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Introduction

There is increasing concern that
exposure to diesel exhaust fumes
may be a risk factor for lung cancer.
Polycyclic aromatic hydrocarbons
from diesel exhaust are known
to be both mutagenic and carcin-
ogenic'>. Furthermore, it was
shown that inhaled particles from
diesel exhaust may result in lung
cancer in rats, at least when they
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are exposed over a long time to
high levels®. Occupational epide-
miological studies, however, have
not yet provided conclusive evi-
dence>S.

In this paper an analysis based on
death certificates from the Swiss
death register is presented.

The purpose is to demonstrate a
method suitable for screening pur-
poses, by which occupational risk
can be demonstrated over and
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above a possible excess risk asso-
ciated with smoking. In this par-
ticular case, the question asked is
whether there remains an excess
lung cancer risk among chauffeurs
when the smoking habits in this
occupational group are taken into
account. The method proposed
is basically an integration of
Axelson’s method’ into the frame-
work of regression modeling.

Material
Death certificates

The occupation ‘chauffeur’ was
considered to involve increased
exposure to diesel exhaust. This
category comprises a variety of
occupations such as truck-, bus-
and taxi drivers, which were not
distinguishible on the basis of the
given information®. As a reference
population, workers in occupations
such as the metal construction,
chemical, wood, paper and watch
industries were selected. People
such as foundry workers, with
known occupational risks for lung
cancer, were excluded (a detailed
list of the occupational codes is
available from the authors upon
request). The cases were drawn
from the Swiss death register for
the years 1979-1982 from among



men who had died aged at least
20 years.

As primary outcomes, deaths from
malignant neoplasmas of the lung
or bronchi (= lung cancer), defined
according to the International
Classification of Diseases, 8th revi-
sion (ICD-8: 162)°, were selected.
Apart from lung cancer, being the
target outcome, the following di-
agnoses were analysed in this
study: bladder cancer (ICD-8: 188),
cancer of the esophagus (ICD-8:
150) and ischemic heart disease
(ICD-8: 410-414). These diag-
noses are known to be related to
tobacco consumption®. They were
considered in order to gain addi-
tional information about the rela-
tive smoking intensity among the
study groups. To retrieve as much
information as possible, cases were
selected irrespective of whether
the particular diagnosis was assign-
ed as primary, second or third cause
of death on the death certificate.

Census data

To compute population based
death rates we based the estima-
tion of the person-years under
observation on the census-data for
1980 as the population at risk.
Cases on the death certificates and
the risk group from the census data
had corresponding occupational
codes. In this way, the cases and the
population at risk could be com-
bined on the basis of their respec-
tive occupational codes and age-
classes. The validity of these oc-
cupational codes was checked in

carlier studies'V'2, Using correc-
tion factors described in Minder &
Beer'? the numerator-denomina-
tor bias resulting from systematic
classification error was accounted
for.

Assuming that the demographic
pattern between the occupational
categories did not shift substantial-
ly during the years 1979-1982, i.c.
that efflux and afflux between the
age-groups was equal, the corre-
sponding number of person-years
observed could be estimated by
multiplying the census data by 4.

Data on smoking pattern

As information on smoking habits
is not available on death certifi-
cates, information from a survey
done in 1976 was used to estimate
the fraction of lung cancer mortal-
ity attributable to smoking®. The
survey was based on a sample of
truck drivers, N =80, and industrial
workers, N =1260, mainly recruited
from the metal construction and
machine industries. These 1260
workers were regarded as repre-
sentative for the occupations in the
reference group. Similarly, the job
‘truck driver’ was considered as
representing the smoking habits of
the designation ‘chauffeur’ on the
death certificates. However, the
description ‘chauffeur’ represents
a wider category and also includes
bus- and taxi drivers.

The percentages of the various
smoking categories are given in
table 1.

Method

Calculation of age-adjusted risk
estimates

Poisson regression

The log-linear regression tech-
nique was applied to model the risk
of lung cancer mortality as a func-
tion of ‘occupation’ and age. As the
number of cases was small and the
time of observation was large, the
number of cases per cell may be
modelled by the Poisson distribu-
tion. We have tested for that as-
sumption by comparing the number
of observed cases per week with
the Poisson-expected number. The
chisquare-test gave a fairly good
fit, p>0.8. The procedure is des-
cribed in detail in'*. The Poisson
regression technique is described
in detail elsewhere'>!S. Since the
disease-specific death rates were
consistently higher for the chauf-
feurs for all age classes, it was
possible to compare the mortality
across ages; that is, to compute an
overall age adusted exposure ef-
fect. This analysis was done with
the statistical package GLIM".

The significance of the variables
included was judged using the devi-
ance and the adequacy of the final
model was carefully checked .

Accounting for smoking related
lung cancer mortality

The Axelson technique is based on
two components: the population
fractions of the non-smokers, light
smokers, heavy smokers and for-
mer smokers, respectively, and the

Table 1. Percentages of various smoking categories (Cigarettes per day, pipe or cigar smoker) among truck drivers
and industrial workers (NS = Non-Smoker, FS = Former Smoker). Source: FREI, (13).
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Table 2. Relative risks of dying from lung cancer for various smoking cate-
gories compared to non-smokers. NS: Non-smoker, FS: Former smoker.
Source: Tables 20, 21 in: HAMMOND (18).

Table 3. Number of deaths from lung cancer and person-years (N;) ob-
served.

corresponding relative risks. The
procedure is described in detail in
the Appendix. We used the relative
risks derived from the American
Cancer Society’s study of 1 million
men and women*8, given in table 2.
Using these risks with Axelson’s
procedure we can estimate a rela-
tive risk, as it would be if generated
solely by the different smoking
habits of the two groups consid-
ered; that is, it gives the purely
tobacco-related relative risk. Our
analysis gives a relative risk of 1.53.
That is, we would expect the lung
cancer mortality rate of chauffeurs
to be about 50% higher than that
of the reference population, if no
further exposure is operating. This
relative risk can be used to adjust
the observed lung cancer mortali-
ty if we re-express the Poisson-
process parameter lambda as the
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product of the overall disease-spe-
cific death rate times the smoking-
specific relative risk (=RR;). In
addition, a correction factor ‘¢’
calculated as 0.69 accounting for
the numerator-denominator bias
has to be inserted into the model.
The expected number ;; of events
in occupational category i and
age-group j can then be repre-
sented as:

Hy= CiRRiNijA‘ij

i=1 for chauffeur, 2 for reference
group

j=1,2,...,, 12 (age-clases)
c;=correction factor for occupa-
tional missclassification, =0.69 for
chauffeurs, =1 for reference group
RR,;=relative risk calculated for
exposed group (=1.53) as related to
the reference (=1)

N;=person-years in occupational
group

7»}]-.= qccupa_tion and age-group spe-
cific intensity, to be estimated)

Using the usual logarithmic trans-
formation it follows:

(In(uy) = In(cRR;Ny) + x;8

with In(4;) replaced by the linear
predictor, x;’B, where in the present
case B is a parameter vector of
length 4 and x;’ a 4-dimensional
vector of variables (intercept, oc-
cupation category, age and age
squared).

This estimation can be done with
GLIM by using an offset of the first
term on the right-hand side of the
above formula. An age- and smok-
ing adjusted mortality ratio repre-
senting the ‘exposure’ effect is then
obtained by calculating the antilog
of the estimated regression coeffi-
cient of occupation. This modeling
is based on the assumption that
smoking does act in a multiplicative
way with diesel exhaust with respect
to lung cancer. This assumption is
in contrast to the finding of a pro-
spective study of Boffetta et al.’,
suggesting an additive rather than a
multiplicative pattern of lung cancer
mortality for these two risk factors.

Results

The number of deaths from lung
cancer and the corresponding per-
son-years are shown in table 3.

Without Axelson’s procedure

The mortality ratio for lung cancer
for chauffeurs with respect to the
reference group was 2.27, which is
significantly in excess of 1; 95%
confidence interval, CI (1.99, 2.58).
This calculation is taking into
account the correction factor.
However, as the other tobacco-
related diagnoses such as bladder
cancer, esophagus cancer and
ischemic heart disease show ratios
exceeding 1, as opposed to the



Table 4. Mortality ratios adjusted for age, numerator-denominator bias
(nd-bias) and smoking for chauffeurs. 95% Cl: confidence intervals (lower
and upper limits). Two correction factors are used: ¢=0.69, c=0.88
(c+ 2* SE).

reference group, and about to the
same degree as lung cancer mortal-
ity does (see table 4), there is no
basis for rejecting the concept that
the increase in lung cancer mor-
tality is wholly explainable by
smoking.

We therefore have to rely on the
smoking adjustment.

Using Axelson’s procedure

Using the available empirical data
on smoking, a mortality ratio of
1.48, 95%CI (1.30, 1.68) is obtain-
ed for lung cancer.

Discussion

Assuming that the method of ad-
justment for smoking is adequate,
and the smoking pattern of the
occupations analysed is reflected
reliably by the survey data, we can
conclude that the observed adjust-
ed excess mortality from lung
cancer among chauffeurs can not
be explained by smoking alone.
Even when using a rather conser-
vative correction factor (i.e. mean+
twice its standard error) closer to 1,
an excess of lung cancer mortality
remains.

In further analyses we calculated
age- and smoking-adjusted mortal-
ity ratios for the following occupa-

tions: dredging machine operators
(occupational code 634)%, and gas
station attendants (679), applying
exactly the same adjustments. The
following mortality ratios were
obtained: 2.46, 95% CI (1.93, 3.14)
for dredging machine operators,
2.56, 95% CI (1.33, 4.92) for gas
station attendants. These results
seem to support the hypothesis that
occupational exposure to diesel
exhaust increases the risk of lung
cancer. Dredging machine opera-
tors might be expected to have a
high exposure, as they often stay in
the same place, surrounded by
accumulated exhaust fumes. Gas
station attendants are continually
exposed to heavy concentrations of
exhaust fumes.

For dredging machine operators,
an alternative explanation of gen-
erally high cancer rates is their
belonging to the group of construc-
tion workers — a group with high
risks of various cancers. For gas
station attendants, on the other
hand, exposure is not restricted
mainly to diesel fumes, but rather
to all types of exhausts.

In conclusion, the present results
give some evidence for an excess of
lung cancer risk from an occupa-
tional exposure to diesel exhaust.
This is in line with another recent
finding: in a case-control study?®,
significantly increased relative

odds for exposed workers were
obtained after controlling for
smoking and asbestos exposure.
Moreover, a dose-response rela-
tionship between ‘diesel-years’ and
the incidence of lung cancer was
shown at least for workers aged at
64 years or less, giving further sup-
port to the hypothesis that there is
a hazardous effect. However, other
recent studies'®? give only weak
evidence for such an etiologic asso-
ciation.

Appendix

Axelson's procedure to account for
differences in smoking habits

The overall mortality rate of lung
cancer can be expressed as a
weighted mean of the rates among
the diverse smoking categories],
(1=1,2,...m) and the non-smokers,
1=0, where the weights are just the
fractions of these categories in the
study groups.

If the effect of smoking is known in
terms of a relative risk with respect
to non-smokers, the overall mortal-
ity rate from lung cancer can be
expressed in the following way:

A=

l

PiRR A

It

where the term RR A, represents
the mortality rate for category 1.
Rearranging the terms, the equa-
tion can be rewritten as:

A

Ao :lgf) leRl

The term on the right hand side
represents the smoking induced
relative mortality rate from lung
cancer of the group investigated
compared to non-smokers.

By computing such a decomposi-
tion for the exposed and non-
exposed groups, two factors are
obtained. By calculating the ratio
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between them, we finally obtain a
rate ratio (RR) which represents
the relation of the overall rates
among the exposed to that among
the non-exposed group, as we
expect it based on the smoking
habits of the two groups only.
Based on our data {(Table 1 and 2)
we obtain the following figures: for
the chauffeurs a relative mortality
of 7.54 compared to non-smokers is
calculated; for the reference group
we obtain a relative mortality of
494, Thus, the RR calculated is
1.53 (7.54/4.94), which was subse-
quently used in the regression. Pipe
and cigar smokers were classified
as having the same relative risks as
light cigarettes smokers, e.g. 1-9
cigarcttes per day, since it is known
that at least Swiss cigar and pipe
smokers experience a lung cancer
mortality comparable to cigarette
smokers?,
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