X-ray findings of pneumocon i­
osis as compared to those without and suggested that
pneumoconiosis may increase lung susceptibility to
cancer. Studies on silicotic and nonsili cotic workers
previously exposed to silica dust are warranted to test
this hypothesis.

Only silicot ics were enrolled in our study popula­
tion and therefore the result s cannot be interpreted in
terms of a causal relationship between lung cancer and
exposure to silica dust , although the lung cancer mor­
tality tended to increase slightly with dur ation of ex­
posure.

In conclusi on, the results of this study indicate, in
accordance with other studies, that silicosis is a path­
ological condition entailing an extremely high mort al­
ity risk, one that is also associat ed with a higher risk
of lung tumors.
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