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BERTAZZI PA, ZOCCHETTI C, RIBOLDI L, PESATORI A, RADICE L, LATOCCA R. Cancer mor-
tality of an Italian cohort of workers in man-made glass-fiber production. Scand J Work Environ 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-made glass-fiber production industry in Italy (glass
wool and continuous filament). All male production workers employed for a minimum of one year between
1944 and 1974 were admitted to the study (1 098 subjects), and their mortality was examined in the period
1944—1983 (21 325 person-years). The vital status ascertainment was successful for 98.9 %, of the cohort
members. An increased risk of cancer of the larynx was noted based, however, on only four deaths. When
contrasted with the values of the local population, the increase proved to be statistically significant after
25 years since first exposure. The higher than expected larynx cancer mortality was confined to workers
hired before the age of 25 years, exposed for at least 15 years, who started exposure before 1960 (main
production: glass wool), and who belonged to the highest cumulative exposure categories. Known con-
founding factors could not completely account for the excess observed. Among the numerous studies car-
ried out on man-made glass-fiber workers, only one incidence study in France support our findings. No

other increased cancer risks have been suggested by the present study.
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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 1940s in France, Italy, and the United
States, and they concerned irritating effects on the skin,
ocular mucosae, and the upper airways (2, 15). Simi-
lar effects were coherent with the definition of ‘‘nui-
sance particulates’’ attributed to MMMF. More recent-
ly, results of experimental, as well as human, studies
prompted the reconsideration of the alleged biologi-
cally ““inert’’ character of this material in that fibers
of appropriate dimensions exerted a carcinogenic
action in particular experimental systems (9) and
several independent epidemiologic studies thereafter
conducted did not allow excluding a possible analo-
gous risk to man under certain exposure conditions
(29). In Italy, in particular, repeated observations were
made of cases of interstitial lung disease with charac-
teristics similar to asbestosis in workers exposed purely
to man-made glass fibers (6, 7, 21).

This mortality study was carried out within the
framework of an international European research
project that was started in 1977, has been coordinated
by the International Agency for Research on Cancer
(IARC) (5), and was designed in order to examine any
possible long-term effect (especially respiratory can-
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cer) associated with working in the man-made glass-
fiber industry in Italy.

Subjects and methods

Plant

The plant studied has been manufacturing glass fibers
since 1944. The active workforce at the time the study
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 pro-
duction was, and still is, continuous filament, a process
known to produce concentrations of respirable fibers
much lower than other 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 Medi-
cine (25). Personal samples were taken from a random
sample of 166 workers, representative of those work-
ing under typical exposure conditions. The group mean
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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 uym (scanning
electron microscopy) or from 13.4 to 47.5 um (optical
microscopy). Despite the nominal diameter of the con-
tinuous filament (greater than 6 um), the median group
diameters of the airborne fibers ranged from 0.30 to
0.70 pm (scanning electron microscopy). Asbestos
fibers were not found to be present in any of the sam-
ples. 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 com-
parable; no doubt, however, even in 1977, the concen-
trations 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 commence-
ment of production and 1980. The enumeration of the
cohort was ascertained from a check of the progres-
sive 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 hy-
pothesis 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 fol-
lowing information for each subject: surname, first
name, sex, place and date of birth, residence and/or
last address, complete work history including the dif-
ferent 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
municipality 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 sub-
ject 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 mean-
while, 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 pro-
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gram developed for these types of studies (36). Ex-
pected deaths were calculated on the basis of the fol-
lowing 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 separation 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 ap-
proach was attempted.

Each worker had belonged to one or more of the
exposure categories and hence had been exposed to cer-
tain estimated fiber concentrations for known num-
bers 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 as-
signment 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 pos-
sible 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 expe-
rienced 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 ex-
posure depending on the level, calendar time, and
duration of his individual exposure history. The re-
sulting distribution of scores was then broken down
into quartiles, so as to obtain categories of cumula-
tive exposure of comparable size and increasing sev-
erity, which have been simply referred to as categories
1to 4.

The adopted scoring system did not allow for dis-
tinguishing between different production processes, ie,
glass wool or continuous filament, but we thought it
best, other than simplest, to try to separate glass-wool
exposure from continuous-filament exposure merely
by analyzing the data according to the year of em-
ployment 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 dis-
tribution of the events in the numerator. Confidence
limits were calculated according to Miettinen’s meth-
od, using available desk calculator programs (26).



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 num-
ber of deaths expected from the national and local
rates. The standardized mortality ratio (SMR) values
were not consistent between the two choices of ref-
erence 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 ex-
pected. The four deaths from larynx cancer made up
a remarkable but not significant excess when compared
with the national expected figures and an almost two-
fold nonsignificant increase above the expected figures
from the local population. Twelve lung cancer deaths
were observed, slightly in excess of the national ex-
pected figures but less than expected from the local
rates. Cardiovascular deaths were significantly de-
creased below expectations. Other nonmalignant dis-
eases were increased above expectations, but not sig-
nificantly so. There was a slightly elevated mortality
from chronic respiratory disease, and the excess mor-
tality 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 cal-
culated on the basis of the mortality rates of the local
population have been shown in tables 4—7. In table

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 can-
cer of the digestive tract and lung cancer failed to ex-
hibit 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.

Table 1. Status of the study population at the end of the follow-
up (31 December 1983)

Number Percentage
Alive 956 87.1
Dead 130 11.8
Lost to follow-up 12 11
Total 1098 100.0

Table 2. Person-years of observation accumulated during the
study period (1944—1983) broken down by years since first ex-
posure (latency) and attained age.

Years since first exposure

Age
(years) <4 5-9 10—14 15—19 20—24 =25
=24 1360 314 4 - —_ _
2534 2350 2380 1206 274 4 —
3544 1271 1666 1786 1270 662 197
4554 413 798 946 789 698 875
55—64 60 173 292 391 305 407
65—74 3 13 25 63 92 178
>74 i — - = 3 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 population. (SMR = standardized mortality ratio, standardized by age and calendar

period; 95 % C! = 95 % confidence interval)

National reference group

Local reference group

Cause of death? Observed
Expected SMR 95 % Cl Expected SMR 95 % CI

All causes 130 106.4 122 102—145 126.1 103 86—122
All cancers (140—209) 39 28.1 139 99—190 39.1 100 71—136

Cancer of the digestive tract

(150—159) 8 87 38—171 12.3 65 28—128

Cancer of the larynx (161) 4 337 91—853 21 188 52—488

Cancer of the lung (162) 12 149 77—262 125 96 50—168
Cardiovascular disease (390—458) 21 35.0 60 37—92 421 50 31—76
Respiratory disease (460—519) 8 130 57—258 6.0 133 57—263
Alimentary tract disease (520—579) 16 11.2 143 62—199 1.7 137 78—222
External causes (800—999) 20 14.9 135 82—207 13.1 153 93—236

2 Code of the International Classification of Diseases, eighth revision, in parentheses.
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Table 4. Mortality from selected causes according to years since first exposure (expected deaths based on local rates).
(O = observed number of deaths, E = expected number of deaths, SMR = standardized mortality ratio)

Years since first exposure

Cause of death? =9 10—14 15—19 20—24 >25
O ESMR O E SMR O E SMR O E SMR O E SMR
All causes 31 337 92 20 205 97 25 21.0 119 17 176 96 37 33.3 111
All cancers (140—209) 5 88 57 7 6.8 103 5 71 70 8 6.1 131 14 103 135
Cancer of the digestive tract
(150—159) 1 28 36 1 21 48 1 22 44 3 1.9 154 2 32 62
Cancer of the larynx (161) — 05 © — 04 O — 04 O 1 03 299 3 0.5 591°
Cancer of the lung (162) 3 23 131 1 22 45 2 23 87 2 21 94 4 35 115

2 Code of the international Classification of Diseases, eighth revision, in parentheses.

b 95 % confidence interval = 150—1 608.

Table 5. Mortality from selected causes according to length of exposure (expected deaths based on locai rates). (O = observed
number of deaths, E = expected number of cases, SMR = standardized mortality ratio)

Length of exposure (years)

Cause of death? =9 10—14 15—19 =20
(o} E SMR 0 E SMR o] E SMR O E SMR
All causes 72 599 120 18 273 66 20 218 92 20 17.2 117
All cancers (140—209) 20 179 112 3 7.7 39 6 71 85 10 6.4 156
Cancer of the digestive tract (150—159) 4 54 74 — 27 0 2 22 89 2 1.9 103
Cancer of the iarynx (161) — 10 0 — 04 O 2 04 503 2 0.4 553
Cancer of the lung (162) 7 56 124 1 23 44 2 23 88 2 23 88

[

Code of the International Classification of Diseases, eighth revision, in parentheses.

Table 6. Mortality from selected causes according to calendar period in which exposure began (expected deaths based on
local rates). (O = observed number of deaths, E = expected number of deaths, SMR = standardized mortality ratio)

Period of first exposure

Cause of death® <1949 1950—1954 1955—1959 1960—1964 > 1965
O ESMR O E SMR O E SMR O E SMR O E SMR
All causes 44 495 89 17 12.9 132 17 179 95 25 251 99 27 20.7 130
All cancers (140—209) 17 13.4 127 3 36 83 6 6.1 99 4 88 45 9 73 124
Cancer of the digestive tract
(150—159) 4 48 84 1 12 82 — 18 0 1 25 40 2 19 103
Cancer of the larynx (161) 2 0.7 282 1 0.2 557 1 03 294 — 05 0 — 04 0
Cancer of the lung (162) 6 3.7 163 - 10 0 1 20 51 — 3.0 0 5 27 184

®

Code of the International Ciassification of Diseases, eighth revision, in parentheses.

Table 7. Mortality from selected causes according to time-weighted cumulative exposure scores. Categories from 1 to 4 in
order of increasing severity (expected deaths based on local rates). (O = observed number of deaths, E = expected number

of deaths, SMR = standardized mortality ratio)

Cumulative exposure category

Cause of death? 1 2 3 4
(0] E SMR (0] E SMR (o] E SMR O E SMR

All causes 34 265 129 18 159 113 29 295 98 49 542 90
All cancers (140—209) 12 84 144 2 53 38 8 94 85 17 16.0 106
Cancer of the digestive tract (150—159) 2 23 86 — 16 0 1 29 34 5 55 91
Cancer of the iarynx (161) — 04 0 — 03 0 1 05 190 3 0.8 355
Cancer of the lung (162) 4 29 139 1 18 57 2 30 66 5 4.8 105

®
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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 fila-
ment was manufactured. However, if one looks at
larynx cancer, it can be noted that all cases had oc-
curred 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 ob-
served : 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 signifi-
cant, 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 pro-
duction exhibited a mortality from all causes signifi-
cantly 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 in-
crease of borderline significance; with reference to spe-
cific sites, larynx cancer and lung cancer deaths were
in excess, but not significantly so. In Italy, marked dif-
ferences in cancer mortality across different regions
have been documented (8). Therefore, the use of local
rates seemed appropriate, and resulted in a conspic-
uous change of the SMR values. The overall mortality
failed to show any appreciable increase above expec-
tation, 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 two-
fold, but not significant, increase was obtained.

As regards nonmalignant diseases, deaths due to car-
diovascular 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 selec-
tion 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 cir-
rhosis. This occurrence could be an indication of an
alcohol consumption much higher on the average
among the workers than among the reference popula-
tion. The slight excess of deaths due to respiratory

causes, instead, did not seem to be applicable to vastly
different smoking habits between the compared popu-
lations, since such a difference would have also been
reflected by the results of mortality from cardiovas-
cular 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 ob-
served :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 inter-
pretation. 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 1940s and 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 measure-
ment 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 atmos-
phere higher than in the production of continuous fila-
ment.

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 envi-
ronmental 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 uni-
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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 in-
stance, nickel, wood dust, mineral oils, mustard gas
production, isopropy! alcohol, and ethanol production
with the strong acid method (diethyl sulfate being the
suspected compound), paper and leather works, tex-
tile 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 dif-
fers from asbestos fibers in several critical ways. As-
bestos contains, in general, a larger fraction of fibers
of respirable size. Asbestos fibers can split longitudi-
nally into fibrils, while glass fibers tend to break trans-
versely 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
MMMEF is shorter. They are, in fact, according to ex-
perimental data, relatively soluble and undergo dis-
solving and disintegrating processes which in an ini-
tial 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 um), and
its anatomical structure is such as to favor the impact
and the permanence of these fibers. In addition, be-
sides the ciliary escalator mechanism (which can be im-
paired 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 laryn-
geal cancer apparent from this study could find a
biologically plausible explanation in a direct, con-
tinuing, and/or repeated action of the fibers on the
laryngeal mucosa.

The role of alcohol consumption and tobacco smok-
ing in the causation of larynx cancer has been
thoroughly investigated (12, 27), and plausible expla-
nations 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 popula-
tion differed to such an extent as to justify complete-
ly the excess mortality observed, also in the view of
the not higher than expected mortality from lung can-
cer, whereas a suggestion of a greater alcohol consump-
tion among the workers comes from the higher than
expected mortality from cirrhosis, even in comparison
with the local population (11 observed versus 8.4 ex-
pected).
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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 significant-
ly elevated incidence of cancers of the upper respira-
tory 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 en-
hances 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 charac-
terization of the cases, and (iii) the lack of individual
information on other possible risk factors. (In conjunc-
tion with factor i it is worth mentioning in this respect
that two additional deaths from larynx 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 ex-
posed for less than one year and the other in a worker
hired after 1974.)
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