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This study aimed to investigate the effects of home-based dynamic jumping exercise (DJE) in
middle-aged with prehypertension. Sedentary individuals were recruited from Banphai district,
Khon Kaen, Thailand. Thirty (30) eligible subjects were randomly allocated to the control (CG)
and exercise (EX) groups. The CG was instructed about lifestyle modification, and the EX was
asked to act like the CG but additionally elongated with DJE program for 8 wk (50 min/day,
3 d/wk at moderate intensity). The primary outcomes were systolic (SBP) and diastolic blood
pressure (DBP). There are four secondary outcomes — including carotid-femoral pulse wave
velocity (cfPWYV), five times sit-to-stand test (FTSST), timed up and go test (TUGT), and quality
of life (QOL). After the 8-wk program, the EX significantly improved in all outcomes from
baseline (p < 0.001) except TUGT (p = 0.07) and QOL. On the other hand, the environmental
domain of QOL significantly decreased (p <0.05) in the CG from baseline. However, significant
differences were found in SBP, DBP, FTSST, and TUGT between the groups except for cfPWV
(» = 0.06). In conclusion, the DJE program in combination with lifestyle modification was
considered a non-pharmacological intervention for controlling blood pressure and improving
physical performance in middle-aged adults with prehypertension.
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INTRODUCTION

Aging is gradually developed with the increasing age
each day since we were born. However, human growth
will deteriorate when they enter not only elderly but also
middle age (Dziechciaz and Filip 2014). Advancing medical

problem has resulted in reducing our outdoor activities
such as walking, running, and other natural outdoor sports.
Thus, these problems have greatly combined with aging
to diminish some biological efficiency in cardiovascular,
musculoskeletal, and other systems.

technology makes life better and longer. On the other hand,
facing problems from aging will last longer (Partridge ef al.
2018). Furthermore, the COVID-19 epidemic situation has
been changing our usual habits into a sedentary lifestyle
(Schwendinger and Pocecco 2020). For example, we
need to self-quarantine and work from home instead of
going out from home and traveling to work as usual. This
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The deterioration of the cardiovascular system caused the
arteries to harden and become thicker (atherosclerosis).
A higher BP than normal can also decrease blood flow
to organs in the body, especially in the heart and brain.
Elevated blood pressure in the arterial walls caused
damage to the entire blood vessels, resulting in decreased
organ function (Costantino et al. 2016). Hypertension
(HT), one of the major global public health concerns, is
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initiated by these problems (DeGuire et al. 2019; Mills et
al. 2020). It affects millions of people with a prevalence
of more than 60% and the greatest incidence among older
adults aged more than 60 (Chow et al. 2013).

Even though prehypertension is not considered a disease,
this condition affects most of all adults worldwide
and predicates those who tend to be stage 1 and 2 HT.
Prehypertension is defined as office SBP values 120139
mmHg or DBP values 80-89 mmHg (James e al. 2014).
However, prehypertension was also recognized to be
associated with excessive cardiovascular risk factors
— including coronary atherosclerosis, carotid/brachial
intima-media thickness, and presence of the other
inflammatory markers due to subclinical atherosclerosis
(Chia 2008). Tomiyama et al. (2011) underlined that the
persistence of prehypertension was related to accelerated
structural stiffening of the large to middle-sized arteries
and increased in a linear manner along with increasing age,
likewise HT. The prevalence of prehypertension among
middle-aged and elderly subjects is high, and the 5-yr
evolutionary incidences of HT were higher in middle-aged
(Liu et al. 2010). Nevertheless, the interaction between
prehypertension and aging that is associated with age-
related arterial stiffness is still lacking nowadays.

Although the absolute cardiovascular disease events
associated with prehypertension are commonly not
serious signs or symptoms at this BP level, the morbidity,
mortality, and healthcare costs are substantial around the
world (James et al. 2014). Preventing these problems and
complications since their BP is still in the prehypertension
stage may be reasonable, accordingly.

Sarcopenia is well-described as the degenerative loss
of skeletal muscle mass in older adults. Especially in
lower limbs, fast-twitch fibers show more degeneration,
denervation, and atrophy than slow-twitch fibers (Anton
et al. 2015). Skeletal muscle function was the important
factor that affected strength, balance, and QOL, thus losing
lower limbs’ muscle mass beyond a critical threshold may
result in a decline of muscle strength and maximal power
output (Janssen et al. 2002; Correa et al. 2012; Ding et
al. 2016).

The updated JNC-8 guideline suggested that
prehypertensive adults should adjust their physical
inactivity lifestyle first (Aronow 2015). Aerobic exercise
can produce positive effects on SBP, DBP, and cardiac
autonomic function (Cao et al. 2019; da Silva et al.
2018). Nevertheless, the controversial results of resistance
training alone in the terms of lowering BP and damage to
arterial walls are still reported (Eckel et al. 2014).

Stretch-shortening cycle (SSC) is an important mechanism
of functional everyday tasks such as rising from a chair,
using stairs, and stepping ability. This cycle of movement
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is generated by high-intensity eccentric muscle actions,
which result in the accumulation of an elastic energy
force producing powerful concentric muscle actions
subsequently (Moran et al. 2018; Nicol et al. 2006;
Markovic 2007). Jumping exercise, one of the lower
body exercises (plyometric training), which can enhance
the efficiency of skeletal muscle exerts SSC movement
(Fleck and Kraemer 2014; Ramirez-Campillo et al.
2018). Previous studies have found that high and less-
impact plyometric training similarly have also increased
both muscle strength and muscle power. Nevertheless,
postural sway and static balance performance were only
slightly enhanced (Allison ez al. 2018; Saez de Villarreal
et al. 2010).

To mitigate high BP and improve functional impairment in
middle-aged adults with prehypertension. An appropriate
type of exercise for these individuals should be the
modified aerobic exercise combined with less impact
jumping training, accordingly. To produce greater benefit
and to be acceptable as the previous studies mentioned,
a bilateral intervention that included less impact hop
on both legs and multidirectional skipping should have
been created (Allison et al. 2018; Saez de Villarreal et al.
2010). Unfortunately, the impact of COVID-19 was more
severe than expected; the jumping exercise in this study
was designed as a home-based exercise, subsequently.

The present study was designed to confirm the effects of
less-impact plyometric training on muscle strength and
muscle power. However, the researcher looked at dynamic
balance performance instead of postural sway and static
balance performance because it was more closely related
to daily routine activity than the previous studies.

This is the first study of jumping exercises that we
altered from the existing interventions in older adults
that should be suitable for middle-aged individuals with
prehypertension to be the DJE training. Thus, the objective
of this study is to investigate the effects of the DJE on
vascular function, physical performance was defined as
muscle strength measured by FTSST and dynamic balance
performance measured by TUGT, and also the QOL in
middle-aged adults with prehypertension.

MATERIAL AND METHODS

Study Design and Participants

This research was a single-blinded randomized controlled
trial design. The resting SBP was selected as the primary
outcome in this study. The study of Prasertsri ez al. (2019)
investigated the effects of arm swing exercise on cardiac
autonomic modulations and other variables in people aged
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60-80 yr with prehypertension. The findings of this study
show that their intervention can decrease resting SBP by
10.35 mmHg, accordingly. Sample size calculation was
followed by the particular formula and when considering
a 30% dropout, the number of subjects in this study will
be equal to 15 subjects per group. Finally, a total of 30
subjects were enrolled in the study.

Both male (11) and female (19) aged 45-60 yr with
prehypertension were recruited from Banphai and Nai
Mueang districts of Khon Kaen province, northeastern
Thailand from March—July 2021. Their blood pressure
levels were proven by taking the same measurement
time at home on 2 visits, 1 wk apart. After that, the
subjects were asked to undergo routine medical
examinations in which medical history by completing a
health questionnaire, anthropometric measurements, and
vital signs. The inclusion criteria were as follows: [1]
a sedentary person who conducted moderate-intensity
physical activities < 150 min or vigorous intensity physical
activities < 60 min during the 7 days before completing
the Thai version of the short-format International Physical
Activity Questionnaire, [2] without currently taking
antihypertensive medication, [3] no history of physical
exercises in the past 3 mo, [4] without abnormal sensation,
proprioception, and [5] no smoking and no consuming
alcohol. The participants were excluded if they had: [1]
diabetes mellitus, thyroid disease, or heart disease; [2]
lower extremity reconstructive surgery in the past 2 yr,
[3] medical or orthopedic problems that affected their
participation and performance, and [4] any vestibular
impairments. All subjects were informed verbally and
in writing about the experimental protocols and possible
risks involved before obtaining their consent to participate
in this study. This study was approved by the Khon Kaen
University Ethics Committee for Human Research based
on the declaration of Helsinki and the Good Clinical
Practice Guidelines (HE642001).

Procedures

The eligible subjects were equally randomized into the CG
and EX groups by the computer-generated table of random
numbers. The CG was asked to maintain their daily
routines such as housework, cooking, and employment
without any additional aerobic exercise. Moreover, they
were instructed about the other lifestyle modifications
that consisted of the DASH (dietary approaches to
stop hypertension) diet combined with salt and alcohol
reduction, weight loss, and walking 30 min/day (or lasting
10 min minimum for each bout), 3—5 d/wk. In addition, the
EX was asked to act like the CG but additionally elongated
with the DJE program for 8 wk.

The subjects were trained to perform the exercise properly
by adjusting their posture, intensity, and volume prior to
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returning to their home. All subjects have self-reporting
for recording their exercise schedule. After 1 wk of the
intervention, the researcher who is a physiotherapist
observed them at their home to prevent potential risks and
errors. Although the researcher had followed in the first
wk, the researcher still needed to follow up on the 2nd,
4th, and 6th wk to verify that they were still exercising
properly or having unexpected risks or not. Moreover,
the researcher used a mobile application called “LINE”
to stay connected with the subjects during the pandemic
instead of the researcher being unable to supervise them
at home. If any subjects were injured after performing
the DJE training, they would be first aided with physical
therapy first and compensated for health care costs. The
subjects who could not complete the intervention were
asked to stop the experiment and recorded any adverse
events. All outcomes were evaluated before and after the
intervention.

Dynamic Jumping Exercise (DJE)

DIJE is the name of hopping training that consisted of two
parts. The first was hopping to the specific points, and the
second was marching in place after each set of the first
part. This intervention was designed as a home-based
exercise program at a frequency of 50 min/d, 3 d/wk
(every other day). The total 50 min were divided into 10
min for stretching (warm-up and cool-down) and 40 min
for the moderate intensity DJE training (65—75% of their
maximum heart rate, 3—4 scores of Borg category ratio, or
can talk in a full sentence). This jumping training requires
a square space (120 x 120 cm?) that can be divided into
a nine-square-table. The jumping points were as follows:
tables 2, 4, and 6 as the landing points and table 8 as the
initiation point (Figure 1). The jumping processes were
divided into four directions in one round as follows: [1]
hopping from table 8 to 6 (anterolateral direction), [2]

Figure 1. The jumping points.
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hopping from table 6 to 2 (anteromedial direction), [3]
hopping from table 2 to 4 (posterolateral direction), and
[4] hopping back to the initiation point (posteromedial
direction) (Figure 2). The DJE program progressively
increased in intensity every 2 wk by increasing the number
of times and sets until it reached 60 rounds/set, 5 sets/d
(Table 5). Then, the subjects were asked to march in place
after each set for the relaxation period for 1 min before
hopping to the next round.

Measurements

The subjects’ characteristics — including gender, height,
weight, body mass index (BMI), and % body fat — were
measured as anthropometric measurements. An automatic
sphygmomanometer (Omron HEM-7120) was used with
standard protocol for measuring their BP levels (Williams
et al. 2018). Arterial stiffness measurement was measured
by a non-invasive automatic device (SphygmoCor XCEL)
using the oscillometric method. Pulse wave velocity was
assessed by a carotid tonometer together with a leg cuff.
Using the direct method, measure distances from the
carotid and the femoral pulse to the top of the center edge
of the leg cuff.
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This study has measured two functional performance tests.
TUGT was chosen first, then followed by FTSST. The
order of the test was sorted according to the fatigue caused
by the test. Both TUGT and FTSST were measured using
the standard protocol detailed in previously published
articles (Kear et al. 2017; Melo et al. 2019).

The WHOQOL-BRIEF-THAI (World Health Organization
Quality of Life Brief Thai version) questionnaire was used
in this study. This questionnaire consisted of 26 questions
(23 positive questions and 3 negative questions) that were
divided into four domains: physical domain, psychological
domain, social relationships, and environment. Each item
was scored from 1-5 in order of their satisfaction.

Statistical Analysis

The statistical analysis was operated by STATA/IC
Statistics 10.1 for Windows. All data were expressed as
mean + standard deviation. The Shapiro-Wilk test was
applied to verify the normal distribution of the received
data. The paired t-test was applied to compare the
differences in each parameter within the group before
and after receiving interventions. The independent t-test
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Figure 2. The jumping directions.
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Table 5. Guideline for increasing the intensity of dynamic jumping
exercise.

Week Times Sets Total (times/d)
1st_pnd 30 5 150
3rd_4th 40 5 200
5th_gth 50 5 250
7th_gth 60 5 300

was applied to compare the differences in each outcome
between groups. The value of p-value < 0.05 was
considered a significant level.

RESULTS

Subjects

A total of 30 subjects have enrolled in this study. They
were equally randomized into the EX (5 males and 10
females) and the CG (6 men and 9 females). After the
8-wk follow-up period, none of the subjects left the study
(Figure 3). The mean age values of EX and CG were 53.00
+4.54 and 52.60 + 4.66 yr. The BMIs of the subjects were
24.28 + 2.95 kg/m? for the EX and 25.07 + 3.78 for the
CG. The % body fat were 30.41 + 8.97 and 30.65 = 8.71
for the EX and CG, respectively.

Baseline Characteristics

There were no significant differences between the EX and
the CG in terms of age, gender, height, weight, BMI, and
% body fat (p > 0.05; Table 1).

After the intervention, the values of weight, BMI, and
% body fat recorded no changes in both EX and CG.
Moreover, there were no significant differences in the EX
as compared with the CG (Table 2).

Blood Pressure and Heart Rate
SBP and DBP were significantly reduced (p < 0.001) in
the EX following the 8-wk intervention. However, DBP
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reduced modestly (»p =0.07) in the CG. The results showed
significantly lower SBP and DBP (p <0.001 and p <0.05)
in the EX as compared with the CG (Table 3).

On the other hand, HR showed a modest reduction (p =
0.06) in the EX after the intervention. However, the results
showed significantly lower HR (p < 0.05) in the EX as
compared with the CG (Table 3).

Arterial Stiffness

The cfPWYV values were significantly reduced (p <0.001)
in the EX following 8 wk. However, the results showed
only modestly lower cfPWV (p = 0.06) in comparison to
the CG (Table 3).

Physical Performances

TUGT showed modestly improved (p = 0.07) in the EX
following the 8-wk intervention period. On the other hand,
the CG showed a modest decrease (p = 0.09). The results
showed significant differences (p < 0.05) in the EX as
compared with the CG (Table 3).

Table 1. Baseline data of the participant characteristics.

Data/group EX (n=15) CG (n=15) p-value
Age,y 53.00 £4.54 52.60 + 4.66 0.49
Gender, M/F 5/10 6/9 0.79
Height, m 1.59+0.08 1.57+0.07 0.32
Weight, kg 61.05+7.00 61.94+10.74 0.98
BMI, kg/m? 2428 +£2.95 25.07+3.78 0.27
Body fat, % 30.41 £8.97 30.65+£8.71 0.42
HR, bpm 73.47 £ 6.41 76.87 £8.71 0.16
SBP, mmHg 12827 +5.80  128.87+6.21 0.06
DBP, mmHg 7593 +£5.23 76.73 +7.13 0.77
cfPWV, m/s 7.54+0.55 7.78+1.29 0.12

Data are expressed as mean + standard deviation
[EX] exercise group; [CG] control group; [BMI] body mass index; [HR] heart
rate; [SBP] systolic blood pressure; [DBP] diastolic blood pressure; [cfPWV]
carotid-femoral pulse wave velocity; [m] meter; [kg] kilogram; [bpm] beats per
minute; [mmHg] millimeter mercury; [s] second

Table 2. Changes in weight, BMI, and % body fat before and after the 8-wk intervention period.

EX (n=15) CG (n=15)
Data/group
Before After Before After
Weight, kg 61.05+7.00 60.57 £ 6.65 61.94 +10.74 62.08 +10.22
BMI, l(g/m2 2428 £2.95 24.09 +2.85 25.07+£3.78 25.15+3.65
Body fat, % 30.41 £8.97 30.21 £9.30 30.65+8.71 30.67 £ 8.83

Data are expressed as mean + standard deviation

[EX] exercise group; [CG] control group; [BMI] body mass index; [kg] kilogram; [m] meter
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Table 3. Changes in vascular function and physical performance before and after the 8-wk intervention period.

Data/group EX (n=15) CG (n=15)
Before After Before After

HR, bpm 73.47 +6.41 70.93 + 7.274 76.87 +8.71 77.13 +8.68
SBP, mmHg 128.27 +£5.80 118.33 + 6.520F 128.87 £ 6.21 128.07 £ 6.94
DBP, mmHg 75.93£5.23 70.33 + 43004 76.73 +7.13 75.27+£6.13
cfPWV, m/s 7.54 +£0.55 7.07 +£0.63¢ 7.78+1.29 7.79 £1.28
TUGT, s 7.57+0.73 7.27 +0.984 7.73+£0.75 7.99 +0.96
FTSST, s 8.99 +0.80 7.76 £ 0.85%F 9.93+1.78 9.80+1.73

Data are expressed as mean =+ standard deviation

[EX] exercise group; [CG] control group; [HR] heart rate; [SBP] systolic blood pressure; [DBP] diastolic blood pressure; [cfPWV] carotid-femoral pulse wave velocity;
[TUGT] timed up and go test; [FTSST] five times sit to stand test; [bpm] beats per minute; [mmHg] millimeter mercury; [m] meter; [s] second

[2b- €] Significantly different from prior to intervention (p < 0.05, p< 0.01, and p < 0.001, respectively)

[4-=f] Significantly different from control group (p < 0.05, p < 0.01, and p < 0.001, respectively)

Table 4. Changes in quality of life before and after the 8-wk intervention period.

EX (n=15) CG (n=15)
Data/group
Before Before After
Physical 26.87+3.16 27.93 +£2.96 26.93 +2.84 26.20+3.19
Psychological 24.07 +2.58 23.87+2.45 23.93+2.69 22.87+1.51
Social 11.07 £2.15 11.07 £ 1.83 11.00 £2.24 10.80 +1.93
Environment 29.00 +3.51 28.67 +2.77 28.33+£3.52 26.73 £2.942
Overall 98.47 +10.03 99.07 + 8.70 97.40 +£9.58 92.93 +8.41
Data are expressed as mean + standard deviation
[EX] exercise group; [CG] control group
[#] Significantly different from prior to intervention (p < 0.05)
With regard to FTSST, there was significantly improved DISCUSSION

(p < 0.001) in the EX following the 8-wk intervention.
The results showed significant differences (p < 0.001) in
the EX as compared with the CG (Table 3).

Quality of Life

After the intervention, the physical, psychosocial, and
social relationships domains were no changes in both the
EX and CG. There were no significant differences in the
EX as compared with the CG (Table 4).

On the other hand, the environment showed a significant
decrease (p < 0.05) in the CG following the 8-wk
intervention. The overall QOL showed a modest decrease
(p = 0.07) in the CG after the intervention. The results
showed only modestly lower scores in the environment
and overall QOL (p = 0.07 and p = 0.06, respectively) in
comparison to the EX (Table 4).
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Importantly, three notable results were found in this
study. First, the EX became normotensive after the 8-wk
intervention without any change in body mass, BMI, and
% body fat. Second, the EX had better cardiovascular
function and physical performance than the CG. Third,
the CG had lower QOL when compared with the EX.

DIJE program reduced resting SBP by 9.93 mmHg. The
SBP lowering effect of DJE was significantly different (p
<0.001) when compared with the CG by 9.73 mmHg. A
decrease in SBP 10 mmHg reduces the risk of developing
cardiovascular disease by 20%, coronary artery disease
by 17%, heart failure by 28%, stroke by 27%, and overall
mortality by 13% (Ettehad et al. 2016).

Compared to a recent meta-analysis of moderate-intensity
aerobic exercise in healthy East Asians, a short period (8
wk) of the DJE program showed similar results in SBP
reduction with 10-24 wk other forms and more effective
than the other 8-wk aerobic exercises (Igarashi et al.
2018). The reason for these results is based on the previous
meta-analysis of Carpio-Rivera et al. (2016). First, they
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said that incremental aerobic exercise had better reduced
SBP than constant intensity. This is consistent with the
type of DJE program, which gradually increases intensity
every 2 wk. Therefore, the systemic adaptation of the
arterial walls in these individuals has been greater than the
static aerobic exercise of the previous studies. Next, the
DIJE program was designed as a modified aerobic exercise.
Thus, this may improve the functional vasodilation
ability by increasing nitric oxide (NO) and decreasing
the presence of endothelin-1 (ET-1) (Pedralli ez al. 2020;
Boeno et al. 2020). Interestingly, the special characteristic
of DJE was rhythmically pumping effects from SSC that
occurred every time hopping. The mechanical effect of
muscle contraction has evoked both rapid and prolonged
increases in blood flow, causing vasodilation and also
augmenting perfusion pressure in skeletal muscles (Joyner
and Wilkins 2007). Moreover, less impact hopping also
contributed to improving endothelial function as a result
of avoiding concentric failure and exaggerating BP, which
is different from traditional resistance training (Boeno et
al. 2020).

In the same manner, the DJE program reduced DBP by
5.6 mmHg after the 8-wk intervention and significantly
lower (p < 0.05) than the CG by 4.93 mmHg. The
reduction of DBP in this study was quite different from
the previous studies that spent the same amount of time
exercising (Miyaki et al. 2012; Sugawara et al. 2012;
Uchikawa et al. 2012). Most of the traditional aerobic
exercise forms (walking and bicycle ergometer) did
not have the rhythmically pumping effects from SSC;
likewise, the DJE increased the venous effluent expelled
(Joyner and Wilkins 2007). Moreover, the increase in
functional vasodilation may directly decrease systemic
vascular resistance, thereby making the residual blood
in the proximal aorta more easily flow into the heart. In
addition, the participants in this study were middle-aged
with prehypertension. Thus, vascular adaptation caused
by aerobic training was still more effective than in the
elderly with hypertension (Collier ef al. 2008).

Although the DBP-lowering effect of the DJE program
significantly differed from the CG at p < 0.05, it was
lower than the SBP (p < 0.001). This may be due to the
definition of prehypertension by JNC-8 that “or” was used
(James et al. 2014), and the researcher found that most
of the participants (18 out of 30) had only SBP as high
as the reference, whereas DBP was in the normal range.

The previous meta-analysis said that the reduction of HR
caused by improving cardiac contractibility as a result of
increasing stroke volume (SV) without changes in cardiac
output was the benefit of aerobic exercise (Saco-Ledo
et al. 2020). On the other hand, the reduction of HR in
the EX did not reach a significant level (p = 0.06). This
may be because the exercise pattern was incremental or
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the participants in this study already reached a high level
of cardiac performance (ceiling effect). However, the
HR-lowering effect of DJE was significantly different
(p <0.05) from the CG. The previous study underlined
that aerobic exercise had been causing ejection fraction
improvement (Pedralli ez al. 2020). Thus, the DJE program
was more effective to improve ejection fraction and SV
than operated life modification alone in middle-aged
adults with prehypertension.

The cfPWV was a gold standard indicator of arterial
stiffness (Mikael ef al. 2017). The higher PWV showed
higher arterial stiffness from lower vessel distensibility
and compliance (Pereira et al. 2015). A cfPWV > 10 m/s
was considered as an estimated reference value of the
significant alteration in aortic function in middle-aged
with hypertension (Banegas and Townsend 2020). After
the 8-wk intervention, the EX had a significantly lower
cfPWV by 0.47s or about 6.23%. The reduction of cfPWV
was consistent with a previous study that determined the
impact of both moderate-intensity exercises on arterial
stiffness in prehypertensive and HT (Collier et al. 2008).
The results showed that aerobic exercise (treadmill
training) reduced cfPWV by 9.5%, but resistance training
increased cfPWV by 14.5%. The reduction of cfPWV in
this study was less than 9.5%; this may be related to the
characteristics of DJE training as an aerobic exercise, both
as less impact jumping training and resistance training.
Although the EX actually had significantly decreased
cfPWV (p < 0.001), the cfPWV lowering effect of the
DIJE program did not reach a significant level (p = 0.06)
when compared to the CG. The researcher extrapolated
that the DJE session was insufficient to make a significant
difference in lifestyle modification. However, arterial
stiffness was still directly related to the inflammatory
response (Boeno ef al. 2020). The DJE program might
be contributing to the prevention of end-organ damage,
and the results of this study can be used as evidence to
support the anti-inflammatory effect of aerobic exercise,
consequently.

To the best of our knowledge, the effects on vascular
function as mentioned above have shown that the DJE
program can be considered a suitable nonpharmacological
intervention for middle-aged adults with prehypertension
in this study when operating it together with lifestyle
modification.

The researcher hypothesized that applying the benefits of
the SSC may only maintain muscle mass, especially in
the legs. However, the results showed that the time taken
by the EX to complete FTSST was significantly reduced
by 1.24 s and significantly different (p < 0.001) when
compared with the CG by 2.04 s. This result differed
from the previous study that used the same amount of
time to perform aerobic exercise. They found that there
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was no significant improvement in FTSST after an 8-wk
modified stepping exercise (Janyacharoen ef al. 2017).
The different results were probably due to the additive
effect of SSC. First, SSC is the cycle of movement
that generated powerful concentric contraction by an
accumulating of elastic energy from eccentric contraction.
Second, SSC occurred by the extensors group of the main
leg (hip, knee, and ankle extensors), which bounce up
against the body weight. Therefore, in each round having
a total of four directions, SSC occurred two times in each
leg while bouncing up. Third, there was no need to rely
on the deceleration phase during concentric contraction
likewise the previous intervention. And another reason
was the participants in the previous study were elderly
with an average age of 69 yr. Fast-twitch fibers in the
elderly show more degeneration, denervation, and atrophy
than in middle-aged due to sarcopenia (Anton et al. 2015).
Therefore, these were the reason why changes in FTSST
were more pronounced than in the previous study.

Another outcome that showed the ability of dynamic
balance performance was the time the participants had
spent on the TUGT. The researcher supposed that if their
leg muscle strength improves, the time taken to complete
TUGT should be reduced. Nevertheless, the EX has only
modestly improved (p = 0.07). The result was inconsistent
with the researcher’s hypothesis, consequently. First, the
DIJE training pattern may challenge their ability only in
the beginning. Second, each square was 40 x 40 cm?,
resulting in a distance of 56 cm for each time hopping
may not be enough to challenge their performance. On
the other hand, it might be necessary to reduce the size
of each square to a smaller size. Because the smaller
base of support, the more challenged (Nam et al. 2017).
Third, more than 8 wk of DJE training was required for
improving the TUGT to reach a significant level. Lastly,
dynamic balance performance was the skill-related fitness
component that required more complex motor skills than
improving muscle strength (Deborah ef al. 2018). The
researcher suggested that further studies interested in
DJE training and dynamic balance performance should
increase the exercise duration, record a result every week
to see the changing trends, and try to increase or decrease
the square size to see how the result changes. On the
contrary, the time taken by the CG to complete TUGT
was longer and closer to the significant level (p = 0.09).
The reduction in TUGT time in the EX was significantly
different (» < 0.05) when compared with the CG by 0.72
s. In other words, the CG has a lower dynamic balance
performance just after 8§ wk. Importantly, this was a rather
dangerous signal because the CG had been instructed
about lifestyle modification already. Although one of
these recommendations was walking for 30 min/d, this
may not be sufficient to maintain their dynamic balance
performance in this COVID-19 epidemic situation.
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Continually, the CG — which received only lifestyle
modification — showed a significantly decreased in the
environmental domain by 1.60 scores after the 8-wk
program. The decrease in this domain and overall QOL
scores were close to the significant level (p =0.07 and p
= 0.06, respectively) when compared with the EX. The
results of this study were inconsistent with the previous
studies at all (Janyacharoen ef al. 2017, 2018). The
researcher has supposed that this may be due to external
factors, as the questions about this domain were related
to their safety, finances, environment, and transportation
—which were greatly affected by the COVID-19 epidemic
situation. Or it could be inferred that the DJE program
may help to maintain quality of life in this situation,
consequently.

There were some limitations to this study. First, the
regulation of sedentary controls may be unethical
because individuals with prehypertension associated with
excessive cardiovascular risk factors would not be treated.
Second, using 24-hr ambulatory blood pressure (ABP)
was correlated with cardiovascular risk factors more
closely than the office BP (Dolan ef al. 2005). However,
clinically significant improvements in the main outcomes
were demonstrated. Third, another limitation was the lack
of maximal exercise measuring to elucidate how long the
training effect lasts. Finally, the researcher collected the
data amid the COVID-19 epidemic situation. Therefore,
if this epidemic diminishes, the results of further studies
may be varied from now on.

CONCLUSION

The DJE program was designed to fulfill the missing
requirements of middle-aged with prehypertension,
whether the degenerative loss in skeletal muscle mass in
lower limbs or high BP. Pleasurable, the DJE program
can improve their vascular function by reducing BP and
arterial stiffness. In addition, it also improves physical
performance by increasing lower limbs muscle strength
and dynamic balance performance. Importantly, these
changes have been different from the traditional aerobic
exercise due to the rhythmical SSC that occurred every
time hopping. However, the reduction in both FTSST
and TUGT did not reach the minimal clinically important
differences (Meretta et al. 2006; Gautschi et al. 2017).
Lastly, the researcher has not focused on assessing how
gender differences and has not conducted about direct
anti-inflammatory effects. Using the DJE program in the
other groups such as the middle-aged with hypertension
and different genders in conjunction with dietary control
required further studies to investigate how the results
change.



Philippine Journal of Science
Vol. 152 No. 2, April 2023

ACKNOWLEDGMENTS

The researcher would like to acknowledge the research
fund from the Graduate School, the Faculty of Associated
Medical Sciences, Khon Kaen University for admitting
high-potential students granted to the supporting lecturer
in their expert program year (2019).

STATEMENT ON CONFLICT OF
INTEREST

The researchers certify that there is no conflict of interest
with any financial organization regarding the material
discussed in this manuscript.

REFERENCES

ALLISON SJ, BROOKE-WAVELL K, FOLLAND 1J.
2018. High and odd impact exercise training improved
physical function and fall risk factors in communi-
ty-dwelling older men. J Musculoskelet Neuronal
Interact 18(1): 100—107.

ANTON SD, WOODS AJ, ASHIZAWA T, BARB D,
BUFORD TW, CAARTER CS et al. 2015. Successful
aging: Advancing the science of physical independence
in older adults. Ageing Res Rev 24(Pt B): 304-327.

ARONOW WS. 2015. Treating hypertension and pre-
hypertension in older people: when, whom, and how.
Maturitas 80(1): 31-36.

BANEGAS JR, TOWNSEND RR. 2020. Arterial stiffness
and reference values. Revista Espafiola de Cardiologia
(English Edition) 73(1): 11-13.

BOENO FP, RAMIS TR, MUNHOZ SV, FARINHA
JB, MORITZ CEJ, LEAL-MENEZES R et al. 2020.
Effect of aerobic and resistance exercise training on
inflammation, endothelial function, and ambulatory
blood pressure in middle-aged hypertensive patients.
J Hypertens 38(12): 2501-2509.

CAOL, LI X, YAN P, WANG X, LIM, LIR et al. 2019.
The effectiveness of acrobic exercise for hypertensive
population: A systematic review and meta-analysis. J
Clin Hypertens (Greenwich) 21(7): 868-876.

CARPIO-RIVERA E, MONCADA-J IMENEZ J , SALA-
ZAR-ROJAS W, SOLERA-HERRERAA. 2016. Acute
Effects of Exercise on Blood Pressure: A Meta-Ana-
lytic Investigation. Arq Bras Cardiol 106(5): 422-433.

CHIA Y. 2008. Prehypertension: What is the Current
Status? Malays Fam Physician 3(2): 72-76.

Boonsong ef al.: Jumping Exercise in
Middle-aged with Prehypertension

CHOW CK, TEO KK, RANGARAJAN S, ISLAM S,
GUPTAR,AVEZUM A et al. 2013. Prevalence, aware-
ness, treatment, and control of hypertension in rural and
urban communities in high-, middle-, and low-income
countries. JAMA 310(9): 959-968.

COLLIER SR, KANALEY JA, CARHART R, FRE-
CHETTE V, TOBIN MM, HALL AK, LUCKEN-
BAUGH AN, FERNHALL B. 2008. Effect of 4 weeks
of aerobic or resistance exercise training on arterial stiff-
ness, blood flow, and blood pressure in pre- and stage-1
hypertensives. ] Hum Hypertens 22(10): 678—686.

CORREA CS, LAROCHE DP, CADORE EL, REIS-
CHAK-OLIVEIRAA, BOTTAROM, KRUEL LFM et
al. 2012. 3 different types of strength training in older
women. Int J Sports Med 33(12): 962-969.

COSTANTINO S, PANENI F, COSENTINO F. 2016.
Ageing, metabolism, and cardiovascular disease. J
Physiol 594(8): 2061-2073.

DA SILVA LA, MENGUER L, MOTTA J, DIEKE B,
MARIANO S, TASCA G et al. 2018. Effect of aquatic
exercise on mental health, functional autonomy, and
oxidative dysfunction in hypertensive adults. Clinical
and Experimental Hypertension 40(6): 547-553.

DEGUIRE J, CLARKE J,ROULEAU K, ROY J, BUSH-
NIK T. 2019. Blood pressure and hypertension. Health
Rep 30(2): 14-21.

DEBORAH R, JONATHAN K, GARY L, MEIR M. 2018.
ACSM’s guidelines for exercise testing and prescrip-
tion 2018. 10th ed. Philadelphia: Wolters Kluwer. 1p.

DING D, LAWSON KD, KOLBE-ALEXANDER TL,
FINKELSTEIN EA, KATZMARZYK PT, VAN
MECHELEN W et al. 2016. The economic burden of
physical inactivity: a global analysis of major non-com-
municable diseases. Lancet (10051): 1311-1324.

DOLAN E, STANTON A, THIJS L, HINEDI K, ATKINZ
N, MCCLORY S et al. 2005. Superiority of ambulatory
over clinic blood pressure measurement in predicting
mortality: the Dublin outcome study. Hypertension
46(1): 156-161.

DZIECHCIAZ M, FILIP R. 2014. Biological psychologi-
cal and social determinants of old age: bio-psycho-so-
cial aspects of human aging. Ann Agric Environ Med
21(4): 835-838.

ECKEL RH, JAKICIC JM, ARD JD, DE JESUS JM,
MILLER NH, HUBBARD VS et al. 2014. AHA/
ACC Guideline on Lifestyle Management to Reduce
Cardiovascular Risk: A Report of the American College
of Cardiology/American Heart Association Task Force
on Practice Guidelines. Circulation 129(25 suppl 2):
S76-99.

749



Philippine Journal of Science
Vol. 152 No. 2, April 2023

ETTEHAD D, EMDIN CA, KIRAN A, ANDERSON SG,
CALLENDER T, EMBERSON 1J et al. 2016. Blood
pressure lowering for prevention of cardiovascular dis-
ease and death: a systematic review and meta-analysis.
Lancet 387(10022): 957-967.

FLECK SJ, KRAEMER W/J. 2014. Designing resistance
training programs, 4th ed. Champaign: Human Kinet-
ics. 507p.

GAUTSCHI OP, STIENEN MN, CORNIOLA MYV,
JOSWIG H, SCHALLER K, HILDEBRANDT G
et al. 2017. Assessment of the Minimum Clinically
Important Difference in the Timed Up and Go Test
After Surgery for Lumbar Degenerative Disc Disease.
Neurosurgery 80(3): 380-385.

IGARASHI Y, AKAZAWAN, MAEDA S. 2018. Regular
aerobic exercise and blood pressure in East Asians: a
meta-analysis of randomized controlled trials. Clin Exp
Hypertens 40(4): 378-389.

JAMES PA, OPARIL S, CARTER BL, CUSHMAN WC,
DENNISON-HIMMELFARB C, HANDLER J et al.
2014. Evidence-Based Guideline for the Management
of High Blood Pressure in Adults: Report from the
Panel Members Appointed to the Eighth Joint National
Committee (JNC 8). JAMA 311(5): 507.

JANSSEN I, HEEYMSFIELD SB, ROSS R. 2002. Low
relative skeletal muscle mass (sarcopenia) in older
persons is associated with functional impairment and
physical disability. J Am Geriatr Soc 50(5): 889-896.

JANYACHAROEN T, SIRIJARIYAWAT K, NITHIAT-
THAWANON T, PAMORN P, SAWANYAWISUTH K.
2017. Modified stepping exercise improves physical
performances and quality of life in healthy elderly sub-
jects. J Sports Med Phys Fitness 57(10): 1344—1348.

JANYACHAROEN T, SRISAMAI T, SAWANYAW-
ISUTH K. 2018. An Ancient Boxing Exercise Improves
Physical Functions, Balance, and Quality of Life in
Healthy Elderly Persons. Evidence-Based Comple-
mentary and Alternative Medicine 2018: 1-4.

JOYNER MJ, WILKINS BW. 2007. Exercise hyperaemia:
is anything obligatory but the hyperaemia? J Physiol
583(Pt 3): 855-860.

KEAR BM, GUCK TP, MCGAHA AL. 2017. Timed Up
and Go (TUG) Test: Normative Reference Values for
Ages 20 to 59 Years and Relationships with Physical
and Mental Health Risk Factors. J Prim Care Commu-
nity Health 8(1): 9-13.

LIU LK, PENG LN, CHEN LK, HWANG SJ, CHIOU ST.
2010. Prehypertension among middle-aged and elderly
people in Taiwan: a five-year follow-up. J Atheroscler
Thromb 26; 17(2): 189-194.

750

Boonsong ef al.: Jumping Exercise in
Middle-aged with Prehypertension

MARKOVIC G. 2007. Does plyometric training improve
vertical jump height? A meta-analytical review. Br J
Sports Med 41(6): 349-355

MELO TA DE, DUARTE ACM, BEZERRA TS, FRAN-
CAF, SOARES NS, BRITO D. 2019. The Five Times
Sit-to-Stand Test: safety and reliability with older
intensive care unit patients at discharge. Rev Bras Ter
Intensiva 31(1): 27-33.

MERETTA BM, WHITNEY SL, MARCHETTI GF,
SPARTO PJ, MUIRHEAD RJ. 2006. The five times sit
to stand test: responsiveness to change and concurrent
validity in adults undergoing vestibular rehabilitation.
J Vestib Res 16(4-5): 233-243.

MIKAEL L DE R, PAIVA AMG DE, GOMES MM,
SOUSA ALL, JARDIM PCBYV, VITORINO PV DE
O et al. 2017. Vascular Aging and Arterial Stiffness.
Arq Bras Cardiol 109(3): 253-258.

MILLS KT, STEFANESCU A, HE J. 2020. The global
epidemiology of hypertension. Nat Rev Nephrol 16(4):
223-237.

MIYAKI A, MAEDA S, CHOI Y, AKAZAWA N, TA-
NABEY, AJISAKAR. 2012. Habitual aerobic exercise
increases plasma pentraxin 3 levels in middle-aged
and elderly women. Appl Physiol Nutr Metab 37(5):
907-911.

MORAN J, RAMIREZ-CAMPILLO R, GRANACHER
U. 2018. Effects of Jumping Exercise on Muscular
Power in Older Adults: A Meta-Analysis. Sports Med
48(12): 2843-2857.

NAM HS, KIM JH, LIM YJ. 2017. The Effect of the Base
of Support on Anticipatory Postural Adjustment and
Postural Stability. J Kor Phys Ther 29(3): 135-141.

NICOL C, AVELA J, KOMI PV. 2006. The stretch-short-
ening cycle: a model to study naturally occurring
neuromuscular fatigue. Sports Med 36(11): 977-999.

PARTRIDGE L, DEELEN J, SLAGBOOM PE. 2018.
Facing up to the global challenges of ageing. Nature
561(7721): 45-56.

PEDRALLI ML, MARSCHNER RA, KOLLET DP,
NETO SG, EIBEL B, TANAKA H et al. 2020. Dif-
ferent exercise training modalities produce similar
endothelial function improvements in individuals with
prehypertension or hypertension: a randomized clinical
trial Exercise, endothelium, and blood pressure. Sci
Rep 10(1): 7628.

PEREIRA T, CORREIA C, CARDOSO J. 2015. Novel
Methods for Pulse Wave Velocity Measurement. J Med
Biol Eng 35(5): 555-565.



Philippine Journal of Science
Vol. 152 No. 2, April 2023

PRASERTSRI P, SINGSANAN S, CHONANANT C,
BOONLA O, TRONGTOSAK P. 2019. Effects of arm
swing exercise training on cardiac autonomic mod-
ulation, cardiovascular risk factors, and electrolytes
in persons aged 60—80 years with prehypertension:
A randomized controlled trial. Journal of Exercise
Science & Fitness 17(2): 47-54.

RAMIREZ-CAMPILLOR, ALVAREZ C, GARCIA-HER-
MOSO A, RAMIREZ-VELEZ R, GENTIL P, ASADI A
et al. 2018. Methodological Characteristics and Future
Directions for Plyometric Jump Training Research: A
Scoping Review. Sports Med 48(5): 1059-1081.

SACO-LEDO G, VALENZUELA PL, RUIZ-HURTADO
G, RUILOPE LM, LUCIA A. 2020. Exercise Reduces
Ambulatory Blood Pressure in Patients with Hyper-
tension: a Systematic Review and Meta-Analysis of
Randomized Controlled Trials. J Am Heart Assoc
9(24): e018487.

SAEZ DE VILLARREAL E, REQUENA B, ARAMPAT-
Z1 F, SALONIKIDIS K. 2010. Effect of plyometric
training on chair-rise, jumping and sprinting perfor-
mance in three age groups of women. J Sports Med
Phys Fitness 50(2): 166—173.

SCHWENDINGER F, POCECCO E. 2020. Counteracting
Physical Inactivity during the COVID-19 Pandemic:
Evidence-based Recommendations for Home-based
Exercise. Int J Environ Res Public Health 17(11):
E3909.

SUGAWARA J, AKAZAWA N, MIYAKI A, CHOI Y,
TANABE Y, IMAI T et al. 2012. Effect of endurance
exercise training and curcumin intake on central arterial
hemodynamics in postmenopausal women: pilot study.
American Journal of Hypertension 25(6): 651-656.

TOMIYAMA H, HASHIMOTO H, MATSUMOTO C,
ODAIRA M, YOSHIDA M, SHIINA K et al. 2011.
Effects of aging and persistent prehypertension on
arterial stiffening. Atherosclerosis 217(1): 130-134.

UCHIKAWAY, NAKAMURA C, MIYAIN, ITO K, ISHIT
A, UTSUMI M, ARITA M. 2012. Effects of walking
in sand-beach on novel risk factors of cardiovascular
disease in metabolic syndrome — randomized control
design. Heart (44): 799-804.

WILLIAMS B, MANCIA G, SPIERING W, AGABI-
TI ROSEI E, AZIZI M, BURNIER M et al. 2018.
2018 ESC/ESH guidelines for the management of
arterial hypertension. European Heart Journal 39(33):
3021-3104.

Boonsong ef al.: Jumping Exercise in
Middle-aged with Prehypertension

751



