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Malignant pleural mesothelioma among Swiss

furniture workers
A new high-risk group

by Christoph E Minder, PhD, John-Paul Vader, MD'

MINDER CE, VADER J-P. Malignant pleural mesothelioma among Swiss furniture workers: A new high-
risk group. Scand J Work Environ Health 14 (1988) 252—256. Within the framework of a research project
concerning occupational mortality, attention was drawn to a highly significant standardized mortality ratio
for mesothelioma among furniture workers. From information drawn from the mortality records for the
years 1979—1985 and from the 1980 national census, the number of pleural mesotheliomas among this
occupational group was examined. The expected number of deaths from pleural mesothelioma among
Swiss furniture workers for this period was 4.4; the observed number was 12. This finding indicates a
2.7-fold relative risk (P =0.004) for death due to these cancers among Swiss furniture workers.
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Our group has analyzed Swiss mortality data in order
to produce occupation-specific standardized mortali-
ty ratios and proportional mortality ratios for a statisti-
cal report on cancer mortality by occupation in Switz-
erland. In this as yet unpublished screening exercise,
there was a highly significant standardized mortality
ratio (SMR) of 366 (P=0.00001) and proportional
mortality ratio (PMR) of 344 (P = 0.00002) for deaths
due to respiratory cancers, excluding those of the lung
and bronchus, among furniture workers between 1979
and 1982. Further examination of this association by
site indicated a possible excess of pleural cancer. The
present article focuses on the association between fur-
niture making and pleural mesothelioma.

Malignant pleural mesotheliomas are rare, and reli-
able figures for incidence are frequently lacking, or
those available are based on gross estimates and ex-
trapolations. In Switzerland, the annual incidence is
estimated to be 1.5 cases per 100 000 persons (15).
Among persons not exposed to asbestos, the incidence
has been estimated to be about one case per million
of the population (14).

The relative risk for these fatal neoplasms is greatly
increased among occupations in contact with asbestos
dust, for which it may be as high as 1 000 (14). Among
the occupations shown to present an increased risk are
asbestos mining, work in asbestos mills and factories,
insulation manufacturing and installation, gas mask
manufacturing, and shipbuilding (6).
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Material and methods

The data for our study were drawn from the death
register of Swiss men aged 30—74 years in 1979—1985.
Deaths due to pleural mesothelioma were defined as
those for which the death certificate mentioned code
163.0 of the International Classification of Diseases,
eighth revision (ICD-8) (3) as the primary cause.
Deaths due to this cause were identified by computer
enumeration for the general male working population
and for furniture workers.

In Swiss mortality statistics occupation is coded ac-
cording to a three-digit system (4), which is a reduced
version of the census classification (2). Persons whose
death certificate mentioned the code 306 (Schreiner,
Tischler) for the item ‘‘occupation of the deceased”
are called ‘“furniture workers’’ in the present article.
(See the Results section.) The reference population was
defined as all Swiss men 30—74 years of age who in-
dicated a clearly defined occupation on the 1980 cen-
sus. Occupation can be coded in three different places
on the census form. Our reference population included
those who were professionally active in a particular oc-
cupation. If no clear-cut occupation was indicated but
the person specified that he had retired from a certain
occupation, then that profession was used. Only in the
small percentage of cases where no well-defined oc-
cupation was available in either of these two coded
areas did we check the person’s training for a particu-
lar occupation. If so, then that was used. The risk
population of furniture workers consisted of those
whose occupational code was 306—312 on the census
file (Schreiner, Bauschreiner, Fensterschreiner, Mobel-
schreiner, Modellschreiner, Anschlidger und sonstige
Spezialschreiner) which, by the rules of coding, should
correspond exactly to the code 306 used on the death
certificates. All enumerations were done by computer



from the official death register tapes of 1979 to 1985
and the official census tape of the 1980 census.

The coding quality for occupation was checked from
a random sample of 3 058 deaths among men in 1981;
these deaths were linked to the respective 1980 census
document. We checked the quality of the diagnosis
of cases by tracing the cancer register and hospital
records of all seven cases of death-certificate meso-
thelioma found for furniture workers in the age bracket
45 to 79 years between 1979 and 1982, as well as by
using a set of records culled from 12 478 linked death
and hospital records mentioning mesothelioma from
1979.

Results

General

In the seven years of the study, 1979—1985, 402 deaths
(307 men and 95 women) were attributed in Switzer-
land to malignant pleural mesothelioma, listed as the
primary cause. Of these, 203 were among Swiss work-
ing men 30—74 years of age. This figure represents
0.1 % of all deaths among men during this four-year
period.

In the 1980 census, 1 265 677 Swiss men between the
ages of 30 and 74 years indicated a clearly defined oc-
cupation, of which 23 549 were furniture workers;
4.0 % of this age bracket could not be classified by
occupation (total 1 318 428 Swiss men aged 30—74
years). A total of 58 298 deaths of Swiss men aged 30
to 74 years was registered in 1979—1982, of which
54 366 could be classified according to occupation,
while 6.7 % could not.

Relative risk

An expected rate of mortality from pleural mesothelio-
ma in the Swiss male population as defined could thus
be 203/1 265 677 or 16.0/100 000. The observed num-
ber for furniture workers was 12 deaths for a popula-
tion of 23 549 or a rate of 51.0/100 000. This figure
gives an estimated relative risk of 51.0/16.0 or 3.2. The
odds ratio would be 3.2 [95 % confidence interval
(95 % CI) 1.71—5.71, P =0.00004], and the SMR 271

(95 % CI 240—473, P =0.004) (7). Table 1 shows the
age distribution of cases and the corresponding at-risk
numbers of the reference population and the furniture
workers. These figures were used as the basis for com-
puting the SMR.

Quality of diagnosis

Although overreporting of mesothelioma has at times
been observed (6), the most serious problem is under-
reporting, with detection rates often on the order of
50 % (13). A Swiss study by Forster (5) shows that
overreporting by 20 to 30 % is probable. There is,
however, no reason to believe that these phenomena
operate to favor furniture workers among mesothelio-
ma deaths selectively. Under the assumption of no oc-
cupational selectivity, such misclassification results in
little bias to the estimates of relative risk, so that a sig-
nificant result continues to indicate a true difference.

In addition, the specific diagnosis of mesothelioma
(ICD 163.0) on the death certificate was investigated
with the use of a linked sample of Swiss death certifi-
cates and hospital records. A comparison of diagnoses
showed that the primary cause ICD-8 163.0 was among
the reliable diagnoses on the death certificate, with
78 % (14 of 18) also found in corresponding hospital
records (unpublished results). Mesotheliomas have a
high rate of operative and/or histopathological con-
firmation on Swiss death certificates. In the present
study the diagnosis was confirmed by either operation
or autopsy in 73 % of all cases among the 203 Swiss
men and in 8 out of 12 (67 %) of the cases among fur-
niture workers.

A preliminary, more careful investigation of all
seven cases designated as occurring in furniture work-
ers in the first four years 1979 to 1982 (including ages
up to 79 years) revealed the following information. For
five of the seven cases a medical record which provided
additional details could be traced. One of the non-
autopsied furniture workers of this group had under-
gone a biopsy for pleural effusion showing tumor cells,
so that one can consider six out of the seven cases, or
86 %, as confirmed mesotheliomas. It is likely that the
cases from 1983 to 1985 are, if anything, better

Table 1. Five-year age distribution of pleural mesothelioma deaths among the furniture workers and the reference population.

Furniture workers

Reference population

Age group Size of group Cases Size of population Cases
(N) (N) (N) (N)
30—34 3 360 0 194 759 0
35—39 2682 0 184 410 4
40—44 2 300 0 146 009 7
45—49 2654 2 148 577 20
50—54 2 802 2 143 315 20
55—59 2076 1 136 384 27
60—64 2062 1 103 669 38
65—69 2841 4 113 654 45
70—74 2772 2 94 900 42
Total 23 549 12 1265677 203

253



documented and more valid, although at the moment,
this assumption cannot be confirmed.

Quality of occupational coding

Our definition of ‘“furniture worker’” may not cor-
respond exactly to the definition of ‘‘furniture work-
er’’ used in other studies. This problem is similar to
that recognized for the occupational category “‘car-
penter’’ (8, p 154). It is, we feel, the most appropriate
term in English for the German “‘Schreiner’’. Other
woodworkers involved not only in furniture making,
but also in the finer working of wood for windows,
frames, models, etc, are included. Our definition does,
however, exclude ““carpenters’’ (code 304) and “‘other
wood and corkworking occupations”’ (code 313) (4).

In a preliminary study (11) of a random sample of
3 058 deaths among men in 1981 and their 1980 cen-
sus records, we were able to determine the concordance
of occupational coding on death certificates and cen-
sus records by a computer comparison of occupational
codes on both records. For ‘‘furniture worker,”’ the
concordance was good in that 72 % of 43 men with
death certificates listing furniture worker were
described as such on their census forms and 73 % of
men reporting furniture worker as an occupation in
the census, also had that occupation listed on their
death certificate. Thus only a slight bias towards 1 is
to be expected for the relative risk from occupational
misclassification (1).

An analysis of other cancers as causes of death for
furniture makers revealed no other significant excesses
apart from the well-known sinonasal cancers (20). The
all-cause SMR for furniture workers was equal to 105,
which was significant even though the value did not
differ much from 100 (table 2). This finding supports
the analysis indicating congruence between the occu-
pation of ‘‘furniture worker’’ on death certificates and
census forms and the excess death risks due to meso-
thelioma.

Time trend

In 1979—1982, the SMR for mesothelioma among
Swiss furniture workers aged 30 to 74 years was 213
(95 % CI 68—439), while for 1983—1985 it amount-
ed to 321 (95 % CI 128—596).

Table 2. All-cause and cancer mortality for male Swiss furni-
ture workers. (SMR = standardized mortality ratio, PMR = pro-
portional mortality ratio)

Cause of death? N SMRP PMRP

All causes

(ICD 000—999) 2347 105 (101—109) 100

All cancers

(ICD 140—209) 690 110 (102—119) 105 (97—113)

2 Code of the International Classification of Diseases, eighth
revision, in parentheses.
b 95 % confidence interval in parentheses.
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Discussion

Our results indicate a 2.7-fold increased relative risk
of mortality from pleural mesothelioma among Swiss
furniture workers. This is the first study in which fur-
niture workers as a separate group have been found
to have a statistically significant increased risk for this
fatal neoplasm. In the face of such a finding, the ques-
tion must be asked of whether the increased risk is real
or a study artifact.

Multiple testing

The initial hint regarding excess mortality for respira-
tory cancers other than of the lung and bronchus in
furniture workers came from a broad screening of 126
occupational categories with regard to 22 groups of
cancers. When the possibility of the excess mortality
being due to chance was considered, two findings spoke
against it. First, the expected number of chance find-
ings with a P-value smaller than the observed
P=0.00001 among the 126 X 22=2 772 tests per-
formed was 0.03 under the hypothesis of no effects
anywhere. Second, the screening exercise comprised
the years 1979—1982 and ages of 30 years and up and
showed significance. However, the years 1983—1985
again showed a significant excess mortality risk for
mesothelioma among furniture workers. (See the
Results section, Time Trend.) Except for possible
biases inherent in the data, the result is well established.

Biases

There are some well-known possibilities for biases with
studies such as the present one (18): (i) occupational
information is usually incomplete and may be not
specific enough, (ii) there may be a registration bias
of certain occupations between death certificate and
census form, and (iii) diagnostic information is limit-
ed to three diagnoses and may be inaccurate.

Our checks of the congruence of the occupational
description between the death certificates and the cen-
sus data, as well as the screening of all cancer and total
mortality risks, indicate that a grave bias due to oc-
cupational misclassification is not likely. Random mis-
classification leads to diminished observed risk (1).

Reliability of the diagnosis ‘‘mesothelioma’” on
Swiss death certificates seems to be fairly high accord-
ing to our own and other studies (5), though some over-
reporting may occur. Diagnostic misclassification,
however, can only bias the risk for furniture workers
upwards if mesothelioma is falsely diagnosed more fre-
quently in the death certificates of furniture workers
than in those of other men, an unlikely situation. In
all other cases, misclassification tends to diminish the
observed risk (1).

Our calculated SMR was not based on observed
person-years, but on the assumption that the numbers
in occupational classes remained stable at the 1980



census level over the study period. For a clear-cut oc-
cupation such as ‘‘furniture worker,’’ this assumption
is not unreasonable, especially in Switzerland, where
occupational changes are still fairly rare.

Exposure

Death certificates obviously do not provide informa-
tion on exposure to carcinogenic substances. That fur-
niture workers may be exposed to asbestos dust has
been documented in a review published by the Inter-
national Agency for Research on Cancer (8). That they
are likely exposed in Switzerland was demonstrated by
the study of Riittner et al on workers in a railway car
construction and repair plant (15), as well as by the
dissertation of Forster (5), in which four of five fur-
niture workers with mesothelioma were exposed to as-
bestos.

Our data, on the other hand, do not support the
hypothesis of asbestos exposure. There were no cases
with confirmed asbestos exposure. For five of the seven
cases investigated more closely, a medical record could
be found giving further details. Three cases with pos-
sible asbestos exposure were investigated for asbestos
in lung and pleural tissue, and in no case could asbestos
exposure be confirmed. In one other case, the clinical
record mentioned explicitly ‘‘no asbestos,”” and in three
other cases no information was given.

Thus other hypotheses are consistent with our data.
On the basis of experimental and epidemiologic evi-
dence, other airborne mineral fibers have been postu-
lated as possible factors in the etiology of mesothelio-
ma (12, 17, 21). Wood components are able to produce
tunica albuginea mesothelioma in rats in the absence
of asbestos exposure (16). McDonald et al, however,
found no increased risk for mesothelioma among per-
sons exposed to wood dust as compared to referents
collected from decedents with secondary lung cancer
(10).

Confounders

We have obviously not been able to control for or in-
vestigate the possible confounding influence of such
factors as nonoccupational asbestos exposure. This is
a weakness shared by most other studies. There is
however little possibility of a confounding influence
of any other risk variables on mesothelioma mortality.

Similar findings

A suspicion of such an increased risk for furniture
workers can be gleaned from a few other publications.
Malker et al, in their study of mesotheliomas in
Sweden, found a relative risk of 1.4 for furniture work-
ers (9). Their finding, though nonsignificant, indicates
a trend towards increased risk. In that study, other
related woodworking occupations also showed a simi-
lar nonsignificant tendency towards increased risk, ie,
carpenters and joiners 1.4, cabinet makers 1.4, and not

otherwise classified woodworkers 2.5. The incidence
study by Teta et al (19) shows a significantly elevated
relative risk of 2.25 for carpenters and cabinet makers
combined. Though the study by Riittner et al (15) was
not designed to permit a calculation of relative risk,
the fact that 2 of the 14 cases in that series would satisfy
our definition of ‘‘furniture workers’’ also raises sus-
picion as to increased risk among this occupation.
Then, too, related wood workers (carpenters: Zimmer-
leute) represented an additional 4 of the 14 cases.

Concluding remarks

The results presented were first suggested by the find-
ings of a broad mortality surveillance effort and sub-
sequently refined with the use of part of the same data.
Hence, the results have the status of a still largely un-
confirmed hypothesis, which gains interest through the
fact that, for none of the deceased furniture workers,
was asbestos confirmed as the cause of mesothelioma
(although it remains a possible cause for some). These
facts, as well as hints of an increasing trend, call for
further investigations in other countries and for follow-
up of the present effort as new data become availa-
ble.
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