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Lorry drivers' work stress evaluated by
catecholamines excreted in urine

Allard J van der Beek, Theo F Meijman, Monique H W Frings-Dresen, Judith I Kuiper,
Sijmen Kuiper

Abstract
Objectives-To evaluate lorry drivers'
work stress by measurement of adrena-
line and noradrenaline excreted in the
urine, and to find out which factors in
their working situation are related to the
excretion rates ofthese catecholamines.
Methods-The urinary excretion of
adrenaline and noradrenaline of 32 lorry
drivers, who also had loading and
unloading activities to perform, was
studied for one working day and one rest
day. Each driver was asked to provide six
urine samples on both days.
Results-For all samples, except the first
(overnight) sample, the excretion rates of
both catecholamines on the working day
were higher than those on the rest day.
Hierarchical multiple regression analyses
were carried out to find out which factors
in the drivers' working situation were
related to the excretion rate of the work-
ing day. The excretion rate of adrenaline
on the rest day, age, and psychosomatic
complaints were positively related to the
excretion rate on the working day (all P <
0.05). Body mass index and physical
workload during loading and unloading
were positively related to noradrenaline
excretion rate (both P < 0.01). Psycho-
social job strain did not significantly con-
tribute to the proportion of variance
explained in the excretion rates of both
catecholamines.
Conclusions-The excretion rates of
adrenaline and, especially, noradrenaline
on the working day were higher than
those found in earlier studies among
professional drivers and insufficient
recovery took place after the work was
ended. The only association between
excretion rate on the working day and
work stressors was found for noradrena-
line and physical workload. The drivers'
sympathoadrenal medullary reactivity to
everyday work demands shows the char-
acteristics of sustained activation.

(Occup Environ Med 1995;52:464-469)
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Epidemiological studies have shown that
working as a professional driver is associated
with a high prevalence of musculoskeletal
complaints,1-3 but cardiovascular disease is
also common.4 Work demands associated

with driving and its required alertness can be
identified,5 but as well as these, psychophysio-
logical arousal is affected as a result of physi-
cally demanding activities while loading and
unloading.
The general function of the psychophysio-

logical activation response (and its concomi-
tant increase in secretion of catecholamines)
is the improvement of coping successfully
with a stressful situation. This is in principle
an adaptive response. Pathological conse-
quences may arise, however, in association
with a prolonged increase in the concentra-
tions of catecholamines. This so called
sustained activation is found to be related to,
for instance, cardiovascular disease.6 Cate-
cholamine excretion rates, as assessed from
urinary output of free adrenaline and nora-
drenaline, provide a reliable measure of the
circulating concentrations of these hormones
in the bloodstream and thus a measure of
sympathoadrenal medullary activity.8 The
excretion rate of adrenaline is closely related
to each person's appraisal of the situation and
the resulting emotional involvement.9 Among
others Dimsdale and Moss provided evidence
for the hypothesis that physical effort is a
main determinant of high noradrenaline
excretion rates,'0 although the effect of severe
emotional stress is probably also important.

Extensive field studies of Mackie and
Miller among lorry and bus drivers showed
that circadian rhythmicity had the most
important influence on the urinary excretion
of catecholamines."1 In general, low excretion
rates of both catecholamines were related to
increased feelings of fatigue and poorer per-
formance on several variables of steering and
lane tracking. Participation in handling mod-
erately heavy cargo showed an unclear pic-
ture-that is, in one group of lorry drivers
loading and unloading were associated with
higher noradrenaline excretion rates and, sur-
prisingly, in another group with lower nora-
drenaline excretion rates. Excretion rates of
adrenaline and noradrenaline on the working
day in one occupational group of professional
drivers (bus, heavy goods vehicle, heavy
plant) were similar to the population mean of a
large sample of workers in a wide variety of
occupations.12 Among city bus drivers with
high sickness frequency mean excretion rate
on the working day was higher than the popu-
lation mean (already mentioned) for adrena-
line, but not for noradrenaline. This was
repeatedly shown in three interrelated stud-
ies.'3-15 Recently, Vivoli et al reported that
three long distance lorry drivers showed their
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highest urinary excretion rates for both cate-
cholamines in stressful driving conditions,
such as fog or traffic jams.'6 The question
remains unsolved, however, to what extent
the excretion of adrenaline and noradrenaline
is affected by performing physical work as well
as driving. Therefore, lorry drivers who also
had loading and unloading activities to per-
form were studied to gain an insight into the
effect of combined exposure to physical and
mental work demands. The aim of this study
was twofold: to evaluate lorry drivers' work
stress by means of urinary excreted adrenaline
and noradrenaline, and to find out which fac-
tors in their working situation are related to
the excretion rate of adrenaline and noradren-
aline. The null hypotheses that were tested
were (a) that there were no differences in
excretion rate of the catecholamines between
the working and rest days, and (b) that physical
workload and psychosocial job strain were not
related to catecholamine excretion rate on the
working day when controlled for excretion
rate on the rest day, body mass index, age,
and psychosomatic complaints.

Subjects and methods
SUBJECTS
The study population consisted of 32 male
lorry drivers engaged in transportation of
goods throughout The Netherlands. The sub-
jects originated from three different compa-
nies and were randomly selected from all lorry
drivers in their company. Each driver who was
asked to participate voluntarily agreed to do
so. The mean (SD, range) age of these drivers
was 38-2 (8-0, 26 to 54) years. Their weight
was 84-5 (13-7, 50 to 111) kg, and their
height was 1-79 (0 05, 1-70 to 1-90) m. The
body mass index was 26.3 (4-2, 17-3 to 33 6)
kgm- 2
The drivers worked on average more than

11 h day-l. Driving was the main task with
almost half of the total working time spent
behind the wheel. Loading and unloading
(including preparation for this and comple-
tion) were performed for a quarter of the total
working time.'7 Due to large differences in
goods and the way these goods were trans-
ported (on wheeled cages, as packed goods,
on palettes, or as bulk cargo) corresponding
loading and unloading activities varied. For
some drivers these activities consisted mainly
of heavy pushing and pulling, whereas other
drivers more often lifted and carried goods
manually. The loading and unloading of bulk
cargo was done mechanically. Furthermore,
psychosocial aspects of the work differed con-
siderably between drivers. For instance, sev-
eral drivers worked with deadlines and under
serious time pressure while distributing
miscellaneous goods throughout The
Netherlands, and others experienced hardly
any time pressure while collecting milk from
farmers and transporting it to a dairy factory.
Additional differences in psychosocial strain
were caused by long waiting times before
loading and unloading, which was reported to
be stressful by most drivers. All drivers

worked alone, on a fixed salary, and no one
had to handle hazardous materials.

MEASUREMENTS AND QUESTIONNAIRE
Urine collection and analysis
Each driver was studied during a working day
and asked to provide six urine samples on that
day: (1) after getting up (0700), (2) in the
morning (1000), (3) at lunch time (1400), (4)
at the end of working time (1730), (5) in the
evening (2000), and (6) before going to bed
(2300). They were asked to do the same on
the next Sunday (rest day). The drivers
recorded times of all urinations, including the
last urination of the night before. Data on
consumption of coffee, tea, alcohol, and med-
icine during both days were collected. On
Monday each driver verified his previous
statement that no physical work-for exam-
ple, sports activities or house rebuilding-was
performed on his preceding rest day.
Furthermore, it was asked whether emotional
events, like a quarrel or otherwise traumatic
incidents, had occurred. One driver's father
was taken into hospital with symptoms of a
heart attack on Sunday. This subject collected
his urine again on the next Sunday.
The drivers were asked to urinate in a jar

that contained 0-7 g of citric acid. After
assessment of the volume of the urine sample,
20 ml from each sample was acidified with 0-1
ml 10 M HCI and kept frozen (- 20'C) until
analysis. The urinary catecholamine concen-
trations were determined by high performance
liquid chromatography with fluorescence
detection by the method of Boos et al.'8

Physical workload
The heart rate was continuously recorded
during the working day and related to
observed tasks, including loading and unload-
ing. The individual linear relation between
heart rate and oxygen uptake during a simula-
tion of loading and unloading and the maxi-
mal oxygen uptake (Vo, max) were measured in
a laboratory treadmill test for each driver.
Details of this test and the procedure in the
laboratory are given elsewhere. '7 Thus, with
the individual relation and the heart rate
recorded at work, the mean percentage of
Vo2 max during loading and unloading in the
working situation could be calculated for each
driver as an indicator of physical workload. It
seemed that the mean (SD, range) of Vo2max
during loading and unloading was 39% (14%,
14% to 66%).

Psychosomatic complaints and psychosocialjob
strain
Each driver completed a questionnaire that
has been described previously.3 Most of the
questions that were relevant for the present
study were adopted from other, existing,
questionnaires. A general health questionnaire
was included'9; this so called "VOEG" mea-
sures somatised psychosocial problems.20 It
provides 21 dichotomous questions on com-
plaints about general fatigue, the stomach,
and the musculoskeletal and cardiovascular
systems. The mean (SD, range) score on the
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Figure 1 Mean (SD) of
the urinary excretion rate
of adrenaline for six
samples on the working day
and six samples at
comparable hours on the
rest day.
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day day) were analysed. Samples 1 and 2 were

T Rest day unsuitable for this purpose, because the first
sample was from the overnight period and the

second sample included around an hour and a
half of daily activities at home and commuting
between home and the transport company.
The mean urinary excretion rates for the

T[ * [AT period from around 1000 until the end of the
day were calculated for adrenaline and nora-

drenaline, both for the working day and the

2 3 4 5 6 rest day. With these data hierarchical multiple
1400 2000 regression analyses were carried out for both

0 1100 1730 2300 catecholamines. The catecholamine excretion
rate on the working day was the dependent
variable. The excretion rate on the rest day,
body mass index, and age were entered into

Ls 4-3 (3-8, 0 to 13); a higher the first step as independent variables. The
more psychosomatic corm- variable psychosomatic complaints was
)EG is widely used in The entered into the second step. Into the third
r instance in the Dutch con- step two variables about the working situation
iterview survey), and its relia- were introduced: percentage of Vo2max during
ilidity has been studied loading and unloading as an indicator of phys-

ical workload and psychosocial job strain.
psychosocial job strain was In all analyses differences were accepted as
ans of a Dutch version of the significant at P < 0-05; if so, we have stated
Id decision latitude question- whether the level was P < 0-05, P < 0-01, or
scores of the scale "auton- P < 0-001.

omy" (five questions) were added to those of
the scale "task variety" (three questions) and
divided by 2, which resulted in decision lati-
tude scores. The variable psychosocial job
strain was computed by subtracting these
decision latitude scores from the z scores of
the scale "psychological job demands" (eight
questions). The variable psychosocial job
strain averaged, of course, 0 0 (SD 1-7, range
-31 to 33).

DATA ANALYSIS AND STATISTICS
The urinary catecholamine concentrations
were multiplied by the volume of the corre-
sponding urine sample. This amount was
divided by the period of time between the uri-
nation of this sample and the previous urina-
tion to obtain the mean excretion rate for that
period (ng min 1). For each day a repeated
measures analysis of variance (MANOVA; F
test) was performed to test whether there were
diurnal differences. If so, differences between
the working day and rest day were tested.
To evaluate the hormonal reaction during

work and thereafter, samples 3 to 6 (the

Figure 2 Mean (SD) of
the urinary excretion rate
of noradrenaline for six
samples on the working
day and six samples at
comparable hours on the
rest day.
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Results
For the different samples on the working and
rest days the urine samples of around 30 dri-
vers were collected, with the exception of
sample 2 on the rest day (only 20 urine sam-
ples were collected for this period). Most of
the missing samples were because drivers
were not able to urinate at the requested time.
Consumption of coffee, tea, alcohol, and
medicine did not differ between the working
and rest days.

Figure 1 shows the mean (SD) of urinary
excretion rates of adrenaline on the working
and rest days. The urination times of samples 1
and 2 on the rest day seemed to be later than
those on the corresponding working day,
because the drivers slept somewhat longer on
the rest day. On both days a circadian rhyth-
micity is notable (MANOVA: P < 0-001 for
both days). The peak concentration was
reached around midday (sample 3; 17 5 and
7 3 ng min ') on the working and rest day
respectively. The first (overnight) sample
showed no difference in excretion rate
between the working and rest days. For the
period from 0700 to 1730 (samples 2, 3, and
4) the excretion rates of adrenaline on the
working day were significantly higher than
those on the rest day (P < 0 001). Although
work ended around 1730, the last two sam-
ples on the working day (11-6 and 6 2 ng
minm I) were significantly higher than those of
the rest day (5 6 and 4 1 ng min ), P <
0-001 and P < 0-01, respectively.
The mean urinary excretion rate of nora-

drenaline ranged from 23-9 to 77 0 ng min
on the working day and from 25-3 to 45 9 ng
minm ' on the rest day (fig 2). Diurnal differ-
ences in noradrenaline excretion rate were
significant (MANOVA: P < 0-001 for both
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Table 1 Stepwise multiple regression with adrenaline excretion rate on the working day
as the dependent variable (n = 29)

Step 1 Step 2 Step 3
Independent
variable fi P value fi P value 6 P value

Adrenaline on rest day 0-46 < 0 05 0-44 < 0-01 0-42 < 0-05
Body mass index -0 30 NS -0-32 < 0 05 -0-31 NS
Age 0-15 NS 0-37 < 0-05 0-36 < 0 05
Psychosomatic complaints 0 50 < 0-01 0-49 < 0-05
% VO m,, (physical exertion) 0-10 NS
Psychosocial job strain -0-06 NS
R2 0-31 0-52 0-52
Significance of change < 0 01 NS
F of regression equation 3-82 6-41 4 04
Significance ofF 0-05 0 01 0 01

days). Again, differences in excretion rate
between the working day and the rest day
were significant for samples 2, 3, and 4 (P <
0-001), but not for sample 1. When the work
was ended the noradrenaline excretion rate
decreased, but did not return to the concen-
tration of the corresponding samples on the
rest day (sample 5: P < 0 05, and sample 6: P
< 0-01).

Table 1 shows the results of hierarchical
multiple regression analyses for the urinary
excretion rate of adrenaline on the working
day. A significant increase in R2 occurred by
the second step, when the variable psychoso-
matic complaints was entered into the regres-
sion model (from 0-31 to 0.52, P < 0-01).
The introduction in step 3 of the two variables
about the working situation (percentage
of V1o2, during loading and unloading and
psychosocial job strain) had no further effect.
The regression equation that contained all five
of the independent variables was significant
(P < 0-01); the proportion of variance
explained in adrenaline excretion rate on the
working day was 52%. The effects on adrena-
line excretion rate of the rest day, age, and
psychosomatic complaints were significant
(all P < 0 05).
The same multiple regression procedures

were performed for the urinary excretion rate
of noradrenaline on the working day (table 2).
For this variable the entrance of the variable
psychosomatic complaints into the regression
model (step 2) was not significant. A signifi-
cant change of 1' occurred when the variables
about the working situation were added in the
third step. The proportion of variance
explained increased from 47% to 64% (P <
0-05). This increase was due to the impact of
the percentage of Vo2ma. during loading and
unloading. When all five of the independent

Table 2 Stepwise multiple regression with noradrenaline excretion rate on the working
day as the dependent variable (n = 29)

Step 1 Step 2 Step 3
Independent
variable P value P value P value

Noradrenaline on rest day 0 10 NS 0 09 NS 0 11 NS
Body mass index 0-48 < 0 01 0 50 < 0-05 0 50 < 0 01
Age 0 30 NS 0 30 NS 0-25 NS
Psychosomatic complaints -0-02 NS -0-15 NS
% VO, (physical exertion) 0-47 < 0 01
Psychosocial job strain -0-15 NS
R12 0-47 0 47 0-64
Significance of change NS < 0-05
F of regression equation 7-29 5-25 6-49
Significance ofF 0 01 0 01 0 001

variables were included in the regression
equation (P < 0-001), body mass index, and
percentage of Po2ma provided a significant
contribution to variance explained in the
excretion rate of the working day (both P <
0-01).

Discussion
Catecholamines excreted in the urine were
studied in 32 lorry drivers who performed
physical work as well as driving. In general,
excretion rates of adrenaline and noradrena-
line on the rest day were comparable with
those found in previous studies.12 On the
working day the absolute mean excretion rates
of adrenaline were somewhat higher than
those found before in professional drivers,'"'3
and were similar to the rates that were found
in stressful driving conditions.'6 The excretion
rates of noradrenaline on the working day
considerably exceeded those found in earlier
studies among professional drivers.' 1-2 As
most of the time the handling of materials
during loading and unloading was done by the
lorry drivers without assistance, this finding
was consistent with the theory that noradrena-
line reflects physical exertion.'0 The study by
Vivoli et al'6 has shown that emotional stress
can also provoke noradrenaline excretion.'6
Two of three long distance lorry drivers, who
performed no physical work in addition to dri-
ving, showed very high urinary excretion rates
for noradrenaline due to severe stress while
driving in fog. In summary, it is considered
that there are indications that the work stress of
the lorry drivers in the present study was
rather high, which was confirmed by the find-
ing that at the end of the working day insuffi-
cient recovery took place.

Almost one third of the variance in urinary
excretion rate of adrenaline on the working
day was explained by the excretion rate on the
rest day, body mass index, and age. For nora-
drenaline almost half of the variance was
explained by these variables. Body mass index
was negatively correlated with adrenaline
excretion rate and positively correlated to
noradrenaline excretion rate, which is in
accordance with data that have been reviewed
by Landsberg.24 When psychosomatic com-
plaints, percentage of 1o72m,,,, and psychoso-
cial job strain were added to the regression
model the proportion of variance explained
increased by around 20%. For adrenaline the
variable psychosomatic complaints accounted
for most of this increase, and for noradrena-
line the variable percentage of 1702 max was
most important. The results of adrenaline cor-
respond to the findings of Meijman et al,25
who found that the differential reactivity of
adrenaline, but not noradrenaline, was related
to psychosomatic complaints, and the nora-
drenaline results indicate that noradrenaline
excretion reflects physical exertion.
To find out which factors in the working

situation of lorry drivers were related to a high
catecholamine excretion rate, two variables of
the working situation were introduced into
the third multiple regression step-that is,
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percentage of Vo2 max during loading and
unloading as an indicator of physical work-
load and psychosocial job strain. The finding
that the variable percentage of IVO2m,,was sig-
nificantly related to the excretion rate of nora-
drenaline but not adrenaline was in agreement
with the theory already discussed.
Psychosocial job strain did not provide a sig-
nificant contribution to the proportion of vari-
ance explained in excretion rate of both
catecholamines on the working day.
According to Karasek and Theorell stressful
psychosocial work factors are associated with
negative health effects.23 In the present study
psychosocial job strain was indeed positively
related to psychosomatic complaints. As the
variable psychosomatic complaints was
included in the model earlier (step 2), the
impact of the addition of the variable psy-
chosocial job strain on the excretion rate of
adrenaline on the working day could be
diminished. Even when the variable psychoso-
matic complaints was not included at all in
the regression model, self reported psychoso-
cial job strain was not significantly associated
with adrenaline excretion rate on the working
day. Johansson et al found that a group of
workers with a psychologically demanding job
(in the opinion of experts as well as the work-
ers themselves) showed higher excretion of
adrenaline when compared with a control
group.26 Schaubroeck and Ganster used
expert ratings to assess occupational mental
demands and found that this variable was
negatively related to adrenaline concentration
in urine at midday when at work.27 It is con-
sidered that future studies should clarify these
conflicting results. The use of objective mea-
sures of psychosocial job strain is recom-
mended in these studies, because subjective
evaluations (whether by experts or by work-
ers) might cause serious bias.

High catecholamine excretion rates can be
interpreted in two different ways, which are
contradictory to each other with respect to the
relation with health. The theory of "sustained
activation" predicts that prolonged high
excretion rates due to exposure to stressors
are associated with negative health effects.6-7
On the other hand, Dienstbier stated that the
concept of physiological toughness, which is
associated with psychosomatic wellbeing and
better performance, is applicable to human
sympathoadrenal medullary reactivity to stres-
sors.28-29 In short, tough and healthy people
have low baseline rates, and their positive
appraisals lead to high reactivity to stressors
and good performance, after which they
return relatively quickly to baseline rates. It is
possible to change this physiological process
by means of exposure to certain stressors.
These so called toughening manipulations can
lead to an increased toughness. In other
words, "stress may be adaptive and result in
training rather than straining".30 Exposure to
stressors should be intermittent-that is, suffi-
cient recovery periods should be included in
the toughening programme.29 An important
statement on the toughness concept can be
made. According to Dienstbier in most stud-

ies in which performance was related to physi-
ological activation either novel tasks in labora-
tory settings or vitally important tasks (such as
parachute training) were used.29 Thus, the
question arises whether the relation between
toughness and psychosomatic wellbeing and
endocrine reactions still holds when
endocrine measures are obtained during
everyday stressful working situations.3' The
present study showed that (over and above
the excretion rate on the rest day) psychoso-
matic complaints provided a significant con-
tribution to the proportion of variance in
adrenaline excretion rate on the working day.
Moreover, when the samples were analysed
separately, it seemed that during work (sam-
ples 3 and 4) as well as thereafter (samples 5
and 6) the reactivity of adrenaline was related
to the self reported health of the subject in the
same direction-that is, the more psychoso-
matic complaints the higher the adrenaline
excretion rates. On the other hand, the excre-
tion rates of adrenaline on the rest day did not
show any relation with psychosomatic com-
plaints. Both findings are in conflict with the
expectations obtained from the toughness
model. This indicates that stressors during
daily work of lorry drivers cannot be inter-
preted as recurring challenges that may lead
to increased toughness of the drivers. On the
contrary, when incapacity to eliminate the
source of stress is not accompanied by habitu-
ation, the stressful working situation leads to a
chronic increased sympathoadrenal reactivity
to the normal daily work routine-that is, sus-
tained activation. This constantly high level of
physiological activation is associated with
somatic pathology and psychosomatic com-
plaints,6 7 which was confirmed in this study.

CONCLUSIONS
The working day excretion rates of adrenaline
and, especially, noradrenaline were higher
than those found in earlier studies among pro-
fessional drivers. Moreover, insufficient
recovery took place after the work was ended.
Excretion rate of adrenaline on the working
day was related to psychosomatic complaints
but not to psychosocial job strain. For excre-
tion rate of noradrenaline the physical work-
load during loading and unloading was an
important explanatory variable. It is consid-
ered that lorry drivers' sympathoadrenal
medullary reactivity to everyday work
demands shows the characteristics of sus-
tained activation, and that the concept of
toughness is not applicable to their real work-
ing situation.

We thank Jake PJ Broersen for his valuable advice on the mul-
tiple regression analyses.
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