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Abstract 
Background. The activity and the role of methylarginine in diabetic patients are subject to continuous 
research. The mechanism through which diabetes or insulin resistance increases asymmetric dimethylargi-
nine (ADMA) serum levels is not fully understood. Studies indicate increased ADMA serum levels in patients 
with hypertension, hypercholesterolemia and hyperhomocysteinemia. 

Objectives. The aim of the study was to assess the changes in ADMA levels and its derivatives related 
to the current disease process, as well as the levels of selected prothrombotic factors and their changes 
induced by physical activity.  

Material and methods. The study included 44 patients: group A (22 patients) – patients with diabetes 
with no vascular complications with mean age of 55.83 ± 7.37 years; and group B (22 patients) – healthy 
volunteers with the mean age of 51.16 ± 6.39 years. The authors’ questionnaire was used to collect socio-
demographic data in the study group. Physical exercise (Nordic walking) was practiced once per day for 
30 min, 5 times a week. The assessment of peripheral blood parameters was performed using the ABX 
MICROS OT 16-parameter hematology analyzer. Additionally, chromatographic assay of serum levels of  
L-arginine, ADMA and symmetric dimethylarginine (SDMA) was performed.  

Results. There were statistically significant differences in ADMA levels in the respondents with type 2 
diabetes vs healthy volunteers after training (0.763 ± 0.043 vs 0.532 ± 0.046; p = 0.001). 

Conclusions. ADMA and SDMA levels in diabetic patients significantly exceeded standard values.  
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Although methylarginines have been known for a  long 
time, they have gained more interest since 1992, when Pat-
rick Vallance et al. were the first to note that ADMA inhibits 
nitric oxide production. Vallance P. demonstrated that pa-
tients with end-stage renal disease show a 10-fold increase in 
asymmetric dimethylarginine (ADMA) serum levels.1 The 
researchers suggested that the premature atherosclerosis in 
these patients might have been partly associated with a dys-
functional L-arginine-NO system due to high ADMA lev-
els.1 A number of studies showed increased ADMA serum 
levels in patients with hypertension, hypercholesterolemia, 
hyperhomocysteinemia, diabetes and insulin resistance.2–7

Stuhlinger et al. observed increased ADMA levels in pa-
tients with insulin resistance and in diabetic patients.5–7  
In patients with type 2 diabetes, a single high-fat meal rap-
idly increased ADMA levels, which resulted in reduced 
endothelial function-related vascular relaxation.8 The 
mechanism through which diabetes or insulin resistance 
increases ADMA serum levels is not fully understood.9 

Diabetes is a chronic disease associated with long-term 
metabolic impairment causing changes in macro- and mi-
crocirculation, which leads to irreversible damage to mul-
tiple organs. Type 2 diabetes, also known as adult-onset 
or noninsulin-dependent diabetes, accounts for approxi-
mately 90–95% of all cases. It results from an interaction 
between genetic predisposing factors and environmental 
factors, primarily including excessive accumulation of en-
ergy substrates. It is believed that progressive dysfunction 
of pancreatic beta cells and concomitant insulin resistance 
are responsible for the development of this condition. 
Chronic hyperglycemia results in the dysfunction, damage 
and failure of many organs, especially the eyes, kidneys, as 
well as cardiovascular and nervous system complications.10

Particular attention is paid to vascular complications in 
type 2 diabetic patients. Endothelial dysfunction is often 
an essential element in long-term disease. The function 
of free radicals and defense processes in the form of anti-
oxidant defense systems are also important. Nitric oxide is 
a kind of free radicals sweeper and shows antiproliferative 
activity. The products of non-enzymatic glycation of pro-
teins affect endothelial dysfunction and NO inactivation 
in type 2 diabetic patients. Furthermore, decreased activity 
of the enzyme dimethylarginine dimethylaminohydrolase 
(DDAH), an enzyme responsible for degrading asymmetric 
dimethylarginine (ADMA), which is an inhibitor of vas-
cular NO synthesis, was observed under oxidative stress 
conditions. Accumulation of ADMA can contribute to 
vasodilator dysfunction in diabetes.11 Chronic hyperglyce-
mia and accumulation of glycation end products can cause 
structural and functional impairment of platelets as well 
as their excessive aggregation in diabetic patients. The en-
dothelial response involves secretion of vasomotor agents 
that have effects on coagulation and fibrinolysis.12 Von 
Willebrand factor (vWF) is a glycoprotein synthesized in 
the subendothelial space and megakaryocytes. It mediates 
platelet adhesion to endothelial cells as well as transport of 

coagulation factor VIII. Its levels are associated with BMI, 
age and hypertension. It has been shown that this factor has 
prognostic value in cardiovascular diseases.13

Health effects of physical activity are discussed in mul-
tiple fields of medicine. Individuals with the symptoms 
of metabolic syndrome are usually recommended to ex-
ercises for longer durations but with lower intensity. The 
American College of Sports Medicine recommends that 
exercise should be performed 3–5 times a week for at last 
20–60 min. Regular physical activity decreases blood 
pressure, normalizes carbohydrate and lipid metabolism, 
as well as improves the endothelial function and oxygen-
ation of tissues. These changes are very significant as they 
contribute to longevity and improve the comfort of life.14 

Normal endothelial function ensures vascular homeo-
stasis. Endothelial activation and the release of multiple 
transmitters trigger the development of atherosclerotic le-
sions, which are extremely dangerous in diabetic patients.15

The aim of this study was to evaluate the components 
of ADMA depending on the current disease process as 
well as to attempt to identify a relationship between the 
effects of physical training on changes in the levels of 
ADMA and its derivatives. Additionally, vWF and fibrin-
ogen were investigated as indicators of severe prothrom-
botic processes in type 2 diabetic patients.

Material and methods

The study group included type 2 diabetic patients without 
vascular complications (group A, n = 22), 9 females and 13 
males aged 40 to 60 years (mean age 55.83 ± 7.37 years) and 
with diabetes duration of 5 up to 15 years (mean duration 
5.32 ± 1.70 years). Patients in this group had negative results 
of the ischemic heart disease, normal resting ECG results, 
no symptoms of peripheral vascular disease and limit values 
of ankle brachial index (0,9), average intima-media thick-
nesses (Avg-IMT) of carotid artery in duplex-doppler USG, 
normal urinary albumin excretion rate and no diabetic 
rethinopathy. Diabetes was diagnosed according to the cur-
rent guidelines of Polish Diabetology Association.

Fig. 1. Qualification process for the study group
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The control group included healthy volunteers (group B, 
n = 22), 12 females and 10 males aged 40 to 60 years (mean 
age 51.16 ± 6.39 years) matched with the study population 
in terms of age and gender.

Careful analysis of disease course, a thorough physical 
examination, BMI determination, repeated measuremens 
of blood pressure and rest electrocardiography were per-
formed in all patients previously enrolled in the study.

The inclusion criteria were as follows:
• type 2 diabetes with duration more than 5 years;
• age above 18;
• lack of clinical symptoms of lower limbs ischemia;
• treatment with oral therapy and insulin.
Criteria for exclusion from the study:
• active infection;
• dysfunction of organ movement;
• congestive heart failure of NYHA grade > II;
• acute coronary syndrome in last 4 weeks;
• poorly controlled diabetes assessed as HbA1c > 7.5%;
• dementia/mental disability confirmed in medical 

documentation or in MMSE (Mini-Mental State Exami-
nation) questionnaire. Table 1 shows the characteristics 
of the study groups in terms of gender, age, BMI, waist 
and hypertension.

Study design

Eligible patients who signed informed consent par-
ticipated in the uncontrolled non-randomized interven-
tional study. Patients were instructed on how to march 
with trekking sticks during their hospital stay. In the next 

3 days their training was supervised by a physiotherapist 
and corrected if needed. The level of glucose was estimat-
ed after the effort directly and an hour later. In the case of 
a severe decrease in glucose level, the hypoglycemic ther-
apy was modified for the needs of exercising. The per-
son exercising had to perform the exercises for 6 weeks, 
5 days per week, for 30 min, and to record glucose lev-
els according to suggestions. After 6 weeks of non-su-
pervised training, all patients underwent examination 
including blood test (biochemistry) during an outpatient 
visit. The control group was not subjected to the physical 
training program, but was only used as a benchmark for 
the compared groups of diabetic patients. 

In the morning, all subjects had their venous blood col-
lected from the elbow to assess peripheral blood cell count 
using the ABX MICROS OT 16-parameter instrument: 
hematologic, lipid metabolism, creatinine, urea, uric acid 
and fibrinogen levels. An additional measurement of 
HbA1c percentage was performed in diabetic patients. 

Concentrations of ADMA, SDMA and L-arginine in 
blood plasma were indicated with the application of the 
HPLC method with fluorescent detection. SPE (solid 
phase) extraction method was applied in preparation of 
the plasma for analysis, using Varian’s SCX 50 columns. 
Before being dispensed onto the Water Co.’s Symmetry 
C18, 150 × 4.6 mm, 5 um chromatographic column, the 
obtained analytes were subjected to a  process of deri-
vatisation, with OPA reagent (o- diphtalaldehyd). Test 
samples and standards were eluated form the column in 
isocratic system, with the solution of 12% v/v acetonitrile 
in K-phosphate buffer (50 mM, pH 6.6), flow 1.1 mL/min 
and temperature of 35°C. The wavelengths of the detec-
tor’s excitation and emission were 340 and 450 mm re-
spectively. Varian’s equipment, consisting of Pro Star 240 
pomp, Pro Star 363 spectrofluorescent detector, Pro Star 
410 automatic sample changer and Star Chromatography 
Workstation software v. 6.3, was used in HPLC analysis. 
The obtained values are expressed in μmol/L.

Serum levels of vWF, the marker of vascular endothe-
lial cell activation/destruction, were assessed in the blood 
sampled in the morning, from the antecubital vein into 
tubes containing 3.2% sodium citrate. Within 30 min 
from the collection, the blood was centrifuged for 15 min 
at 3,000 × g. The obtained plasma was stored at -80°C 
until designation. The studies were conducted with the 
application of ELISA method, using Diagnostica Stago’s 
Asserchrom® VWF: Ag sets (catalogue number: REF 
00942). The values of concentration are expressed in % of 
the standard values.

Behring Coagulation Timer’s equipment was used for 
the examination of fibrinogen concentration. The study 
was conducted in the laboratory of the University Clinic 
Hospital in accordance with the procedures applicable in 
the institution. 

An original questionnaire, investigating sociodemo-
graphic structure of the examined groups, their age, level 

Table 1. Clinical characteristics of subjects 

Parameters

Study groups

Significance 
of differences

type 2 
diabetes 

group 
(group A)

control group  
(group B)

N 22 22

Females 9 12

Males 13 10

Age (years) 55.83 ± 7.37 51.16 ± 6.39 A vs B; ns

Time since 
diabetes 
diagnosis (years)

5.32 ± 1.70

BMI (kg/m²) 30.91 ± 5.76 27.66 ± 4.27 A vs B; ns

Waist (cm) 102.00 ± 9.84 99.83 ± 9.01 A vs B; ns

Hypertension (%) 72.7% 18%

The results are shown as mean values ± standard deviation; ns – not 
statistically significant.
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of education and place of living was used in the study. 
Signs of the disease, its duration, course of previous 
treatment and co-occurring illnesses were subjects of the 
analysis. 

The study was approved by the local Bioethics Com-
mittee of the Medical University in 

The following tests were used for statistical analysis: 
the Mann-Whitney U test – a nonparametric alternative 
to t-Student test for two independent samples. Kruskal-
Wallis test, Wilcoxon test, Spearman’s nonparametric 
correlation coefficient. The significance level accepted in 
the study was p < 0.05.

Results

We found that compared with controls, diabetic pa-
tients showed higher BMI and waist circumference 
(30.91 ± 5.76 vs 27.66 ± 4.27 kg/m²; 102.00 ± 9.84 vs 
99.83 ± 9.01 cm). The prevalence of hypertension was 
also higher in diabetic patients (72,7% vs 18%) Subjects 
in the control group had high normal blood pressure 
or grade 1 hypertension (according to ESH) lowered by 
pharmacological treatment (Table 1).

Statistically significant differences between diabet-
ics and controls could be observed in relation to HbA1c 
(8.46 vs 6.20, p = 0.01), HDL (42.16 vs 54.08, p = 0.0083), 
triglycerides (212 vs 124, p = 0.001) and creatinine (1.02 
vs 0.88, p = 0.031). Changes in the serum levels of other 

biochemical markers were within the range of generally 
accepted laboratory standards (Table 2).

ADMA and SDMA serum levels in diabetic patients 
were statistically significantly higher compared to con-
trols (p = 0.001). L-arginine levels in patients were lower 
than those in controls, but the differences did not reach 
statistical significance. There was a  statistically signifi-
cant difference in vWF between the groups (p  =  0.03). 
The concentration of von Willebrand factor was higher 
in the group of patients with type-2 diabetes. (Table 3). 

Among the selected laboratory assessments of meta-
bolic control of diabetes, statistical significance was 
reached by a negative correlation related to ADMA and 
HDL cholesterol levels (correlation coefficient -0.615, 
p = 0.05). There was a statistically significant correlation 
between SDMA and creatinine levels (correlation coef-
ficient 0.582, p  =  0.05). The other evaluated biochemi-
cal parameters did not show any significant relationship 
with ADMA in the study groups (Table 4). 

In the group of patients, ADMA serum levels tended 
to decrease due to physical training, but the difference 
was statistically insignificant; the levels were still higher 
compared to those in controls, but the difference from 
the standard was statistically significantly lower com-
pared to baseline (p = 0.01). Physical exercise had greater 
effects on SDMA reduction, and the difference from the 
values before physical training was statistically signifi-
cant in group A (p = 0.04). A significant training-related 
decrease in vWF levels in the group of patients (p = 0.01) 
resulted in data similar to those obtained in the control 
group. In the case of fibrinogen, the difference between 
the physical exercise group and healthy volunteers was 
not statistically significant (Table 5).

Table 2. Basic laboratory parameters in patient populations 

Parameters

Study groups

Significance 
of differences

type 2 
diabetic 
patients 

(group A)

controls 
(group B)

N 22 22

Leukocytosis 
(thousand/µL)

7.63 ± 1.83 5.68 ± 1.32 A vs B; ns

Platelets 
(thousand/µL)

204.41 ± 38.44 232.5 ± 65.48 A vs B; ns

Fasting glycaemia 
(mg/dL)

153.83 ± 25.95 96.91 ± 5.58 A vs B; ns

HbA1c (%)
8.46 ± 3.06
[IRQ 6;6.5;7]

6.20 ± 0.83 A vs B; p = 0.01

Total cholesterol  
(mg/dL)

207.833 ± 51.742 200.41± 43.37 A vs B; ns

HDL (mg/dL) 42.16 ± 4.93 54.08 ± 12.63
A vs B;  

p = 0.0083

LDL (mg/dL) 122.41 ± 38.36 131,16 ± 35,81 A vs B; ns

Triglycerides 
(mg/dL)

212 ± 103.69 124 ± 48.66
A vs B;  

p = 0.001

Creatinine  
(mg/dL)

1.02 ± 0.19 0.88 ± 0.12
A vs B;  

p = 0.031

The results are shown as mean values ± standard deviation; ns – not 
statistically significant.

Table 3. ADMA and selected prothrombotic parameters  
in the groups of patients  

Parameters

Study groups

Significance 
of differences

type 2 
diabetic 
patients 

(group A)

controls 
(group B)

ADMA (µmol/L) 0.794 ± 0.050 0.532 ± 0.046
A vs B;  

p = 0.001

SDMA (µmol/L) 0.842 ± 0.103 0.443 ± 0.071
A vs B;  

p = 0.001

L-arginine 
(µmol/L)

70.620 ± 15.413 82.760 ± 24.901 A vs B; ns

vWF (%) 201.24 ± 87.28 148.06 ± 90.34
A vs B;  

p = 0.03

Fibrinogen (g/L) 3.62 ± 0.60 2.53 ± 0.43 A vs B; ns

The results are shown as mean values ± standard deviation; ns – not 
statistically significant.
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Table 4. Relationship between ADMA and laboratory parameters 

Study groups Type 2 diabetic patients (group A) Controls (group B)

N 22 22

Parameter ADMA (µmol/L) SDMA (µmol/L)
L-arginine 
(µmol/L)

ADMA (µmol/L) SDMA (µmol/L)
L-arginine 
(µmol/L)

Total cholesterol (mg/dL) -.151 .431 -.217 -.204 .266 .301

HDL (mg/dL) -.615* -.113 .088 -.102 .470 .144

LDL (mg/dL) .007 .476 -.091 -.394 -.105 .503

TG(mg/dL) -.490 .259 -.371 .106 .252 -.315

Glycaemia (mg/dL) -.147 .266 -.406 .155 -.232 .014

HbA1c (%) -.228 .021 -.175 .131 -.285 -.214

Creatinine (mg/dL) -.519 .582* -.144 .123 -.389 -.221

Leucocytes (thousand/µL) .154 -.252 .441 -.046 -.011 -.266

Uric acid (mg/dL) -.326 .411 -.365 .071 -.130 -.018

Albuminuria (g/dL) .126 .315 .133 .394 .357 0.000

The results are shown as mean values ± standard deviation; ns – not statistically significant.

Discussion

Asymmetric dimethylarginine (ADMA) is a naturally 
occurring amino acid in the human body. It is detected in 
blood serum and multiple organs, and is excreted in the 
urine. Methylarginines, which are similar to L-arginine, 
but differ in the presence of 1 or 2 methyl groups, are 
strong endogenous inhibitors of nitric oxide – a  strong 
vasodilator and anti-atherogenic factor. So far, it has not 
been established whether ADMA generation is constant 
or if the increased PRMT (protein methyltransferase) 
expression leads to a  significant increase in ADMA se-
rum levels. Also, it is not clear whether increased pro-
tein catabolism has any effects on ADMA serum levels.  
According to literature reports, the route of methylated 
arginine excretion is also responsible for the impairment 
of the excretory route, which is the main cause of in-
creased ADMA and SDMA levels in patients with chron-
ic renal impairment. It is estimated that humans gener-
ate approximately 300 µmol of ADMA per day, of which 
about 250 µmol is metabolized by DDAH (dimethylargi-
nine dimethylaminohydrolase), and 50 µmol is excreted 
in the urine.16

Traditional risk factors for atherosclerosis, which can 
lead to vascular endothelial damage, are based on con-
tinuous generation of nitric oxide (NO). ADMA, which 
blocks its formation, initiates and maintains atheroscle-
rotic development. Increased ADMA levels in diabetic 
patients indicate an ongoing atherosclerotic process.17 

Both macro- and microangiopathic complications have 
significant effects on the quality of life and functioning 
of patients, acting as a predictor of further life duration. 
Our study showed increased ADMA serum levels in type 
2 diabetic patients (0.794 vs 0.532, p = 0.001) compared 
to controls. Despite the fact that SDMA has no inhibi-
tory effects on nitric oxide synthase (NOS) and is almost 
fully excreted via the kidneys, its levels in the study group 
were significantly higher compared to healthy volunteers 
(0.842 vs 0.443, p = 0.001).

Abbasi and Lin also confirmed increased ADMA levels 
in patients with insulin resistance as well as in diabetic 
patients.6 Although the mechanism underlying the in-
crease in ADMA in diabetic patients is not fully under-
stood, it is assumed that glucose has inhibitory effects on 
DDAH activity. In the study by Achan, whose aim was 
to assess the physiological processes following ADMA 
administration in healthy volunteers (achieving a 3-fold 
increase in ADMA serum levels), reduced heart rate, de-
creased ejection fraction, increased peripheral resistance 
and elevated blood pressure were observed.18

In our study, a  significant relationship between HDL 
and ADMA may be observed in the analysis of cholester-
ol fractions relative to ADMA and its derivatives. This is 
a negative correlation of -0.615 (p = 0.05). No other corre-
lations related to these variables were found. Anti-athero-
genic functioning of HDL cholesterol involves antiphlo-
gistic, antioxidative, and vascular diastolic mechanisms 
and adjusting the function of vascular endothelium.  
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The results of the Treating to New Targets (TNT) study 
testify to the significant role of this fraction of lipids in in-
hibition of atherogenesis. The analysis of the data showed 
that despite the decrease of the LDL cholesterol concen-
tration below 70 mg/dL, there still exists a  high risk of 
cardio-vascular disease connected with the low concen-
tration of HDL cholesterol – the difference in the risk be-
tween persons from the lowest and the highest quintile 
of HDL cholesterol concentration, after controlling for 
sex, age, BMI, tobacco smoking, glucose, triglycerides, 
diabetes, myocardial infarction, and arterial hyperten-
sion, was 39%, independently from the treatment with 
statins.3,19 The quoted authors’ observations were con-
firmed by the present surveys. In both groups of analyzed 
patients, the concentration of HDL-fraction cholesterol 
was significantly lower in comparison with healthy per-
sons (p = 0.0083; p = 0.0087). The values of the standard 
triglyceride concentration in the blood serum were also 
higher in these patients (p = 0.001; p = 0.015).

Chan et al. demonstrated in their studies that LDL cho-
lesterol, by increasing the activity of type I protein meth-

yltransferase, enhances ADMA production, whereas by 
decreasing the activity of DDAH, it reduces its metabo-
lism.19 These mechanisms account for increased ADMA 
levels in patients with hypercholesterolemia.

Vascular endothelium, which plays a  significant role 
in the pathogenesis of vascular lesions in the course of 
diabetes, not only acts as a specific barrier, but, through 
multiple interactions at the molecular level, it primarily 
regulates homeostasis and normal blood flow, as well as 
proliferation of the endothelial cells of vascular walls; it 
also affects vascular wall permeability and the inflamma-
tory response via multiple mediators.20 Its damage results 
in the release of substances considered to be an indica-
tor of endothelial function, such as vWF, into the blood-
stream. It is responsible for proper adhesion of platelets 
to the subendothelium and protects factor VIII by form-
ing inactive complexes with this factor. Kotschy et al. ob-
served higher levels of vWF in a group of diabetic patients 
compared to controls (p < 0.000).21 There was no such re-
lationship for gender or age of the subjects. As in the case 
of concomitant proliferative retinopathy, hypertension or 

Table 5. The effects of physical training on ADMA parameters and prothrombotic factors  

Parameter Type 2 diabetic patients 
(group A) Controls (group B) significance of 

differences

N 22 22

ADMA (µmol/L)

before training 0.794 ± 0.050

0.532 ± 0.046 p = 0.01after training 0.763 ± 0.043

significance of differences Ns

sDMA (µmol/L)

before training 0.842 ± 0.103

0.443 ± 0.071 p = 0.01after training 0.733 ± 0.090

significance of differences p = 0.04

L-arginine (µmol/L)

before training 70.620 ± 15.413

82.760 ± 24.901 nsafter training 79.229 ± 12.830

significance of differences p = 0.05

vWF(%)

before training 201.24 ± 87.28

148.06 ± 90.34 nsafter training 163.06 ± 55.13

significance of differences p = 0.01

Fibrinogen (g/L)

before training 3.62 ± 0.60

2.53 ± 0.43 nsafter training 3.24 ± 0.72

significance of differences ns

The results are shown as mean values ± standard deviation; ns – not statistically significant.
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smoking tobacco had no significant effects on vWF levels 
in diabetic patients.

Our results confirmed the above-mentioned relation-
ships. The vWF values were higher in diabetic patients 
than in healthy volunteers (201.24 vs 148.06, p  =  0.03), 
and the differences were statistically significant, which 
may indicate vascular endothelial cell damage. Similar 
results were obtained by Fujiwara et al., who observed 
higher vWF levels in patients with type 2 diabetes addi-
tionally complicated by retinopathy.22

There are various metabolic changes during physical 
exercise, depending on training duration.23 At each train-
ing stage, there is an increase in the energy demand in the 
working muscles, the source of energy changes – initially 
glycogen is a source of energy, but after approximately 30 
min it is replaced by substrates from blood and free fatty 
acids. Long-term improvement in glycemic control in pa-
tients who exercise systematically is more likely to result 
from cumulative effects of the individual training ses-
sions than from overall improvement in the fitness level 
of the patient.23

Our results confirmed the reduction in vWF levels 
(201.24 vs 163.06%; p  =  0.01) due to physical training. 
The differences were statistically significant. Intensive, 
exhausting training causes hypercoagulation, especially 
in individuals who do not train regularly. This results 
from the overproduction of thrombin, increased aggre-
gation of platelets as well as increased activity of coagu-
lation factors, especially factor VIII and vWF. Increased 
fibrinolytic activity was also observed following physi-
cal exercise. However, these changes were reversible.  
At rest, these parameters returned to normal or even 
decreased. Considering the long-term physical exer-
cise, adaptive changes may reduce the risk of cardiovas-
cular events and thrombosis.24–26 Own studies did not 
prove, as programmed physical training influenced the 
results of ADMA in the essential way. The values of this 
parameter fell down from 0.794 imperceptibly ±  0.050 
vs 0.763  ±  0.043  µmol/L. Schlager et al. achieved dif-
ferent results in their study.27 Physical training lasting 
6  months reduced the ADMA level simultaneously en-
larging angiogenesis and improving the endothelial func-
tion. Teplan et al. reached similar results.28 They noticed 
the downgrade of ADMA from 3.50 ± 0.45 vs 2.11 ± 0.35 
µmol/L in patients after kidney transplant who exer-
cised regularly.28 Also, Mittermayer et al. confirmed the 
downgrade of this parameter after regular exercise.29 Our 
studies showed changes in SDMA and L-arginine levels, 
which occurred due to planned, physical training. SDMA 
decreased from 0.842 to 0.733 (p = 0.04) and the changes 
were significant both in the patient group and when com-
pared to controls. L-arginine level increased from 70.620 
to 79.229 (p = 0.05). Fibrinogen values slightly decreased 
and did not show statistical significance when the physical 
exercise group was compared to the healthy volunteers. 
Since it is impossible to compare the obtained results, fur-

ther exploration of the subject matter with a higher num-
ber of respondents as well as an analysis of other, also im-
portant, variables is necessary. It may be assumed, based 
on the changes in the levels of endothelial homeostatic 
processes, that the severity of inflammatory processes 
decreased, and the additional modification of the lipid 
process could only have beneficial effects on the human 
organism.30,31

Conclusions 

Increased concentration of ADMA and negative corre-
lation with the HDL rigor confirm relationship of disor-
ders in endothelial function with incorrect metabolism of 
lipids at patients with type 2 diabetes.

The decrease of vWF level in the consecution of regular 
physical training shows on his profitable influence on the 
functional condition 

We demonstrated decreased severity of thrombotic 
processes (vWF) resulting from regular physical activity, 
which had additional positive effects on the metabolic 
profile of the disease. 
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