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Increased risk of lung cancer among male
professional drivers in urban but not rural areas of
Sweden

Robert Jakobsson, Per Gustavsson, Ingvar Lundberg

Abstract
Objectives-To study the risk oflung can-
cer in different subgroups of professional
drivers in urban and rural areas of
Sweden.
Methods-Information on occupation and
geographical region was obtained from
the Swedish census of 1970 and data on
the incidence of lung cancer between 1971
and 1984 from the National Swedish
Cancer Registry. Professional drivers
were separated into bus, taxi, and long
and short distance lorry drivers.
Comparisons of cumulative incidence of
lung cancer were made between each par-
ticular group of drivers and gainfully
employed men in the same region.
Results-Taxi drivers, and long and short
distance lorry drivers in Stockholm
County showed increased relative risks
(RRs) of lung cancer with the highest risk
among the short distance lorry drivers
(RR 2-0, 95% confidence interval (95% CI)
1 5 to 2.6). These categories of drivers
also showed increased risks in the other
two large conurbations in Sweden. In the
rest of the country (mainly rural areas)
there were no increased RRs for any cate-
gory ofdriver. The RR for bus drivers was
not increased in any region. After adjust-
ment for assumed differences in smoking
habits the RRs remained significantly
increased for lorry drivers in Stockholm
but not for other groups of drivers in
other areas. However, the RRs remained
numerically higher in large conurbations
than in rural regions for all groups of dri-
vers.
Conclusions-These findings suggest that
some factors present in the urban envi-
ronment play a substantial part in the
excess of lung cancer among short dis-
tance lorry drivers in urban areas of
Sweden. Exposure to motor exhaust
fumes may have contributed to this
excess.

(Occup Environ Med 1997;54:189-193)
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An increased risk of lung cancer among pro-
fessional drivers has been reported in several
epidemiological studies.'-8 However, there are
also several studies in which no increased risk
was found.9-'l Moreover, data on smoking are
lacking in many of the studies. Studies of rail-

way workers in the United States'2 13 and of
Swedish bus garage workers'4 and dock work-
ers,'5 indicate that high and prolonged expo-
sure to diesel exhaust is associated with an
increased risk of lung cancer. The Inter-
national Agency for Research on Cancer
(IARC) concluded that diesel engine exhaust
is probably carcinogenic and petrol engine
exhaust is possibly carcinogenic to humans.'6
One reason for the contradictory results

between different studies may be that the type
of drivers and the environment in which the
work is performed have not been classified suf-
ficiently. Long distance lorry drivers in the
United States were exposed to a mean concen-
tration of elemental carbon that was slightly
higher than roadside concentrations, but the
exposure of forklift truck drivers and dock
workers was considerably higher.'7 City bus
drivers in Paris and Bordeaux were exposed to
exhaust concentrations close to those preva-
lent at street level in the more polluted parts of
the cities.'8 These data do not allow general
conclusions to be drawn on exposures of dif-
ferent types of drivers.
An analysis of the Swedish Cancer

Environment Register for the period 1961-73
showed that male long distance lorry drivers in
Sweden, when compared with gainfully
employed men in Sweden showed a standard-
ised mortality ratio (SMR) for lung cancer of
13 (95% confidence interval (95% CI) 11 to
1 6) whereas male long distance lorry drivers
resident in Stockholm, when compared with
gainfully employed men in Stockholm, had an
SMR of l-6 (95% CI 12 to 2.3)."9In the same
register a significantly increased risk of lung
cancer was found among long distance lorry
drivers but not among tanker drivers.

Furthermore, the Swedish Cancer
Environment Register for the period 1971-84
showed that although drivers in Sweden, when
compared with gainfully employed men in
Sweden, had an SMR for lung cancer of 1-2
(95% CI 1-2 to 1-3)20 male drivers in
Stockholm, when compared with gainfully
employed men in Stockholm, had an SMR of
16 (95% CI 1-4 to 1.8).21
Thus, epidemiological evidence indicates

that professional drivers have an increased risk
of lung cancer, although not much is known
about the risks among different types of drivers.
The aim of this investigation was to exam-

ine the risk of lung cancer in different sub-
groups of professional drivers in urban and
rural areas of Sweden. Data on smoking from
previous surveys were used to evaluate the
possible impact from smoking.
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Table 1 Number of drivers and cases oflung cancer in the study

Region

Gothenburgi Counties in
Stockholm Bohus Malmohus the rest of Sweden,

Driver group County County County Sweden total

Bus drivers 2359 (14) 992 (7) 715 (1) 5380 (30) 9446 (52)
Taxi drivers 3120 (42) 1277 (14) 844 (14) 5096 (34) 10337 (104)
Long distance
lorry drivers 7773 (76) 4367 (35) 4339 (38) 37513 (155) 53992 (304)
Short distance
lorry drivers 4118 (50) 2148 (15) 2513 (19) 13884(60) 22663(144)

Material and methods
The study population included all gainfully
employed Swedish men aged 20 to 64 in 1970.
The professional drivers (n = 96 438) were
separated into four categories: bus, taxi, and
long and short distance lorry drivers by the
occupational code (classified according to the
Swedish standard classification of occupations
(NYK)) combined with the industry code
(according to the Swedish standard industrial
classification of economic activities (SNI)
table 1). Short distance lorry drivers (includ-
ing van drivers) mainly perform deliveries
within the region. Long distance lorry drivers
perform mainly intercity and international
deliveries.

Incident cases of cancer for the period
1971-84 have been identified from the
National Swedish Cancer Registry and were

linked to the data on occupation and residency
obtained from the census through the unique
10 digit identification number assigned to
every Swedish citizen. This register is known
as the Swedish Cancer Environment Registry.
Incident cases of lung cancer (ICD-7 code
162) were identified from this register.
The expected number of lung cancers was

calculated by the following procedure. The
number of people in each category of drivers
in 1970 was multiplied by the cumulative lung
cancer rate 1971-84 among men who were
gainfully employed in 1970. Effects due to dif-
ferences in age and geographical regions
(county) were accounted for by stratification
(five-year age groups were used).
An internally standardised relative risk (RR)

was calculated by dividing the observed by the
expected numbers of cases. This RR is similar
to an SMR based on person-years, although
differences in mortality between occupational
groups could not be accounted for.
95% Confidence intervals were calculated

from the normal distribution when the num-
ber of observed cases exceeded 20, and with
an exact method based on the Poisson distrib-

ution when the observed cases were less than
2o2220.2

Smoking habits from two Swedish surveys
were used to estimate the influence to tobacco
smoking on the risk of lung cancer. The first
was a national survey of smoking habits in
1963.23 The frequency of smokers among pro-
fessional drivers in that survey was 59% com-
pared with a mean of 49% among men in the
general population. The second set of data
was derived from three occupational health
service surveys among short distance lorry dri-
vers in Stockholm performed in the 1980s. On
average 50% of the drivers were smokers
(occupational health service reports, Arla-GB-
Semper AB, Stockholm 1985) but the propor-
tion of smokers among the general male
population in Stockholm was 34% in 1983.24
The impact of smoking was shown by calcu-

lations of adjusted RRs, based on the smoking
habits indicated by these two investigations.
Calculations were also performed with a

higher excess of smokers among the drivers
than that indicated by the surveys. The adjust-
ments for smoking were calculated by a

method similar to that described earlier for
smoking and myocardial infarction.25 It was
assumed in the calculations that the risk of
lung cancer among non-smokers was a 10th
that of smokers and half that of ex-smokers.26
One third of the non-smokers were assumed to
be ex-smokers. A multiplicative interaction
between the risk factors was assumed when
the risk estimates were adjusted for smoking.22

Results
The RRs for lung cancer (without adjustment
for smoking) differed considerably between
the categories of drivers and also between
the geographical regions (table 2). The RR
was notably increased for short distance
lorry drivers in Stockholm county. In the
counties without large cities (all counties
except Stockholm, Gothenburg/Bohus, and

Table 2 Relative risks (95% CIs) oflung cancer among male Swedish professional drivers, 1971-84

Region

Gothenburgl Counties in
Stockholm Bohus Malmohus the rest of Sweden,

Driver group County County County Sweden total

Bus drivers 0-8 (0-4-1-3) 1-0 (0-4-2 0) * 11 (0-7-1-6) 0-9 (0-7-1-2)
Taxi drivers 1-5 (1-1-2-1) 1-4 (08-2 3) 1-8 (1-0-3-0) 1-0 (0-7-1-4) 1-4 (1 1-1 7)
Long distance
lorry drivers 1-6 (1-3-2-0) 1-4 (1-0-2-0) 1-3 (0-9-1-7) 1-1 (0-9-1-3) 1-2 (1 1-1 4)
Short distance
lorry drivers 2-0 (1-5-2-6) 1-3 (0 7-2-2) 1-1 (0-7-1-7) 1 1 (0-9-1-4) 1-4 (1-2-1-6)

*One observed case only, RR not calculated.
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Table 3 Relative risks (95% CIs) oflung cancer among male Swedish professional drivers, 1971-84, adjustedfor
tobacco smoking*

Region

Gothenburgl Counties in
Stockholm Bohus Malmohus the rest of Sweden,

Driver group County County County Sweden total

Taxi drivers 1-3 (1 0-1 8) 1-2 (0-9-1-7) 1-5 (0-8-2-6) 0 9 (0-6-1-2) 1-2 (1-0-1 4)
Long distance
lorry drivers 1-4 (1 1-1 8) 1-2 (0-9-1 7) 1-1 (0-8-1-5) 0 9 (0-8-1-1) 1 1 (0-9-1 2)
Short distance
lorry drivers 1-7 (1-3-2-3) 11 (0 6-1-9) 0-9 (0-6-1-5) 1 0 (0-7-1-2) 1-2 (1 0-1 4)

*Smoking habits from 1963 national survey; 59% were smokers among the professional drivers, 49% among the reference
population.

Malmohus) there were no increased RRs for
any category of driver. Also there were no
increased risks for bus drivers in any of the
geographical areas. For the other categories of
drivers increased risks were found in the three
urban regions (the Counties of Stockholm,
Gothenburg/Bohus, and Malmohus), and the
RRs tended to be higher in Stockholm than in
Gothenburg/Bohus and Malmohus Counties.

Table 3 shows the risks of lung cancer
adjusted for different smoking habits. Bus dri-
vers were not included in this calculation as
they did not show an increased risk in any of
the regions.
The risk of lung cancer in all categories of

driver decreased after adjustment for assumed
differences in smoking habits. With the data
from the 1963 smoking survey (indicating a
slightly higher prevalence among the drivers
compared with other gainfully employed men)
a significantly increased risk remained for taxi
drivers, and long and short distance lorry dri-
vers in Stockholm County. With the data from
the occupational health service survey from
Stockholm in the 1 980s (indicating a high
overrepresentation of smokers among the dri-
vers compared with the general male popula-
tion in Stockholm at that time) there was still
an increased RR for long and short distance
lorry drivers, but the RR for taxi drivers was
no longer significant. If an even higher propor-
tion (60%) of smokers was assumed among
the drivers the risk remained significantly
increased among the short distance lorry dri-
vers only.

Discussion
The study shows large differences in risk of
lung cancer between bus, taxi, and long and

Table 4 Relative risks (95% CIs) of lung cancer among male professional drivers in
Stockholm County, 1971-84, adjustedfor different distribution of tobacco smoking

1963 National Occupational Simulated
survey of health service smoking

Driver group smoking habits investigation distribution

Taxi drivers 1-3 (1-0-1-8) 1-2 (0-8-1-6) 1.0 (0-7-1-4)
Long distance
lorry drivers 1-4 (1 1-1-8) 1-2 (1-0-1-5) 1.1 (0-9-1-3)
Short distance
lorry drivers 1-7 (1-3-2-3) 1-5 (1 1-2-0) 1-3 (1-0-1 7)

*Smoking habits from the 1963 national survey; 59% were smokers among the professional
drivers, 49% among the reference population.
tSmoking habits from the occupational health service surveys in Stockholm during the 1980s of
short distance lorry drivers; 50% were smokers among the professional drivers, 34% among the
reference population.
tSimulated, higher excess of daily smokers among the drivers, 60% v 34% among the reference
population.

short distance lorry drivers. One interesting
result is the striking increase in risk for short
distance lorry drivers in Stockholm by contrast
with no increase in risk among the bus drivers.
There was an increased risk of lung cancer in
all groups of professional drivers in Stockholm
County except among the bus drivers. A similar
pattern appeared in the other urban regions
with the exception of short distance lorry dri-
vers in Malmohus County. In the rest of
Sweden, consisting mainly of rural areas with
smaller cities, no excess risk of lung cancer was
found in any subgroup of drivers.
Some methodological aspects of the study

are noteworthy.
The separation of lorry drivers into short

and long distance drivers was based only on
information about which branch of the industry
the driver belonged to, and some misclassifica-
tion between these categories is probable.
Thus, the risk would tend to average out
between these two categories of drivers.

Self reported data on occupation during one
week in 1970 were used, and some of the dri-
vers might have had their job only for a short
time. This would tend to lower the risk of lung
cancer due to occupational exposures. On the
other hand overall mortality, and also mortality
from lung cancer, may be substantially higher
among short term workers than the general
population for reasons unrelated to occupa-

27tional exposures.
The cancer cases were identified from the

Swedish Cancer Registry. This register has a
high accuracy and completeness.28 Any mis-
classification of the outcome would be inde-
pendent of exposure and thus tend to bias the
RR towards unity.
The calculated RRs were approximate as

person-years could not be calculated in the
absence of data on mortality. An investigation
of the mortality from all causes during
1971-80 for all male Swedish road transporta-
tion workers active in 1970 showed an SMR of
97.29 This indicates that the bias from the
approximation in the RRs would be small.
What are the most likely explanations to our

findings? Smoking is a well known and strong
risk factor for lung cancer. Engine exhausts
and pollution in ambient air in urban areas are
other possible causes. Several studies during
the past decade have indicated a relation
between dietary factors and the risk of lung
cancer. Foremost, /B-carotene seems to have a
protective effect against lung cancer30 but this
effect has been questioned recently."
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As already stated there probably was a dif-
ference in smoking habits between the profes-
sional drivers in our study and the general
population. Direct information on the smok-
ing habits of the driver groups in our study is
missing. We used data from two investigations
and a simulated smoking distribution when we
calculated the risk of lung cancer adjusted for
smoking. The first investigation of smoking
habits was of all professional drivers in Sweden
in 1963 and the second was of short distance
lorry drivers in Stockholm in the 1980s. There
probably is a difference in the proportion of
smokers among the subgroups of drivers. Bus
drivers probably smoke less than short dis-
tance lorry drivers as it has been forbidden to
smoke on Swedish local buses. The taxi dri-
vers probably also smoke less than the short
distance lorry drivers because the customers
may disapprove of smoking. On the other
hand, during earlier decades taxi drivers were
probably exposed to environmental tobacco
smoke from customers who smoked. Also,
lorry drivers may be exposed to considerable
amounts of environmental tobacco smoke,
both from their own smoking and from assis-
tants in the cabin. However, a recent study of
concentrations of polycyclic aromatic hydro-
carbons and dust in the breathing zone of lorry
drivers in Geneva showed no increased con-
centrations among drivers who were smok-
ers.32 This indicates that the ventilation of the
lorry cabins in modem lorries is sufficient to
remove tobacco smoke relatively quickly.
We have provided RRs adjusted for a mod-

erate excess of smokers among the drivers and
a more pronounced difference in smoking
habits between the drivers in Stockholm
county and the reference population. Probably
the smoking habits of the short distance lorry
drivers were more different from the general
population than the smoking habits of the taxi
drivers. Under these assumptions the excess
risk of lung cancer remained in both these
groups of drivers after adjustment for smoking
habits.
The exposure to engine exhaust fumes and

ambient air pollution among different kinds of
drivers is insufficiently investigated. The expo-
sure to exhaust fumes in central Paris was two
to three times higher in motor cars than for
other means of transportation, including walk-
ing.33 In Geneva the exposures to motor
exhaust fumes were higher for short distance
lorry drivers than for long distance lorry dri-
vers.32 The available exposure data are insuffi-
cient to find if the difference in risk of lung
cancer between the groups of drivers in our
study may be attributed to different levels of
exposure to motor exhaust fumes.

In a Swedish case-control study of lung can-
cer a very high RR was found among former
professional drivers over 70 years of age who
smoked more than 20 cigarettes a day com-
pared with age and smoking matched non-
drivers. The findings were interpreted as a
synergistic effect between smoking and occu-
pation.4 A case-control study nested within a
cohort of Swedish dock workers found a
notably higher RR of lung cancer among

smokers with a high exposure to diesel exhaust
than among smokers with low exposure to
diesel exhaust. The findings were interpreted
as being due to an interaction between smok-
ing and diesel exhaust.'"
A recently published study of lorry drivers

and taxi drivers in Iceland confirms the differ-
ences in the risk of lung cancer between sub-
groups of drivers. A significantly increased risk
of lung cancer was found among lorry drivers
but not among taxi drivers. Although the lorry
drivers smoked more than the reference popu-
lation the increased risk could not be
explained by tobacco smoking only.34 The
result from our study is in keeping with these
findings and suggests an interaction between
exposure to engine exhaust fumes and smok-
ing.
Our finding of no increased risk of lung can-

cer among bus drivers is also in keeping with
previous studies.3336

In conclusion, by dividing professional dri-
vers in the Swedish census of 1970 into sub-
groups of drivers and geographical regions a
pattern of different risk of lung cancer was
shown. A substantially increased risk of lung
cancer was found among short distance lorry
drivers in Stockholm County. An increased
risk was also found among taxi drivers and
long distance lorry drivers in Stockholm. No
excess risk was found for bus drivers in any
region. Outside the large conurbations there
was no excess of lung cancer in any subgroup of
drivers. Calculations of the possible influence
of smoking indicate that it is unlikely that the
excess risk among drivers in Stockholm is
entirely caused by increased smoking habits.

Exposure to engine exhaust fumes from
ambient air or their own vehicle may have
played a part in the observed excess risk of
lung cancer among the drivers, particularly in
Stockholm County where the traffic is more
dense than in other parts of Sweden. More
research is needed to clarify the role of these
factors in the explanation of the excess risk of
lung cancer among the drivers.
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