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Introduction

There can be some changes in coagulation and fibrinolytic 
system varying with the type, duration and intensity of exercise 
[1,2]. Coagulation time and Activated Partial Thromboplastin 
Time (aPTT) shortens after exercise and prothrombin time (PT) 
and thrombin time shortens or stay constant. Mild exercise 
activates only fibrinolytic system but heavy exercise activates 
both fibrinolysis and coagulation [3]. Usually it’s assumed that 
during exercise fibrinolysis is activated as a result of t-PA release 
from endothelium. 45-60 minutes after heavy exercise t-PA return  

 
to normal levels [4]. Earlier research have shown that PAI-1 
activity decreases following aerobic or anaerobic exercise [5-7] 
but in other studies after tiring aerobic exercise protocols there 
was no significant change in PAI-1 levels; thus it was considered 
that PAI-1 response to exercise may vary from person to person 
[7]. Plasma factor 8, fibrinogen levels vary according to exercise 
intensity and duration and exercise capacity of an individual [8]. 
D-dimer increased more after a brief maximal exercise following 
submaximal exercise or after heavy exercise [9-11].

Abstract 

Objectıve: Alterations in coagulation and fibrinolytic system are considered among the causes of increasing cardiovascular morbidity and 
mortality in diabetic patients. We assessed how acute submaximal exercise affects fibrinolytic parameters in type 2 diabetic patients by also 
discussing limited number of studies in the literature on effects of exercise in diabetic patients.  

Methods: Fifteen Type 2 diabetic and 12 healthy volunteer non-smoking male individuals between 30-60 years old and not regularly 
exercising were included in this study. Treadmill VO2Max test was done in all participants at baseline in order to determine personal anaerobic 
threshold. The exercise intensity at which anaerobic threshold value occurred was determined. 3-7 days after this test, submaximal exercise 
on treadmill for 30 minutes at this threshold value was performed.  Hemogram, PT, aPTT, INR, d-dimer, fibrinogen, PAI-1 antigen (ag) level and 
activity, TAFI ag and activity levels were measured before the exercise, immediately after and 1 hour after the exercise. 

Results: PAI-1 ag level after submaximal exercise has declined significantly in the control group during exercise (p:0,041), on the other 
hand increased during rest (p:0,010). In the patient group PAI-1 ag response was blunt and there was statistically insignificant minimal increase 
(p:0,125) There was no significant change in PAI-activity during exercise in both groups. TAFI antigen level has increased in both groups and 
was rather prominent in patient group but it was still statistically insignificant. TAFI activity has decreased significantly in the control group 
(p.0,005) but didn’t change in diabetic group during exercise, increased during the rest period after the exercise (p.0,031). In the control group 
TAFI activity values have significantly decreased (p.0,005); but increased after the exercise (p.0,388).In the patient group TAFI activity didn’t 
change by exercise (p.0,910); on the other hand, it increased significantly at rest (p. 0,031) however, compared to baseline the change wasn’t 
statistically significant (p.0,125)

Discussion: During acute submaximal exercise, alterations in fibrinolytic parameters show a different pattern in diabetic patients living a 
sedentary life style than healthy control group. In diabetic patients, non-decreasing PAI-1 and TAFI ag levels and activities and inability to recover 
to normal levels during and after exercise but submaximal exercise was well tolerated in diabetic patients.
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IAT (Individual aneorobic threshold) is a sound indicator 
of aerobic exercise used in order to check intensity of exercise. 
It’s the point at which lactate production and elimination are 
in equilibrium. Over this threshold value lactate production 
dominates and anaerobic exercise begins. In longer periods of 
exercise (50-120 min) standardized by IAT (90% IAT) it has been 
shown that coagulation wasn’t activated but fibrinolysis was 
activated.

Fibrinolytic system begins with binding of t-PA to fibrin 
surface. This binding occurs via specific C-terminal lysine 
residuals causing partial fibrin degradation. TAFI (Thrombin- 
activatable fibrinolysis inhibitor) is released to plasma by liver 
[12]. TAFI is activated by thrombin and this is the evidence that 
coagulation system has control over fibrinolytic system [13,14]. In 
theory, when TAFI release increases intrinsic coagulation system 
is activated and thus incidence of thrombotic disease increases 
[15,16]. Increasing myocardial infarction incidence following 
uncontrolled heavy exercise directed attention of researchers to 
this issue. The subsequent studies have shown that after maximal 
exercise at aerobic conditions coagulation system and platelets 
were activated but fibrinolytic system didn’t change or minimally 
increased, however after performing exercise under aerobic 
conditions at standardized exercise intensity fibrinolytic system 
increased markedly and this increase persisted after the exercise 
[2]. 

Diabetes Mellitus is an important risk factor for coronary 
artery disease. We have assessed how acute submaximal exercise 
affects fibrinolysis parameters in type 2 diabetic patients by also 
discussing limited number of studies in the literature about effects 
of exercise on diabetic patients. 

Materials and Method 

Volunteers

Fifteen Type 2 diabetic and 12 healthy volunteer non-smoking 
male individuals between 30-60 years old and not regularly 
exercising were included in this study. BMI were <30 kg/m2, HbA1C 
levels were <%8, thyroid function tests, liver and renal function 
tests were in normal range. All of the patients were taking same 
type oral anti-diabetic medications. Medical history of patients 
revealed no diabetic complication requiring treatment. All of the 
patients were taking acetyl salicylic acid 100 mg and atorvastatin 
20 mg/day. Hypertensive patients were taking ACE inhibitory 
medication. All participants didn’t drink alcoholic beverages 24 
hours prior to exercise and patients taking beta-blocker weren’t 
included in the study. The control group wasn’t permitted to take 
any drugs for the past 6 weeks. In all participants; body mass 
index and waist-to-hip ratio were calculated, physical examination 
were done, ECG, exercise ECG and echocardiography were taken. 
After the cardiac examinations participants without a condition 
precluding them from exercising were included in the study. Blood 
samples were obtained immediately and 1 hour after exercise. 

Experimental design

The study was done in Dokuz Eylül University Physiology 
exercise laboratory on January-March 2018. All participants 
came to laboratory three separate days. In the first day serum 
biochemistry profile was determined, physical and cardiologic 
exams were completed. Second and third visits, each visit was 
3-7 days apart, all participants were asked to be ready at the 
laboratory at 10:00 a.m. In the second visit, maximal exercise 
test was done on a treadmill. In the third visit, 30 minutes of 
submaximal exercise test with work load based on IAT values 
determined in maximal exercise test was done. Venous blood 
samples were obtained from participants before, immediately and 
1 hour after submaximal exercise test. The samples were stored at 
-80 ͦ C for further evaluation of PT-aPTT-INR-D-dimer-fibrinogen-
PAI-1 ag and activity, TAFI ag and activity tests.

Metabolic measurements and determination of 
VO2max

Expiratory air of the participant produced during maximal 
exercise test collected via one-way valve mask and transferred to 
a metabolic analyser (Fitmate, Cosmos, Italy). Gas measurements 
were done by open-ended mixing chamber method and VO2 
values were calculated. The measurements at exercise intensity at 
which maximum load is achieved by the volunteer was recorded 
as  VO2max.

Determination of lactate threshold

During maximal test before each load increase capillary blood 
sample was taken from fingertip of participants by automated 
lancets and immediate lactate analysis was performed. Lactate 
levels were also measured at 0, 1, 3, 5, 10 min after exercise was 
terminated and measurements have continued until post-exercise 
lactate levels decreased under a certain value. Lactate analyses 
were done by ECG Biosen Sport (Germany) device using enzymatic 
method for measurements. Lactate values were put into a grap via 
computer and IAT values were calculated by the method reported 
by Stegmann [17]. Statistical evaluation: All data were recorded 
to SPSS 15. The evaluations between different times (basal versus 
postexercise 0th, basal versus postexercise 60th, postexercise 0th 
versus 60th) between each other have been done non-parametric 
Mann-Whitney U test, whereas the correlation analysis has been 
done Pearson correlation analysis. P values that were less than .05 
have been considered as statistically significant.

Measurement of coagulation and fibrinolytic 
parameters 

In the day of submaximal exercise when the participants 
were at rest before the exercise, immediately and 60 min after the 
exercise 8 cc blood was taken to citrate tubes. Centrifuged blood 
was separated into 0.5 cc aliquots and were stored at -80 ͦ C until 
analysis time. PAI-1 ag and activity, TAFI ag and activity levels 
were measured using available ELISA kits (PAI-1 ag and activity: 
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American Diagnostica, Stamford, Conn., USA, and TAFI-Ag and 
activity : Affinity Biologicals, Ancaster, Ont., Canada). For PAI-1 ag 
the intra-assay coefficient of variation is 4% and the interassay 
coefficient of variation is 4.3%. The intra-assay and interassay 
coefficients of variation for TAFI-Ag are 6%. 

Results

Age, height, weight, body fat percentage, body mass index 
(BMI), waist-to-hip ratio, exercise total time on Bruce test, VO2 
max., lactate threshold value, maximal lactate, maximal heart rate 
and heart rate at submaximal exercise of the patient and control 

group were shown in Table 1. As expected, total time on Bruce 
test, (p.0,001), VO2 max.(p.0,006), maximal lactate (p.0,019) and 
maximal heart rate (p.0,032) were observed to be statistically 
higher in the control group (Table 1). Hemogram, PT, aPTT, INR-
D-dimer, fibrinogen, PAI-1 ag and activity, TAFI ag and activity 
levels were measured by using blood samples obtained from the 
patients and controls before , immediately after and 1 hour after 
the exercise (Tables 2-3). Baseline PAI-1 ag was found to be lower 
in patient group (p.0,003) and PA1-1 activity was significantly 
lower in controls after maximal exercise(p.002). There was no 
difference regarding other markers between both groups. 

Table 1: Clinical exercise and laboratory characteristics of the study population.

                                       Control                                                                   Patient P value

Min. Max. Mean±SD Min. Max. Average

Age (years) 40 60 47.58±6.76 40 57 48.8±4,97 0.347

Height (m) 157 183 173±6.61 155 184 170±8.07 0.277

Weight (kg) 58.7 90 82.98±8.65 70 100 83.88±8.65 0.792

Body 
fat percentage (%) 25 28 26.45±1.04 21.1 29.5 26.9±2.31 0.131

BMI (kg/m2) 23.8 29.8 27.63±1.84 26.4 30 28.88±1.22 0.053

Waist to hip ratio 0.9 0.97 0.93±0.01 0.9 0.98 0,94±0.19 0.403

Total Bruce time(min) 15 19.5 16.41±1.31 12 17.5 14.73±1.23 0.001

VO2 max (ml/min) 30.17 48.9 35.93±5.47 20.17 40,34 29.37±4.52 0.006

Maximal 
Heart rate(bpm) 141 198 175.91±16.59 141 180 161.46±1.17 0.032

 Submaximal 
Heart rate(bpm) 117 150 130.5±10,67 101 141 126.4±11.74 0.648

Max load
(Watts) 190 290 228.75 191 288 230 0.408

Max lactate
(mmol/L) 5.34 18.80 11.54±4.27 4.32 14.5 7.89±3.13 0.019

Lactate at IAT (mmol/L) 2 4.51 3.02±0.78 2 4 2.97±0.67 0.905

IAT(W) 100 175 147.91 98 173 145 0.597

BMI: Body mass index, IAT: Individual anaerobic threshold
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Table 2: Coagulation test results of patients and control group before, immediately and 60 minutes after exercise

Controls Patients P value

     

PTB 11.50±0.47 11.65±0.70 0.754

APTTB 30.98±3,97 30.02±3.17 0.542

INRB 0.95±0.04 0.99±0.06 0.687

D-dimer B 0.33±0.17 0.27±0.11 0.649

FIBB 3.55±0.64 3.34±0.69 0.851

PT0 11.40±0.44 11.67±0.66 0.838

APTT0 30.17±2.95 29.48±2.72 0.196

INR0 0.94±0.05 0.99±0.96 0.591

D-dimer 0             0.54±0.6 0.36±0.18 0.665

FIB0 3.63±0.58 3.54±0.85 0.676

PT60 11.59±0.39 11.76±0.63 0.847

APTT60 30.25±3.21 29.84±2.48 0.237

D-dimer 60 0.33±0.17 0.27±0.08 0.642

FIB60 3.46+0.6 3.43±0.74 0.126

PT-Prothrombin time                                           APTT-Activated partial thromboplastin time 

INR-International normalization ratio              FIB-Fibrinogen

B-basal (Before exercise)                                 0-immediately after the exercise,                     

60-60 min after the exercise        

Normal values range: PT: 11.23-14.44 seconds; APTT: 25.9-36.6 seconds; D-dimer: 0-0.5 mg/L, FIB: 1.75-4 g/L

Figure 1:  Alterations in PAI-1 ag levels after submaximal exercise. 

When alterations observed in coagulation and fibrinolytic 
systems in both groups during and after the exercise test are 
shown in a graphics; It was observed that in the control group PAI-
1 ag markedly decreased during exercise (p.0,041) but increased 
at rest (p.0,003); however the reduction persisted compared to 
baseline. In the patient group PAI 1 ag response was blunt and 
during and after the exercise test minimal increase which was 
statistically insignificant was observed (Figure 1). In the control 
group, during the exercise PAI-1 activity minimally increased 
(p.0,583), but decreased after the exercise (p.0,388) and returned 
to baseline level. (p.0,638) In the patient group, during the exercise 

PAI-1 activity minimally decreased (p.0,776) but increased after 
the exercise (p. 0,112), however the increase wasn’t statistically 
significant.(p.0.233) (Figure 2) After submaximal exercise in 
the control group TAFI ag levels minimally increased during the 
exercise test (p.0,875) and the increase persisted up to 60 minutes 
(p.0,583); however the increase wasn’t statistically significant 
compared to baseline (p.0,814). In the patient group TAFI ag has 
increased by exercise (p.0,256) and decreased minimally at rest 
(p. 0,865); however, the increase wasn’t statistically significant 
compared to baseline. (p.0,363) (Figure 3).
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Figure 2: Alterations in PAI-1 activity after submaximal exercise.

Figure 3: Alterations in TAFI ag levels after submaximal exercise.

Figure 4: Alterations in TAFI activity after submaximal exercise.
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In the control group during submaximal exercise test TAFI 
activity values have significantly decreased (p.0,005) ; but 
increased after the exercise (p.0,388). Compared to baseline the 
alteration in TAFI activity values wasn’t statistically significant. 
(p. 0,937) In the patient group TAFI activity didn’t change by 
exercise (p.0,910); on the other hand, it increased significantly at 
rest (p. 0,031) however, compared to baseline the change wasn’t 
statistically significant (p.0,125) (Figure 4). During submaximal 
exercise fibrinogen levels have increased in the control group 
(p.0,05). It decreased at rest significantly (p.0,010); compared to 
baseline this decrease was statistically significant (p.0,037). In 

the patient group fibrinogen levels have increased significantly 
during exercise (p.0,022) but decreased at rest (p. 0,012); 
however, compared to baseline this alteration wasn’t statistically 
significant(p.0,572) (Figure 5). During submaximal exercise 
D-dimer levels have increased in the control group (p.0,239) 
and at rest returned to baseline levels within an hour (p.0,410); 
compared to baseline this alteration wasn’t statistically significant 
(p.0,480). In diabetics D-dimer levels have increased during 
exercise (p.0,007)) but returned to baseline levels at rest(p.004). 
(Figure 6).

Figure 5:  Alterations in PT levels after submaximal exercise.

Figure 6: Alterations in APTT levels after submaximal exercise.

Discussion 

Hypofibrinolysis and hypercoagulation are important 
findings causing macro and micro-vascular complications in 
diabetic patients [18-20]. PAI-1 ag is one of the most important 
parameters inhibiting fibrinolytic system. TAFI can be activated 

by thrombin and has been isolated from the plasma recently [21]. 
Higher plasma TAFI Ag levels and increased TAFI activity are 
considered as a marker of hypofibrinolysis. [22].

Data obtained from large cohorts have shown that higher 
levels of haemostatic factors are associated with presence and 
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progression of atherosclerosis [23]. Association of decreased 
fibrinolytic activity with atherosclerosis has been shown in various 
studies [24]. Hamsten et al. have determined high levels of plasma 
PAI-1 and low t-PA activity in young survivors of myocardial 
infarction [25]. The same group has shown in another study that 

high plasma PAI-1 ag level is an independent risk factor for re-
infarction [26]. Similarly, Thögersen et al. have shown that high 
plasma PAI-1ag level is associated with increase in myocardial 
infarction risk [27].

Figure 7: Alterations in fibrinogen levels after submaximal exercise.

Figure 8: Alterations in D-dimer levels after submaximal exercise.

Previous studies have suggested that plasma TAFI level may 
be associated with atherosclerosis. Genetic polymorphism is 
also seen as a probable determinant of plasma TAFI levels [28]. 
Studies investigating association between TAFI levels and glucose 
intolerance are limited in the literature. Some researchers have 
suggested robust association between TAFI ag level and glucose 
intolerance; on the other hand some others have concluded that 
there was no significant association between TAFI ag level and 
glucose intolerance [29]. However, in these studies only TAFI ag 
levels were investigated. Because of TAFI gene polymorphism, 
TAFI activity levels in individuals may vary. Thus, along with TAFI 
ag level TAFI activity should also be determined. 

In our study we studied how acute submaximal exercise 
pattern and intensity affect fibrinolysis in type 2 diabetic 
patients. Fibrinogen level increased in both groups by exercise 
but decreased to baseline level during rest. Fibrinogen is an 
important protein increasing aggregation and having a role in the 
final step of coagulation factor [30]. There are conflicting results 
on fibrinogen levels following acute exercise [31]. Bartsch et al. 
have found that fibrinogen levels of 19 athletes who ran decreased 
and hyperfibrinogenolysis was suggested as a reason for this. 
However, considering the fact that fibrinogen concentration is 
affected from plasma dilution, fluid intake of participants should 
be standardized [32]. 
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D-dimer levels increased in the control group after the exercise 
and decreased to baseline level in one hour with rest; however, 
there was no significant change. In diabetic patients d-dimer 
levels increased significantly during the exercise (p.0,007), but 
returned to baseline after rest. (p.004) Hilberg et al, have studied 
acute maximal exercise in diabetic patients and have found that 
D-dimer levels increased significantly with exercise [33]. This 
increase may be a marker of fibrinolytic activity during exercise 
in diabetic patients. 

PAI-1 ag level as a fibrinolytic system parameter was found 
to be lower at rest in diabetic group (table 3-p.0,003); however, 
in other parameters including PA1-1 activity, TAFI ag and activity 
no significant difference was observed. Search on studies in the 
literature on diabetic patient cohorts have revealed that PAI-1 ag 
and TAFI ag is higher in patients with uncontrolled blood glucose 
levels, high BMI and truncal obesity [28,29]; however PAI-1 ag was 
lower than control group in studies done in non-obese diabetic 
patient group with well controlled metabolic status and without 
macro- or micro-vascular complication. [33].

Table 3: Comparison of fibrinolytic system markers that were determined before, immediately and 60 minutes after exercise between patients and 
control group. 

Control group Patient group P value

PAI-1 ag-basal 8.766±6.381 4.943±0.858 0.003

PAI-1 activity-basal 28.232±11.243 28.421±13.531 0.751

TAFI-ag basal 84.48±31.424 82.077±29.592 0.922

TAFI- activity-basal 25.445±10.253 20.678±12.107 0.262

PAI-1 ag-0. min 4.889±1.800 4.880±0.560 0.067

PAI-1 activity-0. min 30.241±8.630 26.949±10.396 0.542

TAFI-ag -0. min 85.076±22.802 92.111±26.672 0.845

TAFI- activity -0 min 12.507±5.241 20.246±12.707 0.088

PAI-1 ag-60. min 6.008±1.930 5.560±1.901 0.770

PAI-1 akt-60 min. 26.260±9.522 33.951±8.209 0.054

TAFI-ag -60. min 88.346±32.340 89.161±29.257 0.845

TAFI- activity -60 min 23.920±24.692 34.406±20.628 0.283

B-basal,  

0-immediately after the exercise 

60-60 min after the exercise           

PAI-1-ag-Plasminogen activator inhibitor-1 antigen

PAI-1-activity- Plasminogen activator inhibitor-1 -activity

TAFI-ag-Thrombin activatable fibrinolysis inhibitor-antigen

TAFI-activity-Thrombin activatable fibrinolysis inhibitor-activity
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Our patient group with well-controlled metabolic status, 
without diabetic complication and with a BMI <30 kg/m2 may 
explain the lower baseline PAI -1 ag levels observed in the diabetic 
group. Our diabetic group had a better lipid profile (cholesterol 
total and LDL) than the control group due to atorvastatin 
treatment. In the study of Konduracka et al. [34] it was showed 
that atorvastatin treatment reduced PAI-I ag levels in diabetic 
patients.

In our study; the control group PAI-1 ag decreased during 
exercise significantly (p.0,041) but increased at rest (p.0,003); but, 
compared to the baseline value the reduction wasn’t statistically 
significant. In the patient group baseline PAI-1 ag was lower and 
response to exercise was blunt, but during and after the exercise 
statistically insignificant increase was seen. This results show that 
fibrinolytic system becomes active and this activity continues at 
rest. There were no significant alterations in fibrinolytic system in 
the diabetic group. PAI-1 activity levels didn’t significantly change 
during and after acute submaximal exercise in both groups that 
has a sedentary life style. 

We have observed significant decreases in TAFI activity 
scores during submaximal exercise in control group (p:0.005). An 
increase has been detected following the exercise (p.0.388) but 
we have found no statistically significant correlation compared 
to the baseline. In the patient group TAFI activity didn’t change 
with exercise (p.0,910) but significantly increased at rest  (p. 
0,031); however, change wasn’t significant compared to baseline 
values. (p.0,125) We may speculate TAFI activity response occurs 
after acute submaximal exercise at a later time and coagulation 
becomes dominant by development of hypofibrinolysis after the 
exercise in patients living a sedentary lifestyle. TAFI ag has a 
regulatory role between coagulation and fibrinolytic system and 
is a reliable fibrinolytic system marker with its minimal biological 
variability. 

In conclusion, during acute submaximal exercise, alterations 
in fibrinolytic parameters show a different pattern in diabetic 
patients living a sedentary life style than healthy control group 
.Submaximal exercise was well tolerated in diabetic patients and 
further studies, with increased number of patients may yield more 
significant results to evaluate the role of fibrinolysis in this type of 
exercise. A defect in fibrinolysis may be multifactorial and it may 
not be explained by a single parameter. Changes in fibrinolytic 
parameters during various exercise intensities and duration 
should also be investigated.
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