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Abstract.	 [Purpose] In this study, the brachial-ankle PWV (baPWV) was measured continuously from before to 
after a single bout of cycling exercise in healthy middle-aged individuals to evaluate the immediate changes associ-
ated with short-time exercise. [Subjects] We examined the effects of a bout of low-intensity leg cycling exercise (60 
watt, 5 min) on pulse wave velocity from the brachial to the ankle arteries (baPWV) in 7 healthy middle-aged in-
dividuals. [Methods] The baPWV and heart rate (HR) were measured using a Form PWV/ABI (Nihon Colin) twice 
at 5-minute intervals during the rest before exercising, every 3 minutes for 15 minutes from immediately after the 
end of exercise, and 20 minutes after the end of exercise. The reproducibility of the resting baPWV before exercise 
was examined using Pearson’s correlation coefficient, and changes in baPWV between before and after exercise 
were examined by Wilcoxon’s rank sum test. [Results] After the exercise, baPWV remained significantly decreased 
7% for 20 min, despite the recoveries of the heart rate and blood pressure to pre-exercise levels. [Conclusion] These 
results suggest that a single bout of low-intensity cycling exercise decreases arterial stiffness following of normal 
subjects dynamic exercise.
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INTRODUCTION

The importance of compliant arterial circulation for 
minimizing cardiac work and providing adequate coronary 
perfusion has been shown experimentally1, 2). Furthermore, 
clinical studies indicate that the physiological consequences 
of arterial stiffening, as a result of aging or the devel-
opment of cardiovascular disease, have associations with 
serious outcomes such as myocardial infarction and death3). 
Changes in environmental factors of living such as lack of 
exercise and excessive nutritional intake have increased the 
importance of prevention of lifestyle-related diseases such 
as hypertension, hyperlipidemia, and diabetes mellitus.

Recently, the examination of pulse wave velocity (PWV) 
based on simultaneous sphygmomanometry in the four limbs 
has been developed, and PWV has been widely accepted 
as a clinical index of hardening of the arterial wall4–6). 
Effects of long-term training on arterial stiffness based 
on measurements of PWV have been reported7, 8). Recent 
findings indicate that regular aerobic exercise attenuates 
age-associated reductions in central arterial compliance and 
partially restores compliance in sedentary middle-aged and 
older adults9). However, acute changes in PWV due to short-
time exercise have scarcely been investigated and remain 
largely unknown.

In this study, the brachial-ankle PWV (baPWV) was 
measured continuously from before to after a single bout 
of cycling exercise in healthy middle-aged individuals to 
evaluate the immediate changes associated with short-time 
exercise.

SUBJECTSAND AND METHODS

The subjects were 7 normotensive middle-aged (51 ± 
4 years) males with no habit of regular exercise. After suffi-
cient rest, the subjects performed 5 minutes of exercise on a 
bicycle ergometer (Lode Corival WLP-400, Netherlands) at 
a fixed load (60 W). The baPWV and heart rate (HR) were 
measured using a Form PWV/ABI (Nihon Colin) twice at 
5-minute intervals during the rest before exercising, every 
3 minutes for 15 minutes from immediately after the end 
of exercise, and 20 minutes after the end of exercise. The 
value of baPWV was expressed as the mean of the left limb 
baPWV and right limb baPWV.

The subjects were given an explanation about the purpose 
and contents of this study and were enrolled after providing 
their informed consent.

The values obtained were expressed as the mean ± 
standard deviation. The reproducibility of resting baPWV 
before exercise was examined using Pearson’s correlation 
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coefficient, and changes in baPWV between before and 
after exercise were examined by Wilcoxon’s rank sum test. 
P<0.05 was considered significant.

RESULTS

The baPWV was 1,485 ± 54 and 1,477 ± 47 cm/sec at the 
first and second measurements, respectively, and a positive 
correlation was observed between the two values (r=0.72, 
p<0.05).

Table 1 shows the temporal changes in baPWV from 
before to after fixed-load exercise. The baPWV increased 
in 2, but was reduced in 5, of the 7 subjects 3 minutes after 
the end of fixed-load exercise. It was 1,430 ± 64 and 1,421 
± 66 cm/sec at 6 and 9 minutes, respectively, after the end 
of exercise, and was significantly reduced compared with 
the values before exercise (p<0.05). It continued to show 
significant decreases (p<0.005) to 1,396 ± 41 and 1,399 ± 
68 cm/sec 15 and 20 minutes, respectively, after exercise.

Next, Table 1 shows the temporal changes in HR from 
before to after fixed-load exercise. The resting HR before 
exercise was 78 ± 10 beats/min, and increased significantly 
(p<0.005) to 88 ± 15 beats/min 3 minutes after the end of 
exercise, but decreased to 79 ± 11 beats/min, returning nearly 
to the pre-exercise level, after 12 minutes, and remained 
stable until a 20 minutes post-exercise.

DISCUSSION

Habitual exercise is considered to be an important factor 
for the prevention and treatment of cardiovascular disorders 
in old age and lifestyle-related diseases such as diabetes 
mellitus and hyperlipidemia. Habitual aerobic exercise has 
been demonstrated to prevent age-associated increases in 
arterial stiffness and to improve increased arterial stiffness 
in middle-aged and aged individuals with no history of 
habitual exercise9).

The PWV, calculated non-invasively and easily by simul-
taneous sphygmomanometry in the 4 limbs, is the velocity 
of vascular conduction of the pulse due to ejection of blood 
by the heart. Since it reflects the degree of hardening of the 

arterial wall, it has been put to wide clinical use.
In this study, baPWV was measured continuously 

in healthy middle-aged individuals from before to after 
short-time exercise to evaluate the physiologic changes 
associated with short-time exercise. Sugawara et al. reported 
that baPWV decreased significantly 3 minutes after short-
time low to medium-intensity exercise in young males10). 
However, according to our review of the literature, there 
have been no reports of continuous monitoring of baPWV 
for a period after exercise.

We measured baPWV continuously for 20 minutes after 
the end of exercise. It decreased in 5 of the 7 subjects 3 
minutes after exercise and remained significantly reduced 
until 20 minutes after the end of exercise despite the recovery 
of HR to the pre-exercise level. These results suggest the 
persistence of the improvement in arterial stiffness even 
after the recovery of HR.

Similar to our results, Naka et al. reported that PWV 
was reduced by about 10%, 1 hour after maximal symptom-
limited treadmill exercise in normal volunteers11).

Some studies have compared carotid artery stiffness 
between young and middle-aged subjects who practiced 
muscle training and those who did not. They reported 
greater carotid artery stiffness in middle-aged subjects than 
in young subjects correlated and in both young and middle-
aged subjects who practiced muscle training compared to 
those who did not, and related the increase in the stiffness of 
the central artery to concentric hypertrophy12, 13).

Further evaluation of the physiological benefits and 
harm according to the intensity and content of exercise is 
considered to be needed before conducting exercise inter-
vention for the prevention of lifestyle-related diseases in 
middle-aged and aged individuals.
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