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Abstract
Objectives-The aim of the present case-
referent study was to investigate the inci-
dence of myocardial infarction among
male professional drivers, taking the type
of vehicles and area of residence into
account.
Methods-The study base comprised all
men aged 30-74 in five counties in middle
Sweden during 1976-81 or 1976-84.
Incident cases of the first episode of
myocardial infarction were identified
from registers of hospital admissions and
causes of deaths. Referents were selected
randomly from the study base. Infor-
mation about occupation was obtained
from the national censuses in 1970 and
1975. The possible impact from tobacco
smoking and overweight were evaluated
by simulations in combination with indi-
rect data on these factors.
Results-The incidence of myocardial
infarction was increased among bus dri-
vers in Stockholm (relative risk (RR) =
1*53, 95% confidence interval (95% CI)
1*15-2*05), and among taxi drivers both in
Stockholm (RR 1 65, 95% CI 1-30-2.11)
and in the surrounding rural counties
(RR 1'82, 95% CI 1-17-2.82). A smaller
increase was found among long distance
lorry drivers, whereas the relative risk
among short distance lorry drivers was
close to unity. Indirect comparisons make
it unlikely that the excess among bus dri-
vers in Stockholm could be explained by
uncontrolled confounding from tobacco
smoking or overweight. A very high pro-
portion (more than 80%) of urban bus
drivers in Sweden report a combination
of high psychological demands and low
control at work.
Conclusions-Different types of drivers
are at different risk of myocardial infarc-
tion. Bus drivers in urban areas seem to
be at an increased risk, which is unlikely
to be explained by uncontrolled con-
founding from tobacco smoking or over-
weight. Psychosocial work conditions may
play a part in the increased incidence of
myocardial infarction among urban bus
drivers and should be investigated fir-
ther.

(Occup Environ Med 1996;53:235-240)
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An increased risk for myocardial infarction has
been reported in several studies of professional
drivers' but there are also some studies where
this was not found.8 12 The evidence for an
increased risk of myocardial infarction seems
to be stronger among bus drivers 34-7 than
among other groups of drivers. Some of the
negative epidemiological findings may be
explained by methodological shortcomings of
the studies. A recent Swedish investigation
indicated that bus driving in urban areas is
associated with an increased risk of myocardial
infarction, although no increased risk was
found among bus drivers in rural areas.3

Traditional risk factors for myocardial
infarction include tobacco smoking, increased
blood lipids, and hypertension. Hereditary fac-
tors and overweight also play a part in assessing
the risk of developing myocardial infarction.
Further, low physical activity at work or dur-
ing leisure time, cold, and heat have been
proposed as risk factors for myocardial infarc-
tion.'3 A few chemical occupational exposures
have been associated with an increased risk of
myocardial infarction, among them combus-
tion products. 14 It is not known if this
increased risk is due to any specific chemical
such as carbon monoxide or polycyclic aro-
matic hydrocarbons (PAHs),'4 and neither is it
known if exposure to motor exhaust is of rele-
vance for the increased risk of myocardial
infarction among professional drivers. A com-
bination of high psychological demands and
low control at work (job strain) has been pro-
posed as being associated with an increased
risk of developing coronary heart disease. This
theory, the Karasek-Theorell hypothesis,' has
gained support from several epidemiological
studies; see for example, a recent review by
Schnall and Landsbergis.'6
The aim of the present study was to investi-

gate the risk of myocardial infarction among
professional drivers in Sweden, taking into
account the types of vehicles (buses, taxis,
long and short distance lorries) and urban or
rural areas of residence. Indirect data on
smoking, overweight, and job demands and
control at work were used to assess the possi-
ble influence from these factors on the relative
risks (RRs) found. The study was restricted to
men as very few infarctions had occurred
among female drivers in the studied areas.

Material and methods
The study base comprised the male popula-
tion aged 30-74 in five counties in middle
Sweden: Uppsala, Sodermanland, Gavleborg,
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and Kopparberg during 1976-81, and
Stockholm county during 1976-84. The
county of Stockholm represents an urban area
whereas the other four counties mainly include
rural areas. The study base was restricted to
people holding the same type of job for at least
five years. The RR for myocardial infarction
among different types of drivers compared
with other gainfully employed men was stud-
ied by case-referent methods.

IDENTIFICATION OF CASES AND REFERENTS
Incident cases of a first episode of myocardial
infarction (International Classification of
Diseases, eighth revision (ICD-8) code 410)
were identified by the combined use of a central
register of hospital admissions and the
national registry of causes of deaths. Referents
were selected randomly from the study base.
They were frequency matched to the cases for
age (five year age groups), year of admission,
and death of the cases. The procedure has
been described in detail earlier,'7 and the
process for finding of cases has been vali-
dated.'8 19

DATA ON OCCUPATION
Data on occupation (classified according to
the Nordic standard classification of occupa-
tions) and industry code (according to the
Swedish standard industrial classification of
economic activities) from the censuses in 1970
and 1975 were linked to cases and referents by
the civil registration number, unique to every
Swedish citizen. Bus, taxi, and short and long
distance lorry drivers were identified from the
codes for occupation and type of industry.
Short distance lorry drivers perform local
deliveries within an area corresponding to a
large city with suburbs, whereas long distance
lorry drivers perform intercity and interna-
tional transportation of goods.
The study was restricted to people holding

the same type of job in the same industry in
the censuses of both 1970 and 1975 to avoid
the influence from short term employed peo-
ple who could be expected to distort any rela-
tion between occupational factors and the rate
of myocardial infarction. Thus, all drivers in
the study had had the same type of driving job
for at least five years. Table 1 shows the num-
ber of cases and referents.

ANALYTICAL METHODS
The RR (incidence rate ratio) of developing
myocardial infarction among drivers com-
pared with other gainfully employed men was
calculated according to the Mantel-Haenszel

Table 1 Number of cases and referents subdivided by type of driver and county

Uppsala, Gavleborg,
Stockholm Sodermanland, Kopparberg

Occupation * Cases Referents Cases Referents

Bus drivers 70 141 22 50
Taxi drivers 101 196 34 51
Long distance lorry drivers 112 270 98 211
Short distance lorry drivers 27 81 16 45
All occupations 4 105 13 066 2 741 7 391

*Same occupation in 1970 and 1975.

procedure20 allowing for differences in age
(five year age groups), calendar year (three
year periods), and county of residence.

SMOKING HABITS AND OVERWEIGHT
Individual data on factors, other than age and
area of residence, that might confound the
relation between the rate of myocardial infarc-
tions and occupation were not available. Data
on smoking and overweight from other investi-
gations of drivers were used to assess the possi-
ble impact of these factors. The potential
influence on the rate of myocardial infarction
from tobacco smoking and overweight was
evaluated by simulations, assuming different
distributions of these risk factors among the
drivers and the general population.
The calculations of the impact of smoking

and overweight were analogous to a procedure
previously developed for lung cancer and
smoking,2' and were performed in the follow-
ing way.
The incidence of myocardial infarction in a

population may be calculated as a weighted
sum of the incidence among non-smokers and
smokers, with the proportions of smokers and
non-smokers as weights:

NS*a + S*a*RR = I
where: NS = the proportion of non-smokers,
a = the baseline incidence of myocardial
infarction among non-smokers, S = the pro-
portion of smokers (= 1 -NS), RR = the
relative risk for myocardial infarction among
smokers v non-smokers, I = the resulting
incidence of myocardial infarction in the popu-
lation.

If the proportion of smokers were altered,
the resulting incidence I would change. If the
incidence associated with the first proportion
of smokers were Il, and the second incidence
were I2 the ratio I2/1,, which may be calculated
without knowledge of the baseline incidence a,
would express how much higher (or lower) the
incidence of myocardial infarction gets with
the second proportion of smokers. The unad-
justed RR for myocardial infarction was
divided by the ratio 12/11 to obtain the smok-
ing-adjusted RR.

Analogous calculations were performed for
the effect of overweight. A multiplicative inter-
action between the risk factors was assumed
when the relative risks were adjusted for the
combined effects from smoking and over-
weight.
The rate of myocardial infarction among

smokers v non-smokers has been investigated
in several studies, and the relative risk that
could be associated with smoking varies with
different factors, like quantity smoked, age
range, population, and whether ex-smokers
have been included among the non-smokers or
not. From the scientific literature, the rate of
myocardial infarction was estimated to be 1-7
times higher among daily smokers than among
non-smokers and exsmokers combined.22 This
was the RR used in the simulations when cor-
recting for differences in smoking habits. The
rate of myocardial infarction in moderately
overweight people (body mass index (BMI)
25-1-29-9) was estimated to be 13% higher
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Table 2 Relative risk (RR) of developing myocardial infarction among male drivers in
Stockholm andfour surrounding rural counties

Uppsala, Sodermanland,
Stockholm Gdvleborg, Kopparberg

Driver group RR* (95% CI) RR* (950% CI)

Bus drivers 1-53 (1-15-2-05) 1-17 (0-71-1-94)
Taxi drivers 1-65 (1-30-2-11) 1-82 (1-17-2-82)
Long distance lorry drivers 1-31 (1-05-1-64) 1-24 (0-97-1-58)
Short distance lorry drivers 1-06 (0-69-1-65) 0-94 (0-53-1-68)

*Relative risk adjusted for age, calendar period, and county.
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than among people with a normal BMI, and
heavily overweight people (BMI > 30) were

considered to be at 50% greater risk of
myocardial infarction.23

PSYCHOSOCIAL WORK ENVIRONMENT

No data on the psychosocial work environment
were available for the study subjects. Self
reported data on the psychosocial work envi-
ronment in different occupations were

obtained from a national survey investigation
performed in 1991.24 Questions on different
aspects of psychological job demands and job
decision latitude (control) were aggregated to
indices of demands and control, respectively,
according to the principles outlined by Karasek
and Theorell.'5 The questions that were used
to reflect psychological job demands were: do
you have to skip lunch, work overtime, or take
jobs home; is the work so stressful that you
can't talk or think of anything else other than
the work; are there parts of time when you just
wait and are prepared for anything to happen;
does the work demand your full attention; do
you have to look attentively at something during
work, or it goes wrong; are you satisfied or dis-

satisfied with working hours?
Decision latitude was coded from the fol-

lowing questions: do you have influence over
the work pace; can you talk to colleagues
during work; can you take short breaks; can
you decide when different tasks should be
done; do you take part when your work is
organised; do you have a feeling of influence
over the job; do you have a feeling of freedom v
lack of freedom at work?
The quantitative responses to each of these

questions were dichotomised and the number
of positive responses were added to form
indices of job demands and decision latitude
for every man in the survey. All men were then
classified as either low or high in demands and
decision latitude, and the percentage of men
reporting both high demands and low decision
latitude was calculated for each occupation.

Results
MYOCARDIAL INFARCTION
The RR for myocardial infarction differed con-
siderably between groups of drivers and also
between urban and rural drivers (table 2). An
increased incidence was found among bus dri-
vers in Stockholm and among taxi drivers in
both areas, compared with all gainfully
employed men. Long distance lorry drivers
who lived in Stockholm had a moderately
increased incidence, whereas the incidence
among short distance lorry drivers was equal to
the average among gainfully employed men.

TOBACCO SMOKING AND OVERWEIGHT
Table 3 shows the decrease in the RRs that
would result from successively increasing
assumed proportions of daily smokers and
overweight people among the bus drivers in
Stockholm. Each of the columns in the table
represents the effects of increasing proportions
of daily smokers among the bus drivers. The
baseline in the left hand column corresponds
with the mean percentage of daily smokers
among men in Stockholm during 1983, 34%.25
Similar calculations were performed for over-
weight, represented by the rows in the table. A
population based national survey investigation
in 1988-9 indicated that the proportions of
people of low or normal weight, moderate
overweight, and heavy overweight were 63%,
32%, and 4-5% respectively.26 These percent-
ages were used as a baseline in table 3. The
other rows represent increasing proportions of
overweight people among the bus drivers. Only
the more extreme combinations of overweight
and excess smoking reduces the RR to a non-
significant level.

Table 3 Calculated RRs (95% CI) for myocardial infarction among bus drivers in Stockholm, assuming different
distributions ofsmoking and overweight among drivers and the general population

Distribution (%o) ofBMI among the drivers
Daily smokers among the drivers ("/o)

Normal Over- Heavily
weight weight overweight 34* 40 50 60

63 32 4-5* 1-53 (1-15-2-05) 1-48 (1-11-1-98) 1-40 (1-05-1-88) 1-33 (1-00-1-79)
50 40 10 1-48 (1-11-1-98) 1-43 (1-07-1-92) 1-36 (1-02-1-82) 1-29 (0-97-1-73)
40 45 15 1-44 (1-08-1-93) 1-39 (1-04-1-86) 1-32 (0-99-1-77) 1-25 (0-94-1-68)

*Similar to the general population.
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Similar calculations were performed for the
other groups of drivers. Also among taxi dri-
vers, both in Stockholm and in the rural coun-
ties, large excesses of tobacco smoking and
overweight must be assumed to reduce the RR
substantially. The intermediate excess risk
noted among the long distance lorry drivers in
Stockholm attenuates rapidly towards unity as
increasing smoking and overweight are
assumed. The results of adjustments for smok-
ing and overweight are shown for bus drivers
only, as it is only for this group that a high
excess of smokers is unlikely (see discussion).
The proportion of people with high

demands and low control at work in different
occupations and geographical areas of Sweden
was calculated from a national random survey
investigation performed in 1991 (figure).24
The perception of demands and control at
work varied considerably between driver
groups but not much between urban and rural
areas. A considerably higher proportion of bus
drivers reported a combination of high
demands and low control at work than other
driver groups and the comparison groups.
Also, taxi drivers and long distance lorry dri-
vers in rural areas reported this combination
more often than the other groups, but the per-
centages for the other driver groups were of
the same magnitude as the mean for unskilled
manual workers.

Discussion
An increased incidence of myocardial infarc-
tion was found among bus drivers in
Stockholm and among taxi drivers both in
Stockholm and in the rural counties. A slight
excess was present also among long distance
lorry drivers. We discuss possible sources of
error in the estimates of the RR, as well as the
possible impact of tobacco smoking, over-
weight, and other factors.

Occupation was coded from census data,
and the occupational title may have been mis-
coded for some men. As the same occupa-
tional code was required both in 1970 and in
1975 it is likely that this type of misclassifica-
tion was small. Cases of myocardial infarction
were identified through the combined use of
hospital admission registers and death records.
The national registry of causes of death
records practically all deaths occurring among
people who live in Sweden, and the losses of
cases from this source would be very small.
The procedure for finding live cases has been
validated.'8 19
The clinical diagnosis of myocardial infarc-

tion is subject to misclassification due to prob-
lems in diagnostic criteria, etc. However, this
type of misclassification is likely to be unre-
lated to occupation and give a bias of the RR
towards unity.
A central question is to what extent the

increased incidence of myocardial infarction
among some driver groups may be explained
by increased smoking habits, overweight, or
other risk factors for myocardial infarction that
might confound the studied relations.
A population survey investigation per-

formed in 1988-9126 indicated that 36% of
lorry drivers and taxi drivers smoked daily
whereas 28% of gainfully employed men in the
general population in Sweden smoked daily. A
recently presented investigation on incidence
of lung cancer among professional drivers in
Sweden was based on 102 428 male drivers
identified from the census of 1970.27 The
study showed no increased risk among male
bus drivers compared with all gainfully
employed men, neither in Stockholm (stan-
dardised incidence ratio (SIR) 83, 95% CI
46-151) nor in rural counties of Sweden (SIR
105, 95% CI 72-152). On the other hand, a
considerable increase in the incidence of lung
cancer was found among short distance lorry
drivers in Stockholm (SIR 198, 95% CI
149-262). Other groups of drivers in
Stockholm showed intermediate risk excesses,
but no increased risk of lung cancer was found
in the rural counties in any of the driver
groups. Tobacco smoking is a very strong risk
factor for lung cancer, and the low SIR and
relatively narrow CI for lung cancer among
bus drivers in Stockholm indicate that smok-
ing among bus drivers in Stockholm cannot be
much higher than among gainfully employed
men in general in the same area. The lung
cancer study concerned the same type of dri-
vers in the same area and comprised to a large
extent the same people as the present study,
although in the lung cancer study no restric-
tion was made for minimum employment
time. Tobacco smoking has never been
allowed on Swedish buses, neither among pas-
sengers nor among drivers, although lorry dri-
vers may smoke while driving. These data,
taken together, indicate that there probably is
an excess of daily smokers among Swedish
lorry and taxi drivers, but such an excess
among bus drivers in Stockholm seems highly
unlikely.
No data on the frequency of obesity among

bus drivers in Stockholm were available. The
calculations in table 3 indicated, however,
that even if a threefold excess of heavily over-
weight people is assumed among the drivers
there still remains a significantly increased
incidence of myocardial infarction, as long as
a considerable increase in smoking is not also
assumed. Against the background of the find-
ings in the lung cancer study cited this seems
very unlikely. The moderate excess of
myocardial infarction among the long dis-
tance lorry drivers was so small that excess
smoking habits and possibly also overweight
well may explain the increased risk. This is
possibly also true for the taxi drivers, although
the RR found was higher-and even higher
frequencies of smoking and overweight must
be assumed, possibly in combination with
physical inactivity. For the bus drivers it
does not seem likely that the excess may
be explained by tobacco smoking or over-
weight.

Bus drivers have lower physical activity in
their job than several other occupational
groups. However, this applies to bus drivers in
rural areas as well, in whom no increased risk of
myocardial infarction was found. Bus drivers
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in Gothenburg reported a higher level of phys-
ical activity in leisure time than other occupa-
tional groups.4 This indicates that lower
physical activity in leisure time or a sedentary
job may seem less likely explanations for the
increased rate of myocardial infarction among
the bus drivers in the present study.
A combination of high demands and low

control at work was common among bus
drivers and also among taxi drivers. Long and
short distance lorry drivers were, however,
closer to the mean for other occupational
groups in this respect. This type of psychoso-
cial work load has been shown to be associated
with an increased rate of myocardial infarc-
tion.16 In the present study, on the whole the
same groups that reported high demands and
low control at work also had an increased risk
of myocardial infarction. The bus drivers'
work is characterised by contact with many
passengers and strict time schedules. Further
investigations are needed to clarify what spe-
cific factors in the psychosocial work environ-
ment are underlying the drivers' perception of
low control and high demands.
Lower socioeconomic status is associated

with an increased rate of myocardial infarc-
tion.28 However, there are no indications that
bus drivers would have a lower socioeconomic
status than lorry drivers and comparisons
between the driver groups do not indicate
socioeconomic status as a probable explana-
tion for the present findings.

Professional drivers are often assumed to be
exposed to motor exhaust, but very few investi-
gations of exposure levels have been pub-
lished. Probably, the exposure levels vary
considerably between types of vehicles, urban
and rural areas, and also over calendar periods
reflecting changes in work conditions, fuel
types, garage ventilation, etc. A study of bus
drivers in Paris and Bordeaux indicated that
the drivers' exposure to common air pollutants
like carbon monoxide, nitrous dioxide and
benzo(a)pyrene were of the same magnitude
as samples of the general air in more polluted
parts of the cities.29 The reported concentra-
tions were considerably lower than occupa-
tional exposure limits for the respective
substances. A study of lorry drivers in Geneva
indicated that exposure to total dust was
higher among drivers in urban than in rural
areas, 0 3 and 0.1 mg/M3 as full shift time
weighted averages.30 These concentrations are
low compared with occupational exposure
limit values.

These data indicate that professional drivers
in urban areas are exposed to air pollution that
corresponds with the more polluted parts of a
city. It is questionable if exposures of this mag-
nitude can be associated with an increased risk
of myocardial infarction, taking into account
the relatively weak support for motor exhausts
and combustion products as risk factors for
myocardial infarction.'4 Investigations of occu-
pational groups with a very high exposure to
combustion products like chimney sweeps,3'
gas manufacturing workers,32 and waste incin-
eration workers33 show excesses of myocardial
infarction of roughly the same magnitude or

even lower than that found among the bus
drivers.

Several investigations show that exposure to
lead may be associated with increased blood
pressure,'4 which is a risk factor for myocardial
infarction. For the past 50 years, buses in
Stockholm have been powered by diesel oil,
which contains no lead. Thus, the increased
incidence of myocardial infarction among bus
drivers in Stockholm cannot be attributed to
exposure to lead.
The present findings correspond well with

those from a study of risk factors for myocar-
dial infarction among bus and lorry drivers in
northern Sweden. Bus drivers more often
reported low control and high demands than
lorry drivers and controls from the general
population.34 An increased risk of myocardial
infarction was found among Danish city bus
drivers, and the risk was highest among drivers
working in central urban areas.6
Our results also correspond well with those

of a prospective population survey in
Gothenburg in Sweden. The risk of myocar-
dial infarction was tripled among 103 bus and
tram drivers, with individual adjustment for
smoking, blood pressure, blood lipid concen-
trations, physical activity, and body weight. In
the same study, taxi drivers had a doubled risk
of myocardial infarction, although the
increased risk for taxi drivers was not signifi-
cant. No excess risk was found among lorry
drivers.

In conclusion, this study showed an
increased incidence of myocardial infarction
among bus drivers in Stockholm and among
taxi drivers both in Stockholm and in the sur-
rounding four counties, compared with other
gainfully employed men. As direct information
on several traditional risk factors as well as
characteristics of the work place is lacking, the
cause of this increase is uncertain. However,
indirect comparisons show that the excess of
myocardial infarction among the bus drivers in
Stockholm is not likely to be explained by
increased smoking or overweight. Sedentary
job, lower physical activity in leisure time,
socioeconomic status, and exhaust exposure
also seem unlikely as main explanations for
this increased risk. Bus and taxi drivers more
often reported psychosocial job strain than
other drivers and men in other occupations.
Characteristics of the psychosocial work envi-
ronment should be a key issue in future
research on the aetiology of myocardial infarc-
tion in professional drivers, but more informa-
tion on lifestyle factors as well as chemical
work place characteristics would also be
needed for a better understanding of the
causes of myocardial infarction among profes-
sional drivers.
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