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Abstract 

 
Background and Objective: Sudden cardiac events and thrombophilia are dominant diseases in diabetic patients. Due to the role of exercise 
on the homeostatic system, the effect of high intensity interval training (HIIT) on some fibrinolytic, dimer and fibrinogen factors in men with 
type 2 diabetes was investigated in this study. Methods: For this purpose, 24 men with type 2 diabetes who were able to participate in regular 
physical activity were voluntarily selected and randomly divided into two groups of HIIT (n=12) and control (n=12). These two groups were 
same in terms of weight and body mass index. The experimental group did exercise 8 weeks, 3 sessions per week. Changes in t-PA, TAFI, t-
PA/PAI-1 complex, D-dimer and fibrinogen were analyzed before and after training using covariance statistical test at P<0.05. Results: 
Intergroup comparison showed that resting levels of TAFI antigen decreased (P=0.033) and t-PA/PAI-1 complex (P=0.032) increased 
significantly. Intergroup comparison showed that resting values of t-PA (P=0.036) increased significantly and TAFI (P=0.01), D-dimer 
(P=0.007) and fibrinogen (P=0.001) showed a significant decrease in the experimental group. Conclusion: It seems that the implementation 
of HIIT has promising effects on the fibrinolytic system of type 2 diabetic patients and may decrease the cardiovascular risks in this group of 
patients. 
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INTRODUCTION  
A sedentary life reduces physical activity and performance. 
The link between physical activity and health has a long 
history. Therefore, decreased physical activity increases the 
risk of diseases [1]. Diabetes is the most common metabolic 
disease in the world and its prevalence increases with 
increasing age [2]. Insulin resistance in target tissues and 
chronic hyperglycemia are the most important features of 
diabetes and its associated complications [3]. Although insulin 
resistance has not symptom, it is associated with an increased 
risk of coronary arterial disease (CAD), cardiovascular 
system dysfunction, and their associated mortality [4]. 
Diabetes has many complications, one of which is the 
homeostasis system disorder. Type 2 diabetic patients are 
more likely than others to have CAD and are also more likely 
to have atherothrombotic events [5]. CAD is more widespread 
than any other diseases in the world and has the great life and 
financial losses. In this disease, the coronary arteries of the 
heart are narrowed due to plaque formation and the heart 
muscle is deprived of sufficient blood and oxygen [6]. Some 
of the inflammatory markers predicting cardiovascular 
disease include the level of serum fibrinogen, cytokines, 
CRP, and amyloid A [7]. According to the results of some 
studies, in addition to the above-mentioned factors, 
alterations in the fibrinolysis system play a very important 

role in cardiovascular events [8]. The fibrinolytic system is an 
important physiological mechanism whose function is to 
break down fibrin filaments in blood vessels and to remove 
and destroy the clot [9]. Thus, by activating the coagulation 
system, the fibrinolysis system is also activated [10]. D-dimer 
is one of the factors used to diagnose thrombosis [11]. The 
presence of soluble D-dimer indicates that the thrombin has 
been formed first, then coagulation has occurred and 
eventually, the plasmin has been formed and has cut the fibrin 
clot [12]. t-PA is the first plasminogen activator that acts 
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directly and forms the plasmin molecule [10]. The major 
inhibitor of t-PA is plasminogen activator inhibitor (PAI-1) 
[13], which is mainly produced by endothelial cells lining the 
inner wall of blood vessels, but is also secreted from other 
tissues including fats [14]. The ratio of these two indices is 
called t-PA/PAI-1 complex, which has received little 
attention. The t-PA/PAI-1 complex indicates the amount of t-
PA activity that is inhibited by PAI-1. As this ratio tends to 
favor t-PA, the body is actually prone to fibrinolysis [15]. In 
fact, the capacity of fibrinolysis is shown by t-PA, PAI-1 and 
t-PA/PAI-1 complex [16]. Some studies show that t-PA 
activity decreases as PAI-1 concentration increases [17]. Thus, 
both t-PA and PAI-1, which are released from endothelial 
cells, along with fibrinogen, play important roles in 
homeostasis and cardiovascular disease and are stimulated 
and activated by various factors [18]. Another fibrinolysis 
inhibitor, which has recently received attention, is thrombin 
activable fibrinolysis inhibitor (TAFI). Unlike PAI-1, this 
antigen exerts its inhibitory effect by removing the lysine and 
arginine heads on the C terminus of the fibrin clot and 
prevents plasminogen from adhering to the fibrin clot [19]. 
Thrombin converts TAFI it into activated form of TAFIa by 
stimulating it. On the other hand, plasmin also activates 
TAFI, so TAFI appears to play a key role in regulating the 
balance between fibrinolytic system and coagulation [20]. 
Elevated plasma levels of TAFI antigen have been reported 
in CAD and diabetic patients compared to healthy individuals 
[21]. 

The results of some research indicate that the activity of the 
fibrinolysis system increases with the intensity of exercise 
[22]. This appears to be due to an increase in plasminogen 
activators as the intensity of activity increases and products 
of fibrin degradation increase during intense exercise [14]. 
According to previous research, acute and vigorous activity 
increases fibrinolytic potential by increasing catecholamine 
secretion and decreasing hepatic blood flow [23]. In most 
studies, the intensity of exercise activity has been a major 
offecting factor on the activity of the fibrinolysis system. 
Exercise training plays an important role in improving 
cardiovascular complications in type 2 diabetes patients. In 
general, the beneficial effects of exercise training on diabetes 
are related to glycemic control and various cardiovascular 
risk factors. This is especially important in diabetic patients 
with elevated platelet activity [24]. 

One of the physical activity protocols that has recently 
attracted attention of researchers in the field of various 
physical adaptations is High Intensity Intermittent Exercise 
(HIIT). Implementation of HIIT involves intermittences of 
intense exercise and active to moderate intensity breaks [25]. 
Previous studies have shown that HIIT has led to similar 
metabolic adaptation comparing to traditional endurance 
training in adults [26]. Therefore, due to the high potential of 
this exercise method in fat reduction and its efficiency in 
terms of time interval compared to other exercise methods, 
this protocol was used. Whether this exercise has a positive 
effect on fibrinolytic, D-dimer and fibrinogen indices in 
diabetic subjects has not been investigated. Therefore, the 
aim of this study was to investigate the effect of 8 weeks of 
HIIT on some fibrinolytic, D-dimer and fibrinogen factors in 
men with type 2 diabetes. 

RESEARCH METHOD 

The research method was quasi-experimental research 
involves pretest-posttest design and control group. Subjects 
were selected voluntary and purposeful among the male 
patients with type 2 diabetes aged 30-40 years referred to the 
clinic. The objectives and conditions of the study were 
explained to the volunteers and consent form given to them, 
if they agreed. Finally, they referred to a specialist physician 
for permission to participate in the research. 24 men with type 
2 diabetes who were able to participate in regular exercise 
programs were selected based on inclusion criteria and were 
randomly divided into two groups of training (n=12) and 
control (n=12). The training group performed HIIT for 8 
weeks and three sessions per week. However, the subjects in 
the control group continued their sedentary lifestyle during 
the study period. Inclusion criteria included type 2 diabetes 
defined as 126 mg/dl by the American Diabetes Association 
(2015), no complications of diabetes, no specific disease such 
as heart, kidney, liver or metabolic disease, no participation 
in regular exercise for more than 2 hours per week over the 
past 6 months, no blood pressure above 140/90 mm Hg, 
diabetes for at least 2 years, no consumption of more than one 
type of anti-diabetic pill at night, and no consumption of 
insulin. These criteria were assessed through PAR-Q 
demographic questionnaire, health and physical activity 
questionnaire and medical history questionnaire. All 
coordination in terms of medical ethics and supervision was 
done by diabetes specialist and patients were informed.
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Research Flodiogram 

High-intensity interval training (HIIT) 
After a week of preparation and familiarity with the protocol 
implementation method, the participants performed their 
training programs, including Shuttle Run Test for a distance 
of 20 m, shown by 3 cones, for 8 weeks in training hall at a 
temperature of 26 °C during fall according to the following 
procedure. After warming up, including 10 min of jogging 
and 5 min of active stretching exercise, the participants ran 
from the starting point (cone 1) towards the cone 2  (path 1) 
with a maximum speed, and then returned and ran in the 
inverse direction towards the cone 3 (path B) with a 
maximum speed of 20 m. Finally, they re-returned, and ran 
towards the starting point (cone 1) with a maximum speed 
(path C) to complete the 40-m distance. The participants 
continued the trend with a maximum speed and completed a 
30-second period of training protocol, and repeated the 
training protocol after 30 seconds of rest. The training was 
progressed by increasing frequency of 30-second repetition 
from 4 times in the first and second weeks to five times in the 
third to fourth weeks, six times in fifth and sixth weeks, and 
eight times in the seventh and eighth weeks. The training 
intensity was measured for all participants at all protocol 
stages, over a Heart Rate Maximum (HRmax) of 90% using 
a formula of HRmax= 220-age, and it was controlled by a 
heart rate monitor, made in Finland. The training program 
was derived from a 40-m Shuttle Run Test with a maximum 
speed as it was a valid test for evaluating the anaerobic 
performance [15]. At the end of each training session, the 

participants walked and did stretching training and exercise 
for cooling down during 10 minutes. 

 
Figure 1. Schematic diagram of HIIT protocol 

Blood sampling 
In order to determine the levels of the research variables, all 
subjects were present in the laboratory between 8am and 
10am before the start of the training program and 12 hours 
fasting (according to the physician recommendation). After 
30 minutes rest in sitting position, 10-ml blood samples were 
taken from the brachial vein of individuals. The training 
group then participated in the exercise protocol. The control 
group did not participate in any regular exercise program 
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during the study. 48 hours after the last training session, all 
subjects participated in blood sampling under condition 
similar to pretest condition to avoid the possible acute effect 
(posttest phase). Variables were measured in both training 
and control groups simultaneously. At each phase, blood 
samples were immediately poured into EDTA-containing 
tubes. After centrifugation for 10 min at 3000 rpm, the blood 
plasma was isolated and poured in special microtubes and 
frozen at -80 °C until the evaluation day. 

Plasma levels of t-PA were measured by enzyme linked 
immunosorbent assay (ELISA) method and kits with 
accuracy of 10 pg/ml (Boster Company, USA). Plasma levels 
of TAFI and t-PA/PAI-1 complex were measured by ELISA 
using Mybiosource kits (USA). D-dimer was measured by 
Coagulometry using the French BIOMERIEUX kit. Mahsa 
Yaran kit was used for quantitative determination of 
fibrinogen by coagulometry method. 

Statistical method 
Shapiro-Wilk test was used to determine the normality of the 
data distribution. After making sure the data is natural, 
analysis of covariance (ANCOVA) and paired t-test at P 
<0.05 were used to compare averages of variables between 
groups with respect to homogeneity of slopes. Data were 
analyzed using SPSS 23 software. 

FINDINGS 

The results of the general characteristics of the subjects have 
been presented in Table (1). After 8 weeks of exercise, weight 
(P=0.001) and BMI (P=0.015) decreased significantly in the 
periodic group. 

Table 1. general characteristics of the subjects. 

Variables Group 
Post-test 

Mean and SD 
Pre-test 

Mean and SD 
P 

In-group 

age HIIT 35.1±4.1 35.1±4.1 - 

 control 34.7±5.5 34.7±5.5 - 

High (cm) HIIT 178±6.7 178±6.7 - 

 control 176±6.2 176±6.2 - 

Weight (kg) HIIT 80±6.4 77.6±5.4 0.001* 

 control 80±4.1 79.5±3.6 0.212 

BMI (kg/m2) HIIT 25.1±3.4 24.4±2.5 0.015* 

 control 25.6±2.6 25.3±2.8 0.247 

*In-group Statistical significance 

Statistical analysis of data showed that after 8 weeks of HIIT, 
there was a significant difference between the two groups at 
resting levels of TAFI antigen (P=0.033, F1,21=5.19), (Fig.2) 
and t-PA/PAI-1 complex (P=0.032, F1,21=5.3), (Fig.3). 
However, after 8 weeks of HIIT, there was not a significant 
difference in the levels of t-PA antigen (P=0.054, F1,21=4.15), 

D-dimer (P= 0.081, F1,21=3.35) and fibrinogen (P=0.074, 
F1,21=3.54). Table (2). 

Table 2. Investigation of inter- and intra-group 
changes in variables in two groups, HIITand Control 
groups 

Intergroup 
F            P 

In-group 
t          P 

Post-test 
Mean  

and SD 

Pre-test 
Mean 

 and SD 
Group Variables 

4.14   0.054 2.38   *0.036 14.7±4.4 12.2±2.3 HIIT 
t-PA 

(ng/ml) 

 0.89        0.39 13.1±2.6 12.9±3.1 control  

5.19   ¥0.033 3.08      *0.01 10.6±2.5 11.9±3.1 HIIT 
TAFI 

(ng/ml) 

 0.82        0.42 11.1±2.6 11.3±2.7 control  

5.3   ¥0.032 2.02      0.068 12.9±2.9 11.5±3.1 HIIT 
t-PA/PAI-

1(ng/ml) 

 0.33      0.74 11±2.9 11.1±3.2 control  

3.35    0.081 3.26    *0.007 183±37 192±40 HIIT 
D-dimer 

(ng/ml) 

 0.56       0.52 193±36 195±37 control  

3.54  0.074 4.63    *0.001 205±35 219±32 HIIT 
Fibrinogen 

(mg/dl) 

 2.05      0.065 212±37 218±34 control  

*In-group Statistical significance; ¥ intergroup Statistical significance 

 
Figure 2. Mean (±Standard error) of TAFI before and 
after training in control and HIIT groups. *In-group 
Statistical significance; ¥ intergroup Statistical 
significance. 
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Figure 3. Mean (±Standard error) of t-PA/PAI-1 before 
and after training in control and HIIT groups. *In-group 
Statistical significance; ¥ intergroup Statistical 
significance. 

DISCUSSION 

Performing regular exercise by modulating homeostasis is 
effective on the occurrence of prothrombotic events [22]. 
There is little research on the impact of HIIT on human 
fibrinolytic markers and this research is one of the first studies 
to investigate the simultaneous effect of HIIT on fibrinolytic 
and coagulation indices in patients with diabetes. The results 
showed that resting levels of TAFI antigen decreased and t-
PA/PAI-1 complex increased after training intervention, but 
there was no significant difference in other variables. The 
results also showed that resting levels of t-PA increased 
significantly in the experimental group and resting values of 
TAFI, D-dimer and fibrinogen decreased significantly. 

According to the findings of this study, the level of TAFI 
antigen decreased after intense intermittent exercise. There is 
not much research on the effect of exercise on TAFI antigen. 
Rajabi et al. investigated the effects of intermittent and 
continuous exercise on fibrinolytic agents such as TAFI in 
CAD patients and, contrary to the results of this study, they 
did not report any significant change in levels of TAFI 
antigen in the subjects [19]. This difference is probably due to 
the subjects and the intensity of the exercises used in this 
study. The results of past research indicate that the effect of 
training intensity is greater than the duration of training [19]. 
Certainly, the reduction of TAFI in the present study is a 
desirable adaptation to function the power of the fibrinolytic 
system in diabetic patients and in this regard, intense 
intermittent exercise are appropriate for diabetic patients. 
These results were consistent with results of [27, 28] but not 
with results of [19]. The mechanism of the effect of exercise 
intensity on changes of TAFI antigen and its precise 
mechanisms are unclear and need to be studied. Results of 

some studies show that adaptation to intermittent exercise 
decreases blood coagulation activity [22], decreases plasma 
levels of thrombin, fibrin and fibrinogen [22, 29, 30]. TAFI 
activator thrombin, TAFI junction fibrin and fibrinogen are 
precursor of fibrin. Changes in the coagulation system, 
especially thrombin depletion, may reduce TAFI secretion 
from the liver and increase the function of the fibrinolytic 
system in diabetic patients by reducing TAFI. Results of 
earlier research indicate that regular exercise provides the 
context for faster fibrinolytic activity comparing to 
thrombotic activity with increases in t-PA and t-PA/PAI-1 
complex [22, 31]. Studies have shown that the effects of 
physical activity on different fibrinolysis and some 
inconsistencies depend to some extent on the protocol and 
method used to measure fibrinolysis indices, fitness, or health 
status of the subjects. Therefore, there are limitations to 
summarize the results of various studies. For example, some 
of these studies showed that exercise using different protocols 
had no significant effect on plasma level of t-PA [32], but other 
researchers reported an increase [12, 16, 22] or a significant 
decrease [7]. Based on the results of the present study, it can 
be concluded that the eight-week implementation of HIIT led 
to a relative improvement in fibrinolysis process under the 
break condition. Jong-Syhan Wang also found that long-term 
exercise had a favorable effect on fibrinolytic indices, but 
lack of training had a revers effect on the changes of intensity 
of these factors [33]. An increase in t-PA levels in response to 
regular exercise is directly related to the intensity and 
duration of exercise [22, 32]. Factors include improved liver 
clearance, t-PA/PAI-1 complex binding, increased 
endothelial susceptibility to t-PA secretion and reduced levels 
of PAI-1 are major factors of the effect of exercise on the 
function of the fibrinolysis system [9, 22, 34]. The higher 
intensity of the exercise results in more effectiveness of it [19]. 
Research shows that there is no significant increase in 
fibrinolysis activity until the heart rate reaches 50% of 
maximal oxygen consumption, and some researchers believe 
that the greatest increase is when the intensity is between 70% 
and 90% of heart rate [34]. Therefore, with respect to the 
training program of the present study, it is quite clear that the 
high intensity of exercises of HIIT implemented over eight 
weeks is probably one of the main reasons for the increase in 
fibrinolysis system performance. Increases in nitric oxide 
(NO) and prostacyclin (PGI2) have been observed following 
prolonged activity [35]. Nitric oxide via vasodilatation 
increases production of t-PA and its release from endothelial 
cells and decreases PAI-1 production by vascular smooth 
muscle cells and platelets [36]. Therefore, given the intensity 
and volume of exercises of HIIT, it is likely that an increase 
in the resting levels of t-PA and a decrease in the amount of 
TAFI in the experimental group caused by an increase in NO 
and PGI2 following exercise intervention. 

Results showed a significant increase in resting values of t-
PA/PAI-1 complex. Various researchers have reported that 
fibrinolytic markers such as t-PA and t-PA/PAI-1 complex 
may play a role in reducing atherothrombotic and 
cardiovascular diseases by modifying thrombotic markers [12, 
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22, 31]. In this case, Bounameaux and Kruithof reported a 
strong relation between the t-PA/PAI-1 complex and activity 
of the t-PA and PAI-1 antigens, and they noted that negative 
changes in this complex were directly related to the increased 
risk of myocardial infarction and they related these changes 
to mechanisms such as increased endothelial cell activation 
and inflammation [37]. Therefore, it seems that performing 
moderate to high intensity aerobic exercises is a simple, 
healthy and practical strategy that can be used by individuals, 
especially patients with hemostatic disorders. High levels of 
t-PA antigen and t-PA/PAI-1 complex have also been 
suggested for individuals susceptible to atherosclerosis and 
cardiovascular events [38]. 

Resting levels of fibrinogen in the experimental group 
showed a significant decrease after eight weeks of HIIT 
without correction of plasma volume changes. Researchers 
have proposed different mechanisms as influencing factors 
for changes in plasma fibrinogen concentrations, including 
increases in neurotransmitters and catecholamines such as 
epinephrine and norepinephrine [39], changes in fibrinolytic 
system activity, decreased fibrinogen production by liver [22], 
plasma volume changes, lipid profile and BMI [40]. Eight 
weeks of HIIT may reduce and control this factor by reducing 
the activity of cytokines and reducing fibrinogen synthesis in 
the liver cells due to adaptation in the musculoskeletal 
system. Given the role of fibrinogen in platelet adhesion and 
aggregation [22], the positive effect of periodic exercise on 
these factors reduces the risk of thrombosis. Many 
researchers have studied the relationship between physical 
activity and fibrinogen levels in men and women [41, 42] and in 
line with the results of this study, an inverse relationship 
between this variable and cardiopulmonary fitness have been 
reported [43]. The reason for this is related to control of the 
production of hepatic glycoproteins after physical activity [44]. 

CONCLUSION 

Based on the results of the present study, it can be said that 
the eight-weeks HIIT implementation leads to a relative 
improvement in the fibrinolysis and homeostasis process with 
favorable changes in some fibrinolytic markers such as t-PA, 
TAFI and t-PA/PAI-1 complex. In addition, intensity of 
exercise is probably one of the most important factors in 
improving the fibrinolysis process. As a result, HIIT training 
seems to be a time-efficient factor in preventing and 
improving cardiovascular risk factors in type 2 diabetic 
patients. Therefore, the results of the present study confirm 
once again the role of regular activity in reducing 
cardiovascular events. 
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