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1. Introduction 
 

The importance of subclinical target organ damage has been demonstrated in several studies, 

as part of cardiovascular (CV) risk assessment. Aortic stiffness, in particular aortic pulse wave 

velocity (PWVao), has become an increasingly recognized biomarker in CV risk assessment. 

Early onset of asymptomatic subclinical atherosclerosis commonly manifests at an early age, 

as shown by studies of young soldiers killed in both the Korean War and the Vietnam War. 

Carotid ultrasound can directly detect the presence and extent of asymptomatic carotid 

atherosclerosis, which plays a very important role in the recognition of the asymptomatic 

patients at risk of heart attack and stroke. Chronic obstructive pulmonary disease (COPD) is 

one of the leading causes of death worldwide. Small airway obstruction, chronic inflammation, 

frequent exacerbation and progressive outcome are the main features of the disease. The arterial 

rigidity (arterial stiffness) became into focus of the interest of the experts in the field of 

cardiovascular prevention in the last two decades. Decreased compliance of the arterial wall 

can be identified with functional methods at the earliest stage of atherosclerosis before 

morphologic changes occurs. PWVao, one of the most characteristic variables of arterial 

stiffness is a strong predictor of adverse cardiovascular outcome including mortality, 

independently from the traditional risk factors. Measurement of arterial stiffness beyond routine 

cardiovascular risk assessment can help in reclassification of the risk of asymptomatic 

individuals. It can provide further benefit in COPD because it can help to confirm the 

occurrence of cardiovascular comorbidities at early stage of atherosclerosis and identify 

individuals at high risk. 

 

2. Objectives 
 

The aim of our study was to determine the subclinical atherosclerosis with a functional 

oscillometric technic in a healthy, middle-aged population in the association of asymptomatic 

carotid atherosclerosis and investigate the early cardiovascular risk at COPD patients which is 

a public health problem worldwide by detecting non-invasively determinable arterial stiffness 

parameters in inflammation. 

2.1 The Measurement of Aortic Pulse Wave Velocity (PWVao) and Asymptomatic 

Carotid Atherosclerosis in a Middle-Aged, Healthy Population 

 

1. Investigate the association between subclinical carotid atherosclerosis (ACA) and aortic 

pulse wave velocity in healthy individuals. What is the difference in stiffness parameters 

observed in the presence of ACA compared to ACA negative individuals? 

2. Determine the independent markers of asymptomatic carotid atherosclerosis. 

3. Determine the sensitivity, specificity and predictive values of PWVao for the detection 

of asymptomatic carotid atherosclerosis in healthy individuals. 
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2.2 The measurement of Soluble Urokinase-Type Plasminogen Activator Receptor 

(suPAR) and Arterial Stiffness parameters in Patients with COPD and healthy 

individuals. 

 

1. Compare the inflammatory markers in COPD and healthy individuals and a new marker 

predicting both inflammation and atherosclerosis between two groups of suPAR levels 

to investigate the association between low-level inflammation in COPD and early 

atherosclerosis. 

2. Determine the arterial stiffness parameters in COPD and healthy population and 

determine the differences between the two groups. 

3. Measure the correlations of FEV1 loss and COPD symptom scores and plasma suPAR 

level. 

4. Investigate the association between smoking and early atherosclerosis in the light of 

arterial stiffness parameters and inflammatory markers, suPAR levels in the groups of 

healthy individuals and healthy smokers. 

 

3. The Measurement of Aortic Pulse Wave Velocity (PWVao) and 

Asymptomatic Carotid Atherosclerosis in a Middle-Aged, 

Healthy Population 
 

3.1. Materials and methods 

3.1.1. Materials 

 

In this observational cross-sectional study, we measured a relatively big cohort, 781 

subjects, (aged 57 ± 12 years) who attended our day care center of Heart Institute, Medical 

School, University of Pécs, Hungary by their own initiative for a cardiovascular check-up. The 

study has been approved by the local Institutional Ethics Committee of the University of Pécs, 

Hungary (PTE KK RIKEB - 5111/2013), and all participants gave their informed consent. 

In this study 236 middle-aged, 30-60 years, healthy individuals were included, without 

any complaints or case history for coronary heart disease or stroke. Exclusion criteria of this 

cross-sectional study were: coronary heart disease, hypertension, atrial fibrillation, tachycardia 

(heart rate above 90/min), stroke, peripheral arterial disease, chronic renal disease, diabetes and 

statin use. Those patients who previously were diagnosed with coronary heart disease (e.g. 

positive case history, or who had experienced for angina pectoris or who had positive coronary 

angiography / positive coronary CT scan) were excluded. Hypertension was defined as systolic 

blood pressure ≥140 mmHg, or diastolic blood pressure ≥ 90 mmHg or current use of 

antihypertensive medication. Diabetes mellitus was defined as a current use of oral antidiabetic 

drugs, insulin, or self-report of the diagnosis. Chronic renal disease was excluded by anamnestic 

data and according to laboratory parameters (GFR lower than 60 ml/min/1.73m2). Figure 1 

displays the enrollment of participants into the study. 
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Figure 1. Flow chart of the number and selection of individuals in the study population 

 

3.1.2.  Detection of the arterial stiffness parameters     

 

The simultaneous measurements of PWVao and blood pressure were performed in the 

supine position after 10 minutes of rest in a separate room at constant room temperature, by an 

invasively validated oscillometric, occlusive, non-invasive technique (Arteriograph, 

TensioMed Ltd., Budapest, Hungary). This method allows very simple, fast and user 

independent measurement of aortic PWV using only a single upper arm cuff. This upper arm 

cuff arteriography simultaneously detects systolic blood pressure (SBP), diastolic blood 

pressure (DBP), mean arterial pressure (MAP), pulse pressure (PP) and aortic pulse wave 

velocity (PWVao) and return time (RT).  
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3.1.3. Carotid artery ultrasound examination 

All carotid artery ultrasound examinations were performed by a single examiner using 

a HP Sonos 2000 device with 7.5 MHz linear probe (Hewlett Packard Ltd. Andover, 

Massachusetts, U.S.A.) on the same day and within 1 hour of the measurement of arterial 

stiffness. The whole extracranial carotid artery system was examined bilaterally, and we 

followed the American Society of Echocardiography guidelines regarding standard screening 

methods of carotid plaques. Asymptomatic carotid atherosclerosis (ACA) was defined 

according to the European Mannheim consensus. The presence of plaque in the carotid artery 

was defined as a focal structure encroaching into the arterial lumen of at least 0.5 mm or 50% 

of the surrounding IMT value or demonstrates a thickness > 1.5 mm as measured from the 

media-adventitia interface to the intima lumen interface. 

 

3.1.4. Statistical analysis 

Data are reported as mean values ± SD. Group means of continuous variables were 

compared with independent samples Student’s t–test, whereas groups of categorical variables 

were analyzed with the χ2 test. Stepwise logistic regression was used to define predictor 

variables for the binary outcome of the presence of ACA. Receiver operating characteristics 

(ROC) analysis was performed to assess threshold values for PWVao relative to ACA. A 

probability (p) <0.05 was considered to be significant. Data were analyzed using SPSS 16.0 

statistical package (SPSS Inc., Chicago, Illinois, USA). 

 

3.2. Results 

236 asymptomatic normotensive subjects (age 47 ± 8 years; 52% women) comprised 

the study group. The participants’ characteristics are presented in Table 1. ACA was present in 

51 subjects (22%). There were no differences between subjects with and without ACA in 

gender, BMI, total cholesterol, or HR. However, age, smoking, SBP, and PWVao were higher 

in the ACA group compared to ACA negative subjects (50 ± 8 vs. 47 ± 8 years, p = 0.009; 29%   

vs. 8.3%, p < 0.001; 128 ± 9 mmHg vs. 125 ± 10 mmHg, p = 0.048; 9 ± 2 m/s  vs. 8 ± 1 m/s, p 

< 0.001, respectively).   
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N All 

Carotid atherosclerosis 
P 

  Negative Positive 

N  236 185 51  

Age (years) 236 47 ± 8 47 ± 8 50 ± 8 0.009 

Weight (kg) 236 76.0 ± 16.0 75.5 ± 15.7 77.9 ± 17.1 0.344 

Height (cm) 236 172 ± 10 171 ± 9 173 ± 11 0.295 

BMI (kg/m2) 236 25.7 ± 4.1 25.6 ± 4.1 25.8 ± 3.9 0.735 

Serum total 
cholesterol (mmol/l) 134 5.6 ± 1.3 5.6 ± 1.3 5.9 ± 1.5 0.240 

SBP (mmHg) 236 125 ± 10 125 ± 10 128 ±9 0.048 

DBP (mmHg) 236 75 ± 8 75 ± 8 76 ± 7 0.671 

MAP (mmHg) 236 92 ± 7 92 ± 8 93 ± 7 0.228 

PP (mmHg) 236 50 ± 8 50 ± 8 52 ± 8 0.049 

HR (beats per min) 236 70 ± 9 70 ± 9 71 ± 10 0.380 

PWVao (m/s) 236 8.2 ± 1.5 7.9 ± 1.3 9.3 ± 1.6 <0.001 

Female / Male 236 122 / 114 98 / 87 24 / 27 0.45 

Smoker / Nonsmoker 236 30 / 206 
15 / 170 

8.3% 

15 / 36 

29% 
<0.001 

Table 1. Descriptive data of the study population according to carotid artery atherosclerosis 
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial 

pressure; PP, pulse pressure; HR, heart rate; PWVao, aortic pulse wave velocity. Values are presented as mean ± 

standard deviation. 

 

Independent markers of asymptomatic atherosclerosis were determined using Stepwise logistic 

regression, as shown in Table 2. 
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 Odds ratio and 95% confidence 

limits for 1unit change 
    P 

PWVao (m/s) 1.88 [1.44; 2.50] <0.001 

Smoker (yes/no) 

SBP (mmHg) 

3.79 [1.56; 9.22] 

1.05 [1.001; 1.10] 

0.003 

0.046 

DBP (mmHg) 0.94 [0.89; 0.99] 0.038 

Table 2. Independent markers of asymptomatic carotid artery atherosclerosis by stepwise logistic 

regression analysis 
A stepwise logistic regression including age, gender, body mass index, smoking habits, systolic and diastolic 

blood pressure, heart rate and PWVao showed aortic PWV, smoking, systolic and diastolic blood pressure to be 

significant independent markers. 

PWVao, aortic pulse wave velocity; SBP, systolic blood pressure; DBP, diastolic blood pressure. 

 

A stepwise logistic regression including age, gender, BMI, smoking habit, SBP and 

DBP, HR, and PWVao was used to reveal parameters independently related to ACA. PWVao, 

smoking habit, and SBP, DBP were independently associated to ACA (Table 2). Age was not 

an independent marker of ACA. Based on the calculated odds ratio (1.88) and the SD (1.6 m/s) 

of PWVao, 1 SD increase of PWVao almost duplicated (98%) the risk of ACA, supposing that 

other parameters remained unchanged.  

 

A receiver operating characteristic (ROC) curve analysis was performed to determine 

the optimal threshold value of PWVao for detecting ACA. This value proved to be 8.3 m/s. 

(Figure 2). The area under the curve was 0.751 and the optimal PWVao threshold proved to 

be 8.3 m/s, with a sensitivity of 0.71 and a specificity of 0.65.  
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Figure 2. Receiver operating characteristic curve determining asymptomatic carotid atherosclerosis by 

measuring aortic pulse wave analysis 

 

Using this cutoff value of PWVao, the sensitivity, specificity, positive and negative 

predictive values, relative risk, and odds ratio for ACA were 0.71, 0.65, 0.36, 0.89, 2.04 and 

4.54, respectively. (Table 3).  

The prevalence of asymptomatic carotid atherosclerosis is 22% in a young, apparently 

healthy population.  

 

 Value 95% CI 

Sensitivity 0.71 0.56 – 0.83 

Specificity 0.65 0.58 – 0.72 

Positive predictive value 0.36 0.27 – 0.46 

Negative predictive value 0.89 0.82 – 0.94 

Relative risk 2.04 1.56 – 2.66 

Odds Ratio 4.54 2.31 – 8.91 

Table 3. Sensitivity and specificity of using 8.3 m/s as a cutoff value of aortic pulse wave velocity to 

reveal asymptomatic carotid atherosclerosis. 
CI,  indicates confidence   interval 

 

3.3. Discussion 

 

The most important finding of our study was that the oscillometrically, Arteriograph 

measured PWVao proved to be an independent marker of ACA. It is important to emphasize 

that age did not turn to be an independent factor of asymptomatic atherosclerosis in this 
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population. Although subjects with ACA were older compared to those without ACA, the 

difference (3.3 years) was modest. More importantly, the prevalence of ACA was 22% which 

is surprisingly high in this relatively young and apparently healthy population.  

However, other authors also found similar ACA prevalence in almost identical 

population.  

In our study, the age independency of PWVao to reveal ACA maybe of paramount 

importance since most of cardiovascular risk scores are age-driven. Consequently, many older 

people are considered to have high CV risk, despite of their normal cardiovascular status. 

However, subjects with low or moderate risk could be missed from the cardiovascular screening 

program because of their lower risk score driven by their younger age. Consequently, 

therapeutic intervention cannot be performed in time and fatal consequences may occur. 

However, several results confirmed that atherosclerotic process begins even at a very young 

age. Furthermore, it has to be emphasized that almost 60% of cardiovascular and 

cerebrovascular events occur among low-risk patients involving three-quarters of the 

population, where traditional risk factors do not identify the majority of patients who will 

develop cardiovascular disease in the next 10 years. Consequently, measuring PWVao 

oscillometrically in an apparently healthy, middle-aged population to find individuals with 

asymptomatic atherosclerosis, who will take advantage from early intervention and aggressive 

treatment, may have great clinical importance.  

We found 71% sensitivity for ACA by using the PWVao threshold value of 8.3 m/s 

based on the ROC curve in this middle-aged, apparently healthy, normotensive population, 

which sensitivity seems to be acceptable. Our opinion could be supported by the fact that the 

sensitivity of the commonly used exercise ECG as a routine procedure to diagnose the presence 

of coronary artery disease in only 45-50% according to the 2013 ESC guidelines on the 

management of stable coronary artery disease. Consequently, based on the fast, user-

independent, easy application of the Arteriograph, this higher sensitivity seems to be acceptable 

for screening of asymptomatic atherosclerosis assuming that atherosclerosis is the systemic 

disease of the intimal layer of middle and large arteries potentially having long latent subclinical 

phase and can affect the carotid arteries as well as the coronary arteries. The observed relatively 

low positive predictive value of 36% may result from the low prevalence of ACA positive cases 

in this study population. However, the high negative predictive value means that the majority 

of patients with PWVao lower than 8.3 m/s are unaffected from ACA. The relative risk and the 

odds ratio of the test proved to be 2.04 and 4.54, respectively, referring that the PWVao 

measurement seems to be a suitable screening tool for ACA. 

The 8.3 m/s PWVao cut-off value for ACA in our study with middle-aged hypertensive 

patients was lower than it was recommended (10 m/s) by the ESC/ESH guidelines for the 

management of arterial hypertension as a marker of aortic stiffness and underlying 

arteriosclerosis. However, it must be emphasized that this higher cut-off value suggested by the 

Guidelines does not refer only to ACA.  

The relatively low age of our study population may point out that asymptomatic carotid 

atherosclerosis can be present even when PWVao is moderately elevated. Consequently, the 10 

m/s general cut-off value may not be used for all the patients of different ages to estimate 

cardiovascular outcomes. 

Our results were obtained by applying an ease of use, oscillometric method for 

measuring PWVao, which simplifies the PWVao measurement in the routine clinical work. 

This might be particularly useful for improvement of cardiovascular risk factor assessment in 
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the primary care setting, where simplicity, user independency and swiftness are mandatory 

requirements.  

 

 

4. The measurement of Soluble Urokinase-Type Plasminogen 

Activator Receptor (suPAR) and Arterial Stiffness parameters in 

Patients with COPD and healthy individuals. 
 

 

4.1. Materials and Methods 

4.1.1. Study subjects 

 

A total of 42 middle aged individuals (n = 19 males, mean age: 59 ± 11 years), were 

included in the study. Figure 3 displays the enrollment of participants into the study. 

COPD patients (n = 24) and 18 healthy control individuals were recruited at stable state at the 

outpatient clinic of the Department of Pulmonology, Semmelweis University. COPD was 

diagnosed according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) 

criteria based on symptoms, suggestive history and postbronchodilator FEV1/ FVC < 0.70. 

Patients were categorized into ABCD subgroups according to the 2017 GOLD criteria. 

Symptom scores were determined (CAT, mMRC).  Exacerbations in the last 12 months were 

defined as episodes requiring an increase in inhaler use or need for addition of antibiotics and/or 

systemic steroids. Frequent exacerbator phenotype was defined as having ≥ 2 exacerbations last 

year. None of the patients had suffered from acute exacerbation in the last 3 months. Control 

volunteers were recruited among co-workers at the Department of Pulmonology. Subjects with 

known cardiovascular disease, including coronary artery disease, cerebrovascular disease, or 

peripheral arterial disease and those who had diabetes mellitus were excluded. None of the 

study participants had an ongoing infection during the study. The study has been approved by 

the Semmelweis University Ethics Committee (TUKEB 131/2017), and all participants gave 

their informed consent. 
 

 

 



10 

 

 
Figure 3. Flow chart of the number and selection of individuals in the study population. 

 

 

 

 

4.1.2. Detection of arterial stiffness parameters and blood pressure 
 

The simultaneous measurements of PWVao and blood pressure were performed in the supine 

position after 10 minutes of rest in a separate room at constant room temperature, by an 

invasively validated oscillometric, occlusive, non-invasive technique (Arteriograph, 

TensioMed Ltd., Budapest, Hungary). This method allows very simple, fast and user 

independent measurement of aortic PWV using only a single upper arm cuff. This upper arm 

cuff arteriography simultaneously detects systolic blood pressure (SBP), diastolic blood 

pressure (DBP), mean arterial pressure (MAP), pulse pressure (PP), central arterial pressure 

(SBPao), aortic pulse wave velocity (PWVao), augmentation index (Aix) and return time (RT). 

We calculated the pressure amplification, that is the difference between the central and 

peripheral systolic pressure (SBPao–SBPbr). 

 

4.1.3. Body Plethysmography 

 

Lung function tests and body plethysmography were carried out with the PDD-301/s 

device (Piston Ltd., Budapest, Hungary) according to the American Thoracic Society 

guidelines. Lung function indices were calculated using the best of three technically acceptable 

measurements. We determined the patients FVC, FEV1, FEV1/FVC values and arterial blood 

gas test.  

 

4.1.4. Circulating Biomarkers 
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Plasma was isolated from EDTA anticoagulated fasting blood samples and stored at − 80 °C 

until measurement. Plasma suPAR concentrations were measured with the suPARnostic Flex 

ELISA assay (ViroGates A/S, Birkerřd, Denmark) according to the manufacturers’ instructions. 

Plasma endothelin-1 levels were determined with the Endothelin (1–21) ELISA Kit 

(Biomedica, Medizinprodukte GmbH & Co KG, Wien). The hsCRP levels were measured using 

commercially available tests (Roche Diagnostics GmbH, Mannheim, Germany). Interleukin-6 

levels were analyzed by the Immulite 2000 immunoassay system (Siemens Healthcare GmbH, 

Erlangen, Germany). 

 
 

 

4.1.4. Statistical Analysis 

 

GraphPad Prism 5.03 (GraphPad Software, La Jolla, CA, US) was used for statistical 

analysis. Data normality has been assessed with the Shapiro–Wilk test. COPD and control 

groups were compared with un-paired t test, Mann–Whitney and Chi square tests. The 

relationships between plasma suPAR levels and clinical variables as well as circulating 

biomarkers were assessed with Pearson’s and Spearman’s tests. Data are expressed as mean ± 

standard deviation for parametric and median/range/for non-parametric variables. A p value < 

0.05 was considered significant. The sample size was calculated to find a difference between 

COPD and control group with an effect size of 0.90, power of 0.80 and an alpha of 0.05. These 

numbers were based on a distribution of plasma suPAR values. Post hoc sensitivity analyses 

ensured it was possible to detect correlations between suPAR and clinical variables as well as 

other plasma biomarkers with an effect size of 0.54 (− 0.40 and 0.40, minimal and maximal 

critical r values), statistical power of 0.80 and alpha of 0.05. 

 

4.2. Results 

 

 In our cross-sectional study, we enrolled 24 COPD patients and 18 control individuals 

in our study.  Arterial stiffness parameters, plasma suPAR levels, endothelin-1, hsCRP, IL-6 

levels, respiratory function parameters, smoking habits, exacerbations, and COPD symptoms 

scores (Medical Research Council Dyspnoea Scale: mMRC, COPD Assessment Test: CAT) 

were measured. Characteristics of the study population are presented in Table 4.  
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 COPD (n=24) Controls (n=18) p value 

Age (years) 60.9±5.3 58.4±6.5 0.16 

Gender (males%) 54% 33% 0.18 

Smoker (Ever/never) 23/1 9/9 <0.01 

Smoker 

(current/ex/never) 
9/14/1 8/1/9 <0.01 

Cigarette pack years 33.9±18.2 11.4±15.2 <0.01 

Number of frequent 

exacerbators 
12 NA NA 

FEV1 (L) 1.43±0.67 2.81±0.67 <0.01 

FEV1 (% pred.) 47.8±22.4 101±19.9 <0.01 

FVC (L) 2.7±0.83 3.6±0.9 <0.01 

FVC (% pred.) 69.7±23.3 107.6±18.2 <0.01 

FEV1/FVC (%) 51.9±12.7 78.2±3.9 <0.01 

RV (L) 4.2±1.6 2.2±0.8 <0.01 

TLC (L) 7.3±1.8 5.9±1.6 0.018 

RV/TLC (%) 57.3±11.9 36.7±8.4 <0.01 

Raw (kPa*s/l) 0.48±0.2 0.28±0.1 <0.01 

pO2 (mmHg)  65.1±7.4 76.8±8.1 <0.01 

pCO2 (mmHg) 41.1±4.7 38.9±2.7 0.13 

CAT 18.5±7.2 7.8±2.7 <0.01 

mMRC 1.8±0.8 0.2±0.4 <0.01 

Total cholesterol 

(mmol/L) 
5.4±0.8 5.1±0.8 0.42 

Triglyceride (mmol/L) 1.3±1.0 1.9±1.5 0.18 

HDL-C (mmol/L) 1.7±0.3 1.4±0.25 0.04 

LDL-C (mmol/L) 2.9±1.0 3.0±0.5 0.67 

hsCRP (mg/l) 2.50 /0.50-7.80/ 1.65 /0.5-4.9/ 0.14 

IL-6 (pg/ml) 
4.29 /2.61-

13.63/ 
3.47 /1.65-5.75/ 0.03 

suPAR (ng/ml) 2.8±0.7 2.4±0.6 0.03 

ED-1 (fmol/ml) 1.3 /0.0-10.1/ 0.8 /0.0-6.1/ 0.18 
Table 4. Subjects’ characteristics 

COPD: Chronic obstructive pulmonary disease, FEV1: Forced expiratory volume in 1 second, FVC: Forced vital 

capacity, RV: Residual Volume, TLC: Total lung capacity, Raw: airway resistance, CAT:  COPD Assessment 

Test, mMRC: Modified Medical Research Council Dyspnea Scale, HDL-C: high-density lipoprotein cholesterol, 

LDL: low-density lipoprotein cholesterol, hsCRP: high sensitivity C-reactive protein, IL-6: interleukin-6, 

suPAR: soluble urokinase-type plasminogen activator receptor, ED-1: endothelin-1. Data are expressed as mean 

± standard deviation or median /range/ or percentage. 

 

The levels of plasma suPAR were significantly higher in patients with COPD (2.84 ± 

0.67 ng/ml vs. 2.41 ± 0.57 ng/ml, p = 0.03, Figure 4). 
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Figure 4. Plasma suPAR levels in COPD and controls 

Significantly higher plasma suPAR levels were detected in COPD (* p=0.03). Individual data are 

presented with mean ± standard deviation. 

 

We assessed the relationship between circulating suPAR and measures of COPD severity and 

activity. There was a significant relationship between circulating suPAR levels and FEV1 % (r 

= -0.65, p<0.01, Figure 5). 

 

Figure 5. Relationship between plasma suPAR levels and lung function 

A significant relationship was detected between plasma suPAR levels and FEV1 (r=-0.65, p<0.01). 

 

There was a significant relationship between FEV1/FVC (r = -0.46, p=0.02) and mMRC (r = 

0.55, p < 0.01, Figure 6).  
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Figure 6. Relationship between plasma suPAR levels and symptoms burden 
A significant relationship was detected between plasma suPAR levels and mMRC score (r=0.55, p<0.01). 

 

In addition, plasma suPAR levels tended to be elevated in patients with frequent 

exacerbations (3.09±0.39 ng/ml vs. 2.58±0.79 ng/ml, p=0.058). In contrast, there was no 

relationship between plasma suPAR levels and FVC, pO2, pCO2, Raw, RV, TLC, RV/TLC or 

CAT (all p>0.05). 

We measured the relationship between circulating suPAR and markers of arterial 

stiffness parameters between the COPD and Control group. Comparison of the two groups in 

terms of arterial stiffness is found in Table 5. There was a significant difference in SBPao, 

SBPao-SBPbr, PWVao and RT (all p<0.05), suggesting increased arterial stiffness in COPD. 

 

 COPD (n=24) Controls (n=18) p value 

SBPbr (mmHg) 135±12.4 130±9.6 0.18 

DBP (mmHg) 85±10.9 77±7.3 0.02 

HR (min) 72±16 69±13.7 0.59 

PP (mmHg) 53.5±10.5 51.6±6.4 0.50 

SBPao (mmHg) 143 /106-156/ 123 /98-148/ <0.01 

SBPao-SBPbr (mmHg) 4 /-16-11/ -4 /-11-7/ <0.01 

Aix% 10.1±30.6 -7.4±20.3 0.06 

ED (ms) 308.5±36.5 320.6±28.7 0.25 

PWVao (m/s) 10.6±1.9 8.8±1.3 <0.01 

RT (ms) 99.6±20.6 115.2±20.2 <0.01 
Table 5. Comparison of measures of blood pressure and arterial stiffness between COPD and controls 

SBPbr: brachial systolic blood pressure, DBP: brachial diastolic blood pressure, HR: heart rate, PP: pulse 

pressure, SBPao: the central blood pressure, SBPao-SBPbr pressure amplification, Aix: augmentation index, ED: 

ejection duration, PWVao: aortic pulse wave velocity, RT: return time. Data are expressed as mean ± standard 

deviation or median /range/ or percentage. 

 

When all subjects were investigated together, a significant correlation was seen between 

plasma suPAR concentrations and ejection duration (r = -0.31, p = 0.04), PWVao (r = 0.38, p 

= 0.01) and RT (r = -0.31, p = 0.04), but there was no correlation with Aix%, PP or SBPao (all 
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p>0.05). When only the COPD subjects were analysed, only ejection duration correlated with 

plasma suPAR levels (r = -0.44, p = 0.03).  

We examined the association between smoking and early atherosclerosis by determining 

arterial stiffness parameters and inflammatory markers and suPAR levels in healthy non-

smokers, healthy smokers. There was a significant correlation between cigarette pack years and 

plasma suPAR levels in controls (r = 0.68, p<0.01).  

Comparison of inflammatory markers and clinical characteristics of smoker and non-

smoker controls are presented in Table 6. 

 

 

Control  

non-smoker 

(n=9) 

Control 

 smoker  

(n=9) 

p value 

Age (years) 56.9±4.7 59.9±7.8 0.19 

Gender (males%) 33% 33%  

FEV1 (L) 3.1±0.68 2.5±0.54 0.05 

FEV1 (% pred.) 103.8±21.5 99.3±19.9 0.28 

FVC (L) 4.1±0.9 3.2±0.7 0.02 

FVC (% pred.) 112.3±19.1 102.9±17.0 0.3 

FEV1/FVC (%) 76.8±3.8 79.6±3.7 0.13 

RV (L) 2.56±0.9 1.9±0.67 0.17 

TLC (L) 6.8±1.8 5.1±0.8 0.11 

RV/TLC (%) 37.1±6.3 36.4±10.22 0.74 

Raw (kPa*s/l) 0.26±0.8 0.31±0.4 0.27 

hsCRP (mg/l) 1.4 /0.50-3.8/ 1.9 /0.7-4.9/ 0.18 

IL-6 (pg/ml) 3.3 /2.55-4.13/ 3.7 /1.65-5.75/ 0.29 

suPAR (ng/ml) 2.1±0.5 2.7±0.5 0.08 

ED-1 (fmol/ml) 0.29 /0.0-3.1/ 1.17 /0.3-6.1/ 0.11 

Table 6. Comparison of non-smoker and smoker control  
FEV1: Forced expiratory volume in 1 second, FVC: Forced vital capacity, RV: Residual Volume, TLC: Total 

lung capacity, Raw: airway resistance, hsCRP: high sensitivity C-reactive protein, IL-6: interleukin-6, suPAR: 

soluble urokinase-type plasminogen activator receptor, ED-1: endothelin-1, Data are expressed as mean ± 

standard deviation or median /range/ or percentage. 

  

Healthy control smokers (n = 9) tended to have elevated plasma suPAR levels, and 

significantly increased PWVao as well as decreased RT, FEV1 and FVC compared to non-

smokers (Table 6 and Table 7).  
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Control 

non-smoker 

(n=9) 

Control 

smoker 

(n=9) 
p value 

SBPbr (mmHg) 129±11,1 131±8,4 0,76 

DBP (mmHg) 78±8,6 76±6,4 0,71 

HR (min) 67±8,6 71±17,8 0,52 

PP (mmHg) 51,1±6,9 52,0±6,1 0,78 

SBPao (mmHg) 122 /98-142/ 129 /113-148/ 0,71 

SBPao-SBPbr (mmHg) -5 /-10-2/ -1,1 /-11-7/ 0,18 

Aix% -12,2±23,6 -2,6±33,0 0,49 

ED (ms) 320,0±25,9 321,1±33,1 0,94 

PWVao (m/s) 8,1±0,9 9,5±1,3 0,03 

RT (ms) 127,7±15,8 102,7±16,3 <0,01 
Table 7. Descriptive statistics on blood pressure and arterial stiffness parameters in non-smoker and 

smoker control groups 

SBPbr: brachial systolic blood pressure, DBP: brachial diastolic blood pressure, HR: heart rate, PP: 

pulse pressure, SBPao: the central blood pressure, SBPao-SBPbr pressure amplification, Aix: 

augmentation index, ED: ejection duration 

 

Relationship between circulating suPAR and IL-6, endothelin and hsCRP  

There was a significant direct relationship between circulating suPAR concentrations and IL-6 

(r=0.45, p<0.01), hsCRP (r=0.47, p<0.01) and endothelin-1 (r=0.48, p<0.01) levels in all 

subjects. When the COPD subjects were analysed separately, plasma suPAR related to hsCRP 

(r=0.53, p<0.01) and endothelin (r=0.54, p<0.01) and tended to be related to IL-6 (r=0.40, 

p=0.051). 

 

4.3. Discussion 

 

We investigated the plasma suPAR levels, as a novel biomarker of inflammation in 

COPD patients, who were free from comorbidities. We found elevated suPAR levels in COPD 

which correlated with lung function and symptom burden.  

A significant association was also found between increased suPAR levels and arterial 

stiffness, suggesting that this molecule may play a role in development of atherosclerosis in 

COPD. The prevalence of cardiovascular comorbidities, including atherosclerosis is high in 

COPD, and COPD is also prevalent in patients with known atherosclerosis. The increased 

arterial stiffness such as elevated PWVao is not only a marker of clinically symptomatic 

disease, but preclinical atherosclerosis as well. In this COPD population with PWVao could be 

identify individuals at high risk. 

Our study confirmed the presence of endothelial dysfunction, subclinical 

atherosclerosis, as we found significantly higher PWVao and SBPao values in the COPD group 

compared to the control group, which can be attributed to the increased vascular wall stiffness 

in this population. The pathomechanism linking COPD to atherosclerosis is complex and 

includes common risk factors, such as smoking, pollution, male gender, and aging and systemic 

inflammation. Pro-inflammatory cytokines, such as IL-6 or TNF-α are elevated in blood 

samples of COPD patients and can induce the release of CRP and pro-coagulant mediators by 
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the liver, but have also a direct effect on endothelium. IL-6 and TNF-α can also induce the 

production of suPAR from monocytes and lymphocytes, which has a well-established role in 

the development of atherosclerosis. It induces cellular adhesion, leukocyte migration and 

eventually leads to the formation of an atherosclerotic plaque. Previous studies revealed that 

increased plasma suPAR levels were associated with risks for subclinical carotid atherosclerosis 

and increased occurrence of carotid plaque and cardiovascular disease. The prognostic value 

was independent from traditional risk factors (i.e. age, gender, smoking, hypertension, 

dyslipidemia, diabetes), and hsCRP. Furthermore, suPAR is more related to endothelial 

dysfunction and atherosclerosis than hsCRP. 

We included patients with a wide range of lung function and found a significant 

relationship between airflow limitation and higher suPAR levels. The most likely explanation 

of increased suPAR levels in COPD is the increase in IL-6 which is in line with the literature. 

IL-6 upregulates suPAR production which was supported by a significant association between 

these two molecules in our study. Circulating IL-6 induces the endothelium to release 

chemotactic factors for leukocytes and adhesion molecules, and high blood levels are associated 

with cardiovascular comorbidities in COPD. SuPAR which is also induced by IL-6, have more 

direct effect in formation of the atherosclerotic plaques, and therefore may be a more specific 

biomarker of endothelial dysfunction in COPD than other circulating mediators. The clinical 

role of using suPAR as a biomarker for cardiovascular disease has already been assessed. The 

current study implies that this molecule can also be useful in COPD and associated 

atherosclerosis. 

Apart from lung function, suPAR was associated with symptom burden measured by 

the mMRC in which score reflects breathlessness in relation to physical exercise. It is likely 

that this association is not independent from lung function, but due to the low number of 

subjects we did not test this. There was a tendency for higher plasma suPAR levels in patients 

with frequent exacerbations. This is in line with the findings of the ECLIPSE cohort that 

persistent systemic inflammation is related to the frequency of exacerbations. The predictive 

value of suPAR to detect patients with higher risk for exacerbation has to be assessed in 

independent cohorts. Interestingly, we did not find any association between plasma suPAR 

levels and blood gases, suggesting that hypoxia may not be a strong signal for suPAR 

production, however this has to be tested as well. 

Previous studies have demonstrated the importance of hypoxemia and oxidative stress 

in COPD in the development of endothelial dysfunction, as elevated endothelin-1 levels have 

been detected in hypoxemic COPD patients with cardiovascular comorbidities. Endothelial 

dysfunction affects not only the tissue of the lung but all the vascular system. In our study, we 

found increased plasma levels of endothelin-1 as the sign of the early onset of atherosclerosis 

in COPD patients without comorbidities. 

The control groups included smoker and non-smoker participants. Previous studies reported 

higher circulating suPAR levels in smokers which was confirmed in this study. Smoker controls 

had significant lower lung function volumes and elevated markers of arterial stiffness, with 

significant difference in PWVao and RT.  The inter-group difference in suPAR may partially 

result from smoking.  
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In summary, we reported higher plasma suPAR levels in COPD, which are associated with 

impaired lung function and increased arterial stiffness. Plasma suPAR may be a potential link 

between COPD and cardiovascular comorbidities. 

 

5. Conclusion 
 

Hungary is one of the countries where the cardiovascular risk is very high. At the population 

level, our first and foremost task is to reduce the incidence of CV disease. Another key priority 

of the cardiovascular prevention strategy is the early detection of individuals at high 

cardiovascular risk and the initiation of preventive therapy. It is recommended to perform a 

non-invasive strategy that is easy to perform in a large population, does not require expensive 

trained stuff, simple, inexpensive, reproducible, and has no side effects. Methods should be 

chosen that have an easy-to-use tool for testing large populations.  

5.1. The Measurement of Aortic Pulse Wave Velocity (PWVao) and Asymptomatic 

Carotid Atherosclerosis in a Middle-Aged, Healthy Population 

 

We found that increased PWVao was very strongly associated with the presence of 

asymptomatic carotid atherosclerosis in apparently healthy individuals, which is of great 

importance to identify vulnerable individuals with high CV risk, among asymptomatic healthy 

individuals. 

 The increased arterial stiffness - oscillometricalliy, non-invasively measured -, due to the 

simplicity, user independency, and fast performed methodology for measuring PWVao, our 

study suggests that it helps to improve cardiovascular risk assessment even in a relatively 

young, middle-aged, apparently healthy population.  Non-invasively measured PWVao by 

Arteriograph, appears to be a suitable functional screening test for the detection of preclinical 

atherosclerosis. 

 

5.2 The measurement of Soluble Urokinase-Type Plasminogen Activator Receptor 

(suPAR) and Arterial Stiffness parameters in Patients with COPD and healthy 

individuals. 

 

In our study, we demonstrated elevated plasma suPAR levels, inflammatory parameters and 

elevated arterial stiffness parameters in the COPD population compared to the control group. 

Elevated arterial stiffness parameters were measured by non-invasive oscillometric methods in 

comorbid-free, middle-aged COPD individuals, confirming the presence of early subclinical 

atherosclerosis, and the higher cardiovascular risk. It is very important to highlight that a 

significant proportion of mortality in patients with COPD is caused by cardiovascular disease. 

Thus, the detection of early subclinical atherosclerosis is also important in this group of patients. 

Persistent inflammation is a breeding ground for early atherosclerosis. Plasma suPAR may be 

a potential link between COPD and cardiovascular comorbidities. 

Our work is not only a novelty in the field of research, but also a help in everyday medical 

work. Today, when prevention is one of the key priorities of health care, attention is focused 

on the screening. It is important to find and apply previously unrecognized options that reduce 
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morbidity and mortality. We need to discover patients who are still asymptomatic, claim to be 

healthy, but are already in the subclinical stage. Where is this possible? Where a larger number 

of patients appear, i.e. in general practice, within the framework of medical fitness and 

occupational medicine examinations. In individuals identified by vascular stiffness screening, 

there is hope for reversal of the process by lifestyle changes, i.e. changes in eating habits, 

regular exercise, physical training and early medication, anyway, there is an opportunity to slow 

the progression. 

 

6. Summary of new results 
 

1. We were the first to determine that asymptomatic carotid atherosclerosis (ACA) in 

healthy middle-aged individuals was strongly associated with oscillometrically 

measured increased aortic pulse wave velocity (PWVao). Arteriograph-measured 

PWVao, smoking habits, SBP, DBP were the independent markers of asymptomatic 

carotid artery atherosclerosis. 

 

2. We were the first to determine the optimal cut off value of PWVao for the detection of 

ACA in healthy individuals, which proved to be 8.3 m/s. In addition, we determined the 

sensitivity, specificity, positive predictive value, negative predictive value of PWVao. 

 

3. We were the first to demonstrate the significantly increased - non-invasively, 

ocillometricalliy measured - arterial stiffness parameters (PWVao, SBPao and 

decreased RT) in middle-aged COPD individuals who were free from comorbidity 

compared with healthy control group. With this, we demonstrated the presence of early 

subclinical atherosclerosis and a higher cardiovascular risk. 

 

4. We were the first to demonstrate significantly higher plasma suPAR levels in stable 

COPD patients without CV disease compared to controls. 

 

5. The rate of FEV1 loss was significantly correlated with the increase of suPAR level in 

comorbid-free COPD individuals. We were the first to demonstrate that with the 

severity of COPD increase inflammation and increase the risk of atherosclerosis, even 

in patients with COPD who do not have CV comorbidity. 

 

6. Significant relationship was detected between plasma suPAR levels and COPD 

symptoms burden (mMRC) in the middle-aged COPD group who did not have 

comorbidities. 
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