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WESTERHOLM P, BOLANDER A-M. Mortality and cancer incidence in the man-made mineral fiber
industry in Sweden. Scand J Work Environ Health 12 (1986): suppl I, 78-84. This report gives an ac­
count of the Swedish contribution to the joint European epidemiologic study on production workers in
the man-made mineral fiber (MMMF) industry. The information sources utilized and the follow-up pro­
cedure, making extensive use of record-linkageoperations extracting data from computerized data banks,
arc described in some detail. The follow-up with regard to vital status, deaths and causes of death, diag­
nosed cancers, and emigration could essentially be based on such techniques. The problems of tracing
immigrant and emigrant subpopulations are given particular attention. The exposed Swedishcohort con­
sisted of 3 600 persons giving 61 690 person-years of observation. A total of 524 deaths was observed
in the cohort, 230 cohort members had emigrated during the period of observation (147 of whom could
be traced to other Nordic countries), and 62 other persons were lost to follow-up. It was observed that
most of the persons contracting lung cancer in the Swedish cohort had been exposed during relatively
short periods of time, ie, during one to four years of employment. This finding applied to both the rock­
wool and glass-wool industry. The authors point out that the observed excess risk in lung cancer deaths
may also have other explanations than occupational exposure to MMMF.
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The Swedish contribution to the joint European epi­
demiologic study (3) consists of information obtained
from the following three factories: Gullfiber AB Bil­
lesholm (glass-wool production), Rockwool AB (slag­
and rock-wool production), and Laxa Bruk (slag- and
rock-wool production).

At Rockwool AB in Skovde the production started
in 1938. Over the years the company engaged a suc­
cessively increasing number of workers. At this fac­
tory slag was initially used, but only after a few years
it was replaced by rock (diabase) as the raw material
for fiber production. At Laxa Bruk fiber production
started in 1943 as a new type of production, being
added to the existing iron manufacturing which had
been the main production line for about 300 years. At
Gullfiber AB in Billesholm the production started in
1933, glass fibers being the product from the outset.

Identification of the cohort

The study cohort of persons exposed to mineral fibers
in the factories was identified through scrutiny of all
available personnel records going back to the start of
production. For the best possible ascertainment of
record completeness, we were assisted by working
groups at each factory. These groups consisted of
representatives of the employer, the factory trade
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unions, and also former employees with good knowl­
edge and recollection of work conditions.

The information extracted from the records included
identification data such as name and a nine- or ten­
digit identity number (the Swedish personal identi­
fication number, introduced in 1947) or, for part of
the cohort, only date of birth (making the follow-up
procedures rather complicated), and details of the work
performed (including period of employment and job
category at the factory). The data on occupation were
classified and coded in the format applied to the whole
European cohort. A minimum of one year of employ­
ment in a job entailing exposure to man-made min­
eral fibers (MMMF) was set as a requirement for entry
into the cohort.

Follow-up procedures

Individual identity, ie, the personal identification num­
bers, was checked and added to the information re­
trieved from the personnel records. Persons lacking
adequate identification numbers were dealt with sepa­
rately, until they had been traced and information on
them had been completed. All the data formed a reg­
ister, transferred to magnetic tape and used as the basic
source of information in the follow-up operations car­
ried out through matching procedures and record link­
age. The registered cohort was matched with centrally
stored, computerized data bases containing informa­
tion on the total population, those alive at different
points in time, deaths, cancer incidence, and emigra­
tion.



The sources of information used to establish follow­
up status were registers of the total population of Swe­
den of 31 December 1982 and of 31 December 1978
and registers on vital events at Statistics Sweden in
Orebro,

Through record linkage, the cohort was matched
with the register of the total population of 1982. Since
both names and personal identification numbers were
used for identification in the matching of persons, the
cohort members alive at the end of the follow-up
period could be properly identified.

The members of the cohort not ascertained to be
alive on 31 December 1982 were then matched with
the register of the total population of 1978. As a result
of this procedure persons alive on 31 December 1978
could be identified. The remainder of the cohort then
consisted of persons who had died before December
1978, had emigrated some time during the observation
period, or were lost in some other way.

The deaths were traced in the cause-of-death reg­
isters of 1952-1960 and of 1961-1982, kept by Sta­
tistics Sweden. This source comprises information on
all the persons in the Swedish population who have
died during the two periods .

The deaths in the study cohort were identified
through matching with these registers, and their records
were extracted, giving date and causes of death accord­
ing to the code of the International Classification of
Diseases (lCD) valid at that time. The emigrants were
searched for in the emigrant registers of 1960-1967
and of 1968-1982, set up and kept by Statistics
Sweden and containing information on nationality ,
country of birth, date and country of emigration,
marital status, etc .

Those members of the cohort who had emigrated
since they left the factory could, by computerized in­
formation sources, only be traced in the emigrant reg­
isters from 1960and on. Other possible emigrants were
checked in the manual person register, kept by the Na­
tional Board of Taxation and Civil Registration, con­
taining persons having emigrated, immigrated, or
changed personal identification number since 1948.
Their records gave the date and country of emigration,
ie, all the information needed for the further tracing.

The follow-up also included cancer incidence, the
incident cases being traced in the Swedish Cancer Reg­
ister, set up in 1958 and maintained by the National
Board of Health and Welfare. This computer-based
register contains information on all new cases of
malignant neoplasms from 1958 on. Notification of
diagnosed cancer cases is compulsory according to the
Swedish Code of Statutes, both for clinicians and pa­
thologists, which thus leads to a double reporting of
each case. The records contain the personal identi­
fication number and name in addition to the informa­
tion on diagnosis as to site and histology according to
the seventh revision of the ICD and a special histol­
ogy code . They also give date of notification. In the
follow-up these data were used as end-points by them-

selves and as control of the possible cause-of-death
diagnosis.

Immigrant populations

Part of the cohort consisted of immigrants of foreign
or Swedish nationality. They constituted a group for
which different administrative routines are and have
been applied with regard to civil registration. This fact
obviously leads to difficulties in epidemiologic follow­
up studies and therefore deserves a special comment.

Immigrants into Sweden are always given a personal
identification number by the National Board of Taxa­
tion and Civil Registration when they are entered into
a parish register. Formerly the three registration digits
of the personal identification number for immigrants
were chosen in the range of 932 to 999, making them
easy to identify and trace . This procedure was re­
garded, however, as an act of discrimination, and they
now get any free number in the series for their day of
birth . Therefore it is now more difficult to find and
identify them. Not all foreigners entering Sweden get
the status of immigrant at once, especially not as
long as they are registered as residents in their former
country. For taxation purposes, however, they are
given a temporary number, never recorded in the parish
or county registers, and they can be traced in a spe­
cial taxation register at the National Board of Taxa­
tion, but they never appear in the registers of vital
events as deceased or emigrated, or in the Cancer Reg­
ister. Therefore they have to be excluded from the
study cohort. As "guest workers" they may be em­
ployed for less than a year at a time without being
registered. Generally such persons stay for several short
periods as prolonged holidays away from their home
country. It is also possible to belong to the Swedish
cohort and to live and to be registered in a neighboring
country, for example, as a daily commuter, mainly be­
tween Denmark and Sweden.

It has been possible to trace those workers in our
cohort who have emigrated to another Nordic coun­
try in the Danish, Finnish and Norwegian population
registers. In this manner the number of losses to
follow-up have been decreased by more than a hun­
dred cohort members.

Causes of death and cancer diagnoses were reported
directly to the International Agency for Research on
Cancer in Lyon by cohort number identification in
order to satisfy legal requirements for the protection
of anonymity of cohort members.

Completeness of the follow-up

The sources of information mentioned made it pos­
sible to ascertain the follow-up status of the 3 600 per­
sons in the exposed cohort. A total of 524 deaths had
occurred, and 230 persons (6.4 0/0)had emigrated, of
whom 147 persons could be traced in the Nordic coun-
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tries. Since these Nordic migrants were successfully
traced, we chose not to regard them as lost. Sixty-two
persons were otherwise lost to follow -up (table 1).

cer of the trachea , bronchus, and lung. The cohort was
divided into subgroups according to time of exposure
(years of employment) and length of observation, de­
fined as time elapsed from the first exposure to the

Table 1. Characteristics of the Swedish cohort according to
type of production.

Results

The overall mortality in some broad categories of
causes of death in the Swedish cohort is shown by type
of production in table 2. The information under the
heading rock wool/slag wool shows the comb ined
data relating to the cohorts from Rockwool AB in
Skovde and Laxa Bruk AB.

Table 3 shows the follow-up results in the rock­
wool/slag-wool factories regarding deaths from can-

Exposed cohort
Men
Women

Number lost to follow-up
Emigrated
Person-years observed

Rock
wool/slag

wool

1578
1403

175
15
76

26996

Glass
wool

2022
1480

542
47

154
34693

Table 2. Observed (0) number of deaths, expected (E) number
of deaths based on national death rates , and the standard ized
mortality ratio (SMR) for the Swed ish cohort by selected
causes of death and type of product ion .

Cause of death " 0 E SMR

All causes (000-999)
Rock wool/slag woo l 203 217.0 94
Glass wool 281 304.6 92

All malignant neoplasms
(140- 209)

Rock wool/slag wool 38 48.3 79
Glass wool 71 70.1 101

Cancers of the trachea,
bronchus and lung (162)

Rock wool/slag wool 8 7.6 105
Glass wool 10 8.8 114

Nonmalignant respiratory
disease (460-519)

Rock wool/slag wool 7 9.9 71
Glass wool 13 15.1 86

Accidents , poisoni ngs and
violence (EBOO-E999)

Rock wool/slag woo l 35 25.7 136
Glass wool 34 28.0 121

a Code of the International Class ificat ion of Diseases, eighth
revision, in parentheses.

Table 3. Mortality from cancer of the trachea, bronchus, and lung > by length of employment and length of follow-up in the
rock -wool/s lag-wool production subcohort. (0 =observed number of deaths , E =expected number of deaths based on national
death rates , SMR =standardized mortality ratio)

Years since f irst exposure
Length of

Totalemployment :$9 10-19 20-29 ;;,;30
(years)

0 E SMR 0 E SMR 0 E SMR 0 E SMR 0 E SMR

1-4 0.8 0 2 t .O 200 1.0 102 4 0.5 888 7 3.3 215
5-9 0.5 0 0.5 0 0.2 0 0.2 0 1.4 0

10-19 0 0 0.8 0 0.6 0 0.2 0 1.5 0
;;,;20 0.5 192 0.6 0 1.1 87

Total 1.3 0 2 2.4 87 2 2.4 83 4 1.6 253 8 7.6 105

a Code of the International Classification of Diseases , eighth revision , 162.

Table 4. Mortality f rom cance r of the trachea, bronchus, and lung > by length of emp loyme nt and length of foll ow-up in the
glass-wool productio n subcohort. (0 =observed number of deaths , E =expect ed number of deaths based on nat ion al death
rates , SMR =standardized mortal it y rat io)

Years since first exposure
Length of
employment :$9 to-19 20-29 ;;,;30 Tota l
(years)

0 E SMR 0 E SMR 0 E SMR 0 E SMR 0 E SMR

1-4 1.2 0 1.3 0 3 1.2 260 4 1.2 345 7 4.8 147
5-9 0.4 235 0.5 0 0.5 0 0.5 0 1 1.9 52

10-19 0.5 0 0.4 0 0.3 0 1 1.3 79
;;,; 20 0.2 0 0.3 333 0.6 0

Total 1.7 60 2.4 42 3 2.3 128 5 2.4 205 10 8.8 114

a Code of the International Classification of Diseases , eigh th revision, 162.
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termination of the follow-up or to death. The estimates
of expected numbers were based on mortality statis­
tics for all Sweden by sex, age, and cause of death for
each calendar year.

With reference to table 3 we feel it proper to point
out that the one .case of lung cancer in the category
~ 20 years of employment and the 20-29 years of
follow-up period has not been verified to be a primary
tumor of the lung. The scanty record of the perfunc­
tor y post-mortem examination did not provide satis­
factory ascertainment on this point. Two expert pa­
thologists, having reexamined the records and pathol­
ogy specimens, expressed the opinion that the tumor
was a metastatic lung cancer and no primary tumor of
the lung. We have chosen, however, to keep this case
included in the tabl es, as it was not possible to state
the primary site with certainty; the opinions of two pa­
thology pro fessors should be kept in mind, however,
both suggesting pancreas as site of the primary tumor.

In the slag-f rock-wool production the excess of ob­
served deaths from cancer of the trachea, bron chus,
and lung was concentrated to the group with one to
four years of exposure. Corresponding results for the
glass-wool production are found in table 4, where a
high number of observed deaths from tumors of the
respirator y system can also be found in the group with
one to four years of exposure.

Table 5 shows the results of the follow-up of can­
cer incidence. The source of information was the
Swedish Cancer Register. The results relate to the part

of the observation period durin g which the Can cer
Register existed, ie, from the beginning of 1958 on.

For the calculation of expected numbers of cancer
incidence, rates for all of Sweden were used by sex,
age, cancer diagnosis, and calendar year. The relation
between observed and expected numbers has been ex­
pressed as the standardized incidence rat io (SIR).

In tables 6 and 7 the follow-up dat a on cancer mor­
tality - with particular regard to the cancers of the

Table 5. Observed (0) numbe r of inci dent cancer cases, ex­
pecte d (E) number of cancer cases , and the st andardi zed in­
cidence ratio (SIR) for the Swed ish cohort according to se­
lected types of cancer and type of production.

Type of cance r" a E SMR

All malignant neoplasms
(140-209)

Rock wool/slag wool 66 78.1 83.9
Glass wool 92 107.6 85.5

Cance rs of the trachea, bronchus
and lung (162)

Rock wool/slag woo l 9 8.2 109.5
Glass wool 10 9.0 110.6

Cancer of the stomach (151)
Rock wool/sl ag wool 9 6.0 149.5
Glass wool 7 7.9 88.8

Cancer of the intesti ne, except
rectum (154)

Rock woo l/slag wool 4 5.9 67.8
Glass wool 4 8.1 49.6

a Code of the Internat ional Classif icat ion of Diseases, seventh
revis ion . in parentheses.

Table 6. Mortality fr om cance r of the tr achea, bronchus, and lung " by length of follow-up and technological phase in the rock -
wool/staq-woot production subcohort. (0 = observed number of deaths , E = expected number of deaths based on national death
rates , SMR = stand ardi zed mortality rat io)

Years since fir st exposure
Techn o-
logi cal .s 9 10-19 20-29 ", 30 Total
phase

a E SMR a E SMR a E SMR a E SMR a E SMR

Early 0.1 0 0.3 0 0.8 127 3 1.3 227 4 2.5 157
Middle 0.0 0 0.1 0 0.3 0 1 0.2 625 1 0.6 173
Late 1.2 0 2 1.8 109 1.4 72 0.1 0 3 4.5 67

Total 1.3 0 2 2.3 88 2 2.4 82 4 1.6 253 8 7.6 105

a Code of the Interna tio nal Class ifi cation of Diseases, eighth revision , 162.

Table 7. Mortality f rom cancer of the t rachea, bronc hus, and lung" by length of touow-up and technolog ical phase in the glass-
wool production subcohort . (0 = observed numbe r of death s, E = expected number of death s based on national death rates ,
SMR = standardized mortality rat io)

Years si nce fi rst exposu re
Techno-
logical .s 9 10-19 20-29 ",3 0 Total
phase

a E SMR a E SMR a SMR aE E SMR a E SMR

Early 0.7 152 1.5 65 3 2.3 129 5 2.4 205 10 7.4 144
Middl eb 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
Late 1.0 0 0.8 0 0.0 0 0.0 0 1.8 0

Tota l 1.7 60 2.4 42 3 2.3 128 5 2.4 205 10 8.8 114

a Code of the Internat ional Classif icat ion of Diseases, eighth revis ion, 162.
b Not appli cable .
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Figure 1. Scheme of the lung cancer deaths (case number to the left) among workers in the rock-wool/slag-wool production
subcohort in Sweden (Skovde) by time of birth and death , technological phase, and length of exposure. No lung cancer deaths
occ urred among the Laxa wor kers . The occupational code s, given in 1979, of the cases were as follows: 29 (tran sport and oth er
unspecified wo rk) (case 1); 30 (unspec if ied product ion wor k) (case 4); 31 (work in furnace department) (cases 2 and 8); 32 (work
on production line) (cases 5 and 7); 33 (manual wor k) (case 3); and 62 (maintenance, repair work) (case 6). (* case 6 depicted
as a striped bar due to the quest ionable validity of diagnosis (secondary tumor of lung, primary tumor with site uncertain)

trachea, bronchus , and lung - were distributed ac­
cord ing to the technological phase at first exposure .
The reader is referred to the main report (3) for an ex­
planation of the concepts used, ie, the early, middle,
and late technological phase. Table 6 presents the re­
sults for rock wool/slag wool, and table 7 for glass
wool.

An excess of lung cancer cases in the subgroup of
person s who began their exposure 30 years or earlier
before death was observed in the pha se designated as
"early. "

Comments

A full discussion of the data analyses and their results
is found in the joint report (3).

The Swedishsection describes the data collection and
presents some selected results from the analyses of the
Swedish cohort. We wish to mention the high rate of
traced persons in the follow-up of the cohort. This
result was possible to achieve by means of an exhaus­
tive use of register information available on residents
in Sweden - at present as well as in the past - with
due regard paid to the fallacies and deficiencies of each
source. It is also noteworthy that indispensable assist-

ance was kindly given by colleagues in the neighbor­
ing Nordic countries, in the successful follow-up of re­
emigrated persons of the cohort.

The reader is reminded that the excess risk of lung
cancer in the total European study population is to a
great extent localized to the group of 2: 30 years of
follow-up after first exposure . This applies both for
slag/rock wool and for the glass-wool production sub­
cohorts. A sizable proportion of the lung cancer cases
derive from the Swedish cohort. It should also be noted
that this excess risk was observed among persons with
less than four years of employment. A detailed descrip­
tion of the lung cancer deaths in the Swedish cohort
is given in figure 1 (slag/ rock wool) and in figure 2
(glass wool).

When considering the short periods of exposure (one
to four years) in many of the lung cancer cases with
a long time of follow-up, we feel it proper to keep in
mind that the association between the risk and the work
under study is highly susceptible to confounding fac­
tors, both inside and outs ide the factory . These fac­
tors may consist of life-style characteristics of the in­
dividuals or of environmental factors related also to
other jobs and exposures than those of the MMMF
industry. Such factors may have operated either be­
fore or after the employment in this industry. We wish
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Figure 2. Scheme of the lung cancer deaths (case number to the left) among workers in the glass-wool production subcohort
in Sweden (Billesholm) by time of birth and death , technological phase, and length of exposure. [* case 3 is the stomach can­
cer death referred to in the text under the Discussion in the joint report (3)]

to align ourselves with the prudent judgement made
by Peto et al (2), saying that the "short-term workers
may suffer consistently higher mortality than long-term
workers, as they constitute a self-selected sub-group."

Smoking of cigarettes has been discussed as a con­
founding factor in the main report (3). We have no
objection to this and only wish to emphasize that the
dismissal of the smoking factor as a causative agent
rests on the assumption that the smoking habits at least
18-20 years before death from lung cancer did not
diffe r significantly between the index group and the
population of reference. We 'have split opinions on this
issue. One of us (PW) holds this to be a reasonable
assumption , whereas the other (AMB) regards it as
questionable.

In the main report observations have been made con­
cerning differences in estimates of lung cancer risk
depending on the use of regional data as rates of refer­
ence for mortality or incidence. We have chosen not
to present analyses of cancer risks according to regional
rates for calculation of expected numbers of cases and
deaths. The reason is the considerable variation in
death rates between the Swedish counties and the sig­
nificant differences between them with regard to type
of industry and degree of urbanization. The county
of Skaraborg, dominated by agriculture - and con-

taining the Skovde factory , is known to have the lowest
death rate level for lung cancer of the Swedish coun­
ties.

It has been demonstrated in the Swedish Cancer­
Environment Register of 1961-1973 (1) that, in coun­
ties where agriculture occupies a significant portion of
the economic activity, lung cancer risks are lower ­
averaging 45-65 % of the national rate. This obser­
vation has also been confirmed by Wiklund (4). It
means that in counties where the economic life is domi­
nated by agriculture, the standardized mortality ratio
for lung cancer in a study cohort drawn from indus­
try may be unduly inflated, since the expected num­
bers are significantly below national average levels.
Such a situation may well arise in the subcohort derived
from the Rockwool factory at Skovde, Conversely, if
the region /county contains a large conurbation, the
expected numbers for lung cancer will be higher than
the national average levels, due to the high rates of
lung cancer mortality in such areas , and will lead to
underestimations of existing risks. This possibility may
wel1 apply to Malmohus County, containing the Gul1­
fiber glass-wool production plant and also having the
city of Malmo within its boundaries. When regional
rate s are applied for the analysis of cancer risks in
Sweden, caution in the interpretation is wel1 advised.

83



Conclusions

We have focused in our comments on some aspects
of the data analyses and the reliability of our data
sources, which, in our view, should be taken into ac­
count when the results are interpreted . In reference to
the conclusion drawn in the joint report of the Euro­
pean study group, we wish to emphasize that the causal
nature of the association between the risk of lung can­
cer and the work environment has not been proved.
The evidence prov ided by the study is at best suggestive
- not conclusive. It is a reasonable hypothesis that
the work conditions, including exposure to MMMF
during the early production phase have contributed to
the risk of lung cancer in the Swedish cohort. This
study doe s not, however, in our opinion, provide suf­
ficient evidence to draw the scientific conclusion that
this is the true explanation for the findings.
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