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Abstract

By decreasing the interval periods and increasing the frequency of exercise bouts, we were able to confirm our hypothesis that
middle-aged adults could achieve a greater reduction in arterial stiffness through intermittent exercise. Thirty middle-aged males
were randomly divided into a control group (CON), continuous exercise group (CE), interval exercise long-long group (IELL),
interval exercise long-short group (IELS), and interval exercise short-short group (IESS). The subjects performed
moderate-intensity exercise on the treadmill. Cardio-ankle vascular index (CAVI) was assessed before exercise, right after the
session ended, and at 30 and 60 minutes into the recovery period. Changes in values from the baseline (ACAVI) during each
measurement were used for analysis. The control group showed no significant change in ACAVI, while all exercise groups
showed a significant decrease at 0, 30, and 60 minutes. The exercise groups had significantly lower ACAVI than the control
group at 0 and 30 minutes. At 60 minutes, the IESS group had a significantly lower ACAVI than the control group. Additionally,
at 0 and 30 minutes, the IELS and IESS groups had a significantly lower ACAVI than the CE group. Hence, interval exercise is
more effective than continuous exercise regardless of the total duration, but the effectiveness depends on the interval duration
and number of repetitions.
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1. Introduction

Avrterial stiffness is a well-established predictor of cardio-
vascular events, and age is one of the major contributing
factors to its development. As cardiovascular disease (CVD)
remains a leading cause of morbidity and mortality worldwide,
identifying and managing arterial stiffness is crucial for ef-
fective prevention and treatment [1, 2]. Arterial stiffness
refers to a decrease in arterial compliance due to aging and
other factors [3]. This is because arterial stiffness contributes
to an increase in systolic blood pressure and pulse wave ve-
locity (PWV), both of which are associated with an elevated

risk of CVD. Many studies have explored the correlation
between arterial stiffness and CVVD. For example, a study by
Laurent et al. found that PWV was a strong predictor of CVD
[4], independent of traditional risk factors such as age, sex,
and blood pressure. Similarly, in a study by Vlachopoulos et
al., middle-aged individuals with in-creased arterial stiffness
had a higher incidence of CVD [5]. In regards to assessing
arterial stiffness, the PWV has long been widely utilized as
the gold standard [6], although it may be affected by changes
in blood pressure, rendering accurate evaluation of arterial
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stiffness in response to exercise difficult. In recent years, the
cardio-ankle vascular index (CAVI) [7, 8], which takes into
account blood pressure factors, has gained attention for its
application in evaluating arterial stiffness.

Numerous studies have confirmed that aerobic exercise
positively impacts arterial stiffness [9-11]. Due to
dose-response considerations, research on the effectiveness of
different intensity levels and exercise modes (continuous and
intermittent) in improving vascular stiffness has become a
focus of attention. Studies have found that com-pared to con-
tinuous aerobic training sessions, interval training could result
in more notable enhancements in respiratory parameters
among healthy individuals, as well as patients with cardio-
vascular or cardiorespiratory disease [12, 13]. A study has
shown that, under the same exercise volume, interval exercise
may be a more effective way of reducing arterial stiffness, and
that high-intensity interval training (HIIT) has better effects in
achieving this goal [14]. Similar research demonstrates that
intermittent exercise is more effective in reducing arterial
stiffness compared to continuous exercise and that individual
differences and factors such as basal arterial stiffness, BMI,
and cardiorespiratory fitness can all affect changes in arterial
stiffness [15]. Another re-search suggests that among healthy
elderly individuals, moderate-intensity continuous exercise
has a beneficial impact on PWV, compared to sedentary
control groups. In elderly individuals with varying levels of
cardiorespiratory fitness, PWV values tend to be lower after
high-intensity interval exercise compared to the control group
[16].

The mechanism behind the beneficial effects of HIIT is not
yet fully understood, whether due to the high intensity or the
interval itself. Recently, we have demonstrated that in young
healthy individuals, intermittent exercise leads to a more
significant lowering of arterial stiffness compared to contin-
uous exercise when exercise volume is held constant [17]. As
the interval period increases, the acute superiority disappears,
while increasing the number of exercise sessions can preserve
the effect of interval exercise. This suggests that the efficacy
of intermittent exercise is influenced by the interval period
and the number of exercise bouts. As individuals age and
various lifestyle factors shift, middle-aged adults are at an
increased risk of developing atherosclerosis. Therefore, it is of
paramount importance for this demographic to prioritize
preventative measures against such an affliction. To further
substantiate the superiority of interval training, we have de-
vised a prescription for middle-aged individuals engaged in
intermittent physical activity, which we have compared with
an equally intense continuous exercise regimen. We postulate
that augmenting exercise frequency and shortening interval
duration may further enhance the efficacy of intermittent
exercise, thereby producing a more advantageous impact on
arterial stiffness that surpasses the effects of equally intense
continuous exercise.
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2. Materials and Methods

2.1. Participants

The participants of this experiment were recruited from a
rehabilitation center and consisted of middle-aged men who
underwent physical examinations. We have recruited 36 par-
ticipants to take part in this study. However, due to personal
circumstances, 3 participants were unable to complete the
entire test. Furthermore, one participant withdrew from the
study midway through the testing process, whereas the data of
the remaining two participants was incomplete and therefore,
they could not complete the supplementary testing. As a result,
the final number of participants included in this study is 30. A
total of 30 male middle-aged participants with an average age
of 56.541.9 years (Table 1) were enrolled in the study. Prior to
their involvement in the experiment, all participants were
required to provide informed consent by signing a consent
form. None of the subjects smoked, but all had blood pressure
within normal high values. The study was ethically approved
by the ethics committee of Lingnan normal university and was
conducted in accordance with the Helsinki Declaration. For
three days prior to the experiment, all participants refrained
from intense exercise, alcohol, and caffeine intake. Partici-
pants were instructed to fast and remain at rest for at least 30
minutes before taking the baseline measurement. All exper-
iments were conducted at a cardiovascular health examination
center, at a temperature between 22-26 degrees.

2.2. Study Design

The study utilized a balanced cross-over design with
self-controlled measures. Each participant completed five
treadmill tests, performed in a randomized sequence and
spaced three days apart. The five tests comprised the follow-
ing: (i) control (CON); (ii) 30-minute continuous exercise
trial (CE); (iii) (IELL) two sets of 10-minute treadmill exer-
cise sessions followed by a 10-minute rest period (IELL); (iv)
two sets of 10-minute treadmill exercise sessions followed by
a 5-minute rest period (IELS); and (v) four sets of 5-minute
treadmill exercise sessions separated by 5-minute rest periods
(IESS). These are depicted in Figure 1. Experimental proce-
dures took place within the morning timeframe of 8:00 am to
12:00 pm. CAVI was measured at baseline (BL), as well as at
0, 30, and 60 minutes following the completion of every ex-
ercise session. During the exercise tests, participants engaged
in moderate-intensity treadmill exercise.

In order to track variations in ACAVI subsequent to each
interval during the experimental group undergoing IESS, an
additional three appraisals of ACAVI were administered prior
to the B1, B2, and B3 5-minute exercise episodes, as illus-
trated in Figure 1.
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Figure 1. Exercise design. This study entails five experiments: a
control experiment (CON), a single 30-minute exercise experiment
(CE), two 10-minute treadmill exercise experiments with a 10-minute
rest period in between (IELL), two 10-minute treadmill exercise
experiments with a 5-minute rest period in between (IELS), and four
5-minute treadmill exercise experiments with a 5-minute rest period
in between (IESS). In the CE, IELL, IELS, and IESS experiments,
time measurements were taken at baseline (BL), immediately after
exercise (0 minutes), 30 minutes after exercise, and 60 minutes after
exercise. Additionally, three additional CAVI measurements were
taken before the second (B1), third (B2), and fourth (B3) 5-minute
exercise sessions in the IESS experiment.

2.3. Exercise Protocol

The exercise trials were carried out employing a treadmill
(Quark C12, Cosmed Srl, Italy). Exercise intensity was de-
termined using the following formula: target heart rate =
[(220 - age - resting heart rate) < 45%] + resting heart rate,
where 45% represents the desired exercise intensity level,
and resting heart rate is the heart rate before exercising.
While exercising on a treadmill, a heart rate monitor sensor
was attached to the exerciser's body to track their heart rate.
Based on this, the treadmill speed was carefully adjusted to
maintain a consistent target heart rate throughout the
workout.

2.4. Measurement

The CAVI measurements were obtained using the
VS-1000 Arteriosclerosis Test Instrument, manufactured by
Beijing Fukuda Electronic Medical Instruments Co., Ltd.
Trained medical professionals performed the tests while par-
ticipants lay supine on a bed, with their limbs straightened.
An upper arm cuff was attached to the upper arm, positioned
so the bottom edge was level with the elbow joint, and ad-
justed to fit snugly around one or two fingers. Lower extrem-
ity cuffs were placed above the ankle joint, and cushioning
pads were placed under the elbows and heels for support.
Electrocar-diogram electrodes were clipped onto both wrists,
and a phonocardiographic sensor was placed near the ster-

81

num and adjusted until the heart signal could be clearly dis-
tinguished from the first and second heart sounds. The
VS-1000 instrument then automatically measured the partic-
ipant’s CAVI. Mean CAVI values were calculated for both
the right and left sides, and the difference (ACAVI) between
these values and the baseline was calculated for subsequent
analysis.

2.5. Statistical Analysis

The data were displayed as the means +SE. Disparities in
ACAVI among exercise regimens were evaluated via four
distinct two-factor repeated-measures ANOVAs structured in
a three (group) xfour (time) model. The Bonferroni post hoc
test was employed to identify significant variations within
each trial, and Mauchly's sphericity test was performed to
inspect the assumption of sphericity. To discern the
time-varying patterns of ACAVI in the IESS experiment, a
one-way ANOVA featuring repeatedly measured outcomes
was conducted, and subsequent Bonferroni post hoc tests
were implemented. A significance level of p < 0.05 was
chosen, and Origin 2023b was utilized for data analysis.

3. Results

3.1. Subsection

Table 1 presents the initial attributes of the participants,
including age, height, weight, body mass index (BMI), CAVI,
and blood pressure. Furthermore, the participants exhibited
arterial rigidity that was consistent with their chronological
age as determined by the VS-1000 Arteriosclerosis Test In-
strument system.

Table 1. Participant characteristics (n = 30).

Value (Mean =SE)

Age (years) 56.5 +1.9
Height (cm) 171.2 4.3
Weight (kg) 80.3 £5.3
BMI (kg/m2) 27.2 457
Systolic BP (mmHg) 132.3 35
Diastolic BP (mmHg) 81.8+2.7
CAVI 8.2+0.6

BMI, body mass index; BP, blood pressure.

3.2. Arterial Stiffness

The changes of ACAVI in the experiment were exhibited
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in Figures 2 and 3. In the control group, ACAVI did not
show significant changes over time (0.00 £0.00 at base-line,
-0.06 £0.12 at 0 min, -0.045 +0.05 at 30 min, -0.01 +0.02
at 60 min). However, in the CE experimental group, A CAVI
showed significant changes over time (0.00 £0.00 at base-
line, -0.63 £0.23 at 0 min, -0.41 +0.11 at 30 min, -0.03 £+
0.02 at 60 min). Similar changes were observed in the IELL
experimental group (0.00 £0.00 at baseline, -0.69 +0.31 at 0
min, -0.44 +0.20 at 30 min, -0.05 +0.05 at 60 min), the
IELS experimental group (0.00 £0.00 at baseline, -0.78 %
0.21 at 0 min, -0.54 #0.12 at 30 min, -013 +0.08 at 60 min),
and the IESS experimental group (0.00 = 0.00 at baseline,
-0.82 +0.20 at 0 min, -0.61 £0.12 at 30 min, -0.23 +0.21 at
60 min).
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Figure 2. Changes in ACAVT over time were observed during both
intermittent exercise and continuous exercise experiments. The mean
(#5D) is time-dependent ACAVI changes in CON, CE, and IELL
trials (a) and CON, CE, and IELS trials (b). * p < 0.01, CE, IELL,
and IELS vs. CON at 0 min. #p < 0.01, CE, IELL, and IELS vs. CON
at 30 min. & p < 0.05, IELS vs. CE at 0 min. $p < 0.05, IELS vs. CE
at 30 min. n = 30.

As shown in Figure 2 and Figure 3, there was a significant
interaction between intervention and time (p < 0.001 in Fig-
ure 2a, p < 0.0001 in Figure 2b; p < 0.0001 in Figure 3a and
Figure 3b), indicating that the changes in ACAVI differed
over time in each experiment. A significant main effect of
time was also observed (p < 0.0001 in Figure 2a and Figure
2b; p < 0.0001 in Figure 3a and Figure 3b), suggesting that

ACAVI under-went significant changes over time. The main
effect of the intervention was also significant (p< 0.01 in
Figure 2a, p < 0.001 in Figure 2b; p < 0.0001 in Figure 3a,
p< 0.001 in Figure 3b).

The Bonferroni post-hoc test revealed that in Figure 2 and
Figure 3, ACAVI in the exercise intervention group was sig-
nificantly lower than in the control group at 0 min (*p < 0.01
for CE, IELL, IELS, IESS compared to the CON group) and
at 30 min (#p < 0.01 for CE, IELL, IELS, IESS compared to
the CON group). At 60 min, ACAVI in the IESS group was
significantly lower than in the CON group (3 < 0.01). In
Figure 2b, ACAVI in the IELS group was significantly lower
than in the CE group at 0 min and 30 min (&p < 0.05). In
Figure 3a, ACAVI in the IESS group was significantly lower
than in the CE group at 0 min and 30 min (&p < 0.05).

ACAVI in the IESS group showed a significant decrease
from the baseline value of 0.0020.00 to -0.5040.41 at B1,
-0.6340.51 at B2, -0.740.44 at B3, -0.8340.20 at 0 min,
-0.6140.12 at 30 min, and -0.2320.21 at 60 min, as demon-
strated in Figure 4.
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Figure 3. Changes in ACAVI over time were observed during in-
termittent exercise experiments with different rest periods. The mean
(35D) ACAVI changes in CON, CE. and IESS trials (a) and CON,
IELS, and IESS trials (b). * p<0. 01, CE, IELS, and IESS vs. CON at
0 min. #p <0.01, CE, IELS, and IELS vs. CON at 30 min. ¥p < 0.05,
IESS vs. CON at 60 min. & p < 0.05, IESS vs. CE at 60 min. n = 30.
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Figure 4. The change of ACAVI over time in the IESS experiment. *
p <0.05vs. BL; **p<0.01vs. BL. n=30.

4. Discussion

A considerable amount of research has been conducted on
the immediate and prolonged impacts of aerobic exercise on
arterial stiffness [11, 18-20]. According to our study, mid-
dle-aged individuals may experience more favorable effects
on arterial stiffness by engaging in intermittent exercise with
shorter rest intervals compared to continuous exercise. These
findings supplement the literature surrounding the improve-
ment of cardiovascular health in middle-aged individuals
through intermittent exercise and provide evidence supporting
its viability as a practical exercise prescription.

4.1. Effects of Rest Intervals on Arterial
Stiffness Changes During Exercise in
Middle-Aged Individuals

HIIT is a calculated routine that comprises intense,
short-lived exercises, alternating with periods of active recu-
peration. This form of training has been scientifically shown to
deliver better results than traditional aerobic exercise, in less
time. Numerous well-documented studies demonstrate that
HIIT has a positive effect on arterial stiff-ness. For instance,
just four weeks of high-intensity interval training can improve
arterial stiffness among normal-weight, obese female univer-
sity students [21]. Other re-search shows that HIIT has acute
effects on vascular stiffness in healthy men; such as reducing
the femoral-to-posterior-tibial artery pulse wave velocity [22].
Similarly, following high-intensity interval training, older
adults experienced a decrease in the pulse wave propagation
velocity.

Studies have also shown that HIIT surpasses moder-
ate-intensity continuous training in improving cardiorespira-
tory fitness among obese and hypertensive populations [19,
23]. Recognizing the correlation between physical activity
magnitude and cardiovascular reaction, it's imperative to
distinguish whether the benefits of HIIT are due to its mag-
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nitude or rest interval. This study suggests that the effects of
interval and continuous exercise of equal volume can be
compared and that the impact of interval training can be in-
dependently evaluated.

Although high-intensity exercise is beneficial for cardio-
vascular health, it may not be suitable for certain populations
and can be difficult to sustain. For most middle-aged and
elderly individuals, especially those with underlying medical
conditions, high-intensity exercise may not be the exercise of
choice. Low-intensity activity has limited beneficial effects,
and a recommended level of physical activity is engaging in
moderate-intensity exercise, according to the guidelines [24].
The findings from this re-search indicate that engaging in two
sets of 10-minute treadmill exercises with a 10-minute rest
period can yield similar benefits to performing 30 minutes of
continuous treadmill exercise in terms of arterial stiffness
changes among middle-aged adults, as presented in Figures 1
and 2. Compared to continuous exercise, intermittent exercise
with 10-minute rest intervals is more acceptable to the general
population.

The reason why interval training may be superior to con-
tinuous exercise is likely due to the accumulation of effects. In
other words, engaging in exercise during the beneficial effects
produced by the previous exercise will cause these effects to
accumulate. From our prior investigation, it was evident that
short rest periods between exercise sessions produce superior
results in enhancing arterial stiffness among young adults than
in performing continuous exercise [17]. However, further
research has shown that when the interval between two exer-
cise sessions is too long, the advantages of interval training
disappear [25]. Based on this, we can propose the hypothesis
that an appropriate rest interval duration can amplify the
benefits of exercise in terms of improving arterial stiffness
(even though the ideal time for rest intervals has not been
established yet). Our research results have shown that two
10-minute exercise sessions with a brief rest of 5 minutes in
between have a greater effect on improving arterial stiffness
in middle-aged adults than continuous exercise for 30 minutes
(see Figure 1 and Figure 2b). Furthermore, after engaging in
30 minutes of continuous exercise or interval training, arterial
stiffness in the lower limbs was reduced only in the case of
interval training [14]. The author believes that this may be due
to different reactions of peripheral blood vessels during ex-
ercise, where interval training can result in greater vascular
adaptability stimulation, leading to the release of endothelial
or metabolic vascular active factors. This also supports our
hypothesis: the brief rest during interval training enhances the
overall effect of exercise. Additionally, the brief rest increases
public acceptance of exercise, making it easier to sustain.

4.2. Effects of Intermittent Frequency on
Arterial Stiffness Changes During Exercise
in Middleaged Individuals

Although it is commonly believed that short bouts of ex-
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ercise have limited benefits for the body, some studies show
that even short periods of exercise can have a positive effect
on fitness, such as several consecutive 5-minute sessions [11,
26].

In the current research, we developed a more practical
version of interval training by incorporating 5-minute
workout intervals followed by a 5-minute rest, using a
treadmill to facilitate the exercise routine (as in IESS in Figure
1). Our findings suggest that this method is more effective in
improving arterial stiffness in middle-aged adults than con-
tinuous exercise for 30 minutes, which is consistent with our
previous re-search on young individuals. We also compared
the effects of four 5-minute exercise sessions with two
10-minute sessions on arterial stiffness improvement (as
shown in Figure 1 and Figure 3b).

Within one hour, the arterial stiffness was observed to be
considerably lower in the IESS group as compared to the
IELS group, possibly due to the cumulative effects of four
exercise sessions being more beneficial than two. The gradual
reduction of ACAVI observed during exercise in the IESS
group might be attributed to alterations in cardiovascular
hemodynamics prompted by interval training, as well as the
discharge of vascular endothelial active factors. At 60 minutes,
only the IESS group showed a significant difference from the
control group, which differs from our previous findings in
healthy young participants, possibly due to individual dif-
ferences in cardiorespiratory function and cardiovascular
responses to exercise.

Our study has important implications for individuals who
are unable to engage in high-intensity exercise and need to
complete multiple physical workouts within a short time
period. Fatigue is one of the factors that hinders people from
engaging in physical activity regularly. Incorporating brief
rest periods during exercise sessions and allowing individuals
to accomplish more physical activities within an hour can
enhance overall exercise adherence. Previous exercise regi-
mens required low-intensity exercise during the intermission
period, but we found that stopping exercise during the in-
ter-mission period is easier to accept and execute, making this
moderate-intensity interval exercise even more appropriate
for reducing arterial stiffness. Based on our research on op-
timal interval length and exercise duration, we have devel-
oped a more practical and effective interval exercise pre-
scription.

Future research could explore the precise biological
mechanisms by which interval exercise improves arterial
stiffness. This study has certain limitations, as it only included
healthy middle-aged individuals and did not examine elderly
individuals with chronic diseases. The main emphasis of the
research was to examine the immediate effects of interval
training and did not involve long-term intervention studies.
Hence-forth, future research ought to investigate the impact of
interval exercise at different intervention periods on arterial
stiffness among elderly individuals. In this section, authors
are advised to provide a thorough analysis of the results and
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make comparisons with relevant literature, not a short sum-
mary or conclusion. Any future research directions could also
be stated in the discussion.

5. Conclusions

The primary findings of this investigation indicate that
moderate-intensity aerobic exercise can temporarily reduce
arterial stiffness in middle-aged individuals. Moreover, the
impact of interval exercise on arterial stiffness improvement
surpasses that of continuous exercise and is unaffected by
total exercise duration. The duration of intervals in intermit-
tent exercise and the number of exercise repetitions affect the
effectiveness of interval exercise in improving arterial stiff-
ness in middle-aged individuals.
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