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ABSTRACT: We wanted to assess the quantitative importance of asbestos as a 
cause of lung cancer. 

In a case-referent study, the exposure to asbestos, tobacco smoke and some other 
occupational exposures were compared between 147 cases of lung cancer (100 men 
47 women), 111 hospital referents, and 109 population referents, aU below the ag~ 
of 75 yrs and living in an industrial city. 
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(95% confidence intervall-31% ). No woman bad occupational exposure to asbestos. Keywords: Asbestos, epidemiology, lung 
cancer, occupation, tobacco We conclude tbat in the mid 1980's tobacco smoking was the major attributable 

risk, being 95% for men and 78% for women, but tbat in men asbestos was an 
appreciable contributing factor in the general population of a Swedish industrial 
city. 
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Smoking is the major preventable factor for lung can
cer in the general population in Western countries. In 
some groups, occupational exposures are also important 
preventable factors. The quantitative importance of occu
pational factors as a cause of lung cancer has been esti
mated as 9 and 8% in the north and southeast of Sweden, 
respectively, in case-referent studies (1, 2]. Neither of 
these investigations included any large city or tried to 
estimate the importance of single occupational factors. 
The quantitative importance of a certain factor depends 
on the size of the relative risk and the size of the exposed 
population. 

Goteborg is an industrial city in western Sweden, with 
approximately 440,000 inhabitants. In the past, ship
building was a major industry, with about 17,000 emplo
yees in the early 1970s. Today, the largest industry is 
automobile manufacturing. There are also other engi
neering industries, chemical industries, refmeries, etc. 
Asbestos, a well known risk for lung cancer, was a rather 
common occupational exposure, especially in the ship
yard industry. 

The objective of this study was to estimate the quan
titative importance of asbestos exposure as a cause of 
lung cancer in the general population of this city in the 
mid 1980s. It is a case-referent study, including both 
male and female patients at a chest clinic. The study 
was restricted to patients up to 75 yrs of age. 

Subjects 

Cases 

The investigation was designed as a case-referent study, 
where the information about exposure was collected from 
interviews with the persons present. The cases were 
patients with lung cancer (ICD 9,162) at Renstromska 
Hospital, Goteborg. This is the only chest clinic in the 
city. Both in-patients and out-patients have been includ
ed. The study includes men and women living in GOteborg 
or its surroundings (the municipalities of Goteborg, 
Kungiilv, Partille and Molndal). 

The study began in February 1983 and ended in October 
1984. Through regular visits to the out-patient units and 
departments at the hospital, we tried to find all patients 
who were referred to the hospital with a suspicion of 
lung cancer. We only interviewed new cases, i.e. cases 
where the diagnosis was not yet established. Only patients 
of 75 yrs and younger were included (table 1). Some 
possible cases died before the interview, or were in too 
poor a condition for interview. 

Hospital referents 

The examination of some subjects who were referred 
to the hospital owing to a suspicion of lung cancer failed 
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Table 1. - Age and gender in cases and referents 

Age Cases Popn. referents Hospital referents Excluded referents* 
yrs M F M F M F M F 

20-29 0 0 0 0 l 0 0 0 
30-39 l 0 3 1 5 3 2 0 
40-49 5 3 5 3 7 2 8 1 
50-59 23 4 13 6 17 13 11 1 
60--69 51 25 29 18 29 22 12 4 
70-75 20 15 23 8 13 9 5 0 

Total lOO 47 73 36 72 49 38 6 
Mean age yrs 63 65 63 63 59 61 57 59 

*: excluded hospital referents. M: male; F: female. Popn: population. 

to demonstrate lung cancer. These persons were includ
ed as "referents". However, some occupational groups 
in the city are being screened, because of asbestos expo
sure. Such screenings included chest radiographs. Because 
of suspected pathological findings in the chest radio
graphs, such persons can be expected to be referred to 
the hospital more often. Among the hospital referents, 
we therefore excluded patients who had been referred to 
the hospital from an occupational health centre or due 
to findings in health screening. We also excluded patients 
who had diseases associated with asbestos, i.e. pleural 
plaques, pleural fibrosis, asbestosis or pleurisy due to 
asbestos. Forty four referents were thus excluded, leav
ing 121 hospital referents (table 1). 

Population referents 

From a population register, we randomly selected 95 
men and 54 women from the same municipalities as the 
cases. At the time of selection, we did not know exa
ctly how many cases of cancer there would be, but tried 
to select as many referents from the population as the 
number of cancer cases. These referents were random
ly selected in age classes (10 yr age classes) in order to 
have similar numbers of referents in each age class as 
the number of cancer cases. Twenty seven percent of 
the selected population referents did not come to the 
interview. Twelve men and 12 women preferred not to 
take part; two men and two women did not reply to the 
invitation; six persons had moved to other areas; and 
six persons had died between the time of selection and 
the time of interview. Referents were interviewed up to 
about 2 yrs after the selection. 

Methods 

All patients and referents were interviewed by one 
of three trained assistants. The questionnaire inclu
ded detailed questions about smoking habits, asbestos 
exposure, and several questions about different occu
pational exposures. Most questions were yes/no ques
tions, and if the answer was "yes" the patient was asked 

to describe the exposure in more detail. There was also 
an open question about occupational career. Most 
population referents were, for practical reasons, inter
viewed by one of the interviewers. As all interviewers 
were trained and the questions were mostly yes/no, 
we think this procedure is unlikely to introduce any 
observer bias. The questionnaire contained a question 
about where the persons had lived (only permanent 
addresses for more than 3 yrs), and type of house 
(single family, apartment house, etc). These answers 
were similar between cases, hospital and population refe
rents, respectively, making an observer bias improbable. 
The median number of addresses for all groups were 3.5; 
and 92, 93 and 95% of male cases, hospital and popu
lation referents, respectively, had six or fewer addres

.~>es. 

The histological classification of all cases was re
examined by a pathologist (SO). Cytological specimens 
were also reviewed by a cytologist (WR). In 24 cases, 
the diagnoses were based on cytological examination 
only. The histological classification indicated a majo
rity of squamous cell carcinomas in men (47%), and a 
similar number of adenocarcinomas and squamous cell 
carcinomas in women (30% and 34%, respectively). 
Small cell carcinomas constituted approximately 20% in 
both men and women. 

A trained occupational hygienist (SH) classified all 
persons according to cumulative asbestos exposure 
into four categories (>25 fibre-years·ml·1, 1-24 fibre
years·ml·1, 0.05-0.9 fibre-years·ml·1 and <0.05 fibre
years·ml·1). The classification was performed without 
knowledge about whether or not the questionnaire came 
from a case or a referent, and was based on the per
sons occupational history and specific questions about 
exposure to asbestos (duration, intensity, type of jobs). 
The times of the classification of questionnaires were 
randomly distributed between cases and referents. 

Attributable risks stratified for possible confounders 
and their 95% confidence intervals (Cl) were calcu
lated, according to WIDTrEMORE [3]. The odds ratios 
(OR) for stratified data were estimated according to 
MANrru.. and HAENsZEL [4]. The confidence intervals of 
odds ratios were estimated using the test-based method 
[5}. 
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Results 

Tobacco smoking 

Only one man and six women were life-long non
smokers. As expected, the risk of lung cancer was high
ly dependent on exposure to tobacco smoke (table 2). 
Even in the categories ex-smokers and current smokers, 
the cases had heavier smoking habits than the referents. 
The attributable risk for ever being a smoker is 95% 
(95% Cl 0.91-0.98) for men, and 78% (95% Cl 0.69-0.87) 
for women. 

As the number of nonsmokers with lung cancer is 
small, the power to estimate the risk of passive smok
ing is low. Three life-long nonsmoking female cases 
and 21 female referents were classified as exposed to 
environmental tobacco smoke (OR=l.O, 95% CI 0.1-3.8). 

Occupational exposure 

Occupational asbestos exposure had only occurred 
among the men. All women were classified in the 
lowest category of asbestos exposure ( <0.05 fibre-years· 
ml·1) . The male cases had been exposed to asbestos 
somewhat more often than the referents, but the differ
ence was not statistically significant (table 3). The OR, 
adjusted for smoking habits, for a cumulative dose of 
>1 fibre-years·ml·1 was 1.7 (95% Cl 0.6-5.1) including 
both population controls and hospital controls and 1.8 
(95% Cl 0.4-7.5) including only population controls. 
The corresponding figures for a cumulative dose of >0.05 
fibre-years·ml·1 was 1.6 (95% Cl 0.9-2.8) and 1.6 (95% 
Cl 0.8-3.3), respectively. 

Twenty three of the cases had worked at shipyards. 
The most common type of work with exposure to as
bestos was insulating with asbestos, which was report
ed by 15 cases and 11 population referents. Only one 
male case was a life-long nonsmoker. He was classi
fied as exposed to 0.054>.9 fibre-years·ml·1 of asbestos. 

Eight women with lung cancer answered that they had 
indirect asbestos exposure at home, while the corre
sponding figures for population and hospital referents 

Table 3. - Estimated cumulative dose of asbestos in 
cases and referents, men only 

Dose* OR** Cases Population Hospital Excluded 

<0.05 
0.0~.9 

1.(}-24.9 
w.o 

1.0 57 
1.6 (0.9-2.8) 34 
1.4 (0.5-3.8) 7 

2 

referents referents referents 

47 
22 
4 
0 

52 
15 
5 
0 

11 
18 
8 
1 

*: fibre-years·ml· 1; **: odds ratio (OR) compared with expo
sure to <0.05 fibre-years·ml·1, adjusted for smoking habits, and 
95% confidence interval in parenthesis. 

were 19 and 14, respectively. Thus, there was no indi
cation that passive exposure to asbestos at home was an 
important cause of lung cancer in women. 

The attributable risk of lung cancer due to asbestos 
exposure adjusted to smoking habits (a cumulative ex
posure of >0.05 fibre-years·ml·1) is 16% (95% Cl -
0.1-0.43) if only population referents are considered, 
and 16% (95% Cl 0.01-0.31) if all referents are con
sidered. 

The histological category of lung cancer did not reveal 
any obvious pattern according to asbestos exposure. 

Table 4. - Some occupational exposures in male cases 
and referents (hospital and population referents merged) 

Exposure/industry 

Chemical industry 
Metal refining 
Chromates/chrornium plating 
Welding in stainless steel 
Nickel 
Cadmium 
Arsenic 
Oil mist 
Wood dust 
Painting 

Cases/referents 

219 
210 
1/1 
4f7 

012 
1/2 
214 

10/6 
5111 
7/8 

OR* 

0.31 (0.1- 1.4) 

0.82 (0.4-1.7) 

2.6 (1.2-5.5) 
0.64(0.~1.5) 
1.3 (0.6-2.8) 

Odds ratios are only calculated when total number of cases + 
referents <::10. *: odds ratio and 95% confidence interval in 
parenthesis. 

Table 2. - Smoking habits in cases and referents (Ref), population referents only 

Smoking habits Male OR* Female OR* 
Cases/Ref Cases/Ref 

Nonsmokers 1116 1.0 6/21 1.0 
Ex-smoker 26/28 15 (3- 81) 10/8 4.4 
(1.2-16) 
Smokers 73/29 40 (10-164) 31n 16 (5-48) 
Total consumption of tobacco kg 

~99 2(7 4.6 (0.4-53) 3/3 3.5 
(0.6-21) 

100-199 22114 25 (5-136) 11/3 13 (3- 55) 
200-299 22/6 59 (11- 323) 12/1 42 (7- 249) 
300-399 13/1 208 (23-1870) 3/0 

~400 14/1 224 (25-1978) 2/0 

*· odds ratio (OR) compared to nonsmokers. and 95% confidence interval in parenthesis. 
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However, the number of cases in each category was 
rather small. 

Oil mist, including aerosols of cutting fluids, was the 
only occupational exposure which indicated a statisti
cally significant risk in this study (0R=2.6, 95% Cl 
l.z.-5.5). Six cases and two referents reported exposure 
to aerosols of cutting fluids. Most exposures asked about 
were confirmed by only a few (table 4). The correspon
ding figures for women are not shown, as only three 
women reported any such exposure (one case and two 
referents). 

Discussion 

This study shows, not surprisingly, that the major pre
ventive factor for lung cancer in an industrial Swedish 
city is tobacco smoking. However, the results indicate 
that efforts to reduce asbestos exposure may reduce the 
incidence among men. We first discuss some methodo
logical issues and then practical implications for pre
vention. 

Methodological issues 

It is often argued that a person with severe disease 
is more motivated to remember exposure than ran
domly selected healthy controls. However, in this study, 
we also interviewed hospital controls, who were under 
examination for possible lung cancer. The psychologi
cal stress to remember was, therefore, similar in these 
referents and cases. The answers to questions about 
occupational exposure among hospital and population 
referents were similar, and it is, therefore, reasonable to 
assume that information bias is of little importance in 
this study. The slightly larger OR for asbestos exposure 
when only population referents were considered (1.8 vs 
1.7) is easily understood, as asbestos exposure was some
what reduced among hospital referents according to the 
exclusion criteria (see above). 

The OR for an estimated exposure to asbestos of 
1.0--24.9 fibre-years·m1·1 was 1.4 (95% Cl 0.5- 3.8) and 
the corresponding OR for 0.05-0.9 fibre-years·ml·• was 
1.6 (95% Cl 0.9-2.8). These risks are somewhat lar
ger than the increase of 0.01 per fibre-years·ml·1 of the 
relative risk, as estimated by DoLL and PEro [6]. However, 
the OR are based on a rather limited number of cases, 
and the Cl are wide, including the estimate by DoLL and 
PETo (6]. 

The cases in this sample consist of patients at a cer
tain hospital who were available for interview. A com
parison with the Cancer Register indicated that about 
50% of all incident cases in the total city during the ob
servation period were interviewed by us. It is reason
able to assume that those who were not interviewed either 
had a very fulminant disease with a very short time bet
ween onset of symptoms and death, or were discovered 
at autopsy. Persons with very severe disease may have 
been judged as being beyond curative therapy and were, 
therefore, not referred to the lung clinic. 

A comparison between the histological diagnoses in 
the Cancer Register and our material support such a 
hypothesis, since small cell carcinoma were somewhat 
more common in the Cancer Register. This finding may 
have influenced the estimation of the quantitative impor
tance of different causative factors, if these factors are 
more or less prone to cause different histological types. 
There is no certain histological type that is very much 
more strongly associated with asbestos exposure. It has 
sometimes been discussed that asbestos may more often 
cause adenoc.arcinomas. If this is true, we may some
what overestimate the quantitative importance of asbestos 
in the general population. However, the bias should be 
rather small, as the frequency of adenocarcinomas in men 
were rather similar (17 and 15% in our material and 
Cancer Register, respectively). 

Occupational factors 

The results indicate that asbestos exposure has impor
tance for the occurrence of lung cancer in men but not 
in women. The incidence of pleural mesothelioma was 
15 and 5 per million and year in this area for men and 
women, respectively. The difference between men and 
women in their incidence of mesothelioma is in accor
dance with our observation of an association between 
asbestos exposures and lung cancer in male cases only. 
However, it is hard to estimate from the incidence of the 
mesothelioma the importance of asbestos as a cause of 
lung cancer, as the dose response relationships are dif
ferent [6]. The results indicate that the elimination of 
asbestos may reduce the incidence of lung cancer in this 
city by about 15% among men. However, this figure is 
somewhat uncertain, owing to the limited material and 
the 95% confidence limit goes from a negligible (0.0 I%) 
to a considerable (0.31 %) risk. A figure of 15% may 
be regarded as small and unimportant as compared with 
the aetiological fraction of tobacco smoking. However, 
this figure is of similar size to the proportion of curable 
cases of lung cancer in the general population. Due to 
strict regulations, exposure to asbestos is almost totally 
eliminated in Sweden today. The importance of a pre
ventable factor is not only dependent on its quantitative 
size but also on the possibilities of prevention. In the 
case of asbestos, it can thus be concluded that the pos
sibilities to reduce exposure, i.e. primary prevention, have 
been excellent. Prevention of asbestos exposure in cer
tain occupational groups, e.g. shipyard workers and insu
lators, may also have far more relative importance. There 
are no other estimations of the relative importance of 
asbestos as a cause of lung cancer in Sweden. DoLL and 
PEro [7] estimated that asbestos caused about 5% of all 
"present-day" lung cancer in the US. 

DAMBER and LARSSON [1) estimated that 9% of all male 
lung cancer in northern Sweden was due to occupation
al factors, and DAVE et al. [2] found a corresponding fig
ure of 8% in southeastern Sweden, including both men 
and women. Our results indicate a somewhat higher 
attributable risk for occupational factors in men. This 
may easily be understood, as Goteborg has had a major 
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shipyard industry. Studies from highly industrialized 
areas in Porsgrunn, Norway and Lombardy, Italy indi
cated somewhat higher estimates of the proportion of 
lung cancer attributable to occupation, i.e. 30-40% [8, 
9]. ln different areas of the USA, VINErs et al. [10] esti
mated that 3-17% of lung cancer in males was due to 
occupation. 

Our results indicated that oil mist may be a cause of 
lung cancer. However, this finding is based on a small 
number of cases, and studies in the engineering indus
tries have not indicated an increased risk of lung cancer 
due to exposure to aerosols of cutting fluids [11-15]. 

Our study is too small to estimate the aetiological frac
tion of other known occupational carcinogens as a cause 
of lung cancer in Goteborg. However, as such exposure 
seem to be rare, even if the risk is high, the overall 
importance in the general population is small. This must 
not be taken as an argument against prevention, as a 
decrease of exposure may be of great importance in cer
tain, occupational groups. 

Tobacco smoking 

This study certainly shows that if there was no smok
ing of tobacco, lung cancer would be a very rare dis
ease in Goteborg. The number of life-long nonsmokers 
is very small in this group of patients. We think our 
infonnation about tobacco smoking is reliable, as it is 
taken by interview of the patient himself. A close rel
ative may wrongly classify ex-smokers as nonsmokers 
in an interview by questionnaire. We do not think that 
people overestimate their own smoking habits. 

There was one case of lung cancer among nonsmok
ing men, and six cases among nonsmoking women. 
Nonsmokers constituted 22% of the male population ref
erents, and the corresponding figure for women was 58%. 
As the number of men and women is similar in these 
ages, we would have expected about 2.6 nonsmoking 
women among the female cases, if they had the same 
incidence as men. This difference may be just a ran
dom fmding (p:;;().1, Poisson test, two-tailed). The women 
may also have underreported their smoking habits, as 
smoking may be regarded as a non-acceptable habit 
among women of this age. 

Conclusions 

The attributable risk of asbestos exposure in the gen
eral male population of a highly industrialized Swedish 

city seems to be of the order of 15% (95% Cl 1-31%) 
in men in the mid 1980s. The highest attributable risk 
by far was for tobacco smoking, i.e. 95% for men and 
78% for women. 
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