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Abstract.	 [Purpose] In the present study, we investigated the effects of regular aerobic training with different 
intensities and durations on new indices of arterial stiffness measured via an upper-arm oscillometric device. [Par-
ticipants and Methods] We gathered data from 41 middle-aged and older people (age 65.0 ± 11.7 years). Participants 
were randomly divided into five groups: (1) 15 minutes of low intensity aerobic training (n=10); (2) 30 minutes of 
low intensity training (n=7); (3) 15 minutes of moderate-intensity training (n=9); (4) 30 minutes of moderate-inten-
sity training (n=8); and (5) a non-training group (n=7). Training was conducted for 8 weeks, three times per week. 
Arterial pulse wave index, arterial pressure-volume index, brachial-ankle and heart-brachial pulse wave velocity, 
cardio-ankle vascular index, brachial and ankle blood pressure, heart rate, and peak oxygen uptake were measured 
before and after the intervention. [Results] All indicators of arterial stiffness and brachial and ankle blood pressure 
in the exercise groups were significantly lower after versus before the intervention. Peak oxygen uptake did not dif-
fer before versus after the intervention. [Conclusion] The present findings indicate that regular aerobic exercise may 
be important in reducing arterial stiffness regardless of the intensity or duration of aerobic exercise.
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INTRODUCTION

An increase in arterial stiffness, which indicates the stiffness of the arterial wall, has been reported to be associated with 
the onset of cardiovascular disease1–4). Because arterial stiffness increases with age5, 6), preventing this increase in arterial 
stiffness in middle-aged and elderly people may be important in reducing the mortality rate associated with cardiovascular 
disease.

Low- to moderate-intensity aerobic exercise, such as regular walking and running, has been found to reduce arterial 
stiffness in middle-aged and elderly people7–9). However, the effects of different intensities and durations of regular aerobic 
exercise training on arterial stiffness in middle-aged and elderly people have not been comprehensively examined. Moreover, 
the effects of periodic aerobic exercise on arterial stiffness have previously been evaluated via pulse wave velocity (PWV) 
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and cardio-ankle vascular index (CAVI) tests7–12). Although these techniques are clinically and experimentally accepted, they 
have some disadvantages: (1) a long measurement time, (2) a physical load (pressure from a blood pressure (BP) cuff on the 
arms and ankles or from squeezing a tonometry sensor into the carotid artery), and (3) the high degree of knowledge and 
skill required to apply tonometry transducers13). Therefore, another method for periodically checking arterial stiffness might 
be of value.

In recent years, as a new method for measuring arterial stiffness, researchers have examined the use of the arterial pulse 
wave index (AVI) as an index of systemic arterial stiffness and the arterial pressure volume index (API) as an index of 
peripheral arterial stiffness. AVI and API can be calculated simply by wrapping an oscillometric cuff around one upper arm, 
making it easier to use (everyone can conduct measurements) compared with PWV and CAVI. In addition, AVI and API are 
highly reliable because they are correlated with PWV14–16). Furthermore, because AVI and API are affected by cardiovascular 
disease, they are likely to be useful in prevention efforts because they may be able to predict disease onset16, 17). Studies that 
have examined the effects of exercise on AVI and API have reported that people with a high level of physical activity have 
lower AVI and API values compared with those with a low level of physical activity18). Examining the effects of exercise 
using arterial stiffness as an indicator, as measured via AVI and API, may be helpful in preventing cardiovascular disease 
because of the ease of measurement. For instance, with AVI and API, arterial stiffness can be measured using methods that 
are similar to those used to measure blood pressure, facilitating self-management. However, the effects of regular aerobic 
training on AVI and API have not been comprehensively examined.

The purpose of this study was to clarify the effects of regular aerobic training with different intensities and durations on 
AVI, API, PWV, and CAVI. We hypothesized that AVI, API, PWV, and CAVI would decrease with regular aerobic exercise 
training.

PARTICIPANTS AND METHODS

We gathered data from forty-one middle-aged and older people (age 65.0 ± 11.7 years, Table 1). All lived sedentary life-
styles, were normotensive, did not smoke, and had no symptoms or history of chronic diseases. All were fully informed about 
the experimental procedures as well as the purpose of the study before providing written, informed consent to participate. The 
ethics committee at Teikyo University of Science approved this study, which proceeded in accordance with the guidelines 
for human experimentation published by our institutional review board (18103). This study also conformed to the principles 
of the Declaration of Helsinki. All participants completed the experiment in 5 training group conditions, ordered in random 
fashion: (1) low intensity (25% of the age-predicted maximum heart rate (HR)) aerobic exercise conducted for 15 minutes 
(LOW-15 group, n=10); (2) low intensity (25% of the age-predicted maximum HR) aerobic exercise conducted for 30 
minutes (LOW-30 group, n=7); (3) moderate intensity (50% of the age-predicted maximum HR) aerobic exercise conducted 
for 15 minutes (MOD-15 group, n=9); (4) moderate intensity (50% of the age-predicted maximum HR) aerobic exercise 
conducted for 30 minutes (MOD-30 group, n=8), and (5) a non-training group (Non group, n=7). Before and after the 
intervention, which was 8 weeks long, we conducted AVI, API, PWV, CAVI, oxygen uptake during peak exercise (VO2peak) 
measurements after 10 min of rest. Brachial-ankle PWV (baPWV), heart-brachial PWV (hbPWV), blood pressure (BP), and 
heart rate (HR) were measured using a PWV/ABI vascular testing device (Omron-Colin Co., Ltd., Kyoto, Japan)19, 20). CAVI 
was measured using a VaSera VS-1500AE vascular testing device (Fukuda-Denshi Co., Ltd., Tokyo, Japan)21), and AVI and 

Table 1.	 Changes in participant characteristics between the pre (baseline) and post (8-week) values in all group

Variable

LOW-15 group LOW-30 group MOD-15 group MOD-30 group CON group Main 
effect of 
interven-

tion

Main 
effect of 
timePre 8-week Pre 8-week Pre 8-week Pre 8-week Pre 8-week

Age (years) 63.1 ± 3.5 - 65.9 ± 4.0 - 70.9 ± 3.9 - 63.8 ± 5.2 - 60.7 ± 3.8 - - p=0.478

Gender
3 males, 
7 females

- 2 males, 
5 females

- 5 males, 
4 females

- 3 males, 
5 females

- 1 male, 
6 females

- - -

Height (cm) 157.4 ± 3.2 - 158.0 ± 2.4 - 162.1 ± 3.4 - 163.6 ± 2.7 - 158.3 ± 2.8 - - p=0.498
Weight (kg) 58.4 ± 2.6 58.6 ± 2.6 56.2 ± 3.8 56.1 ± 3.8 60.1 ± 2.0 59.7 ± 1.9 58.7 ± 4.0 59.5 ± 4.0 56.9 ± 3.7 58.0 ± 3.5 p=0.743 p=0.972
BMI  
(kg/m2)

23.6 ± 0.7 23.7 ± 0.7 22.4 ± 1.0 22.3 ± 1.0 23.0 ± 1.0 22.8 ± 1.0 22.3 ± 2.1 22.6 ± 2.1 22.7 ± 1.5 23.2 ± 1.4 p=0.345 p=0.181

VO2peak  
(ml/kg/min)

32.4 ± 1.8 32.2 ± 1.5 31.2 ± 2.4 31.1 ± 2.3 30.1 ± 3.2 30.7 ± 3.5 30.4 ± 2.7 29.9 ± 2.8 29.9 ± 1.8 28.9 ± 1.6 p=0.941 p=0.689

 Values are mean ± SE. LOW-15 group: low-intensity 15 minute exercise group; LOW-30 group: low-intensity 30 minute exercise 
group; MOD-15 group: moderate-intensity 15 minute exercise group; MOD-30 group: moderate-intensity 30 minute exercise group; 
CON group: non-exercise control group.
*p<0.05 and **p<0.01 vs. Pre.
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API were measured using a PASESA AVE-1500 vascular testing device (Shisei Datum Co., Ltd., Tokyo, Japan)15–18, 22). 
VO2peak was assessed via an incremental test to exhaustion (1 min warm-up at 15 Watt, cycling at 15 Watt, followed by a 15 
Watt/min increase). VO2peak was monitored breath-by-breath using a Power Mets AT-1100A device (Anima Co. Ltd., Tokyo, 
Japan). The exercise sessions were conducted three times per week for 8 weeks. The participants exercised once a week using 
a bicycle ergometer (Medergo EM-400, OG Wellness Technologies Co. Ltd., Okayama, Japan) in the laboratory, and walked 
or jogged twice a week. The intensity and duration of exercise were controlled using a HR monitor (PulNeo HR-70, JAPAN 
PRECISION INSTRUMENTS, Inc., Gunma, Japan). The daily coefficients of variation (CVs) in the laboratory were 3 ± 1%, 
3 ± 2%, 6 ± 1%, 3 ± 2%, and 6 ± 1% for baPWV, hbPWV, CAVI, AVI, and API, respectively. The participants abstained from 
alcohol, caffeine, and exercise for 24 h before being tested. They reported to the laboratory after 10 h of fasting. All data are 
presented as means ± standard deviation (SD). Data were analyzed using a repeated-measures 2-way ANOVA (group-by-
time). Significant differences between mean values were identified using the Bonferroni post hoc test. Data were statistically 
analyzed using SPSS (version. 22; IBM, Armonk, NY, USA). Statistical significance was set at p<0.05.

RESULTS

The height, weight, body mass index (BMI) and VO2peak of the participants did not differ before vs. after the intervention 
or between groups (p>0.05, Table 1). The baPWV, hbPWV, CAVI, AVI, and API did not differ before vs. after the intervention 
in any groups (p>0.05, Table 2). The baPWV, hbPWV, CAVI, AVI, and API in the LOW-15, LOW-30, MOD-15, and MOD-
30 groups were significantly lower after the 8-week intervention compared with before the intervention (p<0.05, Table 2), 
while that in the CON group was unchanged (p>0.05, Table 2). The brachial and ankle BP before and after the intervention 
did not differ in any groups (p>0.05, Table 3). The brachial and ankle BP (except for ankle DBP) reduced after intervention 
in trained group (p<0.05, Table 3), while that in the CON group was unchanged (p>0.05, Table 3).

DISCUSSION

We found that baPWV, hbPWV, CAVI, AVI, and API in the LOW-15, LOW-30, MOD-15, and MOD-30 groups were 
significantly lower after the 8-week intervention compared with before the intervention, while that in the CON group was 
unchanged. This suggests that regardless of the intensity or duration of aerobic exercise, regular aerobic exercise may be 
important in reducing arterial stiffness.

Many previous studies have shown that moderate aerobic exercise training reduces systemic, aortic, and peripheral arterial 
stiffness7–9, 23). In previous studies, aortic PWV improved after 16 weeks of medium-intensity walking/jogging in middle-
aged men7) and after 12 weeks of moderate-intensity cycling in middle-aged women23). Another study found a decrease in 
arteriosclerosis after aerobic exercise training, but no difference between a group that exercised at 40% the reserve heart rate 
(low intensity) and a group that exercised at 70% the reserve heart rate (medium intensity)24). In the present study, arterial 
stiffness decreased after 8 weeks of aerobic exercise training at 25% and 50% the age-predicted maximum HR, but we did 
not find a difference between any of the exercise groups. Therefore, our data indicate that exercise intensity does not have a 
strong influence on the effect of aerobic exercise training at a low to medium intensity with respect to arterial stiffness.

In most aerobic exercise training studies that have reported reduced arterial stiffness, aerobic exercise is performed for 
20–60 minutes per day. For instance, Kakiyama et al.11) reported a reduction in aortic stiffness after 60 minutes of aerobic 
exercise training (medium intensity, 3.5 times per week, 8 weeks of exercise). Collier et al.10) suggested that aortic stiffness 
decreased after 30 minutes per day of aerobic exercise training (medium intensity, 3 times per week, 4 weeks of exercise). 
Further, Madden et al.25) revealed that peripheral arterial stiffness decreased after 30 minutes per day of aerobic exercise 
training (medium intensity, 3 times per week, 4 weeks of exercise). Although the short-term chronic effects have not been 
clarified, 15 minutes of aerobic exercise training (medium intensity) has been found to have an acute effect in that it decreased 
aortic/peripheral artery stiffness26). In this study, we found that arterial stiffness decreased after 15 and 30 minutes of aerobic 
exercise training per day, and we did not find a difference between different levels of exercise intensity. Therefore, we expect 
a reduction in arterial stiffness to occur if exercise is conducted for at least 15 minutes per day.

Although we did not explicitly examine the mechanisms of exercise-induced changes in arterial stiffness, changes in arte-
rial stiffness are known to correlate with blood pressure27, 28). Previous studies have reported that arterial stiffness and systolic 
blood pressure decreased after aerobic exercise training10). Similar results were observed in the present study. Therefore, 
the decrease in arterial stiffness after aerobic exercise training seen in this study may be associated with a decrease in blood 
pressure.

This study has several limitations. First, our participants were healthy middle-aged and older people, which precludes 
generalizing our findings to young individuals. Second, we did not design this study to examine the possible mechanisms by 
which aerobic exercise training decreases arterial stiffness.

In conclusion, baPWV, hbPWV, CAVI, AVI, and API in the LOW-15, LOW-30, MOD-15, and MOD-30 groups were sig-
nificantly lower after vs. before the 8-week exercise intervention, while that in the CON group was unchanged. The baPWV, 
hbPWV, CAVI, AVI, and API values before and after the intervention did not differ between any of the exercise groups. This 
suggests that regardless of the intensity or duration of aerobic exercise, regular aerobic exercise may be important in reducing 
arterial stiffness.
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.6
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.6
 ±
 1
.6

p=
0.
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7
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0.
00
01
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W
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0 
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e 
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;. 
M
O
D
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at
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5 
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e 
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 g
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; 

M
O
D
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0 
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e 
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; C

O
N
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on
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e 
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l g
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.

*p
<0
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d 
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p<
0.
01
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s. 
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