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Objective The purpose of this study was to examine the responses of young, apparently healthy professional 
drivers to exercise testing. 
Methods A bicycle exercise test was performed by a randomly selected group of 42 apparently healthy, male 
professional drivers aged 20 to 40 years and a group of 30 building workers, who formed a reference group. 
Results The mean maximal exercise level was significantly lower for the drivers [I39 (SD 32) W] than for the 
referents [I55 (SD 31) W] (P < 0.05). The mean systolic blood pressure and heart rate did not differ significantly 
between the groups at the end of the exercise, but the mean double product was significantly higher for the 
drivers. The mean diastolic blood pressure at the end of the exercise was 97 (SD 14) mm Hg [12.9 (SD 11.9) 
kPa] for the drivers and 79 (SD 19) [10.5 (SD 2.5) kPa] for the referents (P < 0.01). The exercise was stopped 
due to diastolic hypertensive reactions [diastolic blood pressure >I15 mm Hg (>15.3 kPa)] in 13 (31%) of the 
drivers and 3 (10%) of the referents (P < 0.05). Eight of the thirteen drivers with a hypertensive reaction had 
three or more cardiac risk factors. 
COflcl t I~iOfl~ There seems to be a high occurrence of diastolic hypertensive reactions to exercise among 
professional drivers. These reactions may be associated with risk of ischemic heart disease and hypertension. 
Further exercise testing of professional drivers is warranted. More sensitive methods may be indicated in 
selected cases, since the cardiovascular status of this cohort is a vital concern with respect to traffic safety. 
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Recent reviews of the medical literature have consoli- 
dated evidence which strongly demonstrates that profes- 
sional drivers belong to an occupational group at high 
risk of developing hypertension, myocardial infarction, 
and other forms of ischemic heart disease. The risk is, at 
least in part, stress-related and begins at an unusually 
young age (1, 2). These findings are of particular impor- 
tance because of their potential implications with regard 
to traffic safety. Hlatky (3) has emphasized that exercise 
stress testing to screen for coronary artery disease in 
asymptomatic persons can be justified for occupational 
categories such as drivers insofar as sudden incapacita- 
tion could endanger others. Such an approach has been 
taken for sea pilots and captains, other high stress occu- 
pations also found to have excess risk of ischemic heart 

alence of pathological electrocardiograms when com- 
pared with matched men in the Oslo population (6,7). 

To our knowledge, there are no published studies in 
which professional drivers have been systematically ex- 
amined with ergometry. The objective of this study was 
to apply exercise testing in a group of young, apparently 
healthy male professional drivers and a matched group 
from the working population, and to view the results in 
relation to standard risk factor status for ischemic heart 
disease. 

Subjects and methods 

Subjects 
disease in epidemiologic studies (4, 5 )  and for whom The subjects were randomly selected from individuals 
exercise testing has revealed a significantly greater prev- seen at the Ambulatory Occupational Health Center in 
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Belgrade, Yugoslavia, during 1990 to 1991. They were 
undergoing periodic medical examinations which are 
provided to all employees of a given enterprise, regard- 
less of the presence or absence of medical complaints or 
diagnoses. The Center primarily serves professional 
drivers, craftsmen, and other individuals employed in 
construction trades. All actively working city mass tran- 
sit and truck drivers from a large number of local firms 
underwent systematic preventive examinations on a tri- 
annual basis. Building trade workers who worked on 
heights were seen annually. 

The selection criteria were (i) male, employed in cur- 
rent profession for at least five years, and aged 40 years 
or less, (ii) no recent illness and no use of medication, 
(iii) no history of organic heart disease and no complaints 
of chest pain or other symptoms suggestive of ischemic 
heart disease, (iv) normal cardiopuln~onary examination 
and resting electrocardiogram and resting blood pressure 
no greater than 140190 mm Hg (18.6112 kPa). 

Persons who fulfilled these criteria were informed 
that they could choose to participate in additional testing 
with the aim of cardiovascular disease prevention for 
apparently healthy workers in strenuous or stressful oc- 
cupations. They were told that this procedure entailed 
exercise testing and completion of a short questionnaire 
and laboratory analysis and that the results would remain 
confidential and would not affect their professional sta- 
tus. They were also told that they were free to withdraw 
from the protocol at any time without any consequences 
whatsoever. 

The prevalence of resting electrocardiographic 
changes and complaints of chest pain and other symp- 
toins suggestive of ischemic heart disease were less than 
1% among these working populations. The inajor reason 
for noninclusion in the study was blood pressure over 
140190 mm Hg (1 8.611 2 kPa), which was found for about 
15% of the professional drivers and 10% of the referents. 

Altogether, 72 workers who fulfilled the inclusion 
criteria were randomly chosen to be part of the study. All 
of these subjects agreed to participate; there were 42 
professional drivers with a mean age of 33.9 years and 
30 referents (physical workers in the building trades or 
milling or baking industry (mean age 32.6 years). All of 
the subjects underwent exercise testing and completed 
the questionnaire. Blood samples were taken on a sepa- 
rate occasion and analyzed at the University Clinical 
Center in Belgrade. A total of 27 of the 42 (64.3%) 
drivers and 25 of the 30 (83.3%) referents provided a 
blood sample for the laboratory testing. 

The professional drivers and referents had the fol- 
lowing standard cardiac risk factor profile, analyzed di- 
chotomously. Twenty-six (62%) professional drivers and 
fifteen (50%) of the referents were cuwent smokers of 20 
or more cigarettes a day and had been smoking for over 
five years. A body mass index greater than 28 was found 

for 16 (38%) professional drivers and 14 (47%) refer- 
ents. A total of 16 professional drivers (38%) and 13 
(43%) referents were sedentary during leisure time, de- 
fined as less than 2 h of recreational physical activity per 
week. 

No cases of hyperglycemia (fasting levels of serum 
glucose > 6.7 mmol . I-') were registered among the 
27 drivers and 25 referents who provided a blood sam- 
ple. Hypercholesterolemia (fasting low-density lipopro- 
tein cholesterol > 4.53 minol . 1-I) was found for 17 
(63%) drivers and 14 (56%) referents. A total of 14 
(52%) drivers who gave a blood sample and 7 (28%) 
referents had hypertriglyceridemia (fasting triglycerides 
>1.9 minol . I-'). The given laboratory values represent 
the upper limit of normal for the University Clinical 
Center. 

Exercise protocol 

Exercise testing was performed at the Ambulatory Occu- 
pational Health Center in Belgrade, usually on the same 
day as the periodic systeinatic examination, on a bicycle 
ergometer with the subject in a sitting position. The ini- 
tial work load was set at 50 W, and it was incrementally 
augmented by 30 W every 3 min. 

Bipolar lead CM5 was recorded continuously during 
the exercise and for 7 min thereafter. A 12-lead electro- 
cardiogram was recorded at minute 2 of each exercise 
level, as well as during minutes 1, 3, 5 and 7 of the 
subsequent resting period. Deviations of the ST segment 
were assessed 0.08 s after the "J" point. Blood pressure 
was measured by auscultation over the brachial artery, 
using an aneroid sphygmomanometer at minute 2 of each 
exercise level, as well as during the previously men- 
tioiled intervals at rest. 

Exercise was terminated for the following reasons: 
(i) at the request of the subject due to chest pain, severe 
dyspnea or extreme fatigue, (ii) marked hypertensive 
reaction [systolic blood pressure >220 mm Hg (29.3 
kPa) or diastolic blood pressure >115 min Hg (15.3 kPa)], 
(iii) systolic hypotension [a fall in systolic blood pres- 
sure of >20 mm Hg (>2.7 kPa) during exercise, (iv) 
depression of the ST segment exceeding 2 mm or com- 
plex ventricular arrhythmias. 

All the exercise tests were performed on a nonwork 
day, from 0900 to 1300, with at least two elapsed hours 
from the time the subject last smoked a cigarette or drank 
coffee or other caffeinated beverages. All the subjects 
had slept normally the previous evening (no night shift 
work) and had eaten a light breakfast after which at least 
2 to 3 h had passed before the test was begun. 

Statistical methods 

A chi-square test was used for the discrete variables, and 
a two-tailed, two-sample "t" test was applied for the 
continuous variables. 
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Table 1. Heart rate and blood pressure responses at the maximum exercise level attained by the professional drivers and building worker 
referents. 

Maximum exercise Heart rate Systolic blood Double product Diastolic 
level (beats . min-1) pressure blood pressure 
(N) (mm Ma) (mm Ma) 

Mean SD Mean SD Mean SD Mean SD Mean SD 

Professional drivers (N = 42) 139* 32 170 18 200 20 34025* 5273 97** 14 
Referents ( N  = 30) 155 31 165 15 192 19 31672 3945 79 19 

; mm Iig = 2233 kPa. 
P < 0.05, P < 0.01 (two-sample "t" test). 

Results I 40 1 
Table 1 reveals that the maximum exercise level attained 
was significantly lower for the professional drivers than 
for the referents. The two groups did not differ signifi- 
cantly with respect to systolic blood pressure or heart 
rate levels recorded at the end of exercise. The double 
product was, however, significantly greater (P< 0.05) for 
the professional drivers [34025 (SD 5273)] than for the 
referents [31672 SD 39431. The diastolic blood pressure 
recorded at the end of exercise was also significantly 
higher (P<0.01) for the professional drivers [97 (SD 14) 
mm Hg; 13.0 (SD 1.9) kPa] than for the referents [79 
(SD 19) mm Hg; 10.5 (SD 2.5) kPa]. Furthermore, as 
shown in figure 1, there was a significantly larger 
(P<0.05) number of frankly hypertensive diastolic blood 
pressure responses (diastolic blood pressure >I15 mm 
Hg; > 15.3 kPa) among the professional drivers (N = 13 
or 3 1 %) than among the referents (N = 3 or 10%). There 
were systolic hypertensive responses to exercise in five 
of the drivers and in one referent (nonsignificant differ- 
ence). 

Of the 13 drivers with a diastolic hypertensive reac- 
tion to exercise, seven (54%) were current smokers, four 
(31%) were obese, and twelve (92%) were sedentary in 
their leisure time. Only nine of the 13 underwent labora- 
tory testing. Of these, five (56%) had hypercholes- 
terolemia and six (67%) had triglyceridemia. According 
to the available data, 8 of the 13 drivers with a hyperten- 
sive reaction had at least three standard risk factors 
present. One of the three referents with a hypertensive 
reaction had three risk factors (obesity, sedentary leisure 
time and hypertriglyceridemia), whereas the other two 
had no discernable standard risk factors for cardiac 
disease. 

Discussion 

The professional drivers attained a significantly lower 
maximum exercise level when compared with the refer- 
ents, but with a significantly higher double product, sug- 
gesting a lower level of physical fitness among the 

Drivers Referents 

(Diastolic BP>1 15mmHg) 

Figure 1. Frankly hypertensive diastolic responses to exercise [diasto- 
lic blood pressure (BP) > I 1 5  m m  Hg, 15.3 kPa] among the resting 
normotensive professional drivers and building worker referents. 

former. Since the two groups did not differ significantly 
with respect to leisure-time sedentariness, it is possible 
that the lack of workplace physical activity among the 
drivers, when compared with the referents, may have 
affected the fitness levels. Hedberg and her colleagues 
(8) found that professional drivers had a significantly 
higher level of sedentary occupational activity than ref- 
erents in the Monica study. On the basis of a 16-year 
follow-up of healthy, middle-aged men, Sandvik and his 
colleagues (9) have recently reported that poor physical 
fitness is an independent risk factor for cardiovascular 
mortality. 

The most striking finding in this study was that, com- 
pared with the referents, the professional drivers had 
significantly higher diastolic blood pressure at the end of 
exercise, together with a significantly greater number of 
diastolic hypertensive reactions. Diastolic blood pressure 
normally remains unchanged, or drops slightly, during 
exercise (10, 11). A rise in diastolic blood pressure with 
exercise may be an early indicator of hypertension (lo), 
to which professional drivers are prone (12-19). 

Akhras and his colleagues (20, 21), on the basis of 
their invasive investigations of coronary patients, have 
suggested that a marked rise in diastolic blood pressure 
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in response to exercise could identify persons at high risk 
of ischemic heart disease, but with otherwise negative 
exercise tests. According to these authors, exercise-in- 
duced ischemia may lead to a reversible fall in cardiac 
output, which can also cause reflex vasoconstriction and 
increased diastolic blood pressure, but without a drop in 
systolic blood pressure or ST segment changes. Corrobo- 
rative data have been provided by Ironson and her col- 
leagues (22), who have reported that healthy referents 
had a slight fall in diastolic blood pressure, whereas 
patients with coronary heart disease showed a rise in 
diastolic blood pressure with bicycle exercise testing. 

The drivers with a diastolic hypertensive reaction to 
exercise also had a markedly positive standard cardiac 
risk factor profile. Considering the recognized tendency 
for professional drivers to deny symptoms (16, 23), and 
their high risk status as a profession, further diagnostic 
work-up may be warranted for persons in this occupa- 
tional group who show a frankly diastolic hypertensive 
response to exercise. 

Apparently healthy, young professional drivers have 
been reported to show a diastolic hypertensive reaction 
to a laboratory procedure which mimics the cognitively 
relevant sensory stress of their work environment (the 
Glare Pressor Test) (24, 25). This reaction is of less 
magnitude, however, than that to exercise. They also 
showed a significantly higher diastolic, as well as 
systolic, blood pressure response during work, compared 
with that of clerical worker referents (26). 

Manuck (27) very recently reviewed the literature 
and found that diastolic hyperactivity to mental stress 
testing and augmented blood pressure during occupa- 
tional activities are associated with an increased left ven- 
tricular mass, which has been recognized as an inde- 
pendent risk factor for cardiovascular morbidity and mor- 
tality. Among hyperreactive patients with coronary ar- 
tery disease, a significant positive toll-elation can be 
found between diastolic blood pressure levels measured 
during mental stress and during upright bicycle exercise 
[correlation coefficient = 0.636, P<0.05, as calculated 
from the raw data presented by Schiffer et a1 (28)]. 

Driving has been consistently demonstrated to elicit 
elevations in catecholamine excretion (29-32). The 
findings presented in this paper, together with those re- 
ported previously, suggest that professional drivers show 
a diastolic hyperresponsiveness both to exercise and to 
work-related stressors. The common denominator may 
be hypersecretion of norepinephrine, which, in turn, is 
associated, among other things, with left ventricular 
hypertrophy (27). Catecholamine hypersecretion in re- 
sponse to environmental stimuli is also characteristic of 
the metabolic cardiovascular syndrome (33). 

A fruitful avenue for future study among this cohort 
would therefore be further systematic investigation using 
exercise stress testing, together with an evaluation of 

cardiovascular reactivity to laboratory tests which mimic 
aspects of their work environment, ideally with catechol- 
amines measured in relation to these procedures. The 
assessment of left ventricular mass and further evalua- 
tion of atherogenic biochemical abnormalities would also 
be of great value for further untangling the mechanisms 
of cardiac risk among professional drivers. The results of 
such investigations would help us develop more effec- 
tive emly detection and prevention of these disorders 
among professional drivers. 
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