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List of abbreviations 

 

ACC American College of Cardiology hsCRP high-sensitivity C-reactive protein 

ADP adenosine diphosphate i.e. id est 

AHA American Heart Association IL6 interleukin 6 

AI aggregation index KDIGO Kidney Disease Improving Global Outcome 

ASA acetylsalicylic acid LDH lactate dehydrogenase 

BAO basic acid output LDL low-density lipoprotein 

BMI body mass index MCHC mean corpuscular hemoglobin concentration 

BUN blood urea nitrogen MCV mean corpuscular volume 

CAD coronary artery disease MET metabolic equivalent 

CGRP calcitonin gene-related peptide NR nonresistant 

CMV cytomegalovirus NR-PC nonresistant, positive control 

COX cyclooxygenase NR-RT nonresistant renal transplanted 

CR cardiac rehabilitation NSAID non-steroidal anti-inflammatory drugs 

CV cardiovascular PC positive control 

e.g. exempli gratia PDE phosphodiesterase 

EBV Epstein-Barr virus PPP platelet pure plasma 

ECG electrocardiography PRP platelet rich plasma 

EI elongation index PV plasma viscosity 

EImax maximal elongation index R resistant 

ESC European Society of Cardiology RBC red blood cell 

FDA Food and Drug Administration R-PC resistant, positive control 

FIS fatigue impact scale R-RT resistant, renal transplanted 

GGT gamma-glutamyl transpeptidase RT renal transplanted 

GMBF gastric mucosal blood flow SCORE systemic coronary risk evaluation 

GOT glutamic-oxaloacetic transaminase SS1/2 shear stress required for half of EImax 

GPT glutamic-pyruvic transaminase TNFα tumor necrosis factor α 

HBsAg hepatitis B surface antigen TRPV transient receptor potential vanilloid 

Hct hematocrit TXA2 thromboxane A2 

HCV hepatitis C virus UGIC upper gastrointestinal complication 

HDL high-density lipoprotein UK-HARP-I United Kingdom Heart and Renal Protection 

HIV human immunodeficiency virus WBV whole blood viscosity 
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Prologue 

 

From cardiovascular risk stratification to cardiovascular risk management 

In the past few decades, mortality of coronary artery disease has decreased substantially in 

the industrialized countries, but it still remains the leading cause of premature death 

worldwide. In addition to the optimal pharmacological therapies and modern 

revascularization procedures, numerous preventive strategies have been created with a view 

to the further reduction of morbidity and mortality of CAD (89). 

Preventive strategies should be classified as primary and secondary prevention. Primary 

prevention means the avoidance of cardiovascular diseases through lifestyle and 

environmental changes. Secondary prevention describes the medical treatment of patients 

after cardiovascular events to avoid furthers. The exact differentiation between primary and 

secondary prevention among a young or middle-aged population can not be defined easily, 

because underlying atherosclerosis can be found even in young, healthy people with no 

symptoms and in patients with definitive cardiovascular diseases. 

Therefore, two main preventive strategies were developed by Geoffrey Rose in 1985: the 

population and the high-risk strategy (91). The population strategy aims to reduce the 

incidence of CAD among a large population with long-time lifestyle and environment 

changes e.g. regular physical activity, ban of smoking, reduction of salt and fat intake. The 

limitation of this approach is that it provides more for the whole population but the 

individuals benefit less. In the opposite, the high-risk strategy reaches patients with a high 

cardiovascular risk, and helps to manage the cardiovascular risk factors i.e. medication for 

hypertension, for elevated lipid or fasting glucose level, antiplatelet therapy, smoking 

cessation programs, cardiac rehabilitation programs (including not just medical supervision 

but basic medical education, dietary consultation, psychological guidance and physical 

training designed by a physiotherapist). Although the population strategy is more cost-

effective, the effective pharmacological therapy, the successful smoking cessation and 

cardiac rehabilitation programs resulted in an increased efficiency of the high-risk strategy. 

Nevertheless, the best prevention could be achieved by the combination of the two 

approaches. 

The appropriate risk management requires precise risk stratification including consideration 

of all cardiovascular risk factors. Accurate risk assessment could help to avoid the under-
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treatment of patients suffering from a small number but “major” risk factors as well as the 

inappropriate over-use of invasive or non-invasive therapies in subjects with low 

cardiovascular risk. To promote the quick but proper risk estimation, it is recommended to 

use the SCORE system currently (2). The SCORE system evaluates the 10-year risk of the first 

fatal atherosclerotic event e.g. myocardial infarction, stroke and peripheral arterial disease 

using age, gender, smoking, systolic blood pressure and total cholesterol level (2). Since the 

first publication of the results from the SCORE cohort in the late 80’s, the system has been 

recalibrated several times, because it predicted higher risk for countries where the 

cardiovascular mortality showed reduction and lower risk for countries where it became 

higher. Accordingly different SCORE systems were developed for low-risk (e.g. Austria, 

Belgium, Finland, France, Germany) and high-risk (e.g. Hungary) countries. In countries with 

very high cardiovascular risk (e.g. Bulgaria, Latvia, Lithuania, Russia, Ukraine) the SCORE 

system could underestimate the absolute cardiovascular risk. There exists a third SCORE 

chart for the assessment of the relative cardiovascular risk, to advance the adjudication of 

the beneficial effect of lifestyle changes in young people with low absolute risk (88). 

Factors for risk assessment are age, gender and genetic background, also known as 

nonmodifiable parameters of a patient. The traditionally called “major” but modifiable 

(consequently preventable/treatable) risk factors are hypertension, dyslipidemia, diabetes 

mellitus, smoking, overweight, lack of regular physical activity (88). Other modifiable factors 

are the psychological factors e.g. low socio-economic status, lack of social support, social 

isolation, stress at work or in family, depression, anger and type D personality (negative 

emotional affectivity and avoidance of social contacts). These could inhibit the effectiveness 

of a treatment; however certain psychological factors could also play a part in the 

development of cardiovascular diseases. Further important modifiable risk factors are: 

elevated high-sensitivity C-reactive protein, inflammatory cytokines (e.g. IL-6, TNF-α) and 

fibrinogen, inflammatory diseases (e.g. influenza, rheumatoid arthritis, SLE), obstructive 

sleep apnoea, chronic kidney disease, abnormal hemorheological factors.  

According to the medical history (co-morbidities, clinical chemistry) and the SCORE value, 4 

risk groups could be generated. Very high risk patients are those with previous 

cardiovascular and/or cerebrovascular event, and/or peripheral arterial diseases, as well as 

with known diabetes mellitus, chronic kidney disease or a calculated SCORE ≥10%. To the 

high risk group belong patients suffering from one elevated risk factor (dyslipidemia or 
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hypertension), diabetes mellitus, moderate kidney disease or a calculated SCORE of ≥5% and 

<10%. Moderate risk have subjects with SCORE ≥1 and <5%, low risk category could be 

described by SCORE <1% (88). 

After risk stratification an appropriate risk factor management should be started. In 

generally subjects with low cardiovascular risk (SCORE <1%) should be advised to maintain 

this status. Patients with an absolute risk of ≥5% SCORE require intensive medical 

supervision, lifestyle changes and they could benefit from drug therapy. Patients with >10% 

SCORE require drug treatment as well as additionally lifestyle changes. While there exist a 

prevention strategy for almost all of the modifiable risk factors, not every risk factor can be 

treated/prevented by medical therapy (see above: nonmodifiable factors) (88). 

Correct risk factor management includes lifestyle changes i.e. changes in behavioral 

patterns, effective communication, stress management, smoking cessation intervention (a 

cornerstone in successful cardiovascular prevention) with or without pharmacological 

therapies, healthy diet (mediterranean diet in first line), moderate alcohol consumption 

(mainly red wine, containing antioxidants – French paradox), reaching BMI <25 kg/m2 and 

>20kg/m2 and regular physical activity (healthy subjects 2.5-5 hours weekly, cardiovascular 

patients 3X30 minutes weekly). These changes could be applied in the primary as well as in 

the secondary prevention strategies (88). 

Beneath lifestyle changes several conditions should be medically treated in case of clinical 

symptoms. Psychosocial problems could be managed by individualized or group 

psychotherapy and by certain medication against depression and anxiety. Appropriate 

treatment should be started for hypertension (thiazides, beta-blockers, calcium antagonists, 

ACE inhibitors, and angiotensin receptor antagonists), diabetes mellitus type 1 and 2, 

hypercholesterinemia and hypertriglyceridemia (statins, fibrates, bile acid sequestrants, 

niacin, selective cholesterol absorption inhibitors), and against thromboembolic events 

antiplatelet therapy (acetylsalicylic acid, clopidogrel, prasugrel, ticagrelor) (88). The above 

mentioned therapeutical options (applied according to the latest guidelines) are part of the 

secondary prevention of cardiovascular diseases (88). 
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Clinical role of hemorheological parameters 

Hemorheology is focusing on the flow properties of the blood. In the last few decades 

several studies have indicated, that abnormal rheological factors should be handled as risk 

factors of cardiovascular and cerebrovascular diseases (9, 109). Impairment of these factors 

could be responsible for tissue hypoperfusion and disturbances in the microcirculation (19, 

57, 71).  

 

Hematocrit: 

Hematocrit is the mostly used hemorheological parameter in the clinical routine describing 

the percentage of the cellular fraction of the whole blood. The normal value is between 35-

45 %, and it affects all the other hemorheological parameters. 

 

Whole blood and plasma viscosity: 

Viscosity is the intrinsic friction of the fluids. Literature describes two types of fluids 

regarding the flow characteristics. Accordingly we can differentiate Newtonian and non-

Newtonian fluids regarding the relationship between shear stress and velocity gradient. 

Whole blood viscosity (Cassonian fluid - a type of non-Newtonian fluids) is influenced by the 

hematocrit, plasma viscosity, red blood cell aggregation (at low shear rates) and 

deformability (at high shear rates). Elevated whole blood viscosity (hyperviscosity) can be 

induced by exsiccosis and myeloproliferative diseases as well as chronic hypoxia (due to 

secondary polycythemia). 

Plasma viscosity is determined by the quantity of the plasma proteins (fibrinogen and certain 

globulins) as well as the triglyceride level (60). Although smoking increases plasma viscosity 

by accelerating the progression of chronic bronchitis, physical activity decreases fibrinogen 

level leading to decreased plasma viscosity (60). 

 

Red blood cell aggregation: 

Red blood cell aggregation is a reversible process and occurs at low shear conditions or at 

stasis. The process has three different phases: 1) without shear forces rouleaux formation 

(cells in a row like stack of coins) appears in few minutes then 3 dimensional aggregates 

appear, 2) the aggregates starts to sink with a permanent velocity, 3) sinking slows down 

then finally stops. This hemorheological parameter depends on hematocrit, intrinsic cell 
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characteristics (also known as red blood cell aggregability) and the quantity of plasma 

proteins and lipids. 

In the background of the process two parallel theories can be found. According to the 

bridging theory red blood cell aggregation is caused by macromolecules promoting the 

connection of the cells. On the other hand, the depletion layer theory suggests that the 

decreasing macromolecules concentration creates an osmotic gradient between two 

erythrocytes leading to cell-cell interactions (14). 

Increased red blood cell aggregation could be found in cardiovascular diseases, myeloma 

multiplex, sepsis, autoimmune disorders and malignant conditions caused by the elevated 

level of certain plasma proteins (102). 

 

Red blood cell deformability: 

Red blood cell deformability is a pivotal ability of the cells to pass the capillary system which 

is required for sufficient tissue oxygenation. Deformability is determined by the internal 

viscosity of the cell, the membrane viscoelasticity, the surface-volume ratio and the 

morphology of erythrocytes. 

Routinely measured lab parameters are the MCV and the MCHC referring to the surface-

volume ratio and the intrinsic viscosity of red blood cells, respectively. These parameters are 

mainly modified in hemoglobinopathies (thalassemia, sickle cell disease) caused by 

pathological hemoglobin formation. 

Modifications in the structure of the membrane proteins and the underlying cytoskeleton 

network can have genetic origin (herediter spherocytosis or elliptocytosis) and can also be 

changed by oxidative stress or mechanical trauma on the cells (artificial heart valve, 

extracorporeal circulation). 

 

Platelet aggregation: 

Platelet aggregation has a key role in the arterial thrombus formation. The activation of this 

process is mostly evoked by endothelial injury where free collagen releases ADP, 

epinephrine, serotonin and TXA2 from platelets. These substrates accelerate and sustain 

platelet aggregation.  

Acetylsalicylic acid is one of the most important antiplatelet agent in primary and secondary 

prevention of cardio- or cerebrovascular events (95, 5, 37, 46, 92, 99, 115, 122), but routine 
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control on the efficacy of ASA therapy is now not recommended in patients after 

percutaneous interventions (6). 

 

Methodology 

In our studies the hemorheological measurements were performed within 2 hours after 

blood sampling.  

 

Hematocrit was measured by a micro-Hct centrifuge (Haemofuge Heraeus Instr., Germany).  

 

Whole blood viscosity and plasma viscosity were determined at a shear rate of 90 s-1 with a 

Hevimet 40 capillary viscometer (Hemorex Ltd., Budapest, Hungary). Plasma was prepared 

by a 10-minute centrifugation of whole blood at 1500 g. Measurements were made at 37 °C. 

The ratio of Hct/WBV was utilized to characterize the oxygen transport efficiency of the 

blood (9). 

 

Red blood cell aggregation was measured with both Myrenne (MA-1 Aggregometer, 

Myrenne GmbH, Roentgen, Germany) (10, 121) and LORCA (Laser-assisted Optical Rotational 

Cell Analyzer; R&R Mechatronics, Hoorn, The Netherlands) (10) aggregometers using blood 

samples with native Hct.  

Myrenne provides two dimensionless indices at room temperature (M, aggregation at stasis; 

and M1, aggregation at low shear) using the Schmid-Schönbein principle; both M and M1 are 

increased with enhanced red blood cell aggregation. 

LORCA aggregometer determines RBC aggregation index at 37 °C via syllectometry (i.e. laser 

backscattering versus time). The RBC disaggregation threshold (γ) describes the minimal 

shear rate which is needed to prevent RBC aggregation formation. It was was determined 

using a re-iteration procedure. Measurements were made at 37 °C. 

 

RBC deformability was characterized with a LORCA ektacytometer (32) at 37 °C provided 

nine values of elongation index in the shear stress range from 0.3 to 30 Pa. The deformability 

results were analyzed by the Lineweaver-Burke nonlinear equation calculating the maximal 

EI at infinite shear, and the shear stress value required for half of this maximal elongation. 
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For deformability measurements, blood samples were suspended in a highly viscous (32.6 

mPas) polyvinylpyrrolidone solution. 

 

Platelet aggregation measurements were performed by using a Carat TX4 optical 

aggregometer. Blood samples were centrifuged first at 150 g for 10 minutes to obtain 

platelet rich plasma then the centrifugation was repeated at 2500 g to separate platelet pure 

plasma. Following the separation procedure platelet aggregation was determined with Carat 

TX4 optical aggregometer (Carat Diagnostics Ltd, Budapest, Hungary) at 37 °C. Firstly, the 

aggregometer was calibrated with 270 µl PPP (optical density of the sample is 0%) and 270 µl 

PRP (optical density of the sample is 100%) followed by the platelet aggregation induction 

with 30 µl epinephrine (final concentration: 10 µM) added to the PRP sample. Based on the 

Born method, aggregation measurements provide an aggregation index curve describing the 

light transmission intensity changes of the PRP samples (15, 64). Rate of the platelet 

aggregation was determined as the maximum point on the aggregation index curve and 

considered clinically significant and effectively inhibited below 40% in case of efficient 

Aspirin therapy. 
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Focus and aim of the studies 

 

1) Effects of moderate aerobic exercise training on hemorheological and laboratory 

parameters, and on psychological functioning in ischemic heart disease patients: 

The recent guidelines of the European Society of Cardiology and the American Heart 

Association/American College of Cardiology indicate that physical activity has a pivotal role 

in the primary prevention in healthy subjects, and moreover it reduces all-cause and 

cardiovascular mortality, too. Moderate aerobic exercise training in patients with CAD 

improves myocardial perfusion, muscular endurance and psychosocial well-being leading to 

enhanced flexibility, ameliorated symptoms, better cardiorespiratory fitness and a reduced 

CV risk. Training from 2.5 to 5 hours a week can result in a 20-30% CV and all-cause mortality 

risk reduction. In summary, moderate physical activity reduces the CV risk in a dose-

dependent manner in both male and female healthy subjects, and even in patients with 

known CAD (89). 

Prior to this study was never an investigation performed to examine hemorheological 

changes in ischemic heart disease patients during a long-term physical activity. For this 

reason our first study had the aim of determining the beneficial effects of aerobic physical 

training on ischemic heart disease patients participating in a long-term (24 weeks) 

ambulatory cardiac rehabilitation program. 

 

2) Aspirin resistance as cardiovascular risk after kidney transplantation: 

Chronic kidney diseases have a pivotal role in cardiovascular risk assessment. Patients with 

severe, progressive kidney disorders will need temporary or permanent hemodialysis and 

later eventually renal transplantation. 

The controlled legal background of the transplantation procedure and the development of 

modern surgical techniques and immunosuppressive drugs resulted in a better overall 

survival and life quality after kidney transplantation (58, 61). Beyond infections, urological 

complications, malignant disorders and bone diseases the main cause of mortality (35-40 %) 

after renal transplantation has cardiovascular origin (75). 

Based on the high cardiovascular mortality of kidney transplanted patients could be highly 

recommended, that these patients receive daily low dose ASA. While ASA is a widely used 

antiplatelet agent in the primary and secondary prevention of cardio- or cerebrovascular 
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diseases (88, 92, 95), ASA resistance could develop in certain circumstances. The exact rate 

of ASA resistance among renal transplanted patients and the connection between ASA 

resistance and high cardiovascular mortality in the mentioned population has not clearly 

been specified. The aim of our trial was to determine ASA resistance and to describe the 

eventual role of ASA resistance in the cardiovascular mortality among kidney transplanted 

patients. 

 

3) Orally given gastroprotective capsaicin does not modify Aspirin-induced platelet 

aggregation in healthy male volunteers; human phase I. clinical study: 

ASA is an important antiplatelet agent in the primary and secondary preventive care of 

cardio- or cerebrovascular events (95), like stable coronary artery disease, acute coronary 

syndrome, stroke and peripheral artery disease (5, 37, 46, 92, 99, 115, 122). But ASA has 

Janus-faced characteristics; on one hand it prevents cardio,- and cerebrovascular diseases, 

on the other hand causes severe gastrointestinal mucosal damages (bleedings, ulcers), which 

could limit the cardiovascular efficiency of the drug.  

Several investigations were conducted to prevent the gastrointestinal side effects of ASA 

with low doses of capsaicin. Szolcsányi, Barthó (1981) and Holzer started human research 

with capsaicin (20, 49. 50, 102), and these studies have shown that low doses of capsaicin 

can prevent the development of gastric mucosal damage caused by NSAID-s or ethanol (28, 

80, 82, 83, 101). The pathomechanism has not yet been described, but several investigations 

have suggested that capsaicin activates TRPV1, which releases CGRP and substance P in the 

gastric mucosa which enhance the GMBF via vasodilatation in the gastric mucosa, moreover, 

capsaicin reduces the BAO. 

Aims of our recent study were: 1) to investigate the tolerability of capsaicin alone (in 

different gastroprotective doses) and in co-administration with 500 mg ASA; 2) to measure 

the pharmacokinetic parameters of capsaicin alone (administered in two gastroprotective 

doses) and in combination with ASA, 3) to study the ASA-induced platelet aggregation, 4) to 

evaluate the capsaicin action on the platelet aggregation and on the ASA-induced platelet 

aggregation inhibition. 
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Effects of moderate aerobic exercise training on hemorheological and laboratory 

parameters, and on psychological functioning in ischemic heart disease patients 

 

Introduction 

In the past few decades, mortality due to CAD has decreased substantially in the 

industrialized countries thanks to the optimal pharmacological therapies, modern 

revascularization procedures and preventive strategies, but it is still the leading cause of 

death worldwide (89). 

The recent guidelines of the ESC and the AHA/ACC indicate that physical activity has a pivotal 

role in the primary prevention in healthy subjects, and moreover it reduces the all-cause and 

CV mortality too. Moderate aerobic exercise training in patients with CAD improves 

myocardial perfusion, muscular endurance and psychosocial well-being leading to enhanced 

flexibility, ameliorated symptoms, better cardiorespiratory fitness and a reduced CV risk. 

Training from 2.5 to 5 hours a week can result in a 20-30% CV and all-cause mortality risk 

reduction. In summary, moderate physical activity reduces the CV risk in a dose-dependent 

manner in both male and female healthy subjects, and even in patients with known CAD (89. 

Physical activity conducted by physiotherapists and supervised by a cardiologist in a cardiac 

rehabilitation program is an excellent possibility for secondary prevention, where effective 

risk factor management can be achieved through long-term life style changes (89. 

Impaired hemorheological parameters, including reduced erythrocyte deformability and 

increased aggregation, may have a deleterious effect on the vascular system leading to the 

development of various CV, cerebrovascular and peripheral arterial diseases (9, 19, 57, 71, 

109). Whereas publications from the last 25 years have clearly revealed a relationship 

between hemorheological factors and physical training, those studies involved healthy 

volunteers or a small numbers of CV patients participating in short-term (10-12 weeks) 

exercise training. Furthermore, the possible connections between hemorheology and long-

term, moderate aerobic physical activity have not been investigated in a relatively large 

population with ischemic heart disease.  

Our study had the aim of determining the beneficial effects of aerobic physical training on 

ischemic heart disease patients participating in a long-term (24 weeks) ambulatory CR 

program. 
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Methods 

79 non-smoker patients with stable ischemic heart disease (39 males and 40 females, mean 

age: 65.3 ± 5.68 years) were selected for the study; their co-morbidities are presented in 

Table 1. The patients received their medication in accordance with current guidelines for the 

secondary prevention of CAD (76) and with their co-morbidities (Table 2). Modifications in 

either agent or dose were not made during the trial. Patients with an ejection fraction < 

40%, and MET < 5 or a significant ST depression during a treadmill-based exercise tolerance 

test using the Bruce protocol were excluded from the study (31, 51). 

 

population characteristic number of patients % 

is
ch

e
m

ic
 h

e
ar

t 
d

is
e

as
e

 

myocardial infarction 32/79 40.51 

CABG 35/79 
44.3 

previous PCI 18/79 22.78 

proven by coronary angiography or coronary 
CT 

18/79 22.78 

hypertension 71/79 89.87 

diabetes mellitus 24/79 30.38 

 
Table 1 Characteristics of the study population. 

 

medication number of patients % 

cholesterol lowering drugs 70/79 88.61 

antiplatelet drugs 79/79 100 

β-blocker 59/79 74.68 

RAAS inhibitor 65/79 82.28 

 
Table 2 Medication during the 24 week long physical training. 

 

The investigation was approved by the Regional Ethics Committee (licence number: 4378) of 

the University of Pecs and written informed consent was signed by all subjects. 

 

Study design: 

At baseline, the following measurements were performed: psychological tests, resting ECG, 

resting echocardiography, treadmill-based exercise tolerance testing using the Bruce 
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protocol, clinical chemistry (fasting total cholesterol, triglyceride, HDL, LDL, uric acid, hsCRP, 

fasting glucose, total plasma protein, albumin, blood cell counts, fibrinogen, cytokines (TNF-

α and IL-6) and hemorheological measurements (Hct, WBV, the ratio Hct/WBV, PV, red 

blood cell aggregation and red blood cell deformability). 

The patients participated in a 24-weeks physical training program lasting for 1 hour 3 times 

weekly, designed and conducted by a physiotherapist and supervised by a cardiologist. After 

12 weeks, the hemorheological measurements, clinical chemistry (except cytokines) and 

psychological tests were repeated. At the end of the 24 weeks, the resting ECG 

measurements, the treadmill tests with the Bruce protocol, the clinical chemistry, the 

hemorheological measurements and the psychological tests were repeated. 

 

Aerobic exercise training program: 

The aerobic exercise training program was preceded and ended with blood pressure and 

pulse measurements.  

The patients began with warm-up exercises (breathing exercises, and stretching of the large 

joints) for 5-10 minutes. 

In the second phase, they participated in moderate-intensity training, which included CV and 

vascular physiotherapy, supplemented with interval training and intensification of the 

musculature. The aerobic phase lasted 35-40 minutes. Finally, relaxation exercises were 

performed (jogging, stretching and breathing exercises) for 10 minutes. 

 

Blood collecting: 

Blood samples were obtained from the antecubital vein at baseline, after 12 weeks and after 

24 weeks. The blood was collected into two lithium heparin-coated (12 ml), one clot 

activator-coated and gel-containing (5 ml), one potassium EDTA-coated (3 ml) and one 

sodium fluoride and potassium oxalate-coated (2 ml) Vacutainer tube with a 21-gauge 

Eclipse™ Blood Collection butterfly needle set, using a minimal tourniquet. 

 

Hemorheological measurements: 

Hemorheological measurements were performed according to the above mentioned 

methodological description (see page 10-11.). 
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Cytokine measurements: 

Cytokines were determined with an automated chemiluminescence immunoassay system 

(Immulite 1000, Siemens). For TNF-α, a solid-phase chemiluminescent immunometric assay 

(cat. no. LKNF1), and for IL-6, a solid-phase chemiluminescent sequential immunometric 

assay (cat. no. LK6P1) was used. Master calibration and bi-level cytokine controls were 

applied during the runs. 

 

Psychological surveys: 

In order to examine the effects of the 24-week physical training on the patients’ subjective 

experience with fatigue, we applied the Fatigue Impact Scale (35, 38). The FIS consists of 40 

items which evaluate the impact of fatigue on three aspects of daily life: physical (10 items), 

cognitive (10 items) and psychosocial (20 items) functions.  

 

Statistics: 

Data are shown as means ± S.E.M. Differences were evaluated by a one-way repeated 

ANOVA statistical test (Tamhane post-hoc test) after using the Kolmogorov–Smirnov test to 

check on the normality of the data distribution. Multivariate linear regression and stepwise 

analyses of the data were performed with regard to differences between the baseline and 

the 24-week MET values. 

The psychological data revealed a significant deviation from the normal distribution, and; 

the nonparametric Friedman test was therefore applied to analyze potential changes in 

psychological functioning. The analysis of psychological data was restricted to those patients 

who gave no indication of moderate or severe depression and had no missing surveys.  

Significance level was defined as p < 0.05. SPSS statistical software, version 11.0.1. was used 

to conduct descriptive analyses and to describe the sample. 
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Results 

As concerns the hemorheological results, the Hct displayed a decreasing tendency during the 

investigated period, while the WBV exhibited a significant reduction (p<0.05), resulting in a 

significantly increased Hct/WBV ratio (p<0.05). The PV was significantly decreased after 12 

weeks and remained significantly lower relative to the baseline at the end of the program 

(p<0.001) (Table 3).  

 

hemorheological parameters week mean ± SEM p value 
significance 

(p<0.05) 

hematocrit (%) 

0 44.18 ± 0.51 

0.11 NS 12 42.98 ± 0.67 

24 42.13 ± 0.86 

whole blood viscosity (mPas) 

0 4.35 ± 0.06 

0.03 S 12 4.26 ± 0.07 

24 4.08 ± 0.08 

plasma viscosity (mPas) 

0 1.27 ± 0.02 

0.001 S 12 1.18 ± 0.02 

24 1.14 ± 0.02 

Hct / WBV (1/Pas) 

0 10.2 ± 0.07 

0.04 S 12 10.25 ± 0.13 

24 10.33 ± 0.19 

 
Table 3 Changes in certain hemorheological parameters (Hct, WBV, PV and the Hct/WBV ratio) after the 12- 

and 24-week ambulatory exercise training of ischemic heart disease patients. N = 79; values are means ± SEM. 
Levels of significance and p values are also shown. NS = not significant. 

 

The red blood cell aggregation parameters of the Myrenne and LORCA aggregometers 

likewise demonstrated significant reductions. The Myrenne aggregation index M already 

revealed a significant reduction (p<0.001) after 12-weeks, and this continued up to the end 

of the follow-up. The LORCA parameter (AI) decreased significantly during the 24-week 

training program (p<0.05) (Table 4).  
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hemorheological para0meters week mean ± SEM p value 
significance 

(p<0.05) 

Myrenne 

M 

0 6.98 ± 0.22 

6.36E-27 S 12 5.92 ± 0.13 

24 4.02 ± 0.12 

M1 

0 13.18 ± 0.37 

6.71E-08 S 12 12.59 ± 0.24 

24 10.84 ± 0.21 

LORCA  

AI 

0 66.67 ± 0.67 

0.04 S 12 61.63 ± 1.90 

24 62.25 ± 1.73 

γ (1/s) 

0 117.53 ± 4.21 

0.06 NS 12 103.86 ± 4.66 

24 106.55 ± 4.26 

 
Table 4 Changes in erythrocyte aggregation measured with Myrenne and LORCA aggregometers after the 12- 
and 24-week ambulatory exercise training of ischemic heart disease patients. N = 79; values are means ± SEM. 

Levels of significance and p values are also shown. NS = not significant. 

 

The LORCA EIs of erythrocyte deformability increased significantly at 12 weeks compared to 

the baseline. The increase relative to the baseline was still significant after 24 weeks 

(p<0.001), but the difference between the 12 week and 24-week data was not significant 

(Fig. 1). 

Figure 1 Elongation indices during the 24-week physical training. 

RBC deformability

0,00

0,10

0,20

0,30

0,40

0,50

0,60

0,70

0.3 0.53 0.95 1.69 3 5.33 9.49 16.87 30

shear stress (Pa)

E
I

baseline 12 w eek 24 w eek



 20 

 

 

Figure 2 The maximal elongation indicis during the 24-week physical training.  

 

 

The results of the RBC deformability measurements are also supported by the Lineweaver-

Burke nonlinear equation analyses showing a significantly higher EImax and a significantly 

lower SS1/2 (p<0.05) (Fig. 2 and 3). 

 

 

 

Figure 3 The SS1/2 during the 24-week physical training.  
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The clinical chemistry parameters relating to uric acid, triglycerides, hsCRP and fibrinogen 

decreased significantly during the training period (Table 5). 

clinical chemistry week mean ± SEM p value 
significance 

(p<0.05) 

glucose (mmol/l) 

0 5.16 ± 0.32 

0.48 NS 12 5.19 ± 0.19 

24 4.80 ± 0.23 

uric acid (umol/l) 

0 336.39 ± 17.5 

0.006 S 12 327.17 ± 9.3 

24 312.88  ± 10.7 

total cholesterol (mmol/l) 

0 4.99 ± 0.13 

0.17 NS 12 4.87 ± 0.15 

24 4.61 ± 0.15 

HDL (mmol/l) 

0 1.40 ± 0.04 

0.53 NS 12 1.39 ± 0.04 

24 1.33 ± 0.05 

LDL (mmol/l) 

0 2.57 ± 0.08 

0.69 NS 12 2.50 ± 0.09 

24 2.46 ± 0.1 

triglyceride (mmol/l) 

0 1.70 ± 0.09 

0.017 S 12 1.56 ± 0.08 

24 1.46 ± 0.09 

total protein (g/l) 

0 72.33 ± 0.44 

0.05 NS 12 70.80 ± 1.01 

24 68.84 ± 1.34 

albumin (g/l) 

0 46.71 ± 0.22 

0.45 NS 12 45.58 ± 0.62 

24 46.22 ± 0.88 

hsCRP (mg/l) 

0 6.02 ± 1.04 

0.0008 S 12 2.98 ± 0.26 

24 3.04 ± 0.27 

fibrinogen (g/l) 

0 3.28 ± 0.14 

0.03 S 12 3.03 ± 0.06 

24 3.15 ± 0.09 
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IL 6 (pg/ml) 
0 3.95 ±  0.71 

0.06 NS 
24 1.88 ± 0.88 

TNF α (pg/ml) 
0 11.53 ± 0.89 

0.11 NS 
24 10.21 ± 0.43 

 
Table 5 Changes in clinical chemistry after the 12- and 24-week ambulatory exercise training of ischemic heart 
disease patients. N=79; values are means ± SEM. Levels of significance and p values are also shown. NS = not 

significant. 

 

The cytokine measurements did not indicate a significant decrease (p<0.05), but only a 

falling trend as compared with the baseline values (Table 5). 

As expected, the functional capacity described by the MET significantly improved (p<0.001), 

and the treadmill time also increased significantly, by 17.4% (p<0.001), during the training 

program. Moreover, the patients lost weight, with the BMI undergoing a significant decrease 

during the trial (p<0.001) (Table 6). 

 

treadmill week mean ± SEM p value 
significance 

(p<0.05) 

MET 
0 7.93 ±  0.27 

4.87E-23 S 
24 9.87 ± 1.09 

treadmill time (min) 
0 7.68 ± 2.17 

0.001 S 
24 9.02 ± 2.18 

BMI (kg/m
2
) 

0 28.16 ± 0.62 
8.06E-79 S 

24 25.45 ± 1.14 

 
Table 6 Changes in exercise tolerability parameters and BMI after the 24-week ambulatory exercise training of 

ischemic heart disease patients. N = 79; values are means ± SEM. Levels of significance and p values are also 
shown. NS = not significant. 

 

For the ∆ values between the baseline and 24-week measurements were calculated from 

every parameter showing a significant difference to the baseline. The ∆ parameters, which 

were in positive or negative correlation to the MET were used for the multivariate linear 

regression analyses: five independent variables were investigated in association with the 

difference in MET (∆MET was regarded as the dependent variable). Regression analysis 

showed that the predictive model provided a good fit to the data with a significant F value 
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(F(5), p<0.000), and the five predictors explained 76% of the difference in MET values (R2 = 

0.76).  

 

predictor standardized β p value (p<0.05) 

∆ whole blood viscosity 0.221 0.07 

∆ plasma viscosity -0.017 0.891 

∆ LORCA aggregation index  -0.112 0.314 

∆ BMI -0.201 0,06 

∆ elongation index (30Pa) -0.290 0.018 

 
Table 7 Results of the multivariate linear regression analyses after the 24-week ambulatory exercise training of 

ischemic heart disease patients; N = 79. 

 

The results in Table 7 indicated that the red blood cell deformability value was a significant 

independent variable of the regression model and the most strongly related to the variation 

of the MET values (standardized β = 0.29). Furthermore, the analyses revealed a strong 

independent predictive association between the ∆deformability and the dependent 

variables (Table 7).  

In the course of the psychological study, there was no drop out, and no noteworthy CV event 

or unplanned hospitalization occurred. Analysis of the FIS data revealed a significant decline 

in the symptoms of fatigue in the physical (chi2(2) = 6.12, p < 0.05), the psycho-social 

(chi2(2) = 7.09, p < 0.05) and in the cognitive domain (chi2(2) = 8.85, p < 0.05). More 

specifically, patients' perception of their physical, cognitive, and social functional limitations 

caused by fatigue declined significantly over the course of the physical training period. 

 

Discussion 

The fundamental problem of CAD patients can not be solved completely via 

revascularization techniques (percutaneous coronary intervention or a coronary artery 

bypass graft), effective and long-term lifestyle changes are at least as vital as other 

therapeutic procedures (39). Recent studies such as EuroAction (117) and GOSPEL (42) have 

indicated that regular long-term physical activity results in more benefit than short-term 
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training programs as regards the prognosis of cardiac patients. A physical training program is 

strongly recommended by the ESC and the AHA/ACC as well (89, 88, 34). 

Possible connections between hemorheology and long-term aerobic physical training in a 

relatively large ischemic heart disease population have not been investigated previously. A 

systematic literature search in PubMed with the keywords hemorheology, physical activity, 

physical exercise, cardiovascular diseases and atherosclerosis, identified only 14 

nonrandomized controlled studies from the past 25 years in which original data were used 

to determine changes in hemorheological parameters, mostly in healthy volunteers and 

athletes (9 publications), but also partially in patients with CV diseases (5 publications), 

participating in short-term (10-12 weeks) exercise training (25) (Tables 8 and 9).  

authors 
year of 

publication 
study duration population exercise results 

Ernst et al. 1987 3 months untrained men 
regular 
training 

RBC deformability 
increased, WBV and PV 

decreased 

Neuhaus et al. 1992 
before and after 

exercise 
8 healthy 
athletes 

marathon 
running 

no hemorheological 
changes 

Brun et al. 1998 
short- and long-

term 
healthy men cycling 

increased viscosity after 
short-term training but 
autohemodilution after 

long- term exercise 

Yalcin et al. 2003 
before and after 

exercise 
10 healthy 

untrained men 

heavy 
anaerobic 
exercise 

RBC deformability and 
aggregation decreased 

but normalized 24 
hours after exercise 

Connes et al. 2004 
before and after 

exercise 
20 healthy 

athletes 
progressive 
exercise test 

RBC deformability 
increased 

Connes et. al 2007 
before and after 

exercise 
13 healthy 
sportsmen 

progressive 
and maximal 

exercise 

RBC aggregation did not 
change 

Cakir-Atabek et al. 2009 
3 times weekly 6 

week long 
14 healthy 

untrained men 

resistance 
exercise 
training 

RBC deformability and 
RBC decreased after 6 

weeks but after training 
increased immediately 

Tripette J. et al. 2011 
before and after 

exercise 
9 healthy 
athletes 

10 km running 
with fluid 
intake ad 

libitum 

no hemorheological 
changes 

Kilic-Toprak et al. 2011 
3 times weekly 12 

week long 
12 healthy 

untrained men 

progressive 
resistance 
exercise 
training 

RBC deformability 
increased, aggregation 
did not change, WBV 

and PV decreased 

Table 8 Publications relating to hemorheological alterations induced by various exercise training programs in 
healthy volunteers. 
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Investigations involving healthy volunteers have proven that short-term physical activity has 

adverse effects on the hemorheological parameters, including increases in Hct and WBV due 

to fluid shift, water loss and release of sequestered red blood cells from the spleen (16, 22, 

36). In contrast, long-term training causes autohemodilution, resulting in reduction of PV 

and WBV (16). On the other hand, the findings of red blood cell aggregation and 

deformability studies are not concordant.  

 

authors 
year of 

publication 
study duration population exercise results 

Ernst et al. 1987 
5 times weekly 8 

week long 
22 patients 

with claudication 

standardized 
treadmill 
exercise 

WBV, PV and RBC 
aggregation decreased, 

RBC filterability 
increased 

Levine et al. 1995 
3 days weekly 10 

week long 

15 patients with 
known CAD 

underwent CR 

30-40 minutes 
moderate-
intensity 
exercise 

no hemorheological 
changes 

Reinhart et al. 1998 
1 hour daily 8 

week long 

25 patients with 
post myocardial 
infarction and 

EF<40% 

cycling and 
walking 

no difference in WBV, 
PV 

Church et al. 2002 
3 days weekly 12 

week long 

7 female, 16 
male patients 

with CAD 
underwent CR 

30-40 minutes 
moderate 
intensity 
exercise 

hematocrit did not 
change, WBV and PV 

decreased  

Lee et al. 2005 
before and after 

exercise 
53 patients with 

CAD 

incremental 
shuttle walk 

test 

increased PV and 
fibrinogen 

 
Table 9 Publications relating to hemorheological alterations induced by various exercise training programs in 

patients with cardiovascular diseases. 

 

Some investigations suggested the deterioration of rheological factors (62, 18, 108), whereas 

others reached the opposite conclusion (118, 23, 24). This discrepancy might be explained by 

differences in study designs (21, 23, 27), methods (62, 18, 23, 24), the selected populations 

(18, 36, 108) and the exercise performed (cycling vs. running) (16, 36). Only a few studies 

have focused on the effects of exercise on hemorheological factors in CV patients (25). 

Several investigations have shown that acute training evokes increases in PV and fibrinogen 

(67). Levine et al. were unable to demonstrate any hemorheological effects after a 10-week 

CR training (70), but Church et al. reported reductions in WBV and PV after a 12-week CR 

program (21). In our present study, we investigated whether we could demonstrate any 
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hemorheological changes in ischemic heart disease patients participating in a 24-week 

ambulatory CR training program. The results pointed to a slight decrease in Hct, while 

significant decreases were observed in WBV and PV, resulting in a significantly increased 

Hct/WBV ratio. The red blood cell aggregation indices and the measured deformability 

parameters were also significantly enhanced at the end of the training program. 

Although the blood flow of the coronary vessel system is primarily determined by 

hemodynamic factors (i.e. continuous changes in flow, perfusion pressure and shear rate 

during a cardiac cycle), under certain conditions (e.g. a flow decrease caused by vessel 

stenosis) the role of rheological parameters becomes important. The observed beneficial 

changes in the macrorheological parameters (e.g. Hct and viscosity) presumably reduce the 

CV risk of ischemic heart disease patients (9, 109). Furthermore, the diameter of the 

narrowest capillaries in the body (3-5 μm), found in the myocardium, is appreciably less than 

the resting diameter of a normal red blood cell (7-8 μm), which highlights the importance of 

the microrheological parameters (e.g. erythrocyte aggregation and deformability). 

Decreased red blood cell aggregation and improved deformability support capillary flow, 

while the Hct/WBV ratio indicates a better oxygen-carrying capacity leads to a better oxygen 

supply of the myocardiocytes. Thus, our results may suggest that cardiac patients could 

achieve a condition of “hemorheological fitness” characterized by improved tissue perfusion, 

better oxygen delivery and lower vascular resistance (25) by participating in a physical 

training program for 24 weeks. 

The found hemorheological alterations may also contribute to the better exercise tolerability 

proved by the treadmill test parameter MET and the treadmill time. Moreover, the 

multivariate linear regression analyses showed that the improvement in red blood cell 

deformability is an independent predictor of the positive changes in MET. It has been stated 

in the literature that an increase of 1 in the MET value could reduce the risk of all-cause and 

CV mortality by 13% and 15%, respectively (2, 63). 

Of the clinical chemistry indicators, uric acid, triglyceride, hsCRP and fibrinogen underwent 

significant decreases during our study. Although we are aware that these biomarkers are 

considered to display only low specificity in a CV risk assessment and are easily influenced by 

common inflammatory diseases, our data suggest that regular long-term physical activity 

might exert a favorable effect on the inflammation status of patients with CAD. Further 

overproduction of proinflammatory cytokines such as IL-6 or TNF-α could be a marker of 
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chronic inflammation leading to provoked and accelerated atherosclerosis (72), with a higher 

risk of CV events and mortality (52). Our data demonstrated an almost significant decreases 

in IL-6 and TNF-α levels, suggesting that a longer training program might be required to 

achieve significant reductions in these parameters. 

Interestingly, no significant change was observed in the fasting glucose, total cholesterol and 

LDL cholesterol levels, whereas the triglyceride and uric acid levels decreased significantly by 

the end of the training program. 

It is well known that hypertriglyceridemia is a significant independent CV risk factor (94, 84) 

and a recently published metaanalysis concluded that an elevated serum uric acid level 

should be considered a risk factor for CV mortality (119). The significant reductions in 

triglyceride and uric acid levels in our study may reflect a better metabolic state caused by 

the regular physical activity. 

Beside laboratory parameters, both overweight and obesity are associated with an elevated 

risk of death in CAD and of all-cause mortality (13, 114, 120). The BMI was significantly 

decreased by the end of the 24-week exercise training in our study. 

The results of the multivariate  linear regression model indicated that the positive change in 

functional capacity is not influenced by the reduction in BMI. Accordingly, the better physical 

exercise tolerance can not be explained merely by the decreases in BMI and obesity. The 

beneficial effects of the physical activity generally on all the measured CV risk factors, 

including the hemorheological factors, must also be involved. 

Furthermore, CAD is often accompanied by an increased subjective feeling of fatigue (i.e. a 

feeling of physical tiredness and a lack of energy) and this might have a serious detrimental 

impact on a wide variety of everyday functions, including physical, mental and social 

functioning (44). Our psychological results showed a significant amelioration as concerns the 

FIS physical, psycho-social, and cognitive aspects, indicating an improvement in the quality 

of life among our ischemic heart disease patients. 

 

Conclusions 

Our study has revealed new data regarding the effects of a long-term ambulatory CR training 

program on stable CAD patients. Besides the anticipated improvement in functional capacity 

and the reduction in BMI, the regular, moderate-intensity, long-term physical activity led to 

favorable hemorheological changes, decreased level of inflammation and improvements in 
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certain metabolic parameters, such as the triglyceride and uric acid contents, suggesting that 

these parameters may play important part in the positive effects of regular physical activity 

in patients with CAD. 
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Aspirin resistance as cardiovascular risk after kidney transplantation 

 

Introduction 

Since the first kidney transplantation in Hungary performed by Andras Nemeth in 1962 the 

survival of patients has significantly improved. The controlled legal background of the 

transplantation procedure and the development of modern surgical techniques and 

immunosuppressive drugs resulted in a better overall survival and life quality after kidney 

transplantation (KDIGO) (58, 61). The most common and life threatening post-transplant 

complications in the first month are the infections (e.g., bacterial infections, HCV, CMV, EBV, 

Herpes virus, Rhino virus, fungi and other opportunistic agents), responsible for 13% of 

mortality (113). While urological complications (e.g., lymphocele, ureter stenosis, 

vesicoureteral reflux and nephrolithiasis) mostly occur during the first couple of months (7), 

malignant disorders (e.g. skin, lip, lymphoproliferative, kidney, Kaposi-sarcoma, cervix, 

anogenital and hepatobiliary) (97) and bone diseases (e.g., hyperparathyroidism and 

osteodystrophy) due to calcium and phosphor imbalance (progressive calcification) (74) 

appear later and explain 30% of the mortality. Beyond the above mentioned disorders the 

main cause of mortality (35-40 %) after renal transplantation has cardiovascular origin (75). 

Based on the high cardiovascular mortality of kidney transplanted patients, to follow the 

cardiovascular prevention guidelines of ESC (88) and AHA/ACC (34) could be highly 

recommended regarding the lifestyle changes and the medications used. Among others, 

cardiovascular prevention applies three different platelet aggregation inhibitors: a) 

cyclooxygenase inhibitors (acetylsalicylic acid or aspirin); b) P2Y12 ADP receptor antagonists 

(clopidogrel, prasugrel and ticagrelor) and c) in Asian countries, phosphodiesterase-3 

inhibitor (cilostazol) (27, 30, 43). 

While acetylsalicylic acid is a widely used antiplatelet agent in the primary and secondary 

prevention of cardio- or cerebrovascular diseases (88, 92, 95), ASA resistance could develop 

in certain circumstances (e.g., smoking, diabetes mellitus, hypertension, coronary artery 

disease, female gender, high age, low hemoglobin level, COX 1 gene polymorphism, regular 

non-steroid anti-inflammatory drug treatment, and kidney diseases). The exact rate of ASA 

resistance has not clearly been specified; between 5 and 65% have been reported previously 

depending on the compliance of the patients, on the geographical location and on the 

analyzed population (53, 86). 
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For examining the origin of the high cardiovascular mortality after kidney transplantation 

this recent study was aimed to investigate the rate of ASA resistance in a kidney 

transplanted population and to compare their morbidity and mortality data to a positive 

control population with high cardio- and cerebrovascular risk. 

 

Methods 

Patients: 

255 patients of the Department of Surgery, University of Pecs were selected into our study 

between 03/01/2009 and 31/10/2009 to determine the rate of ASA resistance after kidney 

transplantation. Results were compared to a positive control group containing 346 age-

matched cardio- and cerebrovascular disease patients recruited from the same time interval. 

The retrospective analysis of the follow-up period was continued for 3 years until 

12/31/2012. Patients had taken low-dose ASA (100 mg/day) for at least 6 months prior to 

their enrollment then until the end of the follow-up period. ASA medication was indicated in 

the positive control group in accordance with the secondary prevention guidelines of the 

cardiovascular (ischemic heart disease, myocardial infarction) and cerebrovascular (stroke, 

transient ischemic attack, vertebrobasilar insufficiency) diseases. 

 

Blood collecting: 

After 12 hours fasting, blood samples were obtained from the antecubital vein of the 

participants into Vacutainer tubes (8.1 ml) containing sodium-citrate using minimal 

tourniquet and a 21-gauge Eclipse™ Blood Collection butterfly needle set. 

 

Platelet aggregation measurement: 

Platelet aggregation measurements were performed 2 hours after blood sampling. The 

measurements were performed according to the above mentioned methodological 

description (see page 11.). 

 

Analyzes of the mortality and morbidity data: 

In another part of the study morbidity and mortality data of the participants were collected 

with retrospective data mining using the e-MedSolution program, an integrated information 
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system of the patient care at the University of Pecs. For the more accurate analyses, both 

patient groups were divided into an ASA resistant and a non-ASA resistant subgroup. 

In the case of morbidity and mortality results, data are shown as percentage and incidence 

(absolute number compared to total number). Differences were evaluated by using chi-

square test analyses. SPSS statistical software, version 11.0.1. was used to describe the 

sample. 

 

Results 

The demographical analyses demonstrated no differences concerning age and gender 

between the renal transplantation group and the positive control group (Table 10). 

 

 RT PC p 
level 

of 
significance 

mean age 49.5 ± 12 years 52.6 ± 11 years 0.86 NS 

male 64 % 49.4 % 0.51 NS 

female 36 % 50.6 % 0.36 NS 

 
Table 10 Demographical characteristics of the patient. 

 

Our data showed significantly higher rate of ASA resistance in the RT group (36.1%) 

compared to the PC group (26.9%) (p<0.001) (Fig. 4). 

 
 

 

 

 

 

 

 

 

 

Figure 4 Significantly higher rate of ASA resistance in the RT group compared to the PC group (p<0.001). 
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The analyses demonstrated a significantly higher incidence of myocardial infarction, 

hypertension and diabetes mellitus (p<0.05) and increasing incidence in tumor appearance 

and all-cause mortality of the RT group compared to the PC patients at the end of the three 

year follow-up period (Table 11). 

 

 
RT PC 

p 
level 

of 
significance % cases % cases 

all-cause mortality 2.74 7 / 255 1.44 5 / 346 0.26 NS 

myocardial infarction 4.31 11 / 255 1.16 4 / 346 0.01 S 

stroke 2.74 7 / 255 2.02 7 / 346 0.56 NS 

hypertension 80.39 205 / 255 69.36 240 / 346 0.02 S 

diabetes mellitus 28.63 73 / 255 20.81 72 / 346 0.02 S 

tumor 8.63 22 / 255 5.78 20 / 346 0.17 NS 

 
Table 11 Morbidity and mortality results of the analyzed population 

 

However, the subgroup analyses at finishing of the three-year long follow-up revealed 

significantly higher incidence of myocardial infarction and stroke in the resistant RT group 

compared to the RT patients without ASA resistance (p<0.05) (Table 12), increasing 

occurrence was found in connection with myocardial infarction and stroke as well as in 

diabetes mellitus in the resistant PC group compared to the non-resistant PC patients (Table 

13). 

 

 
R-RT NR-RT 

p 
level 

of 
significance % cases % cases 

all-cause mortality 3.26 3 / 92 2.45 4 / 163 0.70 NS 

myocardial infarction 5.43 5 / 92 3.68 6 / 163 0.03 S 

stroke 4.34 4 / 92 1.84 3 / 163 0.02 S 

hypertension 77.17 71 / 92 82.21 134 / 163 0.33 NS 

diabetes mellitus 33.70 31 / 92 25.77 42 / 163 0.17 NS 

tumor 8.70 8 / 92 8.59 14 / 163 0.90 NS 

 
Table 12 Morbidity and mortality results of the renal transplanted patients regarding ASA resistance 
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R-PC NR-PC 

p 
level 

of 
significance % cases % cases 

all-cause mortality 2.20 2 / 91 1.18 3 / 255 0.48 NS 

myocardial infarction 2.20 2 / 91 0.78 2 / 255 0.27 NS 

stroke 3.30 3 / 91 1.56 4 / 255 0.31 NS 

hypertension 70.33 64 / 91 69.02 176 / 255 0.81 NS 

diabetes mellitus 14.29 13 / 91 23.14 59 / 255 0.17 NS 

tumor 5.49 5 / 91 5.88 15 / 255 0.89 NS 

 
Table 13 Morbidity and mortality results of the positive control population regarding ASA resistance 

 

Comparison of the ASA resistant subgroups at the completion of the three years follow-up 

demonstrated significantly higher incidence of diabetes mellitus (p<0.05), besides an 

increasing incidence was observed regarding myocardial infarction, hypertension and tumor 

occurrence in the renal transplantation group compared to the positive control patients 

(Table 14).  

 

 
R-RT R-PC 

p 
level 

of 
significance % cases % cases 

all-cause mortality 3.26 3 / 92 2.20 2 / 91 0.65 NS 

myocardial infarction 5.43 5 / 92 2.20 2 / 91 0.25 NS 

stroke 4.34 4 / 92 3.30 3 / 91 0.71 NS 

hypertension 77.17 71 / 92 70.33 64 / 91 0.29 NS 

diabetes mellitus 33.70 31 / 92 14.29 13 / 91 0.01 S 

tumor 8.70 8 / 92 5.49 5 / 91 0.39 NS 

 
Table 14 Morbidity and mortality results of the ASA resistant patients 

 

On the other hand at the end of the follow-up period the incidence of myocardial infarction 

and hypertension was significantly higher in the non-resistant RT group than in the group of 

PC patients without ASA resistance (p<0.05) (Table 15). 
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NR-RT NR-PC 

p 
level 

of 
significance % cases % cases 

all-cause mortality 2.45 4 / 163 1.18 3 / 255 0.32 NS 

myocardial infarction 3.68 6 / 163 0.78 2 / 255 0.03 S 

stroke 1.84 3 / 163 1.56 4 / 255 0.83 NS 

hypertension 82.21 134 / 163 69.02 176 / 255 0.00 S 

diabetes mellitus 25.77 42 / 163 23.14 59 / 255 0.54 NS 

tumor 8.59 14 / 163 5.88 15 / 255 0.28 NS 

 
Table 15 Morbidity and mortality results of the ASA non-resistant patients 

 

Discussion 

As it was mentioned before the main cause of mortality (35-40%) after kidney 

transplantation has cardiovascular origin (75) generated by the presence of the conventional 

cardiovascular risk factors of the patients as male gender, smoking, obesity and co-

morbidities (e.g., diabetes, hypertension, hyperlipidemia) (88, 34) as well as the non-

traditional risk factors like microalbuminuria, uremia, hyperuricemia, calcium and phosphor 

imbalance (calcification) and the used immunosuppressive medications (e.g., steroid, 

ciklosporin, tacrolimus) (58, 96, 110). Unfortunately the renal transplantation can not stop 

the progression of the cardiovascular status and almost half of the transplanted patients die 

with a functioning graft. 

Recent studies have shown that the incidence of coronary heart disease is more than 15 

cases per 1,000 person-years among high cardiovascular risk patients and less than 5 cases 

per 1,000 person-years among low risk patients (46, 98). The American Heart Association has 

reported that ASA treatment (i.e., 75-325 mg/day) efficiently decreases the cardio- and 

cerebrovascular risk around 20% in case of acute coronary syndrome or stroke (57). 

However, ASA has an important role in the prevention of cardio- and cerebrovascular 

events; no large, randomized studies were organized to investigate the beneficial effect of 

low-dose ASA in kidney transplanted patients. The UK-HARP-I study examined 187 patients 

after kidney transplantation in connection with the effect of low-dose ASA treatment. This 

investigation has demonstrated that ASA therapy did not change the risk for major bleeding 

(8) but the risk for minor bleeding complications became 3 times higher than in the general 

population due to the uremia-induced platelet and endothelial dysfunction (8). Another 
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recently published retrospective study has described that low-dose ASA therapy is 

associated with better graft survival in renal transplanted patients (74). Based on the above 

mentioned findings the Kidney Disease Improving Global Outcomes guideline has indicated 

the low-dose ASA therapy after kidney transplantation and the efficiency control of the 

medication has also been suggested (74). 

In our study we examined the cardiovascular morbidity of patients regarding ASA resistance 

after kidney transplantation and compared to the results of an age-matched cardio- and 

cerebrovascular control group (Table 10). As expected, the analysis revealed a significantly 

higher incidence of myocardial infarction in the RT group compared to the group of PC 

patients (Table 11). This elevated level of cardiovascular events may partly be explained by 

the significantly higher rate of ASA resistance observed among the RT patients compared to 

the control group (Figure 4). ASA resistance is a widely investigated phenomenon in the 

experimental or clinical research (86) and several factors have been revealed to play a role in 

its development (e.g., genetic factors, female gender, advanced age, low hemoglobin level, 

renal failure, diabetes mellitus and coronary artery disease) (4, 44, 68, 69, 73, 111). 

However, laboratory resistance refers to insufficient in vitro inhibition of platelet 

aggregation, it is not always coherent with clinical resistance but associated with higher risk 

for cardio- and cerebrovascular events (65). 

Our results also demonstrated that the incidences of myocardial infarction and stroke were 

significantly higher in the RT group compared to the RT patients without ASA resistance. On 

the other hand these differences between the ASA resistant and the non-resistant subgroups 

of the control patients were not significant (Table 12). Prior to this study no evidence was 

found regarding the cardiovascular risk reduction effect of low-dose ASA treatment after 

kidney transplantation which seems to be more effective than in the population of cardio- 

and cerebrovascular patients (i.e., the ASA-induced reduction in the incidence of myocardial 

infarction and stroke is significantly higher in the kidney transplanted group than in the 

group of control patients). 

The analysis revealed higher incidence of diabetes and hypertension among kidney 

transplanted patients showing the important role of these diseases in the development of 

chronic kidney failure (Table 11). Moreover, higher incidence of diabetes was observed in 

the RT group with ASA resistance compared to the ASA resistant control population 
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suggesting a predictive role of diabetes in ASA resistance after kidney transplantation (Table 

14). 

Although ASA resistance presumably contributes to the elevated incidence of cardio- and 

cerebrovascular events after kidney transplantation (Table 12), higher occurrence of 

myocardial infarction was found in the RT group without ASA resistance than in the non-ASA 

resistant cardio- and cerebrovascular patient population (Table 15). These results suggest 

that efficient ASA therapy could reduce the cardiovascular risk after kidney transplantation 

but the residual risk remains higher than in the cardio- and cerebrovascular patients 

emphasizing the role of other factors in the development of the high cardiovascular risk. 

 

Conclusion 

Our recent study revealed new data about the cardiovascular risk of kidney transplanted 

patients using low-dose ASA treatment. Authors assume that the control measurements of 

antiplatelet therapy after kidney transplantation would be clinically useful. 

Obviously, further randomized, controlled studies with more patients and longer follow-up 

period are needed to describe the magnitude of the ASA resistance-induced cardiovascular 

risk increase, as well as the effectiveness of the available therapeutical possibilities (higher 

dose of ASA, conversion to clopidogrel or prasugrel in case of ASA resistance). 
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Orally given gastroprotective capsaicin does not modify Aspirin-induced platelet 

aggregation in healthy male volunteers; human phase I. clinical study 

 

Introduction 

Cardiovascular prevention applies three different platelet aggregation inhibitor agents: a) 

selective COX inhibitors (acetylsalicylic acid); b) P2Y12 ADP receptor antagonists (clopidogrel, 

prasugrel, ticagrelor, ticlopidine); c) in Asian countries, PDE-3 inhibitor (cilostazol) (27, 30, 

43). ASA is an important antiplatelet agent in the primary and secondary preventive care of 

cardio- or cerebrovascular events (95), like stable coronary artery disease, acute coronary 

syndrome, stroke and peripheral artery disease (5, 37, 46, 92, 99, 115, 122). 

The absorption of ASA is very fast in the stomach and upper intestine (87). According to this 

ASA reached the peak plasma level 30-40 minutes after oral administration, though enteric-

coated tablets e.g. ASA protect (widely used in Europe) reaches peak plasma concentration 

in 3-4 hours after oral administration. Enteric-coated tablets have a lower bioavailability as 

regular ASA, as well as the newest preparations of the drug development technology 

(sustained-release, microencapsulated, controlled-release preparations and transdermal 

patch), however they have the same antiplatelet effect as regular ASA because platelets are 

already acetylated in the presystemic circulation (87). 

But ASA has Janus-faced characteristics; on one hand it prevents cardio,- and 

cerebrovascular diseases, on the other hand causes gastrointestinal mucosal damages 

(bleedings, ulcers). 

 

The effect of capsaicin (8-methyl-N-vanillyl-6-nonenamide) has been widely studied in the 

gastrointestinal tract, however the obtained results were absolutely contradictory (from the 

mucosal protection to the production of mucosal damage) (11, 12, 17, 77, 78, 85, 93, 107). 

According to the findings of the mentioned studies capsaicin, dihydrocapsaicin, 

nordihydrocapsaicin and other capsaicinoids specifically modify the function of capsaicin 

sensitive afferent nerves (20, 54, 55, 56, 90). Szolcsányi and Barthó (1981) clearly described 

the beneficial and harmful effects of capsaicin in peptic ulcer disease of rats depending on 

the applied doses of capsaicin (104). Furthermore, Szolcsányi defined four different stages of 

capsaicin action depending on the dose and duration of the exposure: a) excitation (stage 1); 

b) sensory blocking effect (stage 2); c) long-term selective neurotoxin impairment (stage 3) 
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and d) irreversible cell destruction (stage 4) (105, 106). Stages 1 and 2 are reversible; 

meanwhile stages 3 and 4 are irreversible compound-induced actions on the capsaicin 

sensitive afferent nerves. These stages of capsaicin actions can be detected in the 

gastrointestinal tract (79) using animal experiments. After that Szolcsányi, Barthó (1981) and 

Holzer started a very extensive human research with capsaicin in the field of 

gastroenterology (20, 49. 50, 102). On the other hand studies of the past decade have shown 

that low doses of capsaicin can prevent the development of gastric mucosal damage caused 

by various NSAID-s (indomethacin) and the ethanol-induced gastric mucosal lesions resulting 

in microbleeding (28, 80, 82, 83, 101). The pathomechanism has not yet been described 

exactly, but several investigations have suggested that capsaicin activates TRPV1, which 

releases CGRP and substance P in the gastric mucosa. These neuropeptides enhance the 

GMBF via vasodilatation in the gastric mucosa leading to a more effective prevention of the 

gastric mucosal lesions. Moreover, capsaicin reduces the BAO. These study results promoted 

further human studies to find out whether capsaicin can prevent gastric mucosal lesions in 

humans as well. 

 

Aims of the recent study were: a) to investigate the tolerability of capsaicin alone (in 

different low doses) and in co-administration with 500 mg ASA; b) to measure the 

pharmacokinetic parameters of capsaicin alone (administered in two low doses) and in 

combination with ASA (the measured kinetic parameters were capsaicin, acetylsalicylic acid 

and salicylic acid, as a metabolite of ASA); c) to study the ASA-induced platelet aggregation 

in view of ASA absorption and its metabolic rate; d) to evaluate the capsaicin action on the 

platelet aggregation and on the ASA-induced platelet aggregation inhibition. 

 

The study protocol was approved by the Hungarian Institute of Pharmacy (Budapest, 

Hungary) and by the National Clinical Pharmacological and Ethical Committee (Budapest, 

Hungary) ( Protocol number: 1.4.1; EudraCT: 20008-0070048-32). Before the enrollment 

each volunteers gave their signed informed consent. 

The present scientific paper focuses on the platelet aggregation results after administration 

of capsaicin alone and in co-administration with ASA in healthy human subjects (under 

classical human phase I. circumstances) and mentions the results of the pharmacokinetic 
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measurements just as briefly as it is necessary for understanding the platelet aggregation 

results. 

 

Methods 

The administered capsaicin (Asian Herbex Ltd, Andhra Pradesh, India) was approved for oral 

drug administration by the Food and Drug Administration (FDA: “17856 A II 26.10.2004 Asian 

Herbex Ltd: Capsicum USP as manufactured in Andhra Pradesh, India). Acetylsalicylic acid 

(DC -90 Aspirin) was synthesized in Shandong Xinhua Pharmaceutical Co. Ltd., China. 

Preparation of the administered drug and the capsaicin-ASA combination was performed by 

PannonPharma Co. Ltd. Pécsvárad, Hungary. 

 

Pharmacokinetic measurements of capsaicin, dihydrocapsaicin, acetylsalicylic acid and 

salicylic acids were carried out in PannonPharma Co. Ltd. Pécsvárad, Hungary using High 

Pressure Liquid Chromatographic methods. 

 

The trial was conducted in a randomized single-blind manner in accordance with the 

Declaration of Helsinki (29, 81). Two weeks before the beginning of the trial, healthy male 

volunteers participated in a prescreening procedure (according to the accepted protocol by 

the Hungarian Institute of Pharmacy in Budapest, Hungary) including the registration of 

demographic data (age and race), body weight, height, BMI, medical history, physical 

examination (measurement of blood pressure, pulse and ECG), laboratory blood tests 

(hematology, se-Na+, se-K+, BUN, se-creatinine, se-bilirubin, blood glucose, se-cholesterol, 

triglycerides, ALP, GOT, GPT, GGT and LDH), urine test (protein, glucose, ubg, ketones and 

sediment), urine drug test and viral serology (HBsAg, Anti HCV and HIV). Exclusion criteria 

were any positive findings in the mentioned examinations above. According to the findings 

15 healthy male volunteers were selected for the trial. Subjects were 18-55 years old and 

had a BMI of 18-29.9 kg/m2. 

After 10 hours of fasting, an intravenous cannula was inserted into the antecubital vein of 

the participants, then blood was drawn for pre-dose sample and pharmacokinetic 

measurements, then subjects received one of the five different therapies (Table 16). 

Volunteers took the tablets in upright position with 150 ml of water. They had to stay in this 

upright position for 30 minutes and fast for 4 hours (drinking water was allowed only). All of 
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the participants received all of the therapies in a randomized order. Between treatments, 

subjects had a 6-day wash-out period. 

 

Treatment 

Number of tablets 

400µg 
capsaicin 

500mg ASA ASA placebo 
capsaicin 
placebo 

400 µg capsaicin 1  1 1 

800 µg capsaicin 2  1  

500 mg ASA  1  2 

500 mg ASA + 400 µg capsaicin 1 1  1 

500 mg ASA + 800 µg capsaicin 2 1   

 
Table 16 Treatment protocol. 

 

Following the drug administration, 8.1 ml of blood was collected for platelet aggregation 

measurements in the 1st, 2nd, 6th and 24th hour into Vacutainer tubes containing sodium 

citrate.  

 

Platelet aggregation measurement: 

Platelet aggregation measurements were performed 2 hours after blood sampling. The 

measurements were performed according to the above mentioned methodological 

description (see page 11.). 

 

Statistics: 

Mean values of the ASA monotherapy in the 1st, 2nd, 6th and 24th hour samples were 

evaluated by paired Student’s t-test after using the Kolmogorov–Smirnov test to check the 

normality of the data distribution. Differences of the mean values in every therapy were 

calculated by one-way ANOVA test, using Dunnett’s post-hoc test. Test results were 

considered as significant at p<0.05. Data are shown as means±SD. SPSS statistical software, 

version 11.0.1. was used to conduct descriptive analyses and to describe the sample. 
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Results 

Main findings of the platelet aggregation measurements: 

Based on the results of the one-way ANOVA analysis, 400 and 800 µg of capsaicin 

monotherapy caused no significant differences on platelet aggregation (Fig. 5). 

As expected, ASA treatment resulted in a significant and clinically effective (under 40% 

aggregation index) platelet aggregation inhibition compared to the ASA baseline sample 

(p≤0.001) (Fig. 5).  
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Figure 5 400 and 800 µg of capsaicin monotherapy caused no significant differences on platelet aggregation 

 

The two different doses, 400 and 800 µg of capsaicin in combination with ASA reached an 

ASA monotherapy-equivalent level on platelet aggregation. No differences were observed 

between the ASA monotherapy and the combination treatment samples (Fig. 6). 
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Figure 6 No differences were observed between the ASA monotherapy and the combination treatment 

samples 

 

Brief summary of the pharmacokinetic measurements: 

Neither capsaicin nor dihydrocapsaicin were detected in the sera at any time after 

administration of capsaicin alone or in combination with ASA. These observations were 

expected since low doses of capsaicin were chosen for administration according to the 

previous animal studies describing the gastroprotective dosage of capsaicin. In this study, 

blood samples were measured by a Liquid Chromatography – Mass Spectrometry (LC-MC) 

which detection limit for capsaicin is 26 femtogram/mL and for dihydrocapsaicin is 20 

femtogram/mL. 

When ASA therapy was administered alone, T1/2 and Tmax values (hr) were 0.559 ± 0.280 

and 0.644 ± 0.294 for ASA and 2.545 ± 0.600 and 1.811 ± 0.963 for salicylic acid (mean±SD), 

respectively. These values did not change significantly after the ASA-capsaicin combination 

treatment. Cmax value (ng/mL) was 5219.20 ± 1723 for ASA and 21974 ± 3309 for salicylic 

acid (mean±SD) after ASA administration alone, and these values did not show significant 

alteration after co-administration of ASA and 400 and 800 µg capsaicin. No significant 

changes were observed in other pharmacokinetic parameters when ASA was given alone or 

in co-administration with capsaicin. 

 

 



 43 

Discussion 

Over the past few decades, various capsaicin-investigations have been performed in 

Hungary. These studies have exposed that capsaicin has a dose-dependent effect on the 

TRPV1 receptor. Other gastroenterological investigations with low doses 

(“gastroprotective”) of capsaicin (ng/kg to µg/kg) in animals have resulted in reduced BAO 

and microbleeding caused by different NSAID-s. Elevated level of GMBF via CGRP and 

substance P was also observed. 

Several investigations were conducted to describe the absorption and metabolism of 

capsaicin in the gastrointestinal tract after per os administration. Kawada et. al. in 1984 

published data based on in vivo and in vitro investigations in rats and suggested that 

capsaicin was absorbed in the small intestine 3 hours after oral administration. After 

adsorption capsaicin was hydrolyzed by the epithelial cells of the jejunum (first pass effect), 

then transported to the mesenterial blood and finally excreted in the urine (59). Donnerer in 

1990 verified previous findings and concluded form in vivo animal experiments (in rats) a 

rapid hepatic metabolization therefore a limited the systematic effect of enterally adsorbed 

capsaicin (33). 

 

Acetylsalicylic acid has a pivotal role in the prevention of cardiovascular events due to its 

antiplatelet effect. On the other hand, ASA belongs to the NSAIDs and has various side 

effects including intracranial bleeding, other non-GI bleeding, tinnitus, dizziness, headache, 

impaired hearing, hypersensitivity reactions and upper gastrointestinal tract complications 

such as peptic ulcers, which can later become the origin of a GI bleeding or perforation 

(116).  

High percentages (10-20%) of the ASA users observe dyspepsia, which can be caused by the 

ASA-reduced mucosal prostaglandin level and its acidic characteristic initiating several upper 

gastrointestinal tract complications (i.e. peptic ulcer, bleeding and perforation) due to the 

gastric mucosal injury (40, 98). UGIC can be found in the general population as only 1 case 

per 1000 person-years; however the fatal endpoints are 5-10% of these events (47). On the 

other hand UGIC can be observed among ASA-user patients as 2-3 cases per 1000 patients 

per year, thus the relative risk for UGIC is 3 to 5 times increased as in the ASA non-user 

population (40, 41). Furthermore, the risk for UGIC increases by 85% among patients who 

are on dual antiplatelet therapy (66). 
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For the prevention of UGIC several gastroprotective agents were developed and used in 

clinical care: a) misoprostol, which can increase the prostaglandin level in the gastric 

mucosa; b) proton pump inhibitors; c) histamine-2 receptor antagonists. Furthermore Szabo 

et al. in one recently published trial with more than 100 healthy volunteers showed the BAO 

decreasing effect of small doses, orally administered capsaicin (200 – 400 – 800 μg, Asian 

Herbex Ldt, Asdhra Pradesh, India) (101). Traditionally, Hungarian red pepper contains ca. 

1500-2500 Scoville Hot Unit or more accurate 220-380 American Spice Trade Association 

unit pungent ingredients (capsaicinoids), which could mean 140 μg capsaicin in 1 g red 

pepper. According to this the used two low doses capsaicin could be detected; 400 μg in ca. 

3 g and 800 μg in ca. 6 g red pepper (3). 

Regarding the still limited numbers of human studies with orally given capsaicin the aim of 

this study was to investigate whether the pharmacokinetic and antiplatelet effect of 

acetylsalicylic acid could be influenced by two, low, gastroprotective doses of capsaicin. Our 

hypothesis was that low doses of capsaicin have no systemic but only local gastroprotective 

effect therefore has no influence on the pharmacokinetic and pharmacodynamic properties 

of ASA (absorption, concentration, antiplatelet effect, etc.). 

Our study showed several important results: a) low doses of capsaicin, 400 and 800 µg had 

no significant effect on platelet aggregation; b) ASA reached the clinically effective inhibition 

of platelet aggregation (i.e., the epinephrine-induced aggregation was under 40%) within 

one hour (despite the rapid clearance of ASA from the circulation, the platelet-inhibitory 

effect lasts for the life span of the platelet because ASA irreversibly inactivates platelet COX-

1 (87)); c) the combined therapies did not result in any unfavorable influences on the ASA-

induced inhibition in platelet aggregation; d) the pharmacokinetic properties of ASA and ASA 

metabolites were not influenced by the administration of capsaicin; e) concentrations of 

capsaicin and the metabolites were under the detection limit in sera. 

Our findings are in contrast with other recent studies describing the antiplatelet effect of 

capsaicin using human blood or non-human species (48, 112). Further studies have reported 

that capsaicin decreased the ADP-induced platelet aggregation in a dose-dependent manner 

via the TRPV1 receptors of platelets (1, 20, 45, 100). The observed discrepancy between 

these previous studies and our recent trial could be explained by the different study designs. 

Previously, all studies were performed in non-human species or in vitro manner, and only 
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one ex vivo study was performed to investigate the capsaicin-induced alterations in platelet 

aggregation. 

 

Our trial aimed to use a small but still effective dose of capsaicin which could not influence 

the epinephrine-induced platelet aggregation but could prevent the development of gastric 

mucosal lesions. In our ex vivo study, the pharmacokinetic results suggest that capsaicin 

could not be detected in the systemic circulation. Based on these results, we suppose that 

low, gastroprotective doses of capsaicin do not have any systemic effect and do not 

influence the antiplatelet effect of ASA. According to the pharmacokinetic findings, capsaicin 

does not influence the absorption or any other pharmacokinetic characteristics of ASA as 

well. Furthermore, capsaicin could have only a local influence on the gastric mucosa and 

therefore could prevent the ASA induced mucosal lesions directly. 

 

Conclusion 

Since we found no significant interaction and side effects, our trial could be the first step in a 

new pharmaceutical development process to investigate whether capsaicin could be used 

together with acetylsalicylic acid in a fix combination to provide an antiplatelet drug with 

less GI side effects. 
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Summary of the new scientific results 

 

1) Effects of moderate aerobic exercise training on hemorheological and laboratory 

parameters, and on psychological functioning in ischemic heart disease patients: 

1. Long-term (24 week) moderate exercise training improves hemorheological factors in 

patients with ischemic heart disease. Our results may suggest that cardiac patients could 

achieve a condition of “hemorheological fitness” characterized by improved tissue perfusion, 

better oxygen delivery and lower vascular resistance by participating in a physical training 

program for 24 weeks. 

2. The multivariate linear regression analyses showed that the improvement in red blood cell 

deformability is an independent predictor of the positive changes in MET. 

 

2) Aspirin resistance as cardiovascular risk after kidney transplantation: 

1. The analysis revealed a significantly higher incidence of myocardial infarction in the RT 

group compared to the group of PC patients. This elevated level of cardiovascular events 

may partly be explained by the significantly higher rate of ASA resistance observed among 

the RT patients compared to the control group. 

2. Our results also demonstrated that the incidences of myocardial infarction and stroke 

were significantly higher in the RT group compared to the RT patients without ASA 

resistance. On the other hand these differences between ASA resistant and non-resistant 

subgroups of the control patients were not significant. Prior to this study no evidence was 

found regarding the cardiovascular risk reduction effect of low-dose ASA treatment after 

kidney transplantation which seems to be more effective than in the population of cardio- 

and cerebrovascular patients. 

3. Higher incidence of diabetes was observed in the RT group with ASA resistance compared 

to the ASA resistant control population suggesting a predictive role of diabetes in ASA 

resistance after kidney transplantation. 

4. Our results suggest that efficient ASA therapy could reduce the cardiovascular risk after 

renal transplantation but the residual risk remains higher than in the cardio- and 

cerebrovascular patients. 
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3) Orally given gastroprotective capsaicin does not modify Aspirin-induced platelet 

aggregation in healthy male volunteers; human phase I. clinical study: 

1. Low, gastroprotective doses of capsaicin monotherapy caused no significant differences 

on platelet aggregation in healthy male volunteers. Prior to our study no results were 

published about the antiplatelet effect of gastroprotective doses of capsaicin in humans. 

2. Low, gastroprotective doses of capsaicin in combination with 500 mg ASA reached an ASA 

monotherapy-equivalent level on platelet aggregation. No differences were observed 

between the ASA monotherapy and the combination treatment samples. To confirm these 

findings, the pharmacokinetic tests showed that the pharmacokinetic properties of ASA and 

ASA metabolites were not influenced by the administration of capsaicin. 

3. The pharmacokinetic investigations revealed that the concentrations of capsaicin and the 

metabolites were under the detection limit in sera. Accordingly we supposed that low, 

gastroprotective doses of capsaicin do not have any systemic effect and so could not 

influence the antiplatelet effect of ASA, the absorption or any other pharmacokinetic 

characteristics of ASA as well. Furthermore, capsaicin could have only a local influence on 

the gastric mucosa and therefore could prevent the ASA induced mucosal lesions directly. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 48 

Acknowledgement 

 

These studies were performed at the 1st Department of Medicine, University of Pecs, School 

of Medicine, Pecs, Hungary. 

I am grateful for the help of my program leaders, Professor Kalman Toth, Dr. Eszter Szabados 

and Dr. Tamas Habon for the provided support throughout my work. I am also thankful to 

Dr. Istvan Juricskay for his scientific and statistical information. 

I am thankful to Professor Gyula Mozsik, Dr. Gabor Kesmarky, Dr. Bela Mezey, Dr. Peter 

Szakaly, Arpad Csatho and to Dr. Laszlo Czopf for assisting my work. I would like to express 

my special thank to the former and present Ph.D. students, Dr. Judit Papp, Dr. Miklos Rabai, 

Dr. Andras Toth, Dr. Adam Varga, Alexandra Nagy, Dr. Katalin Biro and Dr. Kinga Totsimon 

and to the research students, Andrea Kiss and Dora Praksch for their support. 

At last but not at least, I am thankful to all the nurses and technicians for their kind help 

throughout the measurements, especially to Tapasztone Kornelia Fazekas, Kovacsne Szilvia 

Levang, Ildiko Papp and Erika Nagy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 49 

References 

 

1. Adams MJ. et al.: Effect of capsaicin and dihydrocapsaicin on in vitro blood 

coagulation and platelet aggregation. Thromb Res 2009; 124: 721‒723. 

2. Aktas MK. et al.: Global risk scores and exercise testing for predicting all-cause 

mortality in a preventive medicine program. JAMA 2004; 292: 1462–1468. 

3. Al Othman ZA. et al.: Determination of capsaicin and dihydrocapsaicin in Capsicum 

fruit samples using high performance liquid chromatography. Molecules 2011; 16: 8919-29. 

4. Angiolillo DJ. et al.: Influence of aspirin resistance on platelet function profiles in 

patients on long-term aspirin and clopidogrel after percutaneous coronary intervention. Am 

J Cardiol 2006; 97: 38-43. 

5. Antithrombotic Trialists’ (ATT) Collaboration: Aspirin in the primary and secondary 

prevention of vascular disease: collaborative meta-analysis of individual participant data 

from randomized trials. Lancet 2009; 373: 1849‒1860. 

6. Aradi D. et al.: Expert position paper on the role of platelet function testing in 

patients undergoing percutaneous coronary intervention. Eur Heart J. 2014; 35: 209-15. 

7. Asadpour A. et al.: Management of ureteral complications in renal transplantation: 

prevention and treatment. Saudi J Kidney Dis Transpl 2011; 1: 72-74. 

8. Baigent C. et al.: First United Kingdom Heart and Renal Protection (UK-HARP-I) study: 

biochemical efficacy and safety of simvastatin and safety of low-dose aspirin in chronic 

kidney disease. Am J Kidney Dis 2005; 45: 473-484. 

9. Baskurt OK. Mechanisms of blood rheology alterations. In: Baskurt OK, Hardeman 

MR, Rampling MW, Meiselman HJ (eds) Handbook of Hemorheology and Hemodynamics. 

Amsterdam: IOS Press, 2007, 170-190. 

10. Bauersachs RM. et al.: Determination of specific red blood cell aggregation indices via 

an automated system. Clin Hemorheol Microcirc 1989; 9: 1-25. 

11. Baylie RL. et al.: TRPV channels and vascular function. Acta Physiol (Oxford) 2011; 

203: 99‒116. 

12. Bayliss W: On the local reactions of the arterial wall to changes of internal pressure. J 

Physiol 1902; 28: 220–231. 



 50 

13. Berrington de Gonzalez A. et al.: Body-mass index and mortality among 1.46 million 

white adults. N Engl J Med 2010; 363: 2211–2219. 

14. Bogar L.: Diagnosztika. In: Bernat S. I, Pongacz E. (eds): A klinikai haemorheologia 

alapjai. Budapest: Kornétás Kiadó, 1999, 33-50. 

15. Born, GV.: Aggregation of blood platelets by adenosine diphosphate and its reversal. 

Nature 1962; 194: 927-929. 

16. Brun JF et al.: The triphasic effects of exercise on blood rheology: Which relevance to 

physiology and pathophysiology? Clin Hemorheol Microcirc 1998; 19: 89–104. 

17. Buck SH, Burks TF.: The neuropharmacology of capsaicin: review of some recent 

observations. Pharmacol Rev 1986; 38: 179‒226. 

18. Cakir-Atabek H. et al.: Effects of resistance training intensity on deformability and 

aggregation of red blood cells. Clin Hemorheol Microcirc 2009; 41: 251–261. 

19. Carter C. et al.: Hematocrit and the risk of coronary heart disease: The Honolulu heart 

program. Am Heart J 1983; 105: 674-679. 

20. Caterina MJ et al.: The capsaicin receptor: a heat-activated ion channel in the pain 

pathway. Nature 1997; 389: 816‒824. 

21. Church TS. et al.: Improvements in blood rheology after cardiac rehabilitation and 

exercise training in patients with coronary heart disease. Am Heart J 2002; 143: 349–355. 

22. Connes P.: Hemorheology and exercise: Effects of warm environments and potential 

consequences for sickle cell trait carriers. Scand J Med Sci Sports 2010; 20: S48–S52. 

23. Connes P. et al.: Opposite effects of in vitro lactate on erythrocyte deformability in 

athletes and untrained subjects. Clin Hemorheol Microcirc 2004; 31: 311–318. 

24. Connes P. et al.: Maximal exercise and lactate do not change red blood cell 

aggregation in well trained athletes. Clin Hemorheol Microcirc 2007; 36: 319–326. 

25. Connes P. et al.: Exercise hemorheology: Classical data, recent findings and 

unresolved issues. Clin Hemorheol Microcirc 2013; 53: 187–199. 

26. Cossette S. et al.: Clinical implications of a reduction in psychological distress on 

cardiac prognosis in patients participating in a psychosocial intervention program. 

Psychosom Med 2001; 63: 257–266. 

27. Damman P. et al.: P2Y12 platelet inhibition in clinical practice. J Thromb Thrombolysis 

2011; 33: 143-153. 



 51 

28. Debreceni A. et al.: Capsaicin increases gastric emptying rate in healthy human 

subjects measured by 13C-labeled octanoic acid breath test. J Physiol Paris 1999; 93: 

455‒460. 

29. Declaration of Helsinki (1964) as revised in Tokyo (1975), Venice (1983), Hong Kong 

(1989), Somerset West, RSA (1996), and Edinbourgh, Scotland (2000) with the Note of 

Clarification on Paragraph 29, Washington (2002) 

30. De Gaetano G. et al.: Current concepts about inhibition of platelet aggregation. 

Platelets 2008; 19: 565-570. 

31. Dickstein K. et al.: ESC Guidelines for the diagnosis and treatment of acute and  

chronic heart failure 2008: the Task Force for the Diagnosis and Treatment of Acute and 

Chronic Heart Failure 2008 of the European Society of Cardiology. Developed in 

collaboration with the Heart Failure Association of the ESC (HFA) and endorsed by the 

European Society of Intensive Care Medicine (ESICM). Eur Heart J 2008; 29: 2388–2442. 

32. Dobbe JGG. et al.: The measurement of the distribution of red blood cell 

deformability using an automated rheoscope. Cytometry 2002; 50: 313-325. 

33. Donnerer J et al.: Absorption and metabolism of capsaicinoids following intragastric 

administration in rats. Naunyn Schmiedebergs Arch. Pharmacol. 1990; 342: 357-61. 

34. Eckel RH. et al.: 2013 AHA/ACC Guideline on Lifestyle Management to Reduce 

Cardiovascular Risk: A Report of the American College of Cardiology/American Heart 

Association Task Force on Practice Guidelines. Circ. Epub ahead of print 12 Nov 2013. DOI: 

10.1161/01.cir.0000437740.48606.d1 

35. Ekman I, Ehrenberg A.: Fatigue in chronic heart failure--does gender make a 

difference? Eur J Cardiovasc Nurs 2002; 1: 77-82. 

36. Ernst E.: Influence of regular physical activity on blood rheology. Eur Heart J 1987; 8: 

59–62. 

37. ESC Guidelines for the management of acute myocardial infarction in patients 

presenting with ST-segment elevation. Eur Heart J 2012; 33: 2569‒2619. 

38. Fisk JD. et al.: Measuring the functional impact of fatigue: initial validation of the 

fatigue impact scale. Clin Infect Dis 1994; 18: S79–S83. 

39. Ford ES. et al.: Explaining the decrease in U.S. deaths from coronary disease, 1980–

2000. N Engl J Med 2007; 356: 2388–2398. 



 52 

40. García Rodríguez LA. et al.: Association between aspirin and upper gastrointestinal 

complications: Systematic review of epidemiologic studies. Br J Clin Pharmacol 2001; 52: 

563‒571. 

41. García Rodríguez LA, Jick H.: Risk of upper gastrointestinal bleeding and perforation 

associated with individual non-steroidal anti-inflammatory drugs. Lancet 1994; 343: 

769‒772. 

42. Giannuzzi P. et al.: Global secondary prevention strategies to limit event recurrence 

after myocardial infarction: results of the GOSPEL study, a multicenter, randomized 

controlled trial from the Italian Cardiac Rehabilitation Network. Arch Intern Med 2008; 168: 

2194–2204. 

43. Goto S., Toda E.: Antiplatelet therapy after coronary intervention in Asia and Japan: 

the Asian perspective of antiplatelet intervention. Hamostaseologie 2009; 4: 321-5. 

44. Gum PA. et al.: Profile and prevalence of aspirin resistance in patients with 

cardiovascular disease. Am J Cardiol 2001; 88: 230-235. 

45. Harper AG et al.: A role for TRPV1 in agonist-evoked activation of human platelets. J 

Thromb Haemost 2009; 7: 330‒338. 

46. Hayden M. et al.: Aspirin for the primary prevention of cardiovascular events: A 

summary of the evidence for the U.S. preventive services task force. Ann Intern Med 2002; 

136: 161-172. 

47. Hernández-Díaz S, García Rodríguez LA.: Incidence of serious upper gastrointestinal 

bleeding/perforation in the general population: Review of epidemiologic studies. J Clin 

Epidemiol 2002; 55: 157‒163. 

48. Hogaboam CM, Wallace JL.: Inhibition of platelet aggregation by capsaicin. An effect 

unrelated to actions on sensory afferent neurons. Eur J Pharmacol 1991; 202: 129‒131. 

49. Holzer P.: Tachykinins as targets of gastroenterological pharmacotherapy. Drug News 

Perspect 1998; 11: 394‒401. 

50. Holzer P, Pabst MA.: Visceral Afferent Neurons: Role in Gastric Mucosal Protection. 

News Physiol Sci 1999; 14: 201‒206. 



 53 

51. Hunt SA. et al.: American College of Cardiology, American Heart Association Task 

Force on Practice Guidelines, American College of Chest Physicians, International Society for 

Heart, Lung Transplantation, Heart Rhythm Society. ACC/AHA guideline update for the 

diagnosis and management of chronic heart failure in the adult: summary article: a report of 

the American College of Cardiology/American Heart Association Task Force on Practice 

Guidelines. Circ 2005; 112: 1825–1852. 

52. IL6R Genetics Consortium Emerging Risk Factors Collaboration. Interleukin-6 receptor 

pathways in coronary heart disease: a collaborative meta-analysis of 82 studies. Lancet 2012; 

79: 1205-1215. 

53. Ivandic BT. et al.: Determination of aspirin responsiveness by use of whole blood 

platelet aggregometry. Clin Chem 2007; 53: 614-619. 

54. Jancsó N. et al.: Direct evidence for neurogenic inflammation and its prevention by 

denervation and by pretreatment with capsaicin. Br J Pharmacol 1967; 31: 138‒151. 

55. Jancsó N. et al.: The role of sensory nerves endings in the neurogen inflammation 

induced in human skin and in the eye and paw of the rat. Br J Pharmacol 1968; 33: 32‒41. 

56. Jancsó-Gábor A. et al.: Irreversible impairment of the irregulation induced by 

capsaicin and similar pungent substances in rat and guinea-pigs. J Physiol 1970; 206: 495–

507. 

57. Kannel WB. et al.: Fibrinogen, cigarette smoking, and risk of cardiovascular disease: 

insights from the Framingham study. Am Heart J 1987; 113: 1006-1010. 

58. Karthikeyan V, Ananthasubramaniam K.: Coronary risk assessment and management 

options in chronic kidney disease patients prior to kidney transplantation. Curr Cardiol Rev 

2009; 5: 177-186. 

59. Kawada T. et al.: Gastrointestinal absorption and metabolism of capsaicin and 

dihydrocapsaicin in rats. Toxicol Appl Pharmacol 1984; 72: 449-56. 

60. Kesmarky G. et al.: Plasma viscosity: a forgotten variable. Clin Hemorheol Microcirc 

2008; 39: 243-246. 

61. Kidney Disease: Improving Global Outcomes (KDIGO) Transplant Work Group: KDIGO 

clinical practice guideline for the care of kidney transplant recipients. Am J Transplant 2009; 

9: 1-155. 



 54 

62. Kilic-Toprak E. et al.: Hemorheological responses to prgressive resistance exercise 

training in healthy young males. Med Sci Monit 2012; 18: CR351–CR360. 

63. Kodama S. et al.: Cardiorespiratory fitness as a quantitative predictor of all-cause 

mortality and cardiovascular events in healthy men and women: a meta-analysis. JAMA 

2009; 301: 2024–2035. 

64. Koltai K. et al: Relation of platelet aggregation and fibrinogen levels to advancing age 

in aspirin- and thienopyridine-treated patients. Clin Hemorheol Microcirc 2008; 40: 295-302. 

65. Krasopoulos G. et al.: Aspirin "resistance" and risk of cardiovascular morbidity: 

systematic review and meta-analysis. BMJ 2008; 26: 195-198. 

66. Lanas A, Ferrández A.: Treatment and prevention of aspirin induced gastroduodenal 

ulcers and gastrointestinal bleeding. Expert Opin Drug Saf 2002; 1: 245–252. 

67. Lee KW. et al.: Incremental shuttle walking is associated with activation of 

haemostatic and haemorheological markers in patients with coronary artery disease: The 

Birmingham rehabilitation uptake maximization study (BRUM). Heart 2005; 91: 1413–1417. 

68. Lee PY. et al.: Low-dose aspirin increases aspirin resistance in patients with coronary 

artery disease. Am J Med 2005; 118: 723-727. 

69. Lev EI. et al.: Aspirin and clopidogrel drug response in patients undergoing 

percutaneous coronary intervention: the role of dual drug resistance. J Am Coll Cardiol 2006; 

47: 27-33. 

70. Levine GN. et al.: Exercise training and blood viscosity in patients with ischemic heart 

disease. Am J Cardiol 1995; 76: 80–81. 

71. Lowe GDO. et al.: Cardiovascular risk and haemorheology - results from the Scottish 

heart health study and the MONICA project, Glasgow. Clin Hemorheol Microcirc 1988; 8: 

517-524. 

72. Lowe GDO. et al.: Inflammatory cytokines and cardiovascular risk. In: Preedy VR and 

Hunter JR (eds) Cytokines. Jersey: St. Helier Science Publishers, 2011, 235-250. 

73. Macchi L. et al.: Resistance to aspirin in vitro is associated with increased platelet 

sensitivity to adenosine diphosphate. Thromb Res 2002; 107: 45-49. 

74. Matuszkiewicz-Rowińska J.: KDIGO clinical practice guidelines for the diagnosis, 

evaluation, prevention, and treatment of mineral and bone disorders in chronic kidney 

disease. Pol Arch Med Wewn 2010; 120: 300-306. 



 55 

75. Moghimi M. et al.: Impact of cardiovascular risk factors on the outcome of renal 

transplantation. Saudi J Kidney Dis Transpl 2010; 21: 438-442. 

76. Montalescot G. et al.: 2013 ESC guidelines on the management of stable coronary 

artery disease. The Task Force on the management of stable coronary artery disease of the 

European Society of Cardiology. Eur Heart J 2013; 34: 2949–3003. 

77. Makara GB. et al.: Effect of capsaicin on the experimental ulcer in the rat. Acta Med 

Sci Hung 1965; 21: 213‒216. 

78. Mozsik Gy. et al.: Molecular pharmacological approach to drug actions on the 

afferent and efferent fibres of the vagal nerve involved in gastric mucosal protection in rats. 

Inflammopharmacology 2006; 14: 243‒249. 

79. Mozsik Gy. et al.: Four response stages of capsaicin-sensitive primary afferent 

neurons to capsaicin and its analog: gastric acid secretion, gastric mucosal damage and 

protection. J Gastroenterol Hepatol 2001; 16: 1093‒1097. 

80. Mozsik Gy. et al.: Small doses capsaicin given intragastrically inhibit gastric secretion 

in healthy human subjects. J Physiol Paris 1999; 93: 433‒436. 

81. Mozsik Gy, Dömötör A, Past T, Vas V, Perjési P, Kuzma M, (2009): Capsaicinoids: from 

the plant cultivation to the production of the human medical drug. Akadémiai Kiadó, 

Budapest 

82. Mozsik Gy. et al.: Gastroprotection induced by capsaicin in healthy human subjects. 

World J Gastroenterol 2005; 11: 5180‒5184. 

83. Mozsik Gy, (2013): Capsaicin is new orally applicable gastroprotective and new 

therapeutic drug alone or in combinations in human healthy subjects and patients. In: 

Capsaicin as a Therapeutic Molecule, eds. Abdel-Salam O, Springer, Heidelberg, in press 

84. Nordestgaard BG. et al.: Nonfasting triglycerides and risk of myocardial infarction, 

ischemic heart disease, and death in men and women. JAMA 2007; 298: 299–308. 

85. Okajima K, Harada N.: Regulation of inflammatory responses by sensory neurons: 

molecular mechanism(s) and possible therapeutic applications. Curr Med Chem 2006; 13: 

2241‒2251. 



 56 

86. Papp J. et al.: Clinical importance of antiplatelet drugs in cardiovascular diseases. Clin 

Hemorheol Microcirc 2013; 53: 81-96. 

87. Patrono C. et al.: Platelet-active drugs : the relationships among dose, effectiveness, 

and side effects. Chest 2001; 119: 39-63. 

88. Perk J. et al.: European Guidelines on cardiovascular disease prevention in clinical 

practice (version 2012). Eur Heart J 2012; 33: 1635–1701. 

89. Piepoli MF. et al.: Secondary prevention through cardiac rehabilitation: physical 

activity counselling and exercise training. Eur Heart J 2010; 31: 1967–1976. 

90. Pintér E. et al.: Inhibitory effect of somatostatin on inflammation and nociception. 

Pharmacol Ther 2006; 112: 440‒456. 

91. Rose G.: Sick individuals and sick populations. Int J Epidemiol 1985; 14: 32–38. 

92. Sanmuganathan P. et al.: Aspirin for primary prevention of coronary heart disease: 

safety and absolute benefit related to coronary risk derived from meta-analysis of 

randomised trials. Heart 2001; 85: 265-271. 

93. Sarlos P. et al.: Capsaicin prevents the indomethacin-induced gastric mucosal damage 

in human healthy subject. Gastroenterology 2003; 124 Suppl 1: A‒511 

94. Sarwar N. et al.: Triglycerides and the risk of coronary heart disease: 10,158 incident 

cases among 262,525 participants in 29 Western prospective studies. Circ 2007; 115: 450–

458. 

95. Seshasai SR. et al: Effect of Aspirin on vascular and nonvascular outcomes: meta-

analysis of randomized controlled trials. Arch Intern Med 2012; 172: 209-216. 

96. Shirali AC, Bia MJ.: Management of cardiovascular disease in renal transplant 

recipients. Clin J Am Soc Nephrol 2008; 3: 491-504. 

97. Silkensen JR.: Long-term complications in renal transplantation. J Am Soc Nephrol 

2000; 11: 582-588. 

98. Slattery J. et al.: Risks of gastrointestinal bleeding during secondary prevention of 

vascular events with aspirin - analysis of gastrointestinal bleeding during the UK-TIA trial. Gut 

1995; 37: 509-511. 

99. Smith SC. Jr. et al.: AHA/ACC guidelines for secondary prevention for patients with 

coronary and other atherosclerotic vascular disease: 2006 update: endorsed by the National 

Heart, Lung, and Blood Institute. Circ 2006; 113: 2363‒2372. 



 57 

100. Sylvester DM, LaHann TR.: Effects of capsaicinoids on platelet aggregation. Proc West 

Pharmacol Soc 1989;  32: 95–100. 

101. Szabó IL. et al.: Molecular pharmacological approaches to effects of capsaicinoids and 

of classical antisecretory drugs on gastric basal acid secretion and on indomethacin-induced 

gastric mucosal damage in human healthy subjects (mini review). Curr Pharm Des 2013; 19: 

84‒89. 

102. Szallasi A, Blumberg PM.: Vanilloid (Capsaicin) receptors and mechanisms. Pharmacol 

Rev 1999; 51: 159‒212. 

103. Szapary L. et al.: Hemorheological disturbances in patients with chronic 

cerebrovascular diseases. Clin Hemorheol Microcirc 2004; 31: 1-9.111. 

104. Szolcsányi J, Barthó L. (1981): Imparired defence mechanisms to peptic ulcer in the 

capsaicin desensitized rat. In: Advances in Physiological Sciences. Gastrointestinal Defence 

Mechanisms, eds Mozsik Gy, Hänninen O, Jávor T, Pergamon Press, Oxford - Akadémiai 

Kiadó, Budapest, 39-51. 

105. Szolcsányi J. (1984): Capsaicin-sensitive chemoceptive neural system with dual 

sensory-efferent function. In: Antidromic vasodilatation and neurogenic inflammation, eds 

Chahl LA, Szolcsányi J, Lembech F, Akadémiai Kiadó, Budapest, 27–56. 

106. Szolcsányi J. (1985): Sensory receptors and the antinociceptive effect of capsaicin. In: 

Tachykinin Antagonists, eds Hakanson R, Sundler F, Elsevier Publishers, Amsterdam, 45‒54. 

107. Szolcsányi J.: A pharmacological approach to elucidation of the role of different nerve 

fibres and receptor endings in mediation of pain. J Physiol 1977; 73: 251‒259. 

108. Tripette J. et al.: Endurance running trial in tropical environment: A blood rheological 

study. Clin Hemorheol Microcirc 2011; 47: 261–268. 

109. Toth K, Kesmarky G.: Clinical significance of hemorheological alterations. In: Baskurt 

OK, Hardeman MR, Rampling MW, Meiselman HJ (eds) Handbook of Hemorheology and 

Hemodynamics. Amsterdam: IOS Press, 2007, 392-433. 

110. Vergoulas, G.: Antihypertensive agents and renal transplantation. Hippokratia 2007; 

11: 3-12. 

111. Wang JC. et al.: Incidence of aspirin nonresponsiveness using the Ultegra Rapid 

Platelet Function Assay-ASA. Am J Cardiol 2003; 92: 1492-1494. 



 58 

112. Wang JP. et al.: Antiplatelet effect of capsaicin. Thromb Res 1984; 36: 497‒507. 

113. Weikert BC, Blumberg EA.: Viral infection after renal transplantation: surveillance and 

management. Clin J Am Soc Nephrol 2008; 2: 76-86. 

114. Whitlock G. et al.: Body-mass index and cause-specific mortality in 900 000 adults: 

collaborative analyses of 57 prospective studies. Lancet 2009; 373: 1083–1096. 

115. Wilson P. et al.: Prediction of coronary heart disease using risk factor categories. Circ 

1998; 97: 1837‒1847. 

116. Wolfe MM. et al.: Gastrointestinal toxicity of nonsteroidal antiinflammatory drugs. N 

Engl J Med 1999; 340: 1888‒1899. 

117. Wood DA. et al.: Nurse-coordinated multidisciplinary, family-based cardiovascular 

disease prevention programme (EUROACTION) for patients with coronary heart disease and 

asymptomatic individuals at high risk of cardiovascular disease: a paired, cluster-randomised 

controlled trial. Lancet 2008; 371: 1999–2012. 

118. Yalcin O. et al.: Time course of hemorheological alterations after heavy anaerobic 

exercise in untrained human subjects. J Appl Physiol 2003; 94: 997–1002. 

119. Zhao G. et al.: Baseline serum uric acid level as a predictor of cardiovascular disease 

related mortality and all-cause mortality: A meta-analysis of prospective studies. 

Atherosclerosis 2013; 231: 61-68. 

120. Zheng W. et al.: Association between body-mass index and risk of death in more than 

1 million Asians. N Engl J Med 2011; 364: 719–729. 

121. Ziljstra WG.: Syllectometry, a new method for studying rouleaux formation of red 

blood cells. Acta Phys Pharm Neerl 1958; 7: 153-154. 

122. 2013 ESC guidelines on the management of stable coronary artery disease: The Task 

Force on the management of stable coronary artery disease of the European Society of 

Cardiology. Eur Heart J 2013; 34: 2949-3003. 

 

 

 

 

 



 59 

Publications of the author 

 

Papers 

1. J. PAPP, A. TOTH, B. SANDOR, R. KISS, M. RABAI, P. KENYERES, I. JURICSKAY, G. KESMARKY, 

S. SZABADOS, K. TOTH The influence of on-pump and off-pump coronary artery bypass 

grafting on hemorheological parameters. Clin Hemorheol Microcirc. 49, 331-346. (2011) 

Impact factor: 3.398 

 

2. PAPP J., BÓTOR D., SÁNDOR B., TÓTH A., BIRÓ K., CSERNUS Z., TÓTH K., KÉSMÁRKY G. A 

Raynaud-jelenség hemoreológiai vonatkozásai. Érbetegségek, XX. évfolyam 2 szám, 2013/2. 

33-39. (2013) 

 

3. J. PAPP, B. SANDOR, Z. VAMOS,  D. BOTOR, A. TOTH, M. RABAI, P. KENYERES, P. CSEPLO, I. 

JURICSKAY, E. MEZOSI, A. KOLLER, K. TOTH: Antiplatelet effect of acetylsalicylic acid, 

metamizole and their combination - in vitro and in vivo comparisons. Clin Hemorheol 

Microcirc. 56, 1-12. (2014) 

 

4. A. TOTH, B. SANDOR, J. PAPP, M. RABAI, D. BOTOR, ZS. HORVATH, P. KENYERES, I. 

JURICSKAY, K. TOTH Moderate red wine consumption improves hemorheological parameters 

in healthy volunteers. Clin Hemorheol Microcirc. 56, 13-23. (2014) 

 

5. B. SANDOR, A. VARGA, M. RABAI, A. TOTH, J. PAPP, K. TOTH, P. SZAKALY Aspirin resistance 

as cardiovascular risk after kidney transplantation. KARJ. 26, 237-241. (2014) 

Impact factor: 1.015 

 

6. K. BIRO, B. SANDOR, A. TOTH, K. KOLTAI, J. PAPP, M. RABAI, K. TOTH, G. KESMARKY In vitro 

hemorheological effects of parenteral agents used in peripheral arterial disease. KARJ. 26, 

243-247 (2014) 

Impact factor: 1.015 

 



 60 

7. A. TOTH, S. SZUKITS, E. VARADY, B. SANDOR, M. RABAI, J. PAPP, I. JURICSKAY, G. 

KESMARKY, K. TOTH, I. BATTYANI Hemorheological parameters in coronary artery disease 

detected by multi-slice CT. KARJ. 26, 229-235 (2014) 

Impact factor: 1.015 

 

8. B. SANDOR, J. PAPP, GY. MOZSIK, J. SZOLCSANYI, I. JURICSKAY, K. TOTH, T. HABON 

Capsaicin does not modify Aspirin-induced platelet aggregation (human phase I. 

examination). Acta Physiol Hung. Accepted for publication (2014) 

Impact factor: 0.820 

 

7. GY. MOZSIK, T. PAST, T. HABON, ZS. KESZTHELYI, I. SZABO, B. SANDOR, J. SZOLCSANYI, M. 

SZALAI Orally given capsaicinoids do not modify the absorption, metabolism, and excretion 

of aspirin and its platelet aggregation in human male healthy subjects (human clinical 

pharmacological phase. i. examinations). JACP. 1, 31-54. (2014) 

 

8. B. SANDOR, A. NAGY, A. TOTH, M. RABAI, B. MEZEY, I. CZURIGA, K. TOTH, E. SZABADOS 

Effects of moderate aerobic exercise training on hemorheological and laboratory 

parameters, and on psychological functioning in ischemic heart disease patients. PLoS One 

Under review (2014) 

Impact factor: 3.730 

 

9. ALEXANDRA NAGY, ESZTER SZABADOS, ATTILA SIMON, BÉLA MEZEY, BARBARA SÁNDOR, 

ISTVÁN TIRINGER, KÁLMÁN TÓTH, ÁRPÁD CSATHÓ Association of exercise capacity with 

different aspects of fatigue in patients with ischemic heart disease. J Cardiopulm Rehabil 

Prev. Under publication (2014) 

Impact factor: 1.585 

 

 

 

 

 

 



 61 

Published abstracts 

1. SÁNDOR B. A hypophysis adenilát cikláz aktiváló polipeptid (PACAP) sejttúlélésre kifejtett 

hatásának vizsgálata hypoxiás és ischemiás vesekárosodásban. PTE ÁOK Tudományos 

Diákköri Konferencia, 2009. február 19-21., Pécs, Absztrakt: 139. (2009) 

2. SÁNDOR B., TÓTH A. A hiperhomociszteinémia hatása a vér reológiai paramétereire. 

Marosvásárhelyi Orvosi és Gyógyszerészeti Egyetem XVII. Tudományos Diákköri Konferencia, 

2010. március 18-21., Marosvásárhely, Orvosi és Gyógyszerészeti Szemle 12. (2010) 

3. SÁNDOR B., TÓTH A. Hemoreológiai vizsgálatok hiperhomociszteinémiás patkány 

modellen. PTE ÁOK Tudományos Diákköri konferencia, 2010. április 15-17., Pécs, Absztrakt: 

166. (2010) 

4. SÁNDOR B., TÓTH A. A hemoreológia és hiperhomociszteinémia összefüggéseinek 

vizsgálata. XV. Korányi Frigyes Tudományos Fórum, 2010. április 29-30., Budapest, XV. 

Korányi Frigyes Tudományos Fórum Jubileumi Kiadványa, Absztrakt: 118. (2010) 

5. PAPP J., TÓTH A., SÁNDOR B., KISS R., RÁBAI M., KENYERES P., SZABADOS S., TÓTH K. On-

pump és off-pump technikával végzett koszorúér bypass műtétek (CABG) hemoreológiai 

összehasonlítása. A Magyar Kardiológusok Társasága 2010. évi Tudományos Kongresszusa, 

2010. május 5-8., Balatonfüred, Card Hung 40, Suppl. G, G89. (2010) 

6. SÁNDOR B., PAPP J., TÓTH A., RÁBAI M., KENYERES P., KOLLER Á., TÓTH K. Hemoreológiai 

vizsgálatok hiperhomociszteinémiás patkány modellen. A Magyar Haemorheologiai Társaság, 

a Magyar Mikrocirkulációs és Vaszkuláris Biológiai Társaság és a Magyar Szabadgyökkutató 

Társaság 2. Közös Kongresszusa, 2010. június 25-26., Pécs, Absztrakt: 18. (2010) 

7. PAPP J., TÓTH A., SÁNDOR B., KISS R., RÁBAI M., KENYERES P., SZABADOS S., TÓTH K. 

Különböző technikákkal végzett koszorúér bypass műtétek (CABG) hemoreológiai 

összehasonlítása. A Magyar Haemorheologiai Társaság, a Magyar Mikrocirkulációs és 

Vaszkuláris Biológiai Társaság és a Magyar Szabadgyökkutató Társaság 2. Közös 

Kongresszusa, 2010. június 25-26., Pécs, Absztrakt: 25. (2010) 

8. J. PAPP, A. TOTH, B. SANDOR, R. KISS, P, KENYERES, S. SZABADOS, K. TOTH The influence of 

on-pump and off-pump coronary artery bypass grafting (CABG) on hemorheological 

parameters. 18th International Meeting of the Alpe Adria Association of Cardiology, 2010. 

szeptember 16-18., Bécs, J Kardiol 2010; 17 Suppl. A, B3-1. (2010) 

9. J. PAPP, B. SANDOR, A. TOTH, M. RABAI, Z. VAMOS, P. KENYERES, A. KOLLER, K. TOTH: 

Effects of hyperhomocysteinemia on various hemorheological parameters. 2nd International 



 62 

Symposium on Hypertension, Translational Medicine in Hypertension, 2010. november 18-

21., Osijek, Kidney Blood Press R 35, 29. (2010) 

10. TÓTH A., SÁNDOR B. On-pump és off-pump technikákkal végzett koszorúér bypass 

műtétek (CABG) hatása a hemoreológiai paraméterekre. PTE ÁOK Tudományos Diákköri 

konferencia, Pécs, 2011. február 17-18., Absztrakt: 144. (2011) 

11. PAPP J., TÓTH A., SÁNDOR B., RÁBAI M., KENYERES P., KISS R., SZABADOS S., TÓTH K. On-

pump és off-pump technikával végzett koszorúér bypass műtétek (CABG) hatása a 

hemoreológiai és vérzési-transzfúziós paraméterekre. 7. Magyar Mikrokeringés Kongresszus, 

2011. április 1-2., Dobogókő, Érbetegségek 2011; Suppl. 1, 20-21. (2011) 

12. PAPP J., TÓTH A., KISS R., SÁNDOR B., RÁBAI M., KENYERES P., SZABADOS S., TÓTH K. 

Különböző technikákkal végzett koszorúér bypass műtétek (CABG) hatása a hemoreológiai és 

vérzési-transzfúziós paraméterekre. A Magyar Kardiológusok Társasága 2011. évi 

Tudományos Kongresszusa, 2011. május 11-14., Balatonfüred, Card Hung 41, Suppl. F, F47. 

(2011) 

13. J. PAPP, A. TOTH, B. SANDOR, M. RABAI, P. KENYERES, R. KISS, S. SZABADOS, K. TOTH The 

influence of various coronary artery bypass grafting (CABG) methods on hemorheological 

parameters. 16th Conference of the European Society for Clinical Hemorheology and 

Microcirculation, 2011. június 18-21., München, Abstract: 96. (2011) 

14. B. SANDOR, J. PAPP, GY. MOZSIK, J. SZOLCSANYI, I. JURICSKAY, T. HABON, K. TOTH 

Capsaicin does not influence the inhibitory effect of acetylsalicylic acid on platelet 

aggregation – a human clinical phase I study. A Magyar Haemorheologiai Társaság, a Magyar 

Mikrocirkulációs és Vaszkuláris Biológiai Társaság és a Magyar Szabadgyökkutató Társaság 3. 

Közös Kongresszusa, 2012. április 27-28., Balatonkenese, Absztrakt: S2/4. (2012) 

15. J. PAPP, B. SANDOR, A. TOTH, ZS. HORVATH, D. BOTOR, M. RABAI, P. KENYERES, I. 

JURICSKAY, Z. VAMOS, P. CSEPLO, A. KOLLER, K. TOTH In vitro and in vivo comparison of 

platelet aggregation inhibitory effect of acetylsalicylic acid, metamizole and their 

combination. A Magyar Haemorheologiai Társaság, a Magyar Mikrocirkulációs és Vaszkuláris 

Biológiai Társaság és a Magyar Szabadgyökkutató Társaság 3. Közös Kongresszusa, 2012. 

április 27-28., Balatonkenese, Absztrakt: S2/2. (2012) 

16. TOTH, B. SANDOR, J. PAPP, D. BOTOR, ZS. HORVATH, M. RABAI, P. KENYERES, I. 

JURICSKAY, K. TOTH Red wine and hemorheology: complex results of in vitro and in vivo 

studies in healthy volunteers. A Magyar Haemorheologiai Társaság, a Magyar 



 63 

Mikrocirkulációs és Vaszkuláris Biológiai Társaság és a Magyar Szabadgyökkutató Társaság 3. 

Közös Kongresszusa, 2012. április 27-28., Balatonkenese, Absztrakt: S2/5. (2012) 

17. P. KENYERES, ZS. HORVATH, M. RABAI, J. PAPP, B. SANDOR, K. TOTH, L. BOGAR 

Prognostic value of hematocrit to blood viscosity ratio in acute coronary syndrome patients. 

A Magyar Haemorheologiai Társaság, a Magyar Mikrocirkulációs és Vaszkuláris Biológiai 

Társaság és a Magyar Szabadgyökkutató Társaság 3. Közös Kongresszusa, 2012. április 27-

28., Balatonkenese, Absztrakt: S2/1. (2012) 

18. BÓTOR D., PAPP J., HORVÁTH ZS., TÓTH A., SÁNDOR B., RÁBAI M., CSERNUS Z., SZABÓ 

ZS., TÓTH K., KÉSMÁRKY G. Raynaud kór, az életet megkeserítő betegség hemoreológiai 

vonatkozásai. A Magyar Haemorheologiai Társaság, a Magyar Mikrocirkulációs és Vaszkuláris 

Biológiai Társaság és a Magyar Szabadgyökkutató Társaság 3. Közös Kongresszusa, 2012. 

április 27-28., Balatonkenese, Absztrakt: S3/7. (2012) 

19. SÁNDOR B., PAPP J., MÓZSIK Gy., SZOLCSÁNYI J., JURICSKAY I., HABON T., TÓTH K. A 

kapszaicin nem befolyásolja az acetilszalicilsav trombocita aggregáció gátló hatását – humán 

klinikai fázis I vizsgálat. A Magyar Kardiológusok Társasága 2012. évi Tudományos 

Kongresszusa, 2012. május 9-12., Balatonfüred, Card Hung 42, Suppl. A, A1. (2012) 

20. PAPP J., KOLTAI K., TÓTH A., BÓTOR D., SÁNDOR B., RÁBAI M., CSERNUS Z., TÓTH K., 

KÉSMÁRKY G. Hemoreológiai tényezők szerepe perifériás vazospasztikus kórképekben. A 

Magyar Kardiológusok Társasága 2012. évi Tudományos Kongresszusa, 2012. május 9-12., 

Balatonfüred, Card Hung 42, Suppl. A, A2. (2012) 

21. B. SANDOR, J. PAPP, GY. MOZSIK, J. SZOLCSANYI, I. JURICSKAY, T. HABON, K. TOTH 

Capsaicin does not influence the inhibitory effect of acetylsalicylic acid on platelet 

aggregation – a human clinical phase I study. 14th International congress of Biorheology and 

7th International Conference on Clinical Hemorheology 2012. július 4-7., Isztambul, Biorheol 

49, 109-110. (2012) 

22. J. PAPP, B. SANDOR, A. TOTH, ZS. HORVATH, D. BOTOR, M. RABAI, P. KENYERES, I. 

JURICSKAY, Z. VAMOS, P. CSEPLO, A. KOLLER, K. TOTH In vitro and in vivo comparison of 

platelet aggregation inhibitory effect of acetylsalicylic acid, metamizole and their 

combination. 14th International congress of Biorheology and 7th International Conference 

on Clinical Hemorheology 2012. július 4-7., Isztambul, Biorheol, 49, 110-111. (2012) 

23. A. TOTH, B. SANDOR, J. PAPP, D. BOTOR, ZS. HORVATH, M. RABAI, P. KENYERES, I. 

JURICSKAY, K. TOTH Red wine and hemorheology: complex results of in vitro and in vivo 



 64 

studies in healthy volunteers. 14th International congress of Biorheology and 7th 

International Conference on Clinical Hemorheology 2012. július 4-7., Isztambul, Biorheol 49, 

109. (2012) 

24. G. KESMARKY, D. BOTOR, J. PAPP, B. SANDOR, M. RABAI, K. KOLTAI, Z. CSERNUS, K. TOTH 

Raynaud’s disease: hemorheological characteristics. 14th International congress of 

Biorheology and 7th International Conference on Clinical Hemorheology 2012. július 4-7., 

Isztambul, Biorheol, 49, 131-132. (2012) 

25. P. KENYERES, ZS. HORVATH, M. RABAI, J. PAPP, B. SANDOR, K. TOTH, L. BOGAR 

Prognostic value of hematocrit to blood viscosity ratio in acute coronary syndrome patients. 

14th International congress of Biorheology and 7th International Conference on Clinical 

Hemorheology 2012. július 4-7., Isztambul, Biorheol, 49, 133. (2012) 

26. SÁNDOR B., TÓTH A., PAPP J., RÁBAI M., JURICSKAY I., MEZEY B., TÓTH K., SZABADOS E. 

Fizikai tréning hatása a hemoreológiai paraméterekre ambuláns kardiológiai rehabilitációban 

résztvevő iszkémiás szívbetegeknél. A Magyar Kardiológusok Társasága 2013. évi 

Tudományos Kongresszusa, 2013. május 8-11., Balatonfüred, Card Hung 43, Suppl. B, B52-53. 

(2013) 

27. PAPP J., SÁNDOR B., TÓTH A., BÓTOR D., RÁBAI M., KENYERES P., VÁMOS Z., KOLLER Á., 

TÓTH K. Trombocitaaggregáció-gátlás metamizollal, acetilszalicilsavval és kombinációjukkal – 

in vitro és in vivo összehasonlítás. A Magyar Kardiológusok Társasága 2013. évi Tudományos 

Kongresszusa, 2013. május 8-11., Balatonfüred, Card Hung 43, Suppl. B, B115. (2013) 

28. TÓTH A., SÁNDOR B., PAPP J., BÓTOR D., RÁBAI M., KENYERES P., JURICSKAY I., TÓTH K. A 

vörösbor-fogyasztás hatása a hemoreológiai paraméterekre egészséges önkénteseken. A 

Magyar Kardiológusok Társasága 2013. évi Tudományos Kongresszusa, 2013. május 8-11., 

Balatonfüred, Card Hung 43, Suppl. B, B115. (2013) 

29. SÁNDOR B., TÓTH A., MEZEY B., PAPP J., RÁBAI M., JURICSKAY I., TÓTH K., SZABADOS E. 

Fizikai tréning hatása az ambuláns kardiológiai rehabilitációban résztvevő iszkémiás 

szívbetegekben. A Magyar Élettani, Farmakológiai és Mikrocirkulációs Társaságok 2013. évi 

Közös Tudományos Kongresszusa, 2013. június 5-8., Budapest, Programfüzet: 49. (2013) 

30. SÁNDOR B., TÓTH A., JURICSKAY I., VARGA Á., TÓTH K., SZAKÁLY P. Vesetranszplantált 

páciensek rezisztenciája acetilszalicilsav-kezelésre: összehasonlítás a rezisztencia populációs 

adataival. A Magyar Sebész Társaság Kísérletes Sebészeti Szekciójának Kongresszusa, 2013. 

június 13-15., Debrecen, Magyar Sebészet 66. évfolyam, 2. szám, április, 106-107. (2013) 



 65 

31. RÁBAI M., TÓTH A., SÁNDOR B., PAPP J., TÓTSIMON K., KENYERES P., JURICSKAY I., 

MEISELMAN H.J., TÓTH K. Vörösbor, alkoholmentes vörösborkivonat és etanol 

hemoreológiai hatásai. Magyar Belgyógyász Társaság Dunántúli Szekciójának LVII. 

Vándorgyűlése és a Hámori Artur Belgyógyászati Napok VI., 2013. június 6-8., Pécs, Magyar 

Belorvosi Archívum LXVI. évfolyam, 2013/1. Supplemetum, 42. (2013) 

32. KÉSMÁRKY G., BIRÓ K., SÁNDOR B., PAPP J., TÓTH A., KOLTAI K. A perifériás 

ütőérbetegség ellátása a bizonyítékok fényében. Magyar Haemorheologiai Társaság 20. 

Kongresszusa, 2013. július 8., Pécs, Érbetegségek, XX. évfolyam 2. szám, 2013/2. 31-32., 

(2013) 

33. B. SANDOR, K. BIRO, A. TOTH, I. JURICSKAY, A. VARGA, M. RABAI, J. PAPP, K. TOTH, P. 

SZAKALY Aspirin resistance after kidney transplantation. 17th Conference of the European 

Society for Clinical Hemorheology and Microcirculation, 2013. július 6-9., Pécs, Clin 

Hemorheol Microcirc, 54, 139-140. (2013) 

34. B. SANDOR, A. TOTH, B. MEZEY, M. RABAI, J. PAPP, I. JURICSKAY, K. TOTH, E. SZABADOS 

Effect of physical activity in ischemic heart disease patients participating in a cardiological 

ambulatory rehabilitation program. 17th Conference of the European Society for Clinical 

Hemorheology and Microcirculation, 2013. július 6-9., Pécs, Clin Hemorheol Microcirc, 54, 

178-179. (2013) 

35. A. TOTH, K. TOTSIMON, S. SZUKITS, E. VARADY, B. SANDOR, D. BOTOR, N. VRYZAS, J. 

PAPP, M. RABAI, P. KENYERES, I. JURICSKAY, G. KESMARKY, I. BATTYANI, B. SUMEGI, K. TOTH 

Hemorheological parameters in ischemic heart disease. 17th Conference of the European 

Society for Clinical Hemorheology and Microcirculation, 2013. július 6-9., Pécs, Clin 

Hemorheol Microcirc, 54, 178. (2013) 

36. P. KENYERES, A. MIKO, A. TOTH, B. SANDOR, R. CSALODI, O. TOTH, SZ. KOSZTOLANYI, A. 

SZOMOR, A. NAGY Hemorheological disturbances in patients with chronic myeloid 

neoplasms. 17th Conference of the European Society for Clinical Hemorheology and 

Microcirculation, 2013. július 6-9., Pécs, Clin Hemorheol Microcirc, 54, 187. (2013) 

37. G. KESMARKY, B. SANDOR, A. TOTH, K. BIRO, K. KOLTAI, J. PAPP, M. RABAI, K. TOTH 

Peripheral vascular diseases: role of hemorheological factors. 17th Conference of the 

European Society for Clinical Hemorheology and Microcirculation, 2013. július 6-9., Pécs, Clin 

Hemorheol Microcirc, 54, 180. (2013) 



 66 

38. A. TOTH, K. BIRO, B. SANDOR, J. PAPP, D. BOTOR, M. RABAI, P. KENYERES, I. JURICSKAY, 

K. TOTH The effects of red wine on hemorheological parameters in healthy volunteers. 

Amerikai Magyar Orvosszövetség Magyarországi Tagozat 7. éves Kongresszusa, 2013. 

augusztus 16-17., Balatonfüred, Archives of the Hungarian Medical Association of America 

34. (2013) 

39. P. KENYERES, K. TOTSIMON, B. SANDOR, M. RABAI, J. PAPP, G. KESMARKY, K. TOTH, L. 

BOGAR Prognostic value of hematocrit to blood viscosity ratio in patients with stable and 

acute coronary artery disease. Amerikai Magyar Orvosszövetség Magyarországi Tagozat 7. 

éves Kongresszusa, 2013. augusztus 16-17., Balatonfüred Archives of the Hungarian Medical 

Association of America 35. (2013) 

40. SÁNDOR B., TÓTH A., KOLTAI K., BIRÓ K., KÉSMÁRKY G. Perifériás érbetegségben használt 

gyógyszerek hatása a hemoreológiai paraméterekre - in vitro vizsgálat –. Pécsi Angiológiai 

Napok, a Magyar Angiológiai és Érsebészeti Társaság és a Magyar Cardiovascularis és 

Intervenciós Radiológiai Társaság közös Kongresszusa, 2013. november 21-23., Pécs, 

Érbetegségek, 20, 104. (2013) 

41. VARGA Á., KALMÁR NAGY K., VIOLA M., SÁNDOR B., TÓTH A., JURICSKAY I., TÓTH K., 

SZAKÁLY P. A cardiovascularis betegségek és az acetil-szalicilsav rezisztencia összefüggései 

veseátültetés után. A Transzplantációs Társaság éves konferenciája, 2013. November 21-23., 

Hajdúszoboszlón (2013) 

42. NAGY A., SÁNDOR B., SZABADOS E., MEZEY B., TÓTH K., CSATHÓ Á. Relation of vital 

exhaustion, fatigue, and psychomotor speed to haemorheological parameters in patients 

with cardiovascular disease. In: Interdisciplinary Doctoral Conference (2.) (2013), Pécs (2013) 

43. NAGY A., SÁNDOR B., SZABADOS E., MEZEY B., TÓTH K., CSATHÓ Á. A vitális kimerültség, 

krónikus fáradtság, pszichomotoros tempó és hemorheológiai paraméterek kapcsolata 

kardiovaszkuláris betegcsoportban. Magatartástudományi Napok, Debrecen (2013) 

44. NAGY A., SÁNDOR B., SZABADOS E., MEZEY B., TÓTH K., CSATHÓ Á. Relation of 

haemorheological parameters to fatigue, vital exhaustion and psychomotor speed in 

patients with cardiovascular disease. HMAA Balatonfüredi Nyári Konferencia, Balatonfüred 

(2013) 

45. NAGY A., MEZEY B., SÁNDOR B., SZABADOS E., TÓTH K., CSATHÓ Á. The Relation of 

Fatigue Related Psychological Factors to Ergometric Values of Patients with Cardiovascular 

Disease. International Congress on Coronary Artery Disease, Florence, Italy (2013) 



 67 

46. VARGA Á., KALMÁR NAGY K., VIOLA M., SÁNDOR B., TÓTH A., JURICSKAY I., TÓTH K., 

SZAKÁLY P. Thrombocyta aggregáció gátlásról általánosságban és transzplantáltak körében. 

A Családorvos Kutatók Országos Szervezetének konferenciája, 2014. március 1. (2014) 

47. BIRÓ K., SÁNDOR B., TÓTH A., TÓTSIMON K., TÓTH K., KÉSMÁRKY G. Quo vadis 

hemodilúció? Magyar Haemorheologiai Társaság 21. Kongresszusa, 2014. április 4-5., 

Balatonkenese, Érbetegségek, 21, 33-34. (2014) 

48. KENYERES P., TÓTH A., SÁNDOR B., CSALÓDI R., TÓTH O., KOSZTOLÁNYI SZ., SZOMOR Á., 

NAGY Á., CZOPF L.. Haemorheologiai eltérések krónikus myeloid neoplasiás betegeknél. 

Magyar Haemorheologiai Társaság 21. Kongresszusa, 2014. április 4-5., Balatonkenese, 

Érbetegségek, 21, 36. (2014) 

49. PRAKSCH D., SÁNDOR B., VARGA Á., RÁBAI M., SZAKÁLY P., TÓTH K. Aspirin rezisztencia 

vizsgálata vesetranszplantáción átesett betegek körében. Magyar Haemorheologiai Társaság 

21. Kongresszusa, 2014. április 4-5., Balatonkenese, Érbetegségek, 21, 42-43. (2014) 

50. SÁNDOR B., TÓTH A., RÁBAI M., PAPP J., MEZEY B., TÓTH K., SZABADOS E. Iszkémiás 

szívbetegek által végzett hosszú távú anaerob fizikai tréning hemoreológiai és laboratóriumi 

hatásai. Magyar Haemorheologiai Társaság 21. Kongresszusa, 2014. április 4-5., 

Balatonkenese, Érbetegségek, 21, 43-44. (2014) 

51. TÓTH A., SZUKITS S., VÁRADY E., SÁNDOR B., PAPP J., RÁBAI M., JURICSKAY I., BATTYÁNI 

I., TÓTH K., KÉSMÁRKY G. Haemorheologiai paraméterek szív CT-vel igazolt coronaria-

betegségben. Magyar Haemorheologiai Társaság 21. Kongresszusa, 2014. április 4-5., 

Balatonkenese, Érbetegségek, 21, 45. (2014) 

52. SÁNDOR B., TÓTH A., RÁBAI M., PAPP J., MEZEY B., TÓTH K., SZABADOS E. Hosszú távú 

fizikai tréning hatásai ambuláns kardiológiai rehabilitációban résztvevő iszkémiás 

szívbetegekben. A Magyar Kardiológusok Társasága 2014. évi Tudományos Kongresszusa, 

2014. május 14-17., Balatonfüred, Card Hung 44, Suppl. E, E5. (2014) 

53. TÓTH A., SZUKITS S., VÁRADY E., SÁNDOR B., PAPP J., RÁBAI M., JURICSKAY I., KÉSMÁRKY 

G., BATTYÁNI I., TÓTH K. Hemoreológiai paraméterek CT-vel igazolt koszorúér-betegségben. 

A Magyar Kardiológusok Társasága 2014. évi Tudományos Kongresszusa, 2014. május 14-17., 

Balatonfüred, Card Hung 44, Suppl. E, E89. (2014) 

54. MÉSZÁROS A., VARGA G., TUBOLY E., TÓTH A., SÁNDOR B., RÁBAI M., KENYERES P., 

KÉSMÁRKY G., KASZAKI J., TÓTH K., BOROS M. In vitro metán kezelés hatása vörösvértestek 



 68 

deformabilitási és aggregációs paramétereire. 44. Membrán-Transzport Konferencia, 2014. 

május 20-23., Sümeg, (accepted for oral presentation) 

 

Posters 

1. SÁNDOR B., PAPP J., TÓTH A., RÁBAI M., KENYERES P., KOLLER Á., TÓTH K. 

Hiperhomociszteinémia hatása a vér reológiai paramétereire. A Magyar Kardiológusok 

Társasága 2010. évi Tudományos Kongresszusa, 2010. május 5-8., Balatonfüred, Card. Hung 

40, Suppl. G, G69. (2010.) 

2. J. PAPP, Z. VAMOS, B. SANDOR, A. TOTH, M. RABAI, P. KENYERES, P. CSEPLO, A. KOLLER, K. 

TOTH In vitro comparison of platelet aggregation inhibitory effect of acetylsalicylic acid and 

metamizole in blood samples of healthy subjects. FAMÉ, 2011. június 8-11., Pécs, Acta 

Physiol 202, Suppl. 684, 91-92. (2011.) 

3. PRAKSCH D., SÁNDOR B., VARGA Á., RÁBAI M., SZAKÁLY P., TÓTH K. Vesetranszplantált 

betegek ASA-rezisztenciája: összehasonlítás a populációs rezisztencia adatokkal. A Magyar 

Kardiológusok Társasága 2014. évi Tudományos Kongresszusa, 2014. május 14-17., 

Balatonfüred, Card Hung 44, Suppl. E, E59. (2014) 


