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BOFFETTA P SARACCI R, ANDERSEN A, BERTAZZI PA, CHANG-CLAUDE J, FERRO G,
FLETCHER AC, FRENTZEL-BEYME R, GARDNER MJ, OLSEN JH, SIMONATO L, TEPPO L,
WESTERHOLM P, WINTER P, ZOCCHETTI C. Lung cancer mortality among workers in the Euro-
pean production of man-made mineral fibers — a Poisson regression analysis. Scand J Work Environ
Health 1992;18:279—86. One hundred and eighty-one lung cancer deaths among workers during 301 085
person-years in European man-made mineral fiber production between 1930—1955 and 1982 were ana-
lyzed according to Poisson regression models including age, calendar period, country, and exposure vari-
ables. Time since first employment was the variable most strongly associated with lung cancer risk in both
the rock-slag wool and glass wool subcohorts. Workers in the early technological phase were at higher
risk than those in other categories, particularly in rock-slag wool production. No clear trend with dura-
tion of employment was suggested. No major changes occurred in the interpretation of the results when
workers with less than one year of employment or less than 20 years since first exposure were excluded.
The original results, based on analyses for standardized mortality ratios, were confirmed, and workers
with a short duration of employment or a short time since first employment did not need to be excluded

from the analysis.
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Since 1976, the International Agency for Research on
Cancer (IARC) has coordinated an epidemiologic study
on the mortality and cancer incidence of workers of
13 man-made mineral fiber (MMMF) plants in seven
European countries (1). Results of follow-up to 1977
and 1982 have been published (2, 3), as well as results
of specific analyses based on national cohort compo-
nents (4—11). The combined analysis was based on the
determination of standardized mortality ratio (SMR)
values, and the expected numbers of deaths were cal-
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culated on the basis of national reference rates with
the use of regional correction factors. The SMR anal-
ysis showed an excess mortality from lung cancer (189
observed and 151.2 expected deaths). There was an in-
crease in lung cancer risk with time since first employ-
ment but not with duration of employment. The ex-
cess of lung cancer was concentrated among rock-slag
wool workers, but not glass wool workers, employed
in the ‘“‘early technological phase’ (12).

Among the problems arising in the interpretation of
these results was the difficulty in disentangling the ef-
fect of the different exposure variables, given the small
number of deaths in the groups with the highest ex-
posure. Moreover, analyses of trend on the basis of
SMR values involve a lack of mutual comparability
between the ratios (13, 14). An alternative approach
to the calculation of SMR values is multivariate mod-
eling on the basis of a Poisson regression, in which
the number of deaths occurring in different cells of
exposure variables and covariates such as age and
calendar period are regarded as random Poisson vari-
ables and fitted to a multiplicative model (15). This
approach allows the reciprocal confounding effect of
exposure variables to be investigated and also allows
the problem of comparability among SMR values
based on subgroups of the cohort and between the
cohort and the reference populations to be overcome.
On the other hand, this approach is relatively unin-
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formative if the variability of exposure within the co-
hort is small. The present paper presents the results
of a Poisson regression analysis based on the data of
the last follow-up of the IARC MMMF study.

Subjects and methods

Subjects

The base of the study was the experience of workers
ever employed (with at least one year of employment
in England and Sweden) in the 13 factories enrolled
in the study (table 1). Individuals were identified from
factory records and were followed for mortality from
the year work in production began (ranged between
1933 and 1950) to 1982—1983 (table 1). Cancer inci-
dence data were collected for individuals from the
countries covered by a national cancer register. How-
ever, they were not used in this analysis. The original
cohort included 24 609 individuals. After women and
office workers, which represented 17.4 and 10.7% of
the overall cohort, respectively, were excluded, there
were 18 753 male production workers left, who pro-
vided 301 085 person-years of observation.

The factories were divided according to production
process into rock-slag wool, glass wool, and continu-
ous filament (table 1). Factory 14 changed type of
production during the study period, and its popula-
tion was divided into two subcohorts of workers em-
ployed respectively during the production of continu-
ous filament only and of glass wool and continuous
filament, the latter group being analyzed together with
the remaining glass wool factories. Six individuals were
employed in factory 14 as office workers during the
period of glass wool production and moved subse-
quently to continuous filament production. They were
excluded from this analysis.

The subjects were classified into the following oc-
cupational groups: (i) production and preproduction,
(ii) secondary processes, (iii) maintenance occupations,
(iv) other jobs, such as internal transport driver, store-
man, (v) unspecified or mixed manual job, and (vi)
unknown job. The 329 individuals employed in both
manual and office jobs were excluded from this anal-
ysis.

Individuals contributed to the person-years between
the beginning of employment and the end of follow-
up or exit (death, emigration, or last date of employ-
ment, for subjects lost to follow up). This time period
was also used to classify subjects according to time
since first employment, divided into four levels (<9,
10—19, 20—29, and =30 years). For the analysis by
duration of employment, only employment in the
aforementioned production processes was taken into
account. There were 219 individuals who had at least
one period of employment of unknown duration. They
were excluded from the analysis by duration of em-
ployment, which was based on five levels (<1, 1—4,
5—9, 10—19, and =20 years).
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All of the analyses were repeated after all of the sub-
jects with less than one year of employment were ex-
cluded, as well as after the subjects with less than
20 years since first employment were excluded. A third
approach was a lag-time analysis, in which the person-
years and the mortality experience were referred to the
exposure experience that took place 5 or 20 years
earlier, respectively (16, pp 153—155).

The cohort was analyzed as a whole, and most of
the analyses were repeated for the rock-slag wool and
glass wool subcohorts separately. The continuous fila-
ment subcohort was too small to allow a separate anal-
ysis. The outcome of interest was death from cancer
of the trachea, bronchus, and lung [referred to as lung
cancer, International Classification of Diseases (ICD),
7th revision, 162—163, and ICD 8th and 9th revisions,
162] (17).

Estimation of exposure to man-made mineral
fibers

The period of MMMF production in each factory was
divided into an early, intermediate, and late techno-
logical phase (12). Airborne levels of MMMF were es-
timated to be highest when no dust-suppressing agents
were used or a batch process involving labor intensive
and hand-operated production methods was in oper-
ation. These aspects characterized the early technolog-
ical phase. The late technological phase corresponded
to the periods when oil and resin binders were in use
with modern mechanized production methods. The
periods in between were classified as intermediate
phases. However, such a classification was not applied
to two factories, and for five other factories only two
phases were identified (12). The workers were allocated
according to the phase within which their date of first
exposure fell.

Statistical analysis

Relative risks (RR) and confidence intervals were es-
timated by fitting Poisson regression models to coun-
try-, age-, time-, and exposure-specific rates accord-
ing to a multiplicative model (15). No external mor-
tality rates were used. All of the regression models in-
cluded age (usually on eight levels), calendar period
(six levels), and country. Different combinations of the
exposure variables were tested, along with the first-level
interaction terms. The results presented in the tables
were generally based on models including all of the
relevant exposure variables and no interaction terms.
The tests for linear trend were performed by intro-
ducing a single exposure term to the model as a con-
tinuous variable with values corresponding to the mid
point of each interval or to a unitary scale. The pro-
gram PERSON-YEARS was used to estimate the in-
dividual contribution to each stratum (18), and the
GLIM (general linear interactive modeling) statistical
package was used for the multivariate analysis (19).



Results

During the study period there were 181 lung cancer
deaths. Nine of them occurred among the subjects ex-
cluded from the analysis for the aforementioned rea-
sons, and 172 deaths were left for the analysis. There
were 79 lung cancer deaths in both the rock-slag wool
and the glass wool subcohorts, the remaining 14 deaths
having occurred among continuous filament workers.
When the analysis was restricted to individuals with
at least one year of employment, the number of lung
cancer deaths fell to 131. After the subjects with less
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than 20 years since first employment were excluded
also, there were 61 lung cancer deaths left, of which
26 had occurred in the rock-slag wool subcohort and
35 in the glass wool subcohort. There were no con-
tinuous filament workers with more than 20 years since
first employment. Table 2 shows the results accord-
ing to time since first employment, duration of em-
ployment, technological phase, and type of produc-
tion for the rock-slag wool and glass wool cohorts com-
bined. The results specific for type of production are
presented in table 3. Workers in continuous filament
production were excluded from table 2 since they were

Table 1. Characteristics of the factories included in the study. (MMMF = man-made mineral fibers)

Year MMMF
Type of Number . End of
Factory Country production of subjects production follow-up
started
1 Denmark Rock wool 4431 1937 1982
2 Finland Glass wool 603 1941 1982
3 Norway Rock wool 470 1950 1982
4 Norway Rock wool 436 1940 1982
5 Norway Rock wool 862 1948 1982
6 Norway Glass wool 525 1935 1982
7 Sweden Glass wool 1480 1933 1982
8 Sweden Rock wool 300 1943 1982
9 Sweden Rock wool 1103 1938 1982
10 United Kingdom Glass wool 3253 1943 1983
1 United Kingdom Continuous filament 1169 1946 1983
12 Germany Rock wool 2092 1941 1983
14 Italy Continuous filament 1612 1944 1983
14 Italy Glass wool 417 1944 1983

Table 2. Relative risks (RR) and 95% confidence intervals (95% Cl) of lung cancer deaths for duration of employment, time
since first employment, technological phase, and type of production in the MMMF industry — results of a Poisson regression

analysis.2 (MMMF = man-made mineral fiber)

All individuals

Duration of employment =1 year
and time since first employment

=20 years
Nb RR 95% ClI NP RR 95% CI
Time since first employment (years)
=9 30 1.00¢ — — — —
10—19 59 1.32 0.78—2.21 — — —
20—29 44 1.32 0.68—2.56 38 1.00¢ -
=30 25 2.14 0.92—5.00 23 1.76 0.93—3.33
Test for linear trend? 0.13
Duration of employment (years)
<1 27 1.00¢ — — - —_
1—4 45 117 0.68—2.01 24 1.00¢ -
5—9 27 1.22 0.67—2.22 4 0.33 0.11—0.96
10—19 45 1.51 0.85—2.69 19 0.75 0.38—1.46
=>20 14 0.78 0.36—1.70 14 0.51 0.25—1.04
Test for linear trend? 0.75 0.11
Technological phase
Latec 65 1.00 — 12 1.00 —
Intermediate 69 1.01 0.55—1.86 32 1.50 0.37—6.09
Early 24 1.56 0.70—3.48 17 1.70 0.38—7.58
Type of production
Rock wool° 79 1.00 — 26 1.00 —
Glass wool 79 0.56 0.24—1.30 35 0.76 0.27—2.16

2 The regression models included country, age, calendar period, and exposure variables (time since first exposure, duration

of employment, technoiogical phase, type of production).
b Number of lung cancer deaths.
¢ Reference category.
d p-value.
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Table 3. Relative risks (RR) and 95% confidence intervals (95% CI) of lung cancer deaths for duration of employment, time
since first employment, and technological phase by type of production — results of a Poisson regression analysis.2

All individuals

Duration of employment >1 year
and time since first employment

=20 years
Nb RR 95% CI NP RR 95% Cl

Rock wool — slag wool

Time since first employment (years)
=ge 17 1.00 — — —_ —
10—19 29 1.29 0.64—2.57 — — —
20—29 22 1.38 0.55—3.46 17 1.00 —
=30 " 1.87 0.52—6.74 9 1.35 0.45—4.04
Test for linear trend? 0.38

Duration of employment (years)
<1¢ 24 1.00 — — — —
1—4 17 1.11 0.58—2.11 9 1.00 -
5—9 15 1.90 0.97—3.72 3 0.69 0.18—2.63
10—19 14 1.24 0.59—2.62 5 0.48 0.15—1.59
=20 9 117 0.46—2.94 9 0.71 0.26—1.94
Test for linear trend? 0.41 0.44

Technological phase
Late® 56 1.00 — 12 1.00 —
Intermediate 14 0.99 0.44—223 6 1.27 0.27—6.03
Early 9 1.53 0.52—4.47 8 1.73 0.30—9.87

Glass wool

Time since first employment (years)
<gc 13 1.00 — — — —
10—19 30 1.53 0.65—3.59 — — —
20—29 22 1.36 0.49—3.80 21 1.00 —
=30 14 2.59 0.77—8.64 14 2.01 0.90—4.48
Test for linear trendd 0.21

Duration of employment (years)
<1¢ 3 1.00 — — - =
1—4 28 0.74 0.17—3.18 15 1.00 —
5—-9 12 0.53 0.12—2.37 1 0.12 0.02—0.91
10—19 31 1.04 0.24—4.48 14 0.92 0.41—2.07
=20 5 0.30 0.05—1.76 5 0.36 0.12—1.11
Test for linear trendd 0.70 0.20

Technological phase
Late® 9 1.00 —_ — — —
Intermediate 55 0.88 0.32—2.37 26° 1.00¢ —
Early 15 1.64 0.43—6.25 9 0.87 0.10—7.36

w

The regression models included country, age, calendar period, and exposure variables (time since first exposure, duration

of employment, technological phase). The continuous filament subcohort was excluded from this analysis.

Number of lung cancer deaths.
Reference category.
P-value.

® aoo

Includes the late phase (no deaths).

not classified as for technological phase. When the
latter variable was not included in the regression model
and the entire cohort was retained in the analysis, the
relative risks for time since first employment were 1.18
[95% confidence interval (95% CI) 0.76—1.84], 1.18
(95% CI 0.69—2.00), and 2.03 (95% CI 1.06—3.89)
for 10—19, 20—29 and = 30 years, respectively, and
those for duration of employment were 1.04 (95% CI
0.63—1.72), 1.13 (95% CI 0.65— 1.95), 1.31 (95% CI
0.76—2.25), and 0.78 (95% CI 0.37—1.63) for 1—4,
5—9, 10—19, and =20 years of employment, respec-
tively.

Albeit the relative risks of lung cancer increased in
subsequent categories of time since first employment,
as shown in tables 2 and 3, the slope of the regression
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line fitted to a multiplicative model (ie, on the assump-
tion of an exponential increase in relative risk) did not
reach the conventional level of statistical significance.
Duration of employment was not associated with lung
cancer risk when the other variables, and specifically
time since first employment, were included in the
model. The relative risks of lung cancer for duration
of employment, not controlled for time since first em-
ployment (all individuals, all subcohorts), were 1.05
(95% CI10.64—1.73), 1.13 (95% C1 0.65—1.96), 1.40
(95% CI 0.82—2.37), and 0.96 (95% CI 0.49—1.95)
for 1—4, 5—9, 10—19, and =20 years of employment,
respectively.

The risk of lung cancer in the glass wool subcohort
was 0.56 that of the rock-slag wool subcohort when



the other variables were controlled (table 2). After
"“workers with less than 20 years since first employment
were excluded, this difference was smaller. The rela-
tive risk of the continuous filament workers, as com-
pared with the rock-slag wool workers, was 0.64 (95%
CI 0.24—1.73) for all durations of employment and
0.44 (95% CI 0.15—1.30) for one or more years of
employment.

In the analysis for all individuals (table 3), workers
first employed in the early technological phase in both
the rock-slag wool and glass wool subcohorts showed
a higher lung cancer risk than individuals employed
later. However, when the analysis was restricted to
workers with at least 20 years since first employment
(and at least one year of employment), only the rock-
slag wool subcohort showed higher lung cancer risks
in the early phase, as compared with the late phase.

The reciprocal confounding effect of the exposure
variables was investigated by fitting regression models
including different combinations of covariates. There
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was no evidence of strong confounding effects, not
even in the case of variables with some degree of
colinearity, such as time since first employment and
technological phase at first employment.

Table 4 presents the results for time since first em-
ployment and duration of employment for the rock-
slag wool workers who were first employed in the early
technological phase. These are the workers most like-
ly to have been exposed to high levels of MMMF. The
power of this analysis was strongly limited by the
small number of lung cancer deaths (nine deaths overall
and only six among the workers employed for =1
years), and the variables had to be categorized into few
levels. However, there was a suggestion of an asso-
ciation between lung cancer risk and both time since
first employment and duration of employment.

The results of the analysis by department of employ-
ment for the workers having at least 20 years since
first employment are shown in figure 1. In most cases,
the small number of lung cancer deaths caused impre-

Table 4. Relative risks (RR) and 95% confidence intervals (95% CI) of lung cancer deaths for duration of employment and time
since first employment in the rock-slag wool industry. Only individuals who started in the early technological phase are in-

cluded — results of a Poisson regression analysis.?

All individuals

Duration of employment =1 year
and time since first employment

=20 years
Nb 95% CI Nb RR 95% Cl

Time since first employment (years)

=29¢ 4 1.00 — 3 1.00 —

=30 5 1.42 0.22—9.38 3 1.30 0.17—9.82
Duration of employment (years)

<1 3 1.00¢ — — — —

1—4 3 0.92 0.12—6.84 3 1.00° —

=5 3 1.74 0.22—13.93 3 1.48 0.26—8.39

®

of employment).
b Number of lung cancer deaths.
Reference category.

o

Relative risk
251

1.5

21 10 11

N

Prod /preprod
Reference

Maintenance

Second proc

B Al workers Rock wool/slag wool

Unspecif /mixed

Glass wool

Regression models included country, age, calendar period, and the exposure variables (time since first exposure, duration

Figure 1. Relative risk and number of lung
cancer deaths by department of empioy-
ment. (Note: the regression models in-
cluded country, age, calendar period, time
since first exposure, duration of employ-
ment, type of production and technologi-
cal phase.) (prod = production, preprod =
preproduction, proc=processes, unspe-
cif = unspecified)
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RR/ratio of SMR
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Figure 2. Comparison of standardized mor-
tality ratios (SMR) and relative risks (RR) by
time since first employment. (Note: the
regression models included country, age,
and calendar period.) (A=10—19 years
since first employment, B = 20—29 years
since first employment, C= =30 years
since first employment, reference cate-
gory =0—9 years since first employment)

ANNANNRNRNNNNNNNNNNNNNNNNNNNNNNANY

ANNNANNNNNNNNANNANNNNNN

Glass wool

Table 5. Relative risks (RR) and 95% confidence intervals (95% CI) of lung cancer deaths for duration of employment, time
since first exposure, technological phase, and type of production in the MMMF industry, applying a 20-year lag — results of
a Poisson regression analysis.2 (MMMF = man-made mineral fibers)

All types of production Rock wool Glass wool
Nb  RR 95% ClI NP RR 95% ClI N®  RR 95% CI
Time since first employment
(years)
20—29¢ 36 1.00 — 16  1.00 — 20 1.00 —
=30 23 193 0.99—-3.76 9 151 0.49—4.66 14 243 1.04—566
Duration of employment (years)
1—4¢ 36 1.00 — 13 1.00 — 23  1.00 —
=5 23 058 0.32—1.06 12 0.80 0.32—2.01 11 043 0.19—0.96
Technological phase
Latec 12 1.00 — 12 1.00 — — . .
Intermediate 30 1.20 0.29—4.97 5 097 0.19—482 254 1.00° —
Early 17 124 0.27—-557 8 136 0.23—8.05 9 064 0.08—5.16
Type of production
Rock wool¢ 25 1.00 -
Glass wool 34 080 0.28—228

2 The regression models included country, age, calendar period, and exposure variables (time since first exposure, duration

of employment, technological phase, type of production).
® Number of lung cancer deaths.
¢ Reference category.
9 Includes the late phase (no deaths).

cise risk estimates. No department was consistently at
higher risk than the remaining ones. The relative risk
for all other specified jobs (ie, secondary processes,
maintenance, and other jobs) combined, as compared
with primary production, was 0.70 (95% CI 0.43—
1.13) for all of the workers. The analysis by depart-
ment was repeated including also workers with less
than 20 years since first employment (figure 2), and
the results were very similar to those shown in fig-
ure 1. The results of the 20-year lag analyses are shown
in table 5. They were based on workers with 20 or more
years since first employment, and it should be noted
that the classification of the subjects according to
duration of employment was different from that shown
in tables 2 and 3. The five-year lag analysis (not shown)
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provided results very similar to those based on work-
ers with at least 20 years since first employment (ta-
bles 2 and 3), and the 20-year lag-time analysis of ta-
ble 5 suggests an even stronger effect of time since first
employment.

Discussion

Theoretically, interpreting trends based on SMR values
could lead to erroneous conclusions, given the inherent
lack of comparability of risk estimates obtained via
indirect standardization with an external population
(14, 20). It is well recognized, however, that in most
instances the difference in the structure of the popu-
lations from which the SMR values were calculated



were not large enough to cause severe problems (16,
pp 126—127). The results of the present multivariate
analysis agree with this conclusion. In fact, the risk
estimates which were derived from the Poisson regres-
sion and which were adjusted only for age, calendar
period, and country (ie, the variables used in the in-
direct standardization) were remarkably similar to the
ratios of the corresponding SMR values. As an exam-
ple, figure 2 shows lung cancer risk estimates for time
since first employment. (The difference in the risk
ratios in figure 2 and those shown in tables 2 and 3
are due to the inclusion of other covariates in the latter
models.) All of the major results based on SMR values
have been confirmed by the present multivariate anal-
ysis. A trend of lung cancer risk is shown for time since
first employment, but not for duration of employment,
and workers employed in the early technological phase
and in the rock-slag wool subcohort had a higher risk
of lung cancer than workers in the remaining cate-
gories. The application of a 5- or 20-year lag time fur-
ther added to the consistency of the results according
to time since first employment. Moreover, this anal-
ysis allowed some insight into the relationship between
the exposure variables, and the results suggest that time
since first employment is the variable most strongly
associated with lung cancer risk, but that an effect of
employment during the early technological phase is still
suggested after adjustment for time since first employ-
ment and duration of employment. The only interac-
tion terms which significantly improved the goodness
of fit were age-duration and time since first employ-
ment-duration, but their inclusion did not allow any
material change in the interpretation of the results.

It has been argued that short-term workers should
not be included in epidemiologic studies on occupa-
tional cancer since they are likely to be different from
workers with longer employment with respect to so-
cial or behavioral factors possibly related to cancer
risk, such as education or tobacco smoking (21). This
criticism has been recently applied to studies on the
mortality of MMMF workers (20). When duration of
employment was analyzed in this study, workers em-
ployed for less than one year in the rock-slag wool sub-
cohort were at lower risk of lung cancer than workers
employed for longer periods, whereas the opposite pat-
tern was found for the glass wool cohort (table 3). All
of the analyses shown in tables 2—35 have been repeated
after workers employed for less than one year were ex-
cluded, and the results were not modified. As an ex-
ample, the relative risks for lung cancer according to
time since first employment were (for the categories
10—19, 20—29, and =30 years, respectively) 1.28,
1.54, and 2.33 for the rock-slag wool cohort and 1.35,
1.21, and 2.33 for the glass wool cohort. Therefore,
it does not seem necessary to exclude short-term work-
ers from the analysis of this population. Two further
arguments strengthen this conclusion. Employment in
MMMF production, especially in the past, did not re-
quire high technical skill, and therefore no major

Scand J Work Environ Health 1992, vol 18, no 5

difference in social class may be expected between
short- and long-term workers. In addition short-term
workers might well have been employed in most dusty
jobs, such as the removal of fibers from the blowing
chamber when batch production was in use, and, there-
fore, they might represent a category of particularly
high exposure to MMMF.

Some problems, however, remain in the interpreta-
tion of the results. In particular, the possible con-
founding effect of lung carcinogens in the raw mate-
rial used in the production of MMMTF, such as arse-
nic in slag and asbestos, was not controlled in this anal-
ysis. However, previous analyses based on SMR values
did not suggest that confounding by arsenic-containing
slag, asbestos, or formaldehyde was likely to have
played an important role (22). On the other hand, it
is unlikely that confounders such as tobacco smoking
or socioeconomic status were responsible for the differ-
ences in lung cancer risk found in this analysis, which
was entirely based on internal comparisons.

Further developments of the IARC study include an
updating of the follow-up, which will provide a larger
contribution of person-years, in particular in the cat-
egory of workers with the longest latency, and a pilot
phase of a nested case-referent study of lung cancer
in the rock-slag wool cohort, aimed to assess the feasi-
bility and reliability of abstracting for selected indi-
viduals of the cohort, more detailed job descriptions,
and the tracing of next-of-kin to obtain data on smok-
ing and occupational exposures outside the MMMF
production industry. Finally, the possibility of applying
model-based quantitative estimates of MMMF ex-
posure in the rock-slag wool plants (23) is being cur-
rently investigated.
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