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Introduction 

Sedentary is considered as a risk to individuals’ health, particularly women's health status [1]. According to 

the US National Center for Health Statistics (2008), more than 55.2 percent of women population (N= 116 

million persons) are overweight based on their body mass index (BMI). Also, 27.9% of all American women 

have less than 10 minutes of training per week [1]. In Iran, the rates of participation in sports for women are 

not satisfactory as well. Surveys by Tondnevis et al. (2001) show that 45.8% of women do not exercise [2]. 

Ehsani also estimated Iranian women’s participation in sports to be 33% [3]. 

The sedentary lifestyle is one of the factors aggravating pathophysiological conditions leading to different 

problems such as cardiovascular diseases. Research has revealed a relationship between obesity, overweight, 

hypertension, and blood lipid with mortality and cardiovascular diseases, and thus with atherothrombosis [4-

6]. In this regard, it has been found that impaired hemostatic balance leads to thrombosis or clot formation 

and vessel closure[7]. This imbalance probably induces thrombosis and myocardial infarction [8]. The 

fibrinolysis system is a critical physiological mechanism consisting of the combination of proteolytic 

enzymes and is to break down fibrin layers in the blood vessels [9]. It is generally regarded as a cardio-

protective mechanism against cardiovascular problems [10]. Existing evidence suggests that patients with 

cardiovascular diseases have impaired fibrinolytic activity, which results in decreased plasma tPA or 

increased PAI-1 levels [11]. Endothelial dysfunction, high resting heart rate, overweight, and hypertension 

play significant roles in the pathogenesis of cardiovascular diseases[12].  
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ABSTRACT 

Sedentary lifestyle is one of the factors causing pathophysiological problems such as the impairments in coagulation and 

fibrinolysis systems. The present study aimed to examine the effect of 4-week whole-body vibration training on tissue 

plasminogen activator (tPA), plasminogen activator inhibitor type 1 (PAI-1), and adiponectin in overweight women. The 

research was an applied quasi-experimental study with an experimental group and a control group using pretest-posttest 

design. In this interventional study, 45 employed women with the age range of 25-40 years and body mass index of 25-29.5 

kg/m
2
 were introduced by the National Olympic Academy. The participants who met the inclusion criteria were then 

randomly assigned to two experimental and control groups. The vibration training was performed for 4 weeks. Paired and 

independent T-test was used to statically analyses. The tPA level significantly increased in the vibration training group (P = 

0.01), and there was a significant difference between the tPA levels of the two groups in the post-test phase (p = 0.01). 

Furthermore, PAI-1 value also decreased significantly in the vibration training group (P = 0.004), and the tPA / PAI-1 ratio 

also dropped significantly after 4 weeks of vibration training (P = 0.03). With 4 weeks of vibration training, adiponectin 

increased meaningfully (P = 0.02), and there was a significant difference between the two groups in this regard in the post-

test phase (P = 0.01). Vibration training decreases tPA / PAI-1 so that the vibration training plays a critical role in 

increasing adiponectin, enhancing blood flow of the muscles and adipose tissues, and decreasing fat percentage. 
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Plasminogen activator inhibitors (PAIs) reduce the fibrinolysis process as the PAI-1 is the major inhibitor of 

tPA in the blood [13]. The tPA is synthesized, stored, and released as the first plasminogen activator in 

vascular endothelial cells, sympathetic nerve, and skeletal muscle [14] and is the major activator of 

adrenaline, vasopressin, training, venous occlusion, and shear stress [13]. Tissue plasminogen activator 

converts plasminogen into plasmin that causes clot breakdown [7]. PAI-1 is synthesized and released by 

vascular endothelial cells, activated platelets, macrophages, hepatocytes, and adipose tissues [15] and is 

positively associated with hypertension [16]. For the thrombus formation, the endothelial is the major source 

of tPA synthesis and release [17]. According to the previous studies, weight gain leads to an increase in 

TNF-α and thus PAI-1, and TNF-a is one of the factors activating the PAI-1 [18]. The other studies, 

however, have revealed that adiponectin inhibits the expression of PAI-1 [19]. In contrast, some researchers 

believe that adiponectin level decreases as a result of weight gain and BMI [20]. 

Accordingly, exercises and physical activity are of great importance. Cross-sectional studies have shown 

lower endothelial function in passive individuals than in trained individuals [21]. Researchers have also 

claimed that sub-maximal/maximal exercises promote the performance of the fibrinolysis system and fibrin 

breakdown, which has a significant impact on the prevention of cardiovascular diseases [22]. Vibration 

training is one of the exercises that have attracted the attention of a large number of researchers and 

individuals. 

Whole-body vibration (WBV) training is a mechanical sinusoidal oscillation, which transmits the 

acceleration force to the body and thus generates an active training force [23]. This occurs through recalling 

the muscle contraction reflection, called "tonic vibration reflex" [24]. The effect of WBV on human’s 

fibrinolytic capacity has been less addressed in research. A study on animals showed that pulsatile vibration 

on the spinal cord increases shear stress in vascular endothelial cells, which raises plasma levels of tPA and 

thus fibrin breakdown operations during and after periodic acceleration. It is assumed that pulsatile stress 

increases shear stress in vascular endothelial cells, resulting in the tPA release [25]. WBV indirectly causes 

the changes in blood glucose and cholesterol levels and is directly associated with the improved 

cardiovascular system by increasing the blood flow [24]. The cardiovascular effects of vibration training are 

mild; however, such a training has a significant positive effect on blood flow, blood pressure, heart rate, and 

maximal oxygen consumption [24]. Increased blood flow is also associated with increased endothelial 

function and hormones such as testosterone and epinephrine [24]. High concentrations of catecholamine and 

testosterone [26], as well as high blood flow, promote the fibrinolysis potential. Activation of the 

sympathetic nervous system is recorded at various WBV frequencies [27]. Lee (2004) also found that WBV 

had a significant effect on body fat reduction in overweight individuals [28]. In Boyle et al. (2010) study, an 

increase in tPA levels and a decrease in PAI-1 levels were observed in the three training; however, the 

changes in the training and vibration groups were greater than the other two groups. According to them, such 

changes may be due to increased fibrinolytic responses to the increased shear stress of vessels as a result of 

increased blood flow, enhanced muscle activity, and raised catecholamine concentrations during the WBV 

training [29]. Kent et al. (1994) also documented that hand vibration activated blood platelets in healthy 

individuals [30]. During the activation process, alpha-platelet granules secrete PAI-1 into the plasma and 

surrounding tissues, and it seems likely that the WBV promotes platelet activation and subsequently the PAI-

1release. Bellia et al. (2014) also reported that eight weeks of vibration training significantly increased 

adiponectin [31]. 

Weight gain is associated with changes in PAI-1 and tPA, as well as an increased risk of cardiovascular 

disease, therefore, it is necessary to use new methods of training in this regard [4, 11]. Since studies have 

found that vibration has beneficial cardiovascular effects as well as reducing inflammation [13], the present 

study aimed to examine the effect of 4-week WBV training on tPA, PAI-1, and adiponectin levels in 

overweight women. 
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Materials and methods 

The research was an applied semi-experimental study with an experimental group and a control group using 

pretest-posttest design. In this interventional study, 45 employed women with the age range of 25-40 years 

and body mass index of 25-29.5 kg/m
2
 were introduced by the National Olympic Academy. Inclusion criteria 

were no illness, sedentary lifestyle, ability to perform sports, and no participation in a training program for at 

least six months before the study period. Meeting the aforementioned criteria, 20 individuals were allowed to 

participate in this study (these individuals were selected based on past articles as well as research funding). 

After explaining the research objectives, filling out the Physical Activity Preparation Questionnaire and the 

Health Status Scale, and obtaining the participants’ written informed consent to take part in the research, the 

subjects were randomly assigned to one of two experimental and control groups. All the subjects were 

provided with the necessary information. The experimental and control groups were asked to pursue their 

diet program; however, the control group were requested to continue their previous lifestyle until the end of 

the study. Before applying the training protocol, factors such as participants’ blood pressure, body mass 

index (In Body, South Korea), visceral fat, resting heart rate, and aerobic capacity (Maximum oxygen 

consumption) were measured. The participants were then divided into two vibration and control groups, 

where the training group had vibration training for four weeks (three sessions per week). Their training 

program consisted of warm-up exercises, exercise protocol, and cool-down exercises, and the vibration 

training sessions were supervised by the research team (Bosco Model developed in Germany). Blood 

samples were taken after 12 hours of being fast before starting the training protocol and at the end of the 

training protocol after 48 hours of resting and fasting in two stages, namely before the vibration training and 

after 4 weeks of training. The blood sample was then centrifuged at 1 rpm for 5 min, and the plasma was 

placed at -40 °C in a fridge to be later utilized for the detection of plasma factors using ELISA (BioTek, 

USA) and in vitro methods. Zellbio GmbH kits made in Germany were used for testing tPA and PAI-1, and 

Adipogen.co-South Korea was employed for testing adiponectin. Lipid profiles were also measured using 

Pars Test kits. 

 

Vibration Training Protocol 

During four weeks, the vibration group, in addition to their daily activities, practiced their specific protocol 

three sessions per week, with each session lasting for 14 minutes, and the control group only had their daily 

activities. The research protocol was based on the protocol proposed by Juang Hu (2014) [32]. In this 

protocol, the experimental group should warm up before each session for 10 to 12 minutes, and they then had 

WBV starting at a frequency of 25 Hz which was enhanced by 5 Hz per week until it reached 40 Hz. In each 

session, seven positions were repeated twice, there were 30 seconds of vibration exercises and 2 seconds of 

resting for each participant. The training exercises were performed in pairs. Seven different body postures 

were static; lunge, squat with the knees flexed at 120, squat with the knees flexed at 100, wide stance squat, 

claves, deep claves and gentle push up (Figure 1). 

 

 

Figure 1. Somebody postures 



123 

 

Kolmogorov-Smirnov test was used to normalize the data distribution, and independent sample t-test was 

used to compare the means of the control and experimental groups. Paired sample t-test was also run to 

compare four weeks of training, and Pearson correlation test was also used to examine the relationship 

between variables. Data were considered significant at 0.05. All tests were run with SPSS software version 

22. 

 

Results 

Table 1 presents some physiological features of both groups. According to this table, there was a significant 

decrease in weight, body mass index, and body fat percentage of the vibration training group (P = 0.03, P = 

0.04, & P = 0.04, respectively). No significant change, however, was observed for the other variables 

including systolic and diastolic blood pressure and heart rate. 

Table 1. Physiological features of both groups 

P Mean ± SD  Group Markers 

.99 
39.11±6.79 Pre Ex Age (years old) 

39.11±6.79 Post 

.99 
39.11±6.79 Pre Con 

39.11±6.79 Post 

.03 
70.01±6.38 Pre Ex Wight (Kg) 

68.01±1.3 Post 

.78 
69.68±8.15 Pre Con 

70.21±5.23 Post 

.99 
161.33±6.51 Pre Ex Height (cm) 

161.33±6.51 Post 

.99 
160.44±7.79 Pre Con 

160.44±7.79 Post 

.04 
26.93±2.56 Pre Ex BMI (kg/m

2
) 

25.31±1.19 Post 

.72 
27.28±2.28 Pre Con 

28.55±2.33 Post 

.04 
33.19±3.33 Pre Ex Fat(%) 

31.71±3.38 Post 

.37 
35.33±3.03 Pre Con 

35.65±2.92 Post 

.24 
117.84±4.11 Pre Ex SBP (mmg) 

116.8±4.34 Post 

.29 
116.72±4.31 Pre Con 

118.11±5.01 Post 

.1 
77.66±3.31 Pre Ex DBP (mmg) 

75.77±3.28 Post 

 78.33±4.3 Pre Con 

.37 78.13±4.74 Post 

.14 
62.44±11.88 Pre Ex HR (beat/min) 

63.77±9.67 Post 

.66 
66.48±9.05 Pre Con 

66±8.74 Post 

 

Table 2 also shows a significant increase in tPA level of the vibration training group (P = 0.01); however, no 

significant change was observed in the control group in this case. Moreover, there was a significant 

difference between the two groups in the post-test phase in terms of the tPA level (p = 0.01). 

The PAI-1 level  significantly decreased in the vibration training group (P = 0.004); however, there was no 

significant difference for the control group and between the groups in the post-test phase. 
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The tPA / PAI-1 ratio significantly decreased after 4 weeks in vibration group (P = 0.03). There was also a 

significant difference between the experimental and control groups in terms of tPA / PAI-1 ratio in the post-

test phase (P = 0.03). 

Furthermore, adiponectin significantly increased after 4 weeks in vibration group (P = 0.02), and there was a 

significant difference between the two groups in the post-test phase in this regard (P = 0.01). 

TG level did not significantly change after in vibration group (P = 0.7) and control group (P = 0.42). There 

was no significant difference between the two groups in this case (P = 0.07). 

Cholesterol level also experienced no meaningful change in the experimental and control groups (P = 0.33 & 

P = 0.54, respectively), and no significant difference was also noticed between the two groups (P = 0.75). 

HDL level did not significantly change in the experimental group (P = 0.73) and control group (P = 0.11). 

Further, there was a significant difference between the two groups in the post-test phase regarding the HDL 

level (P = 0.01). 

LDL levels in experimental and control groups did not change significantly (P = 0.45 & P = 0.82, 

respectively), and there was no significant difference between the two groups in terms of LDL (P = 0.21). 

 
Table 2. Markers Change in experimental and control groups 

P Mean ± SD  Group Markers 

Between Intra 

.01 

.012 299.66±216.62 Pre Ex tPA 

386.11±229.40 Post 

.81 210.55±189.66 Pre Con 

224.35±160.22 Post 

.22 

.04 5.71±1.96 Pre Ex PAI-1 

3.63±2.51 Post 

.11 3.9±2.79 Pre Con 

2.37±1.6 Post 

.01 

.02 12.2±2.3 Pre Ex Adiponectin 

(µg/ml) 13±8.72 Post 

.31 12.4±3.7 Pre Con 

12.1±2 Post 

0.01 

.03 293.35±216.87 Pre Ex tPA/PAI-1 

382.47±230.4 Post 

.78 206.65±189.42 Pre Con 

221.98±160.08 Post 

.07 

.7 141.33±98.8 Pre Ex TG 

131.77±85.53 Post 

.42 118.22±30.87 Pre Con 

134.33±61.75 Post 

.75 

.33 212.88±31.85 Pre Ex Cholesterol 
203.66±45.56 Post 

.54 192.55±35.26 Pre Con 

197.62±36.02 Post 

.01 

.73 48.33±4.97 Pre Ex HDL 

47.72±3.75 Post 

.11 50.47±5.7 Pre Con 

50.34±4.77 Post 

.21 

.45 125.71±7.72 Pre Ex LDL 

128.44±6.46 Post 

.82 122.32±7.21 Pre Con 

120.57±4.97 Post 

 

Discussion 

The present study examined the effect of a four-week WBV training on the plasma levels of tissue 

plasminogen activator and inhibitor, the ratio of plasma levels for the tissue plasminogen activator and 
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inhibitor, systolic and diastolic blood pressure, high and low-density lipoproteins, body fat percentage, 

lipoprotein, lipid profile of blood cholesterol, triglyceride, resting heart rate, and adiponectin in overweight 

women. 

In this study, after 4 weeks of WBV training, there was a significant increase in the plasma levels of tissue 

plasminogen activator in overweight women. Manzel et al. (2008) also studied the effect of exercises on tPA, 

fibrinolysis, and blood coagulation, and found a significant increase in the tPA level [33]. Ghazalian et al. 

(2001) assessed the impact of five-week WBV training on coagulation and fibrinolytic factors. The results of 

this study showed that high frequency had a greater effect on increasing the tPA [34]. Some possible 

mechanisms of increased plasma tPA levels are autonomic nervous system stimulation, sympathetic 

involvement, and the release of catecholamine (i.e., epinephrine and norepinephrine). As with other 

exercises, with high cardiovascular and respiratory pressure, vibration training increases the plasma tPA 

levels as an important driver of fibrinolysis [21]. Studies on animals have proposed that decreased tPA 

activity increases fibrin deposition and thus disrupts the function of various organs, eventually leading to 

vascular thrombosis [35]. Since muscles are regarded as a source of tPA release, vibration can enhance it by 

activating the muscles. On the other hand, a decrease in the PAI-1 also increases the tPA. 

The findings of the present study showed that vibration significantly reduces PAI-1 as well as tPA / PAI-1 

ratio. Ghazalian et al. (2014) also reported a significant decrease in PAI-1 level caused by high-intensity 

vibration in healthy men; however, low-intensity vibration had no significant effect on PAI-1 [34]. Various 

factors affect the PAI-1 decrease induced by vibration. Vibration training enhances shear stress [34]. 

According to some studies, the shear stress enhanced by exercises could lead to a decrease in inflammation 

[36]. Inflammatory factors such as Tumor necrosis factor alpha (TNF-α) also increase PAI-1, so a vibration-

induced decrease in TNF-a may decrease the PAI-1. 

Other studies have indicated that adiponectin decreases inflammation as well as TNF-α level [19]. In the 

present study, vibration significantly increased adiponectin. Baghaiee et al. (2018) reported a significant 

increase in adiponectin as a result of exercises among middle-aged men [37]. Bellia et al. (2014) also 

documented a significant increase in adiponectin induced by vibration [31]. The changes in blood 

adiponectin concentration have an inverse relationship with body fat mass, and its positive changes are 

associated with weight loss and muscle mass gain. Thus the effect of vibration on fat mass might be one of 

the reasons for the variations in adiponectin levels noticed among the participants of the present study [38, 

39]. The exact pathway through which adiponectin causes fatty acid oxidation is unknown and this might be 

correlated with the variations of the adiponectin expression in adipose tissue. Adipose tissue can detect 

energy balance and lipid content as energy storage and consequently modifies the adiponectin gene 

expression [40]. A huge number of the fatty acids required by the working muscles are provided with a 3- to 

4-fold increase in lipolysis [41, 42]. Vibration doubles the amount of blood flow to adipose tissue and 

increases the blood flow to the working muscles by 10 times. Decreasing body fat and improving body 

composition caused by disrupting the balance between energy intake, consumption, and negative caloric 

balance may lead to an increased adiponectin concentration. 

Conclusion 

In the present study, the participants’ body fat percentage, body mass index, and body weight significantly 

decreased, and the HDL level increased meaningfully. Vibration seems to improve the human body 

composition through increasing blood flow. Finally, vibration training reduces tPA / PAI-1 ratio; hence, it 

plays a critical role in increasing adiponectin, enhancing blood flow to muscles and adipose tissue, and 

decreasing body fat percentage. 
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شود. مطالعه ت سیستم انعقادی و فیبرینولیز مییکی از عواملی است که باعث ایجاد مشکالت پاتوفیزیولوژیکی نظیر اختالالتحرک سبک زندگی بی

 1، مهارکننده فعال کننده پالسمینوژن نوع  (TPA) کننده پالسمینوژن بافتیتمرین ویبریشن تمام بدن بر فعال هفته 4حاضر با هدف بررسی تأثیر 

(PAI-1) ونکتین در زنان دارای اضافه وزن انجام شد. پژوهش حاضر یک مطالعه نیمه تجربی کاربردی با یک گروه آزمایش و یک گروه کنترل با و آدیپ

 5/25-29سال و شاخص توده بدنی  40-25زن شاغل با دامنه سنی  45پس آزمون بود. در این مطالعه مداخله ای ، -استفاده از طرح پیش آزمون

کنندگانی که معیار ورود به مطالعه را داشتند، به طور تصادفی در دو گروه تجربی دمی ملی المپیک معرفی شدند. شرکتمربع توسط آکا کیلوگرم بر متر

 TPA هفته انجام شد. برای تجزیه و تحلیل آماری از آزمون تی زوجی و مستقل استفاده شد. سطح 4و کنترل قرار گرفتند. تمرین ویبریشن به مدت 

داری وجود آزمون تفاوت معنیدر مرحله پس tPA ، و بین دو گروه از نظر سطح(=001/0P) ه تمرین ویبریشن به طور معناداری افزایش یافتدر گرو

نیز پس  tPA / PAI-1 و نسبت  ،(=004/0P) نیز در گروه ویبریشن به طور معناداری کاهش یافت PAI-1 ، مقداربر این(. عالوه=001/0Pداشت )

( و =02/0Pهفته ویبریشن، آدیپونکتین به طور معنی داری افزایش یافت ) 4بعد از  (.=03/0P) فته ویبریشن به طور معناداری کاهش یافته 4از 

شود به می TPA / PAI-1 ( وجود داشت. ویبریشن باعث کاهش=01/0Pاختالف معنی داری بین دو گروه در این رابطه در مرحله پس آزمون )
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