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THE CONNECTION BETWEEN CLINICAL AND ANAMNESTIC
PARAMETERS AND MARKERS OF ENDOTHELIAL
DYSFUNCTION IN PATIENTS WITH COPD

Abstract. Currently, chronic obstructive pulmonary disease (COPD) is con-
sidered a systemic pathology. Among the extrapulmonary manifestations, cardiovascu-
lar disorders are distinguished, the earliest manifestations of which are endothelial
dysfunction. It has been proven that one of the most important factors in the
pathogenesis of endothelial dysfunction is nitric oxide (NO). However, the literature
notes inconsistency in the data demonstrating the influence of anamnestic or clinical
parameters of COPD on the formation and progression of endothelial dysfunction.

The aim of the study was to investigate the relationship between the
concentration of NO in exhaled air in patients with COPD and certain clinical and
anamnestic parameters of the disease depending on the severity of the pathological
process.

Twenty-five men with COPD, GOLD stages 1-4, were examined. The control
group consisted of 11 practically healthy individuals. A correlation was established
between the concentration of NO in exhaled air and the duration of the disease (r = -
0.67, p = 0.02) in patients with COPD, GOLD 3-4 during exacerbation, which may
indicate the formation and progression of endothelial dysfunction with increasing
disease duration.

In the stable course of the disease in this group, the concentration of NO in
exhaled air did not depend on the studied parameter. In patients with COPD, regardless
of the severity and phase of the pathological process, age, the frequency of
exacerbations per year, and indicators of external respiratory function did not affect the
concentration of NO in exhaled air and, accordingly, were not significant parameters
determining the level of the studied marker in this population.

Keywords: COPD, endothelial dysfunction, nitric oxide in exhaled air.
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B3AUMOCBs13b MEKY KIMHUKO-AHAMHECTUYECKUMH
IMAPAMETPAMHU U MAPKEPOM SH/IOTEJIMAJIBHOU
JAUCOYHKIHUH Y BOJIBHBIX XO3J1

AHorauis. B ganwuit yvac XO3JI posrnsgaerbes sk cucteMHa narosoris. Cepen
MO3aJIETEHEBUX TMPOSBIB BUIUIIOTH KapIiOBacCKyJspHI MOPYIICHHS, HAWOLIbII
pPaHHIMU MPOSIBAMHU SIKUX € €HJoTelNianbHa qucyHkiis. JlokazaHo, 4To B maToreHese
O/ ogaum u3 BaxkHeHmux ¢gakropos sBisiercs NO. OnnHak, B jiTeparypi BiJ3HaU€HA
HEOJHO3HAYHICTh JaHMX, SKI JOBOJATH BIUIMB aHAMHECTHYHHX a00 KIIHIYHHX
napametpiB XO3JI Ha popmMyBaHHS Ta IPOrPECYBAHHS €HAOTEMAIBHOI JUCHYHKIII].
Meroto nocnmijkeHHs: OyJi0 BMBYEHHS B3a€MO3B'A3KYy MDK KoOHIEHTpaiiero NO B
MOBITPI, 110 BuauxaeTrbes y xBopux Ha XO3JI 1 geskumMu KIIiHIKO-aHAMHECTUYHUMHU
napamMeTpaMu 3aXBOPIOBAHHS B 3aJIEKHOCTI BIJ TSDKKOCTI MATOJOTIYHOTO MPOIECY.
O6c¢texeno 25 yonosikiB xBopux Ha XO3JI, GOLD 1-4. B rpymny KOHTPOJIIO YBIAIILUIH
11 mnpakTu4HO 370pOBHX OCI0. BCTaHOBIEHO KOpENALIMHUNA 3B'A30K MIXK
KoHieHTpaiiero NO B MOBITPi, 110 BUIUXAETHCS 1 TPUBATICTIO 3aXBOPIOBaHHA (T = -
0,67, p=0,02) y xBopux Ha XO3JI, GOLD 3-4 npu 3arocTpeHHi, o MOXE CBITUATH
npo (GopMyBaHHS Ta MPOrPECYBaHHS EHAOTEMaNbHOI AUCHYHKIT 31 301LIBIICHHIM
TPUBAJIOCTI 3axBoproBaHHA. [lpu cTabinbHOMY nepeliry y JaHHOTO KOHTHMHIEHTY
koHreHTpallis NO B MOBITpi, IO BUAUXAETHCS HE 3ajexkana BiJ JOCIHIKYBaHOTO
napametpa. Y xBopux Ha XO3JI, He3alle:KHO BiJl TSHDKKOCTI Ta (pa3u maTojIoriyHOro
MpoIIecy, BiK, YaCTOTa 3aroCTPEHb Ha PiK, MOKA3HUKH (YHKIIIT 30BHIITHBOTO JUXAHHS
HE BIUIMBAIOTh Ha KOHIEHTpaIlito NO B MOBITpi, IIT0 BUIUXAETHC 1, BIATOBIIHO, HE €
ICTOTHUMH TlapaMeTpamMH, 110 BHU3HAYAIOTh PIBEHb JOCIIIKYBAaHOTO MapKepa y
MPEICTABICHOTO KOHTUHTEHTY.

Kniouosi cnosa: XO3J1, ennorenianbHa TUCPYHKITISA, OKCUJT a30Ty y MOBITPI,
110 BUJIMXAETHCA.

Problem Statement. Currently, chronic obstructive pulmonary disease (COPD)
Is considered a systemic pathology characterized by extrapulmonary manifestations
[2,3], among which cardiovascular disorders deserve special attention, the earliest
manifestation of which is endothelial dysfunction (ED) [1,4]. Vascular endothelium is
represented by a highly specialized, metabolically active monolayer of cells capable of
producing vasorelaxing substances (nitric oxide (NO), prostacyclin, endothelial
hyperpolarizing factor, etc.) and vasoconstrictor substances (endothelin-1, thrombo-
xane Az, etc.), between which a balance is maintained under physiological conditions.
It has been proven that one of the most important factors in the pathogenesis of ED is
nitric oxide (NO). Receptors located in the endothelium transform mechanical signals
and induce NO synthase, which leads to the accumulation of NO and vasodilation due
to a decrease in Ca** concentration in the cytoplasm [1,3]. In this regard, a large number
of studies in COPD patients are currently devoted to the investigation of vascular
endothelial function and the development of ED [1,2,3]. At the same time, the literature

1810



HypHan «epcnexiven Ta iHHoBaLT HayK»
Ne23(61) 2026
ISSN 2786-4952 Online

reports inconsistency in data demonstrating the influence of anamnestic parameters and
clinical manifestations of COPD on the formation and progression of ED. This
determined the aim of our study — to investigate the relationship between the
concentration of NO in exhaled air in COPD patients and certain anamnestic data as
well as clinical parameters of the disease.

Materials and Methods. Twenty-five men were examined (mean age — 61.13 +
2.10 years; mean disease duration — 11.97 + 0.63 years) suffering from COPD, GOLD
stages 1-4. All of them had either never smoked or had abstained from smoking for
more than five years. The diagnosis was established in accordance with the Order of
the Ministry of Health No. 1610 dated September 20, 2024. All patients received
standard therapy depending on the severity of the disease. Exclusion criteria included
concomitant cardiovascular pathology (according to medical history, objective
examination, blood pressure measurement, ECG, echocardiography, and blood lipid
profile indicators).

Study design: patients were divided into two groups depending on the severity
of the disease. Group 1 included 13 patients with COPD GOLD 1-2, and group 2
included 12 patients with COPD GOLD 3-4. All examinations were performed twice
— during exacerbation and remission of COPD. The control group (group 3) included
11 practically healthy volunteers who had never smoked and had normal indicators of
external respiratory function (ERF).

To verify the diagnosis of COPD, ERF parameters were determined using a
MasterLab spirometer (Jaeger, Germany). The following parameters were analyzed:
forced expiratory volume in the first second (FEV:), forced vital capacity (FVC), and
the FEV//FVC ratio. A bronchodilator reversibility test was performed using a short-
acting p2-agonist (salbutamol 400 pg). In addition, the concentration of NO in exhaled
air was assessed using the Niox Mino device (Aerocrine).

Measurements of ERF parameters and NO concentration in exhaled air were
carried out from 8:00 to 10:00 a.m., on an empty stomach, before taking medications.
Statistical analysis of the results was performed using the Statistica 7 software with the
calculation of the arithmetic mean, significance of differences, and correlation analysis.

Results and Discussion. The characteristics of all examined patients according
to age, stage and duration of the disease, as well as the number of COPD exacerbations
per year, are presented in Table 1. According to the presented data, patients in all
groups were comparable in age, which indicates the representativeness and
comparability of this sample.

Table 1
Characteristics of the examined patients
Indicators Groups
1(n=13) 2 (n=12) 3(n=11)
Severity of the disease GOLD 1-2 GOLD 3-4 PrhaC“Ca”y
ealthy
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: Groups
Indicators 1(n = 13) 2(n=12) | 3(n=11)
Age (M £ m, years) 59,05 + 1,82 63,20 + 2,38 57,72 +£2,87
Duration of the disease (M =+ 8,11+ 0.49 15.83 + 0,76 i
M, TOJIbI)
Number of COPD
exacerbations per year (M + 1,02 +0,18 2,11 £0,26* -
m)

Note. *p < 0,05 for indicators in groups 1 and 2.

In Group 2, disease duration and the number of exacerbations per year (Table 1)
were significantly higher, which is explained by the more severe course of COPD in
this cohort of patients.

FVD indicators in the groups, depending on the disease phase and in comparison
with the control group (healthy individuals), are presented in Table 2.

Table 2
FVD indicators in groups depending on the phase of the disease
Groups
Indicators 1(n=13) 2(n=12) 3(n=11)
remission | exacerbation | remission | exacerbation | control
FEVI M£+m, | 7832+ 67,95 + 41,22 + 37,25+ 98,32 +
% of predicted) 3,67 3,01* 2,38 2,51 4,21
FVCM=+m, | 98,02+ 86,70 £ 69,68 £+ 68,72 + 111,83 +
% of expected) 3,81 3,50* 2,49 3,85 3,98
68,56 + 61,65+ 44,68 + 40,67 £ 89,52 £
FEVI/FVC 2,1 1,78" 2,25 2,72 1,46

Note. *p < 0,05 for indicators in group 1.

According to the obtained data, the levels of FEV1 (p=0.037), FVC (p=0.039)
and the FEV1/FVC ratio (p=0.015) significantly decreased during exacerbation only
in group 1, which may indicate a significant impairment of FEV1 in these patients.
According to Table 2, FEV1 indices were significantly lower in patients of the second
observation group with COPD, which is explained by the higher severity class of the
underlying disease (GOLD 3-4). It should also be noted that in practically healthy
individuals, all FEV1 indices were significantly higher (by 1.2 - 2.7 times) than in
patients with COPD, regardless of the stage or period of the disease - remission or
exacerbation (p < 0.05).

A correlation analysis of examination results in patients with COPD revealed a
significant negative correlation (r = -0.67, p = 0.02) between NO concentration in
exhaled air and disease duration in Group 2 during the exacerbation period. However,
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no correlation was found between the studied parameters in the presented cohort during
remission (r = 0.12, p = 0.71). Most likely, in patients with severe COPD during
exacerbations, NO production decreases with disease duration, which may serve as an
early sign of the development and progression of ED and negatively impact the
prognosis of the disease. Moreover, in patients in remission with severe COPD, NO
levels did not depend on disease duration, possibly indicating a stable course of
vascular endothelial dysfunction outside the exacerbation period.

In patients with a mild course of the disease, regardless of the phase of the
pathological process, a reliable correlation between the level of NO and the duration
of the disease was not registered (in remission - r = - 0.15, p = 0.63, in exacerbation -
r=0.47, p = 0.10), which may confirm a less significant relationship between the level
of the studied ED marker and the duration of the disease in the presented contingent of
patients.

Also, no reliable correlation was recorded between the level of NO in exhaled
air and the age of patients in group 1 (in remission —r =0.23, p = 0.47, in exacerbation
—r=0.14, p=0.28) and in group 2 (in remission —r =-0.11, p = 0.37, in exacerbation
—-r=0.20,p=0.25).

Thus, patient age, regardless of the severity and phase of the pathological
process, was not a significant predictor of exhaled NO levels in the study groups. It is
likely that measuring exhaled NO levels in combination with other markers of ED is
necessary to study the influence of patient age on vascular endothelial function.

In addition, an insignificant correlation was recorded between the level of NO in
exhaled air and the frequency of exacerbations per year of COPD both in group 1 (in
remission - r = - 0.06, p = 0.84, in exacerbation - r =- 0.17, p = 0.57) and in group 2
(in remission - r = - 0.16, p = 0.61, in exacerbation - r = 0.23, p = 0.47). Also, no
relationship was found between the main indicators characterizing FEV1 and the level
of NO in exhaled air. Thus, the correlation with the FEV1 indicator in group 1 was r =
- 0.18, p = 0.57 in remission and r = - 0.21, p = 0.48 in exacerbation; in group 2 — r =
0.28, p = 0.53 in remission and r = 0.19, p = 0.35 in exacerbation.

Thus, regardless of the severity and phase of COPD, the number of exacerbations
per year of the disease and the FVD indicators are not associated with changes in the
level of NO in exhaled air in the studied cohort of patients, being, most likely, less
significant markers indicating the progression of ED.

Conclusions:

1) In non-smoking patients with COPD (GOLD 3-4), NO concentration in
exhaled air decreases with increasing disease duration during exacerbations, which
most likely indicates the development and progression of endothelial dysfunction.

2) In non-smoking patients with COPD (GOLD 3-4), during stable disease, NO
concentration in exhaled air does not depend on disease duration, which may be
associated with a stable vascular endothelium.

3) In non-smoking patients with COPD, regardless of the severity and phase of
the pathological process, age, frequency of exacerbations per year, and pulmonary
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function indicators do not affect NO concentration in exhaled air and, accordingly, are
not significant parameters influencing the level of the studied marker.

Prospects for further research. In further studies of the influence of
anamnestic and clinical parameters of COPD on the development and formation of ED,
it is advisable to take into account the level of NO in exhaled air in combination with
laboratory (endothelin-1, alveolar macrophages, etc.) and instrumental (occlusion test,
test with nitroglycerin) indicators of vascular endothelial dysfunction.
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