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Abstract

:

Whole-Body Periodic Acceleration (WBPA) has been reported to induce endothelial nitric oxide and cause vasodilation. However, the effects of WBPA on blood pressure and cardiovascular hemodynamics are still unclear and controversial. The objective of this study was to determine whether a single session of 160-degree V-shape Whole-Body Periodic Acceleration (WBPA-V-160), i.e., periodic motion of the supine body headward to footward, improved blood pressure and cardiovascular parameters. A pre-evaluation and post-evaluation of blood pressure and cardiovascular hemodynamics via DynaPulse Noninvasive and Quantitative Hemodynamic Profile Analysis were performed after a single 30 min trial of WBPA-V-160 with a moving distance, headward to footward, of 2 mm, at a constant frequency of 4 Hz. Systolic BP, diastolic BP, heart rate, end systolic pressure, end diastolic pressure, mean arterial BP, and pulse pressure at post-evaluation were significantly lower than at pre-evaluation after WBPA-V-160, whereas systemic vascular compliance and brachial artery distensibility at post-evaluation were significantly higher than at pre-evaluation. The WBPA-V-160, performed for 30 min, did improve blood pressure and cardiovascular hemodynamics by lowing the BP parameters and enhancing systemic vascular compliance.
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1. Introduction


Whole-body periodic acceleration (WBPA), or periodic acceleration (pGz), is a method that applies repetitive headward to footward periodic motion to the body in the horizontal position [1]. The periodic motion of WBPA has been reported to induce arterial pulsatile shear stress on the endothelium and to stimulate endothelial nitric oxide release [2]. WBPA is regarded as a noninvasive approach for cardiovascular protection, as shown in animal studies [3], via enhancing antioxidative capacity [4], releasing cardiovascular protective mediators [5], and improving coronary microcirculation [6]. WBPA has been shown to improve flow-mediated vasodilatation and brachial artery endothelial function in 20 healthy volunteers [7] and improve coronary microcirculation in healthy subjects and in patients with coronary artery disease [8] via upregulating endothelial nitric oxide synthase. WBPA increased vasodilatation and reduced the dicrotic notch in healthy adults and adult patients with inflammatory disease, which is similar to the response seen after giving nitric oxide-donor drugs to patients [2].



The effects of WBPA, when in the horizontal supine position, on blood pressure are still controversial, potentially due to the various designs of WBPA devices with different moving distances from headward to footward, and different frequencies. In WBPA design, the key component to induce pulsatile shear stress is the abdominal compartments moving headward to footward to produce intrathoracic pressure gradients for oscillatory periodic acceleration in the horizontal supine position [9]. WBPA manufactured by Non-Invasive Monitoring Systems, Inc. (NIMS) was designed to move headward to footward by about 2.4 cm to generate enough acceleration to stimulate endothelial nitric oxide release, and this WBPA was approved by FDA as medical device [10]. WBPA at a constant frequency of 4 Hz for the oscillatory period produced an inspiratory, inward displacement of the rib cage volume along with an outward displacement of abdominal volume and vice versa during expiration [9]. It is unknown whether a 160-degree V-shape WBPA (WBPA-V-160) could lower blood pressure more easily than WBPA in the horizontal supine position. It is not known whether a WBPA-V-160 in a semi-supine position with a minor moving distance, from headward to footward, of 2 mm can improve cardiovascular hemodynamics or not.



Peripheral and central blood pressure (BP) parameters can be used to predict cardiovascular risks and hypertension for clinical practice [11]. Some studies have reported that WBPA did not change arterial BP and heart rate in animals [9] and in diabetic patients [6], whereas some have reported that 60 min of WBPA lowered BP in piglets [12]. Hemodynamic analysis of the cardiovascular system includes peripheral and central BP parameters (e.g., systolic BP, diastolic BP, and heart rate) and central BP parameters (e.g., end systolic pressure, end diastolic pressure, and pulse pressure). DynaPulse Noninvasive and Quantitative Hemodynamic Profile Analysis can be used to evaluate central BP parameters and cardiovascular hemodynamics [13,14]. The Pulse Dynamic noninvasive method has been validated and the central aortic BP, vascular compliance and waveform can be measured without catheterization [14].



Cardiac output is the product of the stroke volume, which is the volume of blood pumped from the left ventricle per beat, and the heart rate, i.e., the number of heart beats per minute. In an anesthetized model of severe hemorrhagic shock in pigs after 40 mL/kg blood loss, cardiac output, BP, and oxygen delivery were dropped similarly between WBPA (1 h before and during) and non-WBPA conditions, but the regional blood flow was much better preserved in the case of WBPA than in non-WBPA [15]. Neither cardiac output nor stroke volume was reported after WBPA in humans.



Systemic arterial compliance is calculated as the ratio of the stroke volume index to arterial pulse pressure [16]. Systemic vascular resistance, also known as total peripheral resistance, is the amount of force exerted on circulating blood by the vasculature of the body. Systemic vascular resistance is defined as the systemic mean arterial BP minus the right arterial pressure divided by the cardiac output [17]. Neither systemic vascular compliance nor decreased systemic vascular resistance has been reported after WBPA in humans.



Brachial arterial compliance is defined as the ability of a hollow brachial artery to distend and increase in volume with increasing transmural pressure or the tendency of a hollow brachial artery to resist recoiling toward its original dimensions upon application of a distending or compressing force [18]. Arterial distensibility can be defined as the capability of arteries to stretch and is a metric of the stiffness of arteries. Brachial artery distensibility can be a cardiovascular risk marker in asymptomatic individuals [19]. Brachial artery resistance is the resistance that must be overcome to push blood through the brachial artery and create flow. The effects of WBPA on brachial artery compliance, brachial artery distensibility, and brachial artery resistance have not yet been reported in humans.



It is still unknown whether a single session of WBPA-V-160 generates a lower BP than WBPA in the horizontal supine position with the same moving distance, the same acceleration, and the same periodic frequency. It is still not known whether WBPA-V-160 with a minor moving distance, from headward to footward, of 2 mm can improve central BP parameters (e.g., end systolic pressure, end diastolic pressure, mean arterial BP, and pulse pressure), indirect cardiac parameters (e.g., LV ejection time, stroke volume, and cardiac output), systemic vascular (SV) parameters (e.g., SV compliance and SV resistance), or brachial artery (BA) parameters (e.g., BA compliance, BA distensibility, and BA resistance). We hypothesized that WBPA-V-160 can lower BP more easily than WBPA in the horizontal supine position as well as that WBPA-V-160 with a moving distance, from headward to footward, of 2 mm can improve BP and cardiovascular hemodynamics.




2. Materials and Methods


2.1. Study Design


This study included two parts, the first part being a pilot study (n = 10 repeated ×3 trials) to compare the effects of a control, a 160 degree V-shape Whole-Body Periodic Acceleration (WBPA-V-160) versus WBPA in a 180 degree position on BP and exhaled nitric oxide, the second part being a study with a pretest–post-test design (n = 20) to investigate the acute effects of a single session of 30 min of WBPA-V-160 on blood pressure (BP) and cardiovascular parameters.




2.2. Part 1: A Pilot Study


Ten voluntary participants were involved in the pilot study. No subjects with asthma or high inflammatory status were included in the pilot study. A pre-evaluation and post-evaluation of peripheral blood pressure using an Omron HEM-7000 intelligent digital blood pressure monitor (HEM-7000, Omron, Kyoto, Japan) and exhaled nitric oxide using a NIOX portable exhaled nitric oxide analyzer (MINO, Aeorcrine, Solna, Sweden) were performed after either a single 30 min session of control non-Whole-Body Periodic Acceleration (non-WBPA), 180-degree (supine position) WBPA, or 160-degree V-shape WBPA (WBPA-V-160) generated by a brushless motor (Guangdong Nuozhou Health Technology Co., Ltd., Guangdong, China) with a moving distance, from headward to footward, of 6 mm with a frequency 4 Hz on three separate days. The 180-degree (supine position) WBPA and 160-degree WBPA generated the same acceleration in the Z planes and had both 0 G in the X and Y planes. The value of 4 Hz was selected in the 180-degree (supine position) WBPA and 160-degree V-shape WBPA (WBPA-V-160) because the movements of the abdominal compartment in the WBPA-V-160 were largest and their breathing patterns were still comfortable in most participants (Figure 1).




2.3. Participants of Part 2


A total of 20 voluntary participants who did not suffer from motion sickness or motion disability were recruited in this study. All participants were screened using inclusion and exclusion criteria. The inclusion criteria for participants were: (1) over 20 years old and younger than 60 years old; (2) did not suffer from motion sickness or motion disability (i.e., Parkinson’s diseases); (3) agreed to take part in a 10 min pre-evaluation, 30 min of WBPA-V-160, and 10 min post-evaluation; and (4) signed informed consent was received. The exclusion criteria were: (1) a history of motion sickness or motion disability; (2) cardiovascular diseases (e.g., arrhythmias, medicated hypertension, valvular heart disease, coronary artery diseases, peripheral venous diseases, peripheral artery diseases, stroke, cardiac surgery, etc.); (3) diagnosis of any diseases (e.g., neurological diseases, tumor, cancer, etc.); (4) a history of surgery (e.g., brain surgery); and (4) currently using medication (e.g., anti-hypertensive drugs, anti-depressive drugs, anti-diabetic drugs, etc.), alcohol or smoking.



Twenty voluntary participants who did not suffer from motion sickness or motion disability met the inclusion criteria. All the voluntary participants accepted the experimental terms and signed the consent form before pre-evaluation. This study was reviewed by the China Medical University Hospital and conducted according to the Declaration of Helsinki. Informed consent was obtained from all the subjects involved in this study.




2.4. DynaPulse Noninvasive and Quantitative Hemodynamic Profile Analysis of Part 2


DynaPulse Noninvasive and Quantitative Hemodynamic Profile Analysis was used to pre-evaluate BP and cardiovascular hemodynamics [13,14] (Figure 2). The Pulse Dynamic noninvasive method was validated with catheterization at UCSD Medical Center Cath-Lab [14] and showed good agreement for noninvasive cardiovascular hemodynamics comparing to catheterization data. A Pulse Dynamic Noninvasive Blood Pressure Monitor (DynaPulse 200M), which can obtain BP readings and pulse waveforms, then transmitted the gathered information to the DynaPulse Analysis Center (DAC), via the Internet, for the immediate analysis of all Hemodynamic Profiles (Figure 2).




2.5. V-Shape 160-Degree Whole-Body Periodic Acceleration (WBPA-V-160) of Part 2


All voluntary participants underwent WBPA-V-160 (Kuang Yu Mental Working Co., Ltd., Changhua, Taiwan) as shown in Figure 3 with a moving distance of 2 mm, 4 ± 0.1 Hz, ±0.8 G in pGz (Figure 3. Intervention part). The dimensions of the WBPA-V-160 was (L) 1755 × (W) 920 × (H) 570 mm; the weight was 49 Kg (Net); the motor characteristic was a brushed motor (DC24V-75W*1. −45 W*1. −25 W*1); the power was 110~220 V 50~60 Hz; the range of vibration frequency was from 3−9 Hz. The bi-directional acceleration from headward to footward horizontally was pGz 0.8 G (X:0 G, Y:0 G, Z: ± 0.8 G), the moving distance from headward to footward was 2 mm and the frequency was set at 4 Hz.




2.6. Procedure of Part 2


Based on the inclusion criteria and exclusion criteria, this study included 20 voluntary participants. All participants accepted the research terms and signed a consent form before the experiment. Pre-evaluation information, participants’ characteristics (age, body height, body weight, waist circumstance, hip circumstance, body mass index, and waist-hip ratio), and noninvasive and quantitative hemodynamic measurements were collected and taken. The intervention of WBPA-V-160 was performed with a moving distance, from headward to footward, of 2 mm, with 4 ± 0.1 Hz 0–0.8 G periodic motion for 30 min. A post-evaluation, taking noninvasive and quantitative hemodynamic measurements, was performed 5 min after the WBPA-V-160 intervention. The CONSORT flow chart for this study is shown in Figure 3.




2.7. Data Analysis


All the data are presented as mean ± SD. The Shapiro–Wilk test was used to determine the distribution (normal or non-normal) of the data collected. Student’s paired t-test was performed using SPSS Version 20 (IBM Corp) to analyze the pre–post effects. p < 0.05 was considered statistically significant. In part 2, sample size and power calculations were conducted using G*Power software (3.1.0). Based on SBP, a sample of least 19 participants (n = 20 in each group), would allow us to detect pre–post effects, with a power of 80% and analpha level of 0.05 (Supplement 1 in Supplementary Materials).





3. Results


3.1. Part 1: A Pilot Study for Comparing Control, 180-Degree WBPA, and WBPA-V-160


In the pilot study, the SBP and exhaled nitric oxide did not change after Control non-WBPA without turning on the motor (Table 1). Additionally, the SBP and exhaled nitric oxide were not found to be significantly changed after the 180-degree WBPA in ten participants (Table 1). In contrast, the SBP, DBP, and HR were significantly decreased after 30 min of the WBPA-V-160 (4 ± 0.1 Hz) and the exhaled nitric oxide was significantly increased after 30 min of the WBPA-V-160 (Table 1). Because of the same moving distance of 6 mm, the same periodic frequency of 4 Hz, and the same acceleration in the Z planes between the 180-degree (supine position) WBPA and WBPA-V-160, the WBPA-V-160, as compared to the 180-degree WBPA, significantly lowered the SBP, DBP, and HR and increased the exhaled nitric oxide.




3.2. Part 2: Body Characteristics of Participants


All twenty participants (thirteen men and seven women) completed the study protocol without any complaints or experiencing adverse effects. The average age of the participants was 45.8 ± 10.8 years old, ranging from 26 to 59. Their average height was 165.1 ± 7.0 cm, ranging from 152 cm to 172 cm. The average body weight and body mass index of all participants were 88.8 ± 14.0 Kg and 25.6 ± 5.2 Kg/m2, respectively (Table 2).




3.3. Part 2: Pre-BP and Post-BP Parameters after 30 min of WBPA-V-160


The post-systolic BP of all participants (112.6 ± 15.5) was significantly lower than the pre-systolic BP (117.4 ± 15.2 mmHg) (Table 3). The differences and effect size of pre-post parameters are shown in Supplement 2 in Supplementary Materials. The diastolic BP (68.4 ± 9.7 mmHg) at post-evaluation was significantly lower than it was at pre-evaluation (70.9 ± 10.3 mmHg). The heart rate (beats/min) decreased from 72 ± 12 to 68.9 ± 10.9 after 30 min of WBPA-V-160 (Table 3, Figure 4). The data of systolic BP, diastolic BP, and heart rates at pre-evaluation versus post-evaluation are shown in Figure 4.




3.4. Pre–Post Central BP Parameters after 30 min of WBPA-V-160 of Part 2


The end systolic pressure, end diastolic pressure, mean arterial BP, and pulse pressure, i.e., the central BP parameters, all significantly decreased after 30 min of WBPA-V-160 (Table 3).




3.5. Pre–Post Indirect Cardiac Parameters after 30 min of WBPA-V-160 of Part 2


The indirect cardiac parameters, such as LV ejection time and stroke volume, were similar between pre-evaluation and post-evaluation (Table 3). The data of cardiac output at pre-evaluation versus post-evaluation are shown in Figure 5. Cardiac output is the product of the heart rate (HR) and stroke volume (SV). Due to the reduction in heart rate after 30 min of WBPA-V-160, cardiac output was decreased after 30 min of WBPA-V-160.




3.6. Pre–Post Systemic Vascular (SV) Compliance after 30 of min WBPA-V-160 of Part 2


The systemic vascular (SV) compliance at post-evaluation (0.98 ± 0.18 mL/mmHg) was significantly higher than at pre-evaluation (0.91 ± 0.140) (Table 3). The data of SV compliance at pre-evaluation versus post-evaluation are shown in Figure 6. There was no difference between pre- and post-systemic vascular (SV) resistance (Table 3).




3.7. Pre–Post Brachial Artery (BA) Parameters after 30 min of WBPA-V-160 of Part 2


The brachial artery (BA) distensibility at post-evaluation (6.30 ± 1.22%/mmHg) was significantly higher than at pre-evaluation (5.82 ± 1.01) after 30 min of WBPA-V-160 (Table 3). The data of BA distensibility at pre-evaluation versus post-evaluation are shown in Figure 7. However, BA compliance and BA resistance were not different after 30 min of WBPA-V-160.





4. Discussion


Our major findings can be summarized as follows: (1) The WBPA-V-160, as compared to the 180-degree WBPA, significantly lowered the SBP, DBP, and HR and increased the exhaled nitric oxide with the same moving distance of 6 mm, the same periodic frequency of 4 Hz, and the same acceleration in the Z planes. (2) The systolic BP, diastolic BP, heart rate, end systolic pressure, end diastolic pressure, mean arterial BP, and pulse pressure became lower after a single 30 min session of WBPA-V-160, with a moving distance, from headward to footward, of 2 mm (4 ± 0.1 Hz). (3) Due to the reduced heart rates and unchanged stroke volume after the 30 min of WBPA-V-160, the cardiac output was decreased after 30 min of WBPA-V-160. (4) The systemic vascular compliance and brachial artery distensibility became higher after 30 min of WBPA-V-160.



The systolic BP, diastolic BP, and mean arterial BP were significantly lower after 30 min of WBPA-V-160. One study reported that WBPA, with increments in acceleration and the frequency held constant at 4 ± 0.1 Hz, led to almost linear increases in minute ventilation but did not change the arterial BP and heart rate in animals [9]. One study reported that a 45 min session of WBPA improved coronary microcirculation by using transthoracic Doppler echocardiography for the assessment of coronary flow reserve but did not change the BP in eight Type II diabetic patients [6]. In a previous study of 20 anesthetized piglets, the mean arterial BP decreased from 115 ± 10 at baseline to 90 ± 8 after 60 min of WBPA [12]. The current study is the first to report the central BP parameters (e.g., end systolic pressure, end diastolic pressure, mean arterial BP, and pulse pressure) becoming lower after 30 min of WBPA-V-160 with a moving distance of only 2 mm. The findings show that the pressure in a ventricle at the end of contraction and its pressure at the lowest volume of blood were reduced after 30 min of WBPA-V-160.



Neither cardiac output nor stroke volume after WBPA has been reported in previous human studies. In the current study, the cardiac output decreased after a single 30 min session of WBPA-V-160 due to the reduced heart rate and unchanged stroke volume. The lowered heart rate and similar stroke volume after WBPA-V-160 suggest that subjects had a lower cardiac output and lower heart rates after WBPA-V-160.



Neither systemic vascular compliance nor systemic vascular resistance has been reported after WBPA in humans. This study presented that systemic vascular compliance could be improved after WBPA-V-160 with a moving distance of 2 mm at a constant frequency of 4 Hz in human subjects. An increase in the total systemic arterial compliance after exercise training was reported partially due to the changes in BP and partially due to the changes in intrinsic arterial compliance [20]. We might speculate that this WBPA-V-160-induced systemic vascular compliance might be partially due to the changes in BP and partially due to the changes in intrinsic arterial compliance. Since systemic vascular compliance is the ability of the systemic vessel wall to expand and contract passively with changes in pressure, we could speculate that the WBPA-V-160-enhanced systemic vascular compliance might be partially due to the endothelial nitric oxide in the whole-body, causing muscles around the arteries to smooth and causing arterial relaxation. Of course, future studies are required to answer how passive exercise WBPA-V-160 improves systemic vascular compliance.



In previous studies, neither brachial artery compliance, brachial artery distensibility, nor brachial artery resistance has been reported after WBPA or WBPA-V-160 in humans. The non-invasive measures of brachial arteries, such as brachial artery distensibility, are effective in assessing cardiovascular risk [19]. Brachial artery distensibility is a measure of arterial stiffness [19]. Since arterial stiffness can be improved by nitric oxide [21], brachial artery distensibility was increased after 30 min of WBPA-V-160, which might imply that WBPA-V-160 might have the potential to improve arterial stiffness due to the increased nitric oxide.



Some limitations were also present in this research. In this pilot study, the increased nitric oxide detected via NIOX after WBPA-V-160 cannot be isolated from inducible nitric oxide versus endothelial nitric oxide. We investigated the acute effects of a single 30 min trial of WBPA-V-160 at a constant frequency of 4 Hz on cardiovascular hemodynamics. Based on the preliminary findings of this pilot study, because we did not see any change in the BP and exhaled nitric oxide after the control non-WBPA without turning on the motor, we decided to investigate the acute effects of a single 30 min session of WBPA-V-160 without control. It is still unknown whether the long-term effects of a 60 min trial or a 3-month WBPA-V-160 program could have better effects on BP, or whether different effects can be found in WBPA-V-160 with various moving distances (2 mm, 6 mm or 2.4 cm) from headward to footward, or frequency. Because we did not video record the moving abdominal compartment in the pilot study, we cannot observe the relationship between the movement of the abdominal compartment and nitric oxide release. The moving distance of 2 mm in the WBPA-V-160 was enough to improve the blood pressure and cardiovascular hemodynamics in healthy subjects. It is unknown whether the therapeutic effects of WBPA-V-160 with a longer moving distance from headward to footward in hypertensive patients are better. Future studies will need to answer these questions.




5. Conclusions


This study suggests a 160-degree V-shape Whole-Body Periodic Acceleration (WBPA-V-160) with a moving distance of 2 mm, 4 Hz, pGz: ±0.8 G, as a potential therapeutic regimen for lowering BP and improving cardiovascular hemodynamics, such as lowing central BP parameters, increasing systemic vascular compliance, and reducing artery stiffness.
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Figure 1. Flow chart of this pilot study (part 1). 
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Figure 2. DynaPulse Noninvasive and Quantitative Hemodynamic Profile Analysis. DAC report: out of normal range with higher cardiovascular risks (red), normal range (green), and out of normal range with lower cardiovascular risks (blue). 
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Figure 3. CONSORT Flow Diagram of part 2. 
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Figure 4. The pre-SBP, post-SBP, pre-DBP, post-DBP, pre-HR, and post-HR of the individual systolic blood pressure (SBP), diastolic blood pressure (DBP), and heart rates (HR). p < 0.05 indicates significant decreases in SBP, DBP, and HR after 30 min of WBPA-V-160. 
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[image: Applsci 12 09116 g004]







[image: Applsci 12 09116 g005 550] 





Figure 5. The pre-CO and post-CO of the individual cardiac output (CO). p < 0.05 indicates significant decreases in CO after 30 min of WBPA-V-160. 
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Figure 6. The pre-SV compliance and post--SV compliance of the individual systemic vascular (SV) compliance. p < 0.05 means significant increases in SV compliance after 30 min of WBPA-V-160. 
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Figure 7. The pre-BA distensibility and post-BA distensibility of the individual brachial artery (BA) distensibility. p < 0.05 means significant increases in BA distensibility after 30 min of WBPA-V-160. 
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Table 1. Pilot study for comparing control, 180-degree WBPA, and WBPA-V-160.
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Parameters

	
Pre-Evaluation

	
Post-Evaluation

	
p Value






	
Control non-WBPA




	
Systolic BP (mmHg)

	
117.5 ± 15.4

	
116.2 ± 15.3

	
0.141




	
Diastolic BP (mmHg)

	
73.1 ± 10.5

	
73.9 ± 11.5

	
0.098




	
Heart Rate (beats/min)

Exhaled Nitric Oxide (ppb)

	
70.8 ± 7.0

14.9 ± 5.8

	
69.3 ± 6.4

15.1 ± 5.0

	
0.131

0.852




	
180-degree WBPA

	

	

	




	
Systolic BP (mmHg)

	
118.1 ± 13.1

	
115.4 ± 15.5

	
0.072




	
Diastolic BP (mmHg)

	
73.2 ± 10.7

	
72.8 ± 10.5

	
0.595




	
Heart Rate (beats/min)

Exhaled Nitric Oxide (ppb)

	
70.0 ± 6.8

14.7 ± 6.6

	
69.0 ± 6.0

17.2 ± 6.4

	
0.110

0.061




	
WBPA-V-160

	

	

	




	
Systolic BP (mmHg)

	
118.1 ± 13.7

	
112.2 ± 13.0

	
0.001 *




	
Diastolic BP (mmHg)

	
74.8 ± 9.2

	
71.5 ± 10.4

	
0.073 *




	
Heart Rate (beats/min)

	
71.9 ± 68

	
68.1 ± 5.8

	
0.003 *




	
Exhaled Nitric Oxide (ppb)

	
13.1 ± 6.4

	
20.6 ± 8.7

	
0.009 *








Values are expressed as the mean ± SD. n = 10 healthy volunteers. Age: 39 ± 10 years old; height: 164.7 ± 6.2 cm; weight: 66.7 ± 10.8 Kg. * Significant differences between pre-evaluation and post-evaluation of either Control non-WBPA, 180-degree WBPA, or 160-degree V-shape Whole-Body Periodic Acceleration (WBPA-V-160) by using a paired t-test.
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Table 2. Characteristics of participants.
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	Age (years old)
	45.8 ± 10.8



	Height (cm)
	165.1 ± 7.0



	Body Weight (Kg)
	88.8 ± 14.0



	Waist Circumstance (cm)
	70.9 ± 10.3



	Hip Circumstance (cm)
	101.3 ± 9.6



	Body Mass Index (Kg/m2)
	25.6 ± 5.2



	Waist–hip ratio (WHR)
	0.87 ± 0.07







Values are expressed as the mean ± SD.
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Table 3. Pre–post blood pressure (BP) and hemodynamic profiles after 30 min of WBPA-V-160.
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Parameters

	
Pre-Evaluation

	
Post-Evaluation

	
p Value






	
BP Parameters:




	
Systolic BP (mmHg)

	
117.4 ± 15.2

	
112.6 ± 15.5

	
0.010 *




	
Diastolic BP (mmHg)

	
70.9 ± 10.3

	
68.4 ± 9.7

	
0.028 *




	
Heart Rate (beats/min)

	
72 ± 12

	
68.9 ± 10.9

	
0.001 *




	
Central BP Parameters:




	
End Systolic Pressure (mmHg)

	
126.6 ± 17.8

	
120.5 ± 16.8

	
0.016 *




	
End Diastolic Pressure (mmHg)

	
70.9 ± 10.3

	
68.6 ± 10.2

	
0.049 *




	
Mean Arterial BP (mmHg)

	
88.8 ± 13.4

	
85.2 ± 11.9

	
0.031 *




	
Pulse Pressure (mmHg)

	
55.5 ± 9.8

	
51.4 ± 9.4

	
0.036 *




	
Indirect Cardiac Parameters:




	
LV Ejection Time (sec)

	
0.289 ± 0.040

	
0.288 ± 0.04

	
0.953




	
Stroke Volume (mL)

	
49.6 ± 3.4

	
49.2 ± 3.1

	
0.501




	
Cardiac Output (L/min)

	
3.63 ± 0.61

	
3.45 ± 0.52

	
0.001 *




	
Systemic Vascular (SV) Parameters:




	
SV Compliance (mL/mmHg)

	
0.91 ± 0.14

	
0.98 ± 0.18

	
0.012 *




	
SV Resistance (dynes*sec/cm5)

	
1983 ± 343

	
2015 ± 391

	
0.354




	
Brachial Artery (BA) Parameters:




	
BA Compliance (mL/mmHg)

	
0.06 ± 0.01

	
0.07 ± 0.01

	
0.097




	
BA Distensibility (%/mmHg)

	
5.82 ± 1.01

	
6.30 ± 1.22

	
0.031 *




	
BA Resistance (dynes*sec/cm5)

	
213 ± 57

	
214 ± 48

	
0.883








Values are expressed as the mean ± SD. LV: left ventricular. * Significant differences between pre-evaluation and post-evaluation of 160-degree V-shape Whole-Body Periodic Acceleration (WBPA-V-160) by using paired t-test.
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