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Cancer mortality of an Italian cohort of workers in man-made
glass-fiber production
by Pier A Bertazzi, MD, Carlo Zocchetti, SeD, Luciano Riboldi, MD, Angela Pesatori, MD,
Laura Radice, MD, Raffaele Latocca , MO l
BERTAZZI PA, ZOCCHETfI C, RIBOLDI L, PESATORI A, RADICE L, LATOCCA R. Cancer mortalit y of an Itali an cohort of workers in man-made glass-fiber produ ction . Scand J Work En viron Health
12 (1986): suppl 1,65-71. This study was undertaken in order to examine possible long-term effects,
particularly cancer, associated with working in the man-m ade glass-fiber production industry in Italy (glass
wool and continuous filament) . All male production work ers employed for a minimum of one year between
1944 a nd 1974 were admitted to the study (I 098 subjects ), and their mo rtality was examined in the per iod
1944-1983 (21 325 person-years). The vital status ascert ainment was successful for 98.9 010, of the cohort
memb ers . An increased risk of cance r of the larynx was noted based, however, on only four deaths. When
contrasted with the values of t he local population, the increase proved to be sta tistica lly significa nt af ter
25 years since first exposure. The higher than expected lar ynx cancer mortality was confined to workers
hired before th e age of 25 years, expos ed for at least 15 year s, who start ed exposure befor e 1960 (main
production: glass wool), and who belonged to the highest cumulative expo sure categories. Known confounding factors could not com pletely account for the excess observed . Among the num erou s studies ca rried out on man-made glass-fiber wor kers, only one incidence study in Franc e support our findings. No
other increased cancer risks ha ve been suggested by the present study.

Key terms: cumulative exposur e, expected numbers, lar ynx cancer.

Industrial production of man-made mineral vitreous
fiber (MMMF) began to develop in the 1920s. The first
reports of harmful effects in exposed workers were
published in the 1940sin France, Ital y, and the United
States, and they concerned irritating effects on the skin,
ocular mucosae, and the upper airways (2, 15). Similar effects were coher ent with the definition of "nuisance particulates " attributed to MMMF . More recently, results of experimental, as well as human, studies
prompted the reconsideration of the alleged biologically "inert" character of this material in that fibers
of appropriate dimen sions exerted a carcinogenic
action in particular experimental systems (9) and
several independent epidemiologic studies thereafter
conducted did not allow excludin g a possible analogous risk to man under certain exposure conditions
(29). In Italy, in particular, repeated observations were
made of cases of interstitial lung disease with characteristics similar to asbestosis in workers exposed purely
to man-made glass fibers (6, 7, 21).
Th is mort ality study was carried out within the
frame work of an international Eur opean research
project that was started in 1977, has been coordinated
by the International Agency for Research on Cancer
(lARC) (5), and was designed in order to examine any
possible long-term effect (especially respiratory canI
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cer) associated with working in the man-made glassfiber indu stry in Italy.

Subjects and methods

Plant
The plant studied has been manufacturing glass fibers
since 1944. The active workforce at the time the stud y
was started included about 650 persons. Until 1960 the
great majority of the production was glass wool
(around 70 % of the total), and after, the entire production was, and still is, continuous filament, a process
known to produce concentrations of respirable fibers
much lower than oth er types of MMMF production
(25). In this plant, resin binder has been used since the
beginning , and general ventilation systems have been
operating since those days. No use of asbestos has been
reported.

Exposure assessment
Nearly 200 different jobs were identified inside the
plant. They were grouped into 20 exposure categories,
each including similar jobs as far as type of operation
performed, location within the plant , and similarity
in dust-exposure levels. The level of exposure and the
characteristics of the airborne fibers were determined
in 1980 by the Edinburgh Institute of Industrial Medicine (25). Personal samples were taken from a random
sample of 166 workers, repre sentati ve of those working under typical exposure conditions. The group mean
65

concentrations of the fibers of respirable size ranged
in different categories from 0.005 to 0.027 fibers /ml
(membrane filters) and from 0.007 to 0.048 fibers /ml
(nucleopore filters); the nonrespirable fraction showed
even lower concentrations. The median length varied
across the categories from 3.7 to 7.5 /Lm (scanning
electron microscopy) or from 13.4 to 47.5/Lm (optical
microscopy). Despite the nominal diameter of the continuous filament (greater than 6 pm), the median group
diameters of the airborne fibers ranged from 0.30 to
0.70 /Lm (scanning electron microscopy). Asbestos
fibers were not found to be present in any of the samples. Each exposure category was then attributed a
fiber concentration value corresponding to the relevant
group mean of the respirable fraction .
Other measurements had been taken in 1977. The
techniques and methodologies used were not comparable; no doubt, however, even in 1977, the concentrations of glass fibers were found to be very low (19).

Population and follow-up
A total of 2 429 workers (2 096 males and 333 females)
had been hired by the plant between the commencement of production and 1980. The enumeration of the
cohort was ascertained from a check of the progressive counting of the employees registered by law in the
personnel files. Only a portion of these subjects have
been examined in this report, ie, only that fraction we
considered a priori as the most relevant for the hypothesis to be tested: male production workers, with
a minimum length of exposure of one year, hired up
to 10 years before the conclusion of the follow-up . In
all, 1 098 workers met the criteria. Their mortality was
studied in the period 1944-1983.
The personnel office was able to supply the following information for each subject: surname, first
name, sex, place and date of birth, residence and/or
last address, complete work history including the different jobs held (in chronological order), and , for each
job, the date in and date out. The vital status of former
workers was ascertained at the Population Statistics
Office of the municipality they lived in, or else in the
mun icipality where the subject was born if the address
registered on the plant file proved to be unknown or
incorrect. In case of changes of residence, the request
was sent to subsequent municipalities where the subject was resident, until the official notice of the sub ject 's vital status at the closing date of the study was
received. Should the subject have died in the meanwhile, the Population Statistics Office of the relevant
municipality supplied the cause of death.

Analysis
The calculation of person-years of observation and of
expected deaths was carried out by a computer pro66

gram developed for these types of studies (36). Expected deaths were calculated on the ba sis of the following two different reference mortalities divided by
cause, sex, and five-year calendar time and age groups:
the death rates of the Italian population in 1944-1979
and the death rates (1951-1981) of the population of
the largest city close to the area where the plant is
located (approximately 100 000 inhabitants). Local
rates for 1951 were extrapolated back to 1944.
The separ ation of technological phases, as adopted
at the overall European level (31), was not applicable
to this particular plant, and, thus, in order to explore
a possible dose-response relationship, a different approach was attempted.
Each worker had belonged to one or more of the
exposure categories and hence had been exposed to certain estimated fiber concentrations for known numbers of months. Each concentration was attributed a
weight depending on the period of exposure: the earlier
in time the exposure, the higher the weight. This assignment was made in order to take into account a
number of factors, ie, the fiber concentrations in the
past (certainly higher than those measured in 1980),
the greater importance of past exposure in causation
of possibly associated long-term effect, and the possible role played by the retention period of the fibers
in the body in producing a pathological response. The
weights attributed corresponded to the number of
months leading from the time of exposure to the end
of the study . Thus, for instance, an exposure experienced the last month of study had a weight of 1; one
experienced exactly ten years earlier had a weight of
120, and so on. Finally, the simple products (fiber
concentration x weight) calculated for any single
month of exposure were summed up. Each worker was
thus assigned a "score" of weighted cumulative exposure depending on the level, calendar time, and
duration of his individual exposure history . The resulting distribution of scores was then broken down
into quartiles, so as to obtain categories of cumulative exposure of comparable size and increasing severity, which have been simply referred to as categories
1 to 4.
The adopted scoring system did not allow for distinguishing between different production processes, ie,
glass wool or continuous filament, but we thought it
best, other than simplest , to tr y to separate glass-wool
exposure from continuous-filament exposure merely
by analyzing the data according to the year of employment in the factory . The mortality experience of
the cohort was also analyzed in terms of years since
first exposure and total length of exposure.
Hypothesis testing of the observed/expected ratios
was performed on the assumption of a Poisson distribution of the events in the numerator. Confidence
limits were calculated according to Miettinen's method, using available desk calculator programs (26).

4 analysis by years since first exposure is presented.
The general pattern of mortality did not appear to be
in relation to the length of this period . A statistically
nonsignificant increase in all cancer deaths took place
after a period of 20 or more years. Deaths due to cancer of the digestive tract and lung cancer failed to exhibit any definite trend . Of the four deaths due to
laryngeal cancer, three had occurred after at least 25
years since first exposure; the observed: expected ratio
turned out to be statistically significant.
Analysis by length of exposure yielded the results
given in table 5. No clear-cut patterns or trends were
appreciable, however, with an apparent exception, ie,
larynx cancer. All cases of larynx cancer had occurred
after a period of exposure of at least 15 years, and they
represented a fivefold increase above expectation.

Results

The results of the follow-up of the cohort are presented
in table 1. Death certificates were obtained for all 130
deceased subjects.
The number of person-years accumulated and their
distribution according to attained age and years since
first exposure is given in table 2.
Table 3 shows the observed number of deaths for
broad groups of causes in comparison 'with the number of deaths expected from the national and local
rates. The standardized mortality ratio (SMR) values
were not consistent between the two choices of reference populations; they were generally higher by a
large extent when expected deaths were calculated from
the national rates. The significant increase in mortality
from all causes and the almost significant excess of
deaths from all cancers obtained in comparison with
the national rates disappeared when the death rates of
the local population were used. Deaths due to cancer
of the digestive tract were uniformly lower than expected. The four deaths from larynx cancer made up
a remarkable but not significant excesswhen compared
with the national expected figures and an almost twofold nonsignificant increase above the expected figures
from the local population. Twelve lung cancer deaths
were observed, slightly in excess of the national expected figures but less than expected from the local
rates. Cardiovascular deaths were significantly decreased below expectations. Other nonmalignant diseases were increased above expectations, but not significantly so. There was a slightly elevated mortality
from chronic respiratory disease, and the excess mortalit y from diseases of the digestive tract was mainly
due to cirrhosis (11 out of 16 deaths). Deaths due to
external causes were higher than expected from either
reference population.
Given this overall picture, only expected deaths calculated on the basis of the mortality rates of the local
population have been shown in table s 4-7. In table

Table 1. Status of the study population at the end of the followup (31 December 1983)
Number

Percen tage

956
130
12

87.1
11.8
1.1

1098

100.0

Alive
Dead
Lost to follow-up
Total

Table 2. Person -years of observa tion accumulated during the
study period (1944- 1983) broken down by years sinc e first exposure (latenc y) and attained age.
Years since first exposure

Age
(years)
~ 24

25-34
35- 44
45-54
55-64
65-74
> 74

:54

5-9

1360
2350
1271
413
60
3

314
2380
1666
798
173

13

10-14 15-19 20-24
4
1206
1786
946
292
25

274
1270
789
391
63

4
662
698
305
92
3

~ 25

197
875
407
178
57

Table 3. Mortality from selected causes in 1944-1983. Two sets of expected deaths are shown, calculated , respectively, from
the death rates of the national and local populati on. (SMR = standardized mortality ratio, standardized by age and calendar
period ; 95 % CI = 95 % con fiden ce interval)
National reference group
Cause of death"

Observed

Local reference group

Expected

SMR

95 % CI

Expected

SMR

95 % CI

130
39

106.4
28.1

122
139

102-145
99-190

126.1
39.1

103
100

86-122
71-136

8
4
12

9.2
1.2
8.0

87
337
149

38-171
91-853
77-262

12.3
2.1
12.5

65
188
96

28-128
52-488
50-168

21

35.0

60

37-92

42.1

50

31-76

8

6.1

130

57-258

6.0

133

57-263

Al im entary trac t disease (520- 579)

16

11.2

143

62-199

11.7

137

78-222

External causes (800-999)

20

14.9

135

82-207

13.1

153

93-236

All causes
All cancers (140-209)
Cancer of the digestive tra ct

(150-159)
Canc er of t he laryn x (161)
Cancer of the lung (162)
Card iovascular disease (390-458)
Resp iratory disease (460-519)

a Code of the International Classification of Diseases, eighth revision, in parentheses.
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Table 4. Morta li ty fro m selected caus es accord ing to years si nce first ex posure (exp ected deaths based on local rates).
(0 = obs erved number of deaths, E = expected number of deaths, SMR = standard ized mortal ity ratio)
Years since first exposure

;:;9

Cause of death "
0
All cause s
All cance rs (140-209)
Cance r of th e digestive tract
(150- 159)
Cancer of the laryn x (161)
Cancer of the lung (162)

10-14

E SMR

31 33.7
5 8.8

3

E

0

92
57

15-19

SMR

E

0

20 20.5 97
7 6.8 103

25 21.0 119
5 7.1 70

2.1
0.4
2.2

2.2
0.4
2.3

2.8 36
0.5
0
2.3 131

48
0
45

2

;,,25

20-24

SMR

0

E

SMR

17 17.6 96
8 6.1 131

44
0
87

3
1
2

0

SMR

E

37 33 .3 111
14 10.3 135

1.9 154
0.3 299
2.1 94

2
3
4

3.2 62
0.5 591 b
3.5 115

a Code of the Interna tional Classifi cat ion of Diseases , eighth revisi on , in parentheses.
95 % conf idence int erval = 150- 1 608.

b

Table 5. Mortality from selected caus es accord ing to length of exposu re (expected deaths based on loca l rates). (0 = observed
number of deaths, E = expected number of cases, SMR = standardized mortality rati o)
length of exposure (years)

s 9

Cause of death "

0
All causes
All can cer s (140- 209)
Cancer of the digestive trac t (150-159)
Cancer of the laryn x (161)
Cancer of the lung (162)

E

10-1 4
SMR

72 59.9 120
20 17.9 112
4 5.4 74
1.0
0
7 5.6 124

0

E

18 27.3
3
7.7
2.7
0.4
2.3

15-1 9

0

SMR

66
39
0
0
44

2:20

SMR

E

20 21.8 92
6
7.1 85
2 2.2 89
2 0.4 503
2
2.3 88

0

E

SMR

20 17.2 117
10 6.4 156
2 1.9 103
2 0.4 553
2 2.3 88

a Code o f th e Internat ion al Clas sifi cat ion o f Diseases, eight h revisi on , in parenth eses.

Table 6. Mort al ity from selec ted causes accord ing to calendar period in wh ic h ex pos ure began (expected deaths based on
local rates ). (0 = observ ed numb er of deaths , E = expec ted number o f deat hs, SMR = standardized mortal ity rat io)
Period of fi rst ex posure

;:;1949

Cause of death"
0
All caus es
All cancers (140-209)
Cancer of t he di gestive tr act
(150-1 59)
Cancer of the laryn x (161)
Canc er of the lung (162)

1950-1 954

E SMR

0

44 49.5 89
17 13.4 127
4
2
6

1955-1959

E SMR

17 12.9 132
3 3.6 83

4.8 84
0.7 282
3.7 163

0

17 17.9
6 6.1

1.2 82
0.2 557
1.0
0

1960 - 1964

E SMR

0

SMR

E

95
99

25 25.1
4 8.8

99
45

1.8
0
0.3 294
2.0 51

2.5
0.5
3.0

40
0
0

2:1965
0

E

SMR

27 20.7 130
9 7.3 124
2
5

1.9 103
0.4
0
2.7 184

a Code of the Inte rnat ional Classif icati on o f Diseases, eigh th revision, in parenth eses .

Table 7. Mort ality from sel ecte d causes acc ording to tirne-weiqht ed cu mu lati ve exposure scores. Categories fro m 1 to 4 in
observed num ber of deaths, E ex pected num ber
order of increasing severity (ex pect ed death s based on loca l rates ). (0
of deaths, SMR standardized mortality ratio )

=

=

=

Cum ulati ve exposu re category
Cause of death "

2
0

All caus es
All cancers (140-209)
Cancer of the dige sti ve t ract (150-159)
Canc er of the lary nx (161)
Canc er of the lung (162)

E

SMR

34 26.5 129
12 8.4 144
2
2.3 86
0.4
0
2.9 139
4

0

18
2

E

SMR

15.9 113
5.3 38
1.6
0
0.3
0
1.8 57

a Cod e o f the Inte rnational Classif icat ion of Diseases , eig ht h revis io n, in parenth eses.
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4

3
0

E

SMR

29 29.5 98
8
9.4 85
1 2.9 34
1 0.5 190
2
3.0 66

0

E

SMR

49 54.2 90
17 16.0 106
5 5.5 91
3 0.8 355
5 4.8 105

Similar considerations apply to the results presented
in table 6, where mortality is presented according to
year of first exposure. The year 1960 was the date of
cessation of glass-wool production, but the patterns
of the SMR values before or after that date do not
indicate an ostensibly different mortality between the
workers whose exposure started during the glass-wool
production period or later when only continuous filament was manufactured. However, if one looks at
larynx cancer, it can be noted that all cases had occurred in workers first employed in the plant before
1960; the number of observed deaths (although very
low) was well above the expected figures.
Analysis by weighted cumulative exposure (table 7)
showed a slightly increased overall mortality among
workers in the categories of lowest exposure. For all
cancer and lung cancer, a modest increase in the observed: expected ratios was only obtained in category
1 (lowest exposure). Instead, and not unexpected at
this step of the analysis, a clear, but still not significant, larynx cancer excess mortality was noted among
the workers in category 4, the one of highest exposure.

Discussion

This cohort of workers in man-made glass-fiber production exhibited a mortality from all causes significantly higher than expected from the mortality rates
of the national population of the same sex and birth
cohort. Also mortality from all cancers showed an increase of borderline significance; with reference to specific sites, larynx cancer and lung cancer deaths were
in excess, but not significantly so. In Italy, marked differences in cancer mortality across different regions
have been documented (8). Therefore, the use of local
rates seemed appropriate, and resulted in a conspicuous change of the SMR values. The overall mortality
failed to show any appreciable increase above expectation, and for no type of cancer did the observed
deaths result in values higher than expected, with the
expection of larynx cancer, for which an almost twofold, but not significant, increase was obtained.
As regards nonmalignant diseases, deaths due to cardiovascular diseases were consistently and significantly
fewer than expected, no matter which set of reference
rates was used. Deaths from nonmalignant diseases of
the respiratory and digestive tract resulted in a slight
excess. This result was somehow in contrast to what
was expected after a comparison of an industrial cohort
with a geographically defined population. The selection bias affecting such a comparison usually produces
a lowered mortality from these causes in the cohort
of workers. As mentioned, the excess mortality from
diseases of the digestive tract was mainly due to cirrhosis. This occurrence could be an indication of an
alcohol consumption much higher on the average
among the workers than among the reference population . The slight excess of deaths due to respiratory

causes, instead, did not seem to be applicable to vastly
different smoking habits between the compared populations, since such a difference would have also been
reflected by the results of mortality from cardiovascular causes. The elevated risk of death from external
and violent causes was not accounted for by accidents
at work.
The possible cancer risk associated with working in
this plant was further analyzed. High values of the observed: expected ratio for all cancers were found
among workers who had been exposed for at least 20
years and after a latency period exceeding 20 years.
This suggestion, however, was not confirmed after
analysis by cumulative exposure. On the contrary,
when level, calendar time, and duration of exposure
were taken altogether into consideration, the only
elevated SMR was observed in the category of lowest
exposure.
No suggestions of an increased risk of cancer of the
digestive tract were provided by any of the analyses
performed.
Deaths due to lung cancer showed a slight increase
above expectation only in comparison with the national
population. Analysis by latency, duration of exposure,
period of exposure, and cumulative exposure failed to
confirm the hypothesis of an association between lung
cancer deaths and man-made glass-fiber exposure in
this particular study.
Four malignant tumors of the larynx were observed,
a number which in itself calls for caution in interpretation. They were well above the expected figures
from the local population, which, in point of fact, was
drawn from an area where quite a high background
risk from laryngeal cancer had been documented (1).
The increase was statistically significant after a latency
period longer than 25 years and was confined to the
subcohort of workers with a length of exposure of 15
years or more, hired before the age of 25 (table not
shown in this paper), and belonging to the category
of highest cumulative exposure. The cases were all
workers hired in the late 1940sand in the 1950s.These
data are relevant, since it can be reasonably assumed
that in those days the airborne concentration of fibers
was definitely higher in comparison to the measurement carried out in 1980. In addition glass wool was
manufactured in those days, a production which, as
mentioned, implies a dispersion of fibers in the atmosphere higher than in the production of continuous filament.
The possibly increased risk of laryngeal cancer is the
most consistent piece of data yielded by the study. Such
a suggestion was put forward even in a previous environmental and morbidity study carried out in 1979 in
this same plant on a group of 467 active workers from
the main production areas (19) and was also present
in the preceding phase of the mortality study of this
cohort (3).
The exogenous risk factors of laryngeal cancer have
been thoroughly investigated, and the ones almost uni69

versally accepted are tobacco smoking, alcohol, and
asbestos . In addition an increased laryngeal cancer risk
has been described in association with exposure to a
number of substances and/or occupations, as, for instance, nickel, wood dust, mineral oils, mustard gas
production, isopropyl alcohol, and ethanol production
with the strong acid method (diethyl sulfate being the
suspected compound), paper and leather works, textile manufacture, various chemical processes, a series
of metal works, and exposure to sulfuric acid (11, 18,
27, 32, 34, 35).
Asbestos is considered a certified risk factor, despite
the limited knowledge on the possible concomitant role
of tobacco smoking (4, 14, 22, 24, 28, 30, 33). The
behavior of glass fibers in the respiratory system differs from asbestos fibers in several critical ways. Asbestos contains, in general, a larger fraction of fibers
of respirable size. Asbestos fibers can split longitudinally into fibrils, while glass fibers tend to break transversely with a reduction of their length but not of their
diameter. Asbestos fibers (at least the amphiboles) are
almost insoluble in the lungs, while the persistence of
MMMF is shorter. They are, in fact, according to experimental data, relatively soluble and undergo dissolving and disintegrating processes which in an initial stage cause a reduction of their diameter but, as
time proceeds, also their disappearance from the lung
(13, 16, 17). These differences may account for a lower
deposition, and a quicker elimination from the lung,
of the inhaled portion of glass fibers than of asbestos
fibers. These differences, however, are less important
with regard to other portions of the respiratory tract.
The larynx, for instance, can be reached also by
"large," nonrespirable fibers (diameter ~3 /Lm), and
its anatomical structure is such as to favor the impact
and the permanence of these fibers . In addition, besides the ciliary escalator mechanism (which can be impaired by smoking), no further clearance mechanisms
are known to be acting, contrary to what happens in
the lung. Thus the hypothesis of an excess of laryngeal cancer apparent from this study could find a
biologically plausible explanation in a direct, continuing, and/or repeated action of the fibers on the
laryngeal mucosa.
The role of alcohol consumption and tobacco smoking in the causation of larynx cancer has been
thoroughly investigated (12, 27), and plausible explanations of their joint biological actions have been
proposed (20). In our study, it is unlikely that the
smoking habits of the workers and the local population differed to such an extent as to justify completely the excess mortality observed, also in the view of
the not higher than expected mortality from lung cancer, whereas a suggestion of a greater alcohol consumption among the workers comes from the higher than
expected mortality from cirrhosis, even in comparison
with the local population (11 observed versus 8.4 expected) .
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Our finding of an elevated mortality from cancer
of the larynx was not corroborated by the results of
the studies carried out concurrently in other countries
and presented in this same supplement. Nor was such
an excess mortality noted in the pooled analysis of the
European study (31) and in the largest study conducted
in the United States (10). Such a discrepancy could also
possibly stem from different attitudes, from country
to country, in certifying this cancer as cause of death,
given the long survival of patients suitably treated and
the consequent possibility of intervening disease
leading to death. Instead, some incidence data tend to
support our finding. Suggestions of an increased cancer
incidence in the upper respiratory tract came from the
European study (31), and, quite recently, a study in
a French glass-wool plant (23) disclosed a significantly elevated incidence of cancers of the upper respiratory and alimentary tract, and a clearly higher than
expected incidence of larynx cancer (5 observed versus
2.2 expected).
In our interpretation, the preceding discussion enhances the credibility of the hypothesis generated by
this study of a possible association between exposure
to man-made glass fibers under certain circumstances
and an increased risk of laryngeal cancer. However the
following three factors stand against this hypothesis:
(i) the small number of cases on which the excess was
based, (ii) the lack of an accurate histological characterization of the cases, and (iii) the lack of individual
information on other possible risk factors. (In conjunction with factor i it is worth mentioning in this respect
that two add itional deaths from lar ynx cancer were
known, but according to the admission criteria
adopted, they were considered a priori not related to
occupational exposure - one occurred in a worker exposed for less than one year and the other in a worker
hired after 1974.)
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