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Impact of work-related and psychosocial factors
on the development of ischemic heart disease
among urban bus drivers in Denmark

by Bo Netterstrern, MD, Knud Juel '

NETTERSTR0M B, JUEL K. Impact of work-relatedand psychosocial factors on the developmentof
ischemic heart disease among urban bus drivers in Denmark. Scand J Work Environ Health 14 (1988)
231-238. From 1978 to 1985, 2 465 male bus drivers in the three major cities in Denmark were followed
with regardto hospitaladmissiondue to myocardial infarction(Ml) and deathdue to ischemic heart disease
(lHD). In all 2 045 (83 010) of these men responded in 1978to a questionnaire on psychosocial well-being
and work conditions. The respondentsdid not differ from the nonrespondents regardinghospital admis­
sions and death in the follow-up period (1978-1984). Sixty-two cases of MI were registered among the
2045 bus driversin 1978-1984. On this basis relativerisk for MI was calculated with a multiple regres­
sion model for independent variablesregarding psychosocial well-being and work conditions. High work
load (drivingin heavytraffic) wassignificantly associatedwiththe occurrenceof MI. Of the psychosocial
factors "no socialcontact with colleagues" and "increased work pace" werealso significantly associated
with the occurrence of MI. Smokinghabits tended to be associated with the occurrence of MI, whilestress
symptoms and job dissatisfaction did not. The mental burden on bus drivers working in heavy traffic
seems a possible explanation for the findings.
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In 1978 studies of the health and well-being of bus
drivers in Denmark were conducted. A historic-pro­
spective cohort study of all bus drivers employed by
the traffic companies in Odense, Aarhus, and
Copenhagen - the three major cities in Denmark ­
in 1977 was carried out, as was a cross-sectional study
based on questionnaires sent to all employed bus
drivers in the three cities . These studies were followed
by a clinical investigation of a representative random
sample of the earlier subjects.

The cohort stud y established a higher incidence of
ischemic heart disease among bus drivers than among
men actively employed in Denmark (31). The cross­
sectional study demonstrated a higher prevalence of
questionnaire-positive angina pectoris among bus
drivers than among locomotive engineers (27). Studies
from London and Norway have reported similar results
(16, 26). The bus drivers in the Danish studies
demonstrated a marked maladaptation to work, ex­
perienced poor work environment, and evinced pro­
nounced mental symptoms. Since poor occupational
well-being has been found to be related to the incidence
of ischemic heart disease in other investigations (9, 17,
22, 30, 40), the psychosocial work environment and
conditions of strain under which bus drivers work
could be essential factors in the development of
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ischemic heart disease. We have therefore tried to
elucidate these possible connections in a prospective
cohort study.

Subjects and methods

The study population included all male bus drivers who
were employed full-time by the traffic companies in
Copenhagen, Aarhus, and Odense on 1 April 1978.
Questionnaires were sent to all of the 2 693 bus drivers
on 1 April 1978. Seventy-two of the drivers did not
have driving duty at that time, and 156 of the drivers
were women. These two groups were excluded from
the study. A total of 2045 of the 2465 men included
(83 070) answered and returned the questionnaire.

The 2 465 bus drivers were followed from 1 April
1978 to 31 December 1985 with regard to ischemic
heart disease. Deaths from this disease [International
Classification of Diseases (ICD) 410-414] and first­
time hospital admissions due to acute myocardial in­
farction (lCD 410) were used as measures for the oc­
currence of ischemic heart disease. First-time admis­
sions due to acute myocardial infarction were selected
since acute myocardial infarction normally results in
exclusion from work and early retirement, and ex­
posure to the work of driving ceases. None of the bus
drivers had previously suffered from episodes of acute
myocardial infarction at the start of the follow-up
period.

In 1986 all 2 465 bus drivers were traced in the
Register of Causes of Death and the Danish National

231



Patient Register according to their national personal
identification numbers. These registers record all
deaths based on death certificates and hospital admis ­
sions based on reports furnished by the hospitals,
respectively. Information as to cause and date of death
was obtained from the Register of Causes of Death
up to and including 31 December 1985, and data on
the admission diagnoses from the Nat ional Patient
Register up to and including 31 December 1984.

The classification of the causes of death was con­
ducted by the National Board of Health, and the
classification of the admission diagnoses was con­
ducted by the physicians at the individual hospitals.
In both processes the eighth revision of the ICD
classification of the World Health Organization was
used. Records on all cases of myocardial infarction
were collected from the hospitals. In all cases the
diagnosis was based on enzyme elevation or electrocar­
diographic changes.

The independent variables used in this investigation
were taken from the 1978 questionnaire study (27), in
which the information on psychosocial and work con­
ditions was collected. (See the appendix.)

The objective work load was estimated from the traf­
fic intensity to which the bus drivers were exposed in
1978. As regards the Copenhagen bus drivers, a driver
who was not acquainted with the study classified the
Copenhagen routes into two groups, one with routes
going through heavily trafficked streets and the other
going through less trafficked streets. One group of
drivers could not be classified as they had duty on

Table 1. Age distribution of respondents and nonrespondents
in 1978.

Age Respondents· Nonrespondentsv

(years) N % N %

20-29 355 17 112 27
30-39 448 22 94 22
40-49 420 21 73 17
50-59 621 30 104 25
60-64 201 10 37 9

Total 2045 100 420 100

a Mean age 43.7 (SD 12.3) years.
b Mean age 41.2 (SD 13.1) years.

Table 2. Age-standardized morbidity ratio (SMR)of first time
hospital discharges among the nonrespondents, respondents
used as reference. (O=observed number of cases,
E=expected number of cases, 95 % CI =95 % confidence in­
terval)

Diagnoses' 0 E SMR 95 % CI

Myocardial infarction
(ICD 410) 10 10.9 92 44-169
Cardiovascular disease, others
(ICD 390-458 excluding 410) 40 32 .9 122 87-166
Others 121 111 .2 109 90-130
All cause s 171 155 110 94-116

• Code of the International Classification of Diseases (ICD), eighth revi­
sion , in parentheses.
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various routes. In Aarhus and Odense the classifica­
tion was performed according to the drivers'
statements as to whether they worked on routes in the
center of the city or mainly in the suburbs in 1978.

The remaining variables were constructed on the
basis of replies to the questionnaire regarding work and
private life conditions, often with a number of reply
options . These variables were generally dichotomized
into a positive or negative reply in the data analysis.

The independent variables with a statistically signifi­
cant association with ischemic heart disease were
chosen on the basis of the chi-square test in two-way
contingency tables. A Cox regression model was set
up to analyze the simultaneous contribution of these
variables.

By backward elimination the variables with no
significant association to ischemic disease were re­
moved. The resulting model was then supplemented
by all the other variables individually to determine
whether some of them contributed significantly. First­
order interactions were tested in the final model. The
proportionality assumption was examined graphical­
ly.

The relati ve risks for all the independent variables,
significant as well as nonsignificant, are given in the
results section. The final model supplied the relative
risks for the significant variables; for the nonsignifi­
cant variables the relative risks were determined by sup­
plementing the final model with the variable.

Results

The age distribution of the respondents and nonre­
spondents is given in table I . There were relatively
more nonrespondents in the younger age group. In­
formation provided by the bus drivers' union indicated
that some of the younger drivers were newly employed
and thus they may not have been motivated to par­
ticipate in the study.

Table 2 shows the age standardized morbidity ratio
for the nonrespondents with the respondents as the
reference. It is noteworthy that the incidence of ad­
mission to the hospital due to acute myocardial infarc­
tion was not higher among the nonrespondents.

During the period 1978-1985, 130 deaths occurred
among the 2 465 bus drivers. Forty-one were due to
ischemic heart disease, 47 due to cancer, and 11 were
suicides. None of the causes of death differed signifi­
cantly in frequency from the mortality among Danish
men in 1981, as the expected values after indirect age
standardization was 44, 48 and 8, respectively.

The number of first-time hospital admissions within
each group of diagnoses during the almost seven-year
follow-up period is shown in table 3. Cardiovascular
disease was the most frequent cause of admission and
myocardial infarction the most frequent individual
diagnosis (72 cases in all). Sixty-two of the men with
myocardial infarction had answered the questionnaire



a Code of the International Classification of Diseases (ICD),
eighth revision, in parentheses.

Table 3. Distribution of the diagnoses of the bus drivers dis­
charged from the hospital in 1978-1984. Only the first dis­
charge in each group of diagnoses is included.

emphasized that , of the 62 respondents who developed
acute myocardial infarction, only one was a non­
smoker. (See table 5.) Thus the calculation o f the rela­
tive risk was uncerta in . The remain ing ind icators of
subjective work load , job satisfaction, stress, and so-

in 1978. According to the questionnaire fifty o f them
had had no symptoms of angina pectoris in 1978 (36).
Twenty-one of the 62 respondents who developed acute
myocard ial in farction during the follow-up period died
o f acute myocardial infarction .

By the Cox regression model, the relative risk for
ho spital admission due to a cute myocardial infarction
in the whole follow-up period was calculated for each
of th e ind ependent variables. (See table 4.) Moreover,
th e relative ri sk was calcu lated only for the period in
which each per son had wor ked as a bu s dri ver. Work
load (P =0.0009) and age (P < O.OOO I ) contributed
significantly to th e regression model when the com­
plete follow-up period was considered . Social contact
with colleagu es in spare tim e (P = 0.04) and work pace
higher than five yea rs earlier (P = 0 .02) contributed to
th e model as well when only the per iod while the per­
son was a bu s dr iver was included in th e ca lcula tion.
In the latter analysis the P-value for work load was
0.0002, and that for age 0 .0001.

From table 4 it can be seen that smo king was not
significantly a ssociat ed wit h acute myocardial infarc­
tion (P = 0.06) when the complete follow-up period was
considered. Nor could sign ificant differences be found
when the smokers were divided into the two groups
of hea vy smokers and smokers of less than 20 ciga ­
rettes or 20 g o f tobacco daily. However, it must be

Diagnosis'

Cardiovascular disease (ICD 390-458)
Hypertension (ICD 400-404)
Myocardial infarction (ICD 410)
Ischemic heart disease, others
(ICD 411-414)
Cerebrovascular disease (ICD 430-438)
Varices (ICD 454)
Hemorrhoidal tumor (ICD 455)
Others

Respiratory disease (ICD 460-519)
Gastroduodenal ulcer (ICD 531-534)
Back disease (ICD353.99, 713.11 -713.14,
717.09, 725-728.79)
Cancer (ICD 140-209)
Accidents (ICD 800-999)
Others

Total

Number

244
25
72

45
25
24
24
29

107
40

52
82

156
268

949

Table4. Relativerisk for first admission due to acute myocardial infarction (MI) among 2 045 maleurban bus driversin 1978-1984.
(95 % CI= 95 % confidence interval)

1978-1984 Bus driver time

Relative 95 % CI Relative 95 % CIrisk risk

< 7 years in school/>8 years 1.1 0.6- 1.9 1.2 0.6- 2.6
Smoker/nonsmoker 5.0 0.7-36.0 3.0 0.4-22.1
Ex-srnokermonsmoker 3.2 0.4-25.6 1.6 0.1-12.8
Work load (objective)

Copenhagen highllow 2.7 0.9- 7.6 6.2 0.8-46.9
Province high/low 3.4 1.2- 9.5 4.4 1.2-16.4

Work load (subjective)
Family problems due to shift work, yes/no 1.0 0.6- 1.7 1.0 0.5- 1.9
Feeling of monotony, yes/no 1.0 0.6- 1.6 0.9 0.5- 1.8
Work pace too high,.yes/no 0.8 0.4- 1.7 1.0 0.3- 3.0
Work pace higher than 5 years ago, yes/no 1.4 0.8- 2.6 2.7 1.1- 7.1

Social network indicators
Married/unmarried 1.4 0.2-10.5
Social contact with colleagues in spa re time,
no/yes 1.4 0.8- 2.3 2.0 1.0- 3.8

Job satisfaction indicators
Looking for other work, yes/no 1.1 0.6- 2.1 1.3 0.6- 2.8
Feeling of influence on work, yes/no 1.4 0.7- 3.0 1.5 0.6- 4.0
Dissat isfaction with wages, yes/no '1.3 0.7- 2.1 1.1 0.5- 2.0
Dissatisfaction with the administration, yes/no 1.2 0.7- 2.1 1.5 0.8- 3.0

Stres s indicators
Unbalanced several times a month, yes/no 1.0 0.6- 1.7 0.8 0.4- 1.7
Mentally exhausted several times a month,
yes/no 1.1 0.7- 2.0 1.5 0.9- 3.2
Physically exhausted several times a month,
yes/no 0.7 0.3- 1.3 0.8 0.3- 1.7
Insomnia several times a month, yes/no 0.8 0.5- 1.3 0.9 0.5- 1.6
Suffer from stress several times a month,
yes/no 1.1 0.7- 1.8 1.4 0.7- 2.6

a See the text.
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Table 5. Number of cases of ho~pital.admission ~ue to acute myocardial infarction and the one-year incidence per 1 000 per­
sons for 2 045 male urban bus drivers In Denmark In 1978-1984, distributed according to the significant factors and smoking.

1978-1984 Time as bus driver
(N=62) (N=40)

Cases Incidence Cases Incidence

Work load in Copenhagen high 27 7.1 16 7.8
Work load In Copenhagen low 4 3.1 1 1.3
Work load in Copenhagen mixed 12 2.6 10 2.9
Work load in province high 14 9.7 10 8.3
Work load in province low 5 2.5 3 2.0
Pace higher than 5 years ago 49 5.9 35 5.8
Pace not higher than 5 years ago 13 2.5 5 1.4
Social contact with colleagues in
spare time . 28 2.2 15 2.9
No social contact with colleagues
in spare time 34 5.6 25 5.8
Smoker (>20 cigarettes/daily) 14 4.3 10 4.6
Smoker « 20 cigarettes/daily) 32 5.2 20 6.4
Ex-smoker 9 3.5 5 3.1
Never smoker 1 0.7 1 0.9

cial network were not associated with acute myocardial
infarction. It must be pointed out, however, that only
256 of the bus drivers were unmarried or divorced. All
the bus drivers who developed myocardial infarction
were married. Therefore, no estimation of relative risk
was made.

The relative risk of hospital admission due to acute
myocardial infarction in relation to the independent
variables was calculated both with and without con­
trol for age. The result was in agreement with those
of the multiple regression analysis.

The distribution of acute myocardial infarction cases
according to the variables with significant association
to myocardial infarction and smoking category is
shown in table 5. Sixty-two cases were included in the
analysis for the whole observation period, while 40
drivers were admitted to the hospital with acute
myocardial infarction while employed as bus drivers.

The incidence of acute myocardial infarction in the
high workload groups was more than twice that of the
other groups of bus drivers. The incidences in the high
workload groups was approximately the same for bus
drivers in Copenhagen and the two smaller cities. The
other independent variables showed the same degree
of statistical association to subsequent myocardial in­
farction as was determined in the multiple regression
analysis.

The association between the independent variables
and death due to ischemic heart disease was analyzed
with the use of the 32 cases who had died due to
ischemic heart disease. In the period 1978-1984,21
of these had been hospitalized with acute myocardial
infarction.

Because of the large person-coincidence between
ischemic heart disease deaths and hospital admittances
due to acute myocardial infarction, the same associa­
tion pattern between the ischemic heart disease deaths
and the independent variables was seen. (See table 4.)
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Discussion

The results of this study demonstrate that Danish ur­
ban bus drivers with routes in the center of town have
a higher risk of developing ischemic heart disease than
their colleagues who have routes in the suburbs.

The feeling of increasing work pace was associated
with a subsequent development of acute myocardial
infarction as well. The drivers who had no social con­
tact with colleagues in spare time showed a higher risk
of developing acute myocardial infarction than those
who had such contact. No connection could be found
between myocardial infarction and subjective stress
symptoms and job dissatisfaction. The risk of the never
smokers was nonsignificantly lower than that of the
smokers.

Selection mechanisms could not directly explain
these findings. The bus drivers studied were employed
as civilservants on the same terms. The terms normally
exclude employment as a bus driver in cases of ex­
cessive overweight, previous episodesof acute myocar­
dial infarction , severe hypertension, and age above 40
years. Previous investigations (21) have found that
almost all bus drivers over 40 years of age in the three
cities in question had been employed by the trans it
company for most of their active worklife. The bus
drivers are employed as civil servants and as such must
have a medical examination every fifth year in order
to have their driver's licenses renewed. This process
results in considerable selection among especiallyhigh­
risk bus drivers. However, the process is the same for
both the suburban drivers and the urban drivers. In
comparisons with other Danish men this selection
would be important.

Exclusion from work could, nevertheless, have sig­
nificance with respect to the results of our study.
However, we have taken into consideration the sec­
ondary selection in the analysis of acute cases of



myocardial infarction that developed during employ­
ment as a bus driver . Moreover, in the cross-sectional
study in 1978 only 12 out of 62 who later developed
acute myocardial infarction had symptoms of chest
pain that could indicate angina pectoris .

On the other hand, there could be some question
about validity with regard to misclassificat ion of ex­
posure. The variable "objective work load" was deter­
mined according to the route of each driver in 1978.
It is possible that some drivers switched routes after
that rate. Such an event has not been registered in the
study. Therefore the work load could have been smaller
for a driver who had switched to a less busy route. The
opposite could have been the case for a driver who had
switched to a busier route, but who, in this study, was
classified as having a nons training route. Both an in­
crease and a decrease in work load during the obser­
vation period would contribute to an underestimate
of the extent of exposure. Empirically, the majority
of the bus drivers are on the same routes for many
years, especially if they have routes in the suburbs. If
route switches are made, it normally results in work
on the same type of route (city/suburb).

Similarly, the drivers' psychosocial circumstances
may have changed during the follow-up period, a fact
that may lead to bias and, as a result, conceal a con­
nection between acute myocardial infarction and such
factors .

As confounders, only age and smoking were con­
trolled for in the study. However, smoking habits did
not influence the results essentially. It has been shown
that the Copenhagen bus drivers had both a higher
systolic and diastolic blood pressure than other un­
skilled workers in Copenhagen (28). Serum cholesterol
was found to be higher in bus drivers than in other
men, and it normalized after retirement from work
(28). Similar results were found in England and Nor­
way (13, 26). As some of the mechanisms leading to
the elevated relative risk among urban bus drivers
could have been affected by serum cholesterol and
blood pressure due to stress (8, II), a confounder con­
trol with regard to these risk factors would lead to over­
matching and reduce the effect of the objective work
load (38).

The results of our study agree with those of previous
investigations with regard to external validity. In other
studies such a pronounced association between objec­
tive work load and ischemic heart disease has not been
found, however. Rosenmann & Friedman (37)
reanalyzed the data of Morris et al from the 19505 (25)
and found that the bus drivers in central London had
a relative risk of ischemic heart disease just below 2
in comparison to that of the tram drivers in the suburbs
of London. Ahlbom & Theorell (2) obtained a similar
result in Stockholm in the 1970s. The two different
methods used to evaluate the work load in Copenhagen
and in the province support the validity of our results.

The fact that city bus drivers constitute an especial­
ly high-risk group regarding ischemic heart disease can

hardly be attributed to other factors than the ones
related to work conditions. An air pollution factor
could be taken into consideration, but measurements
of carbon monoxide and hydrocarbons performed on
Copenhagen bus routes in 1979 did not indicate such
a connection. In ordinary passenger transport, the car­
bon monoxide concentrations in the buses did not nor­
mally exceed 10 ppm (3). Nor was lung cancer found
to be more frequent among the bus drivers in the city
(29).

It seems more likely that the traffic load and many
contacts with passengers are the factors that separate
the two types of routes. It is evident that, at least in
Copenhagen, the routes contributing two or more cases
of acute myocardial infarction almost all pass through
relatively narrow streets in the center of the city, while
the majority of the routes that did not contribute any
cases of acute myocardial infarction pass through less
busy streets. (See figure 1.)

Karasek's job-strain model has demonstrated that
the combination of increased work pace and lack of
influence on job situation contributes to an excessive
risk of ischemic heart disease (19, 20). We have esti­
mated that the influence on job situation is almost
similar for both suburban and city bus drivers, whereas
the work load is assessed to be highest among the city
bus drivers, due to traffic problems particularly.

Figure 1. Routes contributing two or more cases of myocardial
infarction (MI)(-) and routes without any MI (----) in Copen­
hagen in 1978-1984.
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A number of indi cators, such as soci al network,
symptoms of stres s, and job satisfaction, were found
in a number of other studies to be associated with
ischemic heart disease (5-7, 10, 14, 24, 33, 34,
40-42). However , generally, several population
groups from various social statuses and occupations
have been included in these studies, and it is possible
that the mentioned factors are , to a certain degree, in­
dicators of more profound, underlying factors, such
as conditions of life.

In one of the few prospective investigations in which
the association between ischemic heart disease and
stress and work load in a group of people with iden ­
tical life conditions was studied, no association was
found (4). Only angina pectoris and chronic disease
in general were found to be asso ciated with stress and
experienced work load.

We found no connection between years of school­
ing and sub sequent myocardial infarction. Other in­
vestigations in which association between ischemic
heart disease and education was studied and found
have focused to a higher degree on education after ter­
mination of school (12, IS, 16).

Recently , shift work has been found to be associated
with ischemic heart disease (1). However, in our study
familial problems due to shift work did not seem to
influence the occurrence of ischemic heart disease .

None of the stress indicators nor the variables deal­
ing with job satisfaction had any significant associa­
tion with ischemic heart disease. This result is worth
noting, as a number of studies have demonstrated an
association between satisfaction, nervous symptoms,
and ischemic heart disease (10, 14, 15, 24). This fact
could indicate that the independent variables used in
our study could not characterize the situation of the
individual bus driver to a sufficient degree.

A study among policemen in Finland (32) indicated
that more extensive evaluations are necessary to give
a psychological characteristic of groups at high risk
of ischemic heart disease. Furthermore, research on
type A behavior suggests that a connection between
acute myocardial infarction and type of per sonality is
more complex than the methods used in our study can
reveal (18, 23). Suppressed aggression seems to be an
essential factor in "the coronary prone behavior" (23),
and therefore the independent variables employed in
our study with regard to satisfaction and nervousness
were probably unsuitable to reveal a connection be­
tween acute myocardial infarction and experienced
conditions of life.

It is perhaps the physiological stress that is of
significance in this context rather than the driver's ex­
pression of his feelings about the work situation. Some
studies have found physiological changes which could
indicate an elevated risk of ischemic heart disease while
driving a bus. Electrocardiographic changes during
straining automobile driving (39) and an elevated secre­
tion of catecholamines and cortisol in the urine of
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drivers in hea vy traffic (35) suggest a neurogenic and
hormonal strain on the heart under such conditions.

In summary our study showed that objective work
load, as measured by traffic intensity, was the factor
with the strongest association to subsequent hospital
admi ssion due to myocardial infarction. Lack of social
contact with colleagues in spare time and the feeling
of increased work pace were associated with myocar­
dial infarction as well, while other work-related and
psychosocial factors had no connection with myocar­
dial infarction in this prospective study.
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Appendix

Independent variables obtained by a questionnaire in 1978

Variable

Town of work
Age
Years in school

Smoking habits

Work load

Family problems due
to shiftwork

Feeling of monotony

Work pace

Question

Case number
What is your age?
How many years have you gone to school?

Do you smoke?
Have you been a smoker?
How much do you smoke every day?

What route number do you work on?
Do you mostly work in the city
or in the suburb?

Do the shiftwork hours cause
problems in the family?

Is your work varied or is it monotonous?

Is the work pace too high?

Answer

Yes/no
Yes/no

Yes/no

Yes/no
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Work pace higher than
5 years ago

Married/unmarried

Social contact with
colleagues in spare time

Looking for other
work

Feeling of influence
on work

Dissatisfaction with wages

Dissatisfaction with
the administration

Unbalanced

Mentally exhausted

Physically exhausted

Insomnia

Stress

238

Is the work pace higher, lower
or the same as 5 years ago?

What is your marital status?

Do you often visit some of your
colleagues in your spare time?

Are you thinking of trying to get
another job?

Do you have any influence on
the organization of your work?

How satisfied are you with the
wages you get for your work?

How satisfied are you with
the administration of the company?

Are you often nervous or unbalanced?
(often = more than once a month)

Do you often feel mentally
exhausted after work?
(often = more than once a month)

Do you often feel physically
exhausted at work?
(often = more than once a month)

Is it often difficult for you to fall asleep?
(often = more than once a month)

Have you several times a month
felt so stressed that you wanted
to desert the bus while on route?

Higher/lower/the same

Yes/no

Yes/no

Yes/no

Satisfied/
dissatisfied

Satisfied/
dissatisfied

Yes/no

Yes/no

Yes/no

Yes/no

Yes/no




