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CARDIOPULMONARY CONTINUUM:
PATHOGENETIC INTERRELATIONS

Abstract. In the 21st century, clinical medicine faces new challenges dueto the
significant increase in the prevalence of chronic non-communicable diseases. Among
the most significant are cardiovascular diseases, diabetes mellitus, and chronic
obstructive pulmonary disease (COPD). These conditions greatly affect population
health, leading to reduced quality of life, decreased functional capacity, and eventually
loss of working ability. Modern medical practice shows that a single patient often
presents with several chronic conditions simultaneously. Such a combination of
different pathologica states is referred to as comorbidity. Epidemiologica data
indicate that one of the most common combinations is the simultaneous presence of
cardiovascular diseases and COPD. This combination significantly worsenstheclinica
course of disease, lowers patients’ quality of life, and negatively affects long-term
prognosis.

The relationship between cardiovascular and respiratory pathology has been
termed the cardiopulmonary continuum. Currently, scientific literature actively
discusses the shared mechanisms of development and progression of these diseases, as
well asthe similarity of risk factorsthat contribute to their formation. Among the most
significant risk factors are smoking, excessive body weight, arterial hypertension, and
metabolic disorders. Numerous clinical studies confirm that the combination of COPD
with cardiovascular diseases is associated with a worse prognosis compared to the
isolated course of these conditions. Therefore, COPD is considered not only a
respiratory disease but also an independent risk factor for the development of
cardiovascular complications and adverse outcomes in patients with comorbid
pathology. The similarity of the pathogenesis mechanisms of these diseases is
explained by a number of shared processes. Among them, particular importance is
attributed to the activation of the renin-angiotensin-aldosterone system, the
development of systemic inflammatory response, and endothelial dysfunction, which
together contribute to the progression of both cardiovascul ar and respiratory pathology.
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€dimoBa Mapisa OsiekcanapiBHa CTyIeHTKa 3 KypCy MEIMYHOTO (PaKyJIbTeTY,
JIHITPOBCHKOTO AEP>KABHOIO MEIMYHOTO YHIBEPCUTETY, M. [IHINpo

KAPJIIOIYJbMOHAJBHUNA KOHTUHYYM:
ITATOI'EHETHUYHI B3AEMO3B'A3KHN

Anoramisg. Y XXI cTomTTi mepea KIIHIYHOW MEIUIIMHOK TOCTaJd HOBI
BUKJIMKH, 3yMOBJICHI 3HAYHUM 3POCTaHHSM MOIIMPEHOCTI XPOHIYHUX HE1HGEKIIITHIX
3axBOpioBaHb. J[0 HaMOUTbII 3HAYHUX 3 HHUX BIJIHOCATBCA CEPLEBO-CYAMHHI
3aXBOPIOBAHHS, LIYKPOBUH /11a0€T Ta XpOHIYHE OOCTPYKTHUBHE 3aXBOPIOBAHHS JIET€Hb
(XO3JI). IIi 3axBoproBaHHSI 3HAYHO BIUIMBAIOTh Ha CTAaH 3JI0POB'Sl HACEJICHHS,
MPU3BOASYM [0 TMOTIPIICHHS SIKOCTI UTTS MAIl€HTIB, 3HWKEHHS (YHKI[IOHATBHUX
MOXJIMBOCTEN 1, Hajaml, 10 BTpaTu mpane3aaTHocTi. CydyacHa MeIU4YHa MpaKTHUKa
CBIJTYUTH, IO B OJIHOTO MAIliEHTa HEPIAKO BUSBIAETHCS KUIbKa XPOHIYHUX 3aXBO-
proBaHb ofHOYacHO. [lo110He Mo HAHHS PI3HUX MATOJIOTIYHUX CTaHIB CIIPUMMAETHCS
SIK KOMOPOIJIHICTh. 3a JaHUMHM €MiJeMIOJOTTYHUX JOCIIXKEHb, OJIHIEI0 3 HAWUIONIHU-
pEeHIMX KOMOIHAIN € OJHOYacHa HasBHICTh CEPILIEBO-CYJAMHHHUX 3aXBOPIOBAHb Ta
XO3JI. Take nmoeaHaHHS CYTTEBO MOTIPIIYE KIIHIYHUAN TIEpeOir 3aXBOPIOBaHb, 3HUKYE
SAKICTh JKUTTS MAIll€EHTIB Ta HETaTUBHO BIUIMBAE€ Ha JOBIOCTPOKOBHI MPOTHO3.
B3aeM03B's130K MiK MMATOJIOTIEI0 CEPIIEBO-CYIMHHOI Ta TUXAJIBHOI CUCTEM OTpUMalia
Ha3By KapAlomMyJbMOHAIBHOTO KOHTHHYYMYy. B naHuii yac y HaykoBiii JitepaTypi
aKTUBHO OOTOBOPIOIOTHCA 3arajibHl MEXaHI3MH PO3BUTKY Ta MPOTPECyBaHHS JaHUX
3aXBOPIOBaHb, @ TAaKOX CXOXKICTh (DAKTOPIB PU3UKY, IO CHPUSIOTH IXHBOMY
dbopmyBanHto. J[o HaitOIbII 3HAUYIIMX (AKTOPIB BITHOCATH KypiHHS, HAIMIPHY Macy
TUIa, apTepiajibHy TINEPTEH31I0 Ta MeTa0oMiuyHl TmopylieHHs. YuciaeHH! KIHIYHI
JOCTIKEHHST TIATBEPIKYI0Th, MmO mnoeaHanHs XO3JI 13 ceprieBo-Cy TMHHUMHU
3aXBOPIOBAHHSIMU CYMPOBOKYETHCS O1IbIIT HECTIPUATIUBUM MPOTHO30M MOPIBHSHO 3
130J1bOBaHUM IepediroM Hux narojiorid. Y 3B's3ky 3 1nuMm XO3JI po3risgaeTscst He
JUIIE SIK 3aXBOPIOBAHHS JUXAJIbHOI CHUCTEMH, a W K He3alexHUuM (akTop pU3UKY
PO3BUTKY CEPIIEBO-CYJMHHUX YCKIJIQJHEHb Ta MOTIPIICHHS HACTIJKIB y TAIlE€HTIB 3
KoMop OimHoro matosiorieto. IlomiOHICTP TATOrEHETUYHUX MEXAHI3MIB  ITUX
3aXBOPIOBAHb ITOSCHIOETHCS HHM3KOK 3arajbHuX TmporeciB. Cepen HUX 0coOIMBe
3HAYCHHS MAIOTh aKTHBAIIlS PEHIH-aHT10TCH3UH-AIBJI0CTEPOHOBOI CHCTEMH, PO3BUTOK
CUCTEMHO] 3alaJIbHOI peaKIlii, a TAKOXK MOPYIIeHHS QYHKIII €HAOTEII0 CYIMH, IO B
CYKYITHOCTI CIIPHUSIE MMPOTPECY CEPIIEBO-CYIMHHOI, TaK 1 peCHipaTOPHOI MaTOJIOTI].
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KirouoBi cjioBa: XpoHiuHa OOCTpYKTHBHA XBOpOOa JIEreHb; CEpLEBO-
CYJIMHHI 3aXBOPIOBAHHS; CUCTEMHE 3aMaJIeHHs; eHA0TeNiaabHa TUChYHKITIS.

Problem Statement. The pandemic of chronic non-communicable diseases
represents a global healthcare challenge with profound medical and socio-economic
implications. Cardiovascular diseases (CVD), diabetes mellitus (DM), and chronic
obstructive pulmonary disease (COPD) are among the conditions leading to a
deterioration in the quality of life and, eventualy, to functional impairment and
disability [1, 17]. Notably, respiratory diseases, specifically COPD, are increasingly
taking aleading position in the structure of overall morbidity.

Clinical practice frequently encounters the presence of multiple comor-bidities
In asingle patient. Recent research indicates that cardiovascular complications are the
most common cause of death among patients with COPD [3, 7, 11]. A correlation has
been established between the severity of bronchial obstruction—measured by the
forced expiratory volume in 1 second (FEV1) — and CVD risk: the highest risk of
cardiovascular mortality was observed in the group with the lowest FEV1 values [7,
9]. There is a robust evidence base demonstrating an unfavorable prognosis when
COPD and CVD coexist [3, 11]. Currently, there is no definitive evidence regarding
which condition is primary. It is highly probable that these chronic diseases develop
concurrently in response to shared risk factors, such as smoking, arterial hypertension
(AH), metabolic syndrome (M S), and diabetes mellitus [5, 7].

Objectives. The evidence regarding the coexistence of CVD and COPD has
defined the objective of our study: to identify shared pathogenetic factors involved in
the devel opment and progression of these diseases.

The maintenance and progression of pathologica processes in both CVD and
COPD are rooted in pathogenetic pathways involving the synthesis of pro-inflam-
matory cytokines, activation of the renin-angiotensin-aldosterone system (RAAS), and
other mechanisms of cellular and humoral response. Below, we examine the specific
role each of these mechanisms playsin the clinical overlap of COPD and CVD.

Systemic Inflammatory Response. The role of inflammatory mediators in the
pathogenesis of CVD has been documented in numerous studies [10, 15, 16]. One of
the most widely recognized markers of theinflammatory responseis C-reactive protein
(CRP), which exerts a pro-inflammatory effect on the vascular wall by increasing the
production of other inflammatory mediators and adhesion molecul es on the endothelial
surface, thereby |leading to the devel opment of atherosclerosis[6, 13]. According to the
Framingham Study, CRP levels of <1.1, 1.1-3.0, and >3.0 mg/L correlated with low,
moderate, and high risks of cardiovascular events, respectively [6]. Inflammatory
mediators are linked to key pathogenetic mechanisms of CVD development, such as
reduced myocardial contractility, low cardiac output, endothelial dysfunction, and
hypercoagulation [8, 13].

In COPD, the role of the inflammatory response was investigated in the
NHANES Il epidemiological study, which analyzed the association between the
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presence and severity of bronchial obstruction and CRP levels. Patients with severe
bronchia obstruction (FEV 1 <50% of predicted) were 2.18 times more likely to have
elevated CRP (>2.2 mg/L) and 2.74 times more likely to have high CRP levels (>10
mg/L) compared to those without obstruction (after adjusting for age, sex, smoking,
body massindex, and comorbidities). In patients with moderate obstruction (FEV 1 50—
80% of predicted), elevated and high CRP levels were found 1.41 and 1.56 times more
frequently, respectively, than in those without obstruction. Similar patterns have been
identified for other markers of systemic inflammation, such as serum fibrinogen,
platelet counts, and white blood cell counts[11, 13].

Given the strong correl ation between systemic inflammatory markers and COPD
manifestations, several studies have suggested that COPD itself can trigger an
inflammatory response [11, 14]. It is hypothesized that prolonged exposure to irritants
leads to the development of an inflammatory response in the airways; however, this
inflammation is not confined to the bronchi. Morphological studies of the pulmonary
artery in COPD patients have revealed inflammatory infiltration within its wall,
composed of the same cell types as the bronchial infiltrate. Furthermore, a greater
degree of vascular wall infiltration correlates with a higher severity of endothelial
dysfunction in these vessels [ 2, 14].

Systemic inflammatory markers in COPD are associated with typical indicators
of disease severity, such as decreased FEV 1, and virtualy all mechanisms significant
for CVD development: arterial stiffness, endothelia dysfunction, the degree of RAAS
activation, and cardiac remodeling. Moreover, atherosclerotic plagues have been found
to contain inflammatory infiltrates similar to those observed in the lungs of COPD
patients [12]. Thelevel of systemic inflammatory markers significantly correlates with
the clinical severity of both COPD and CVD. A more pronounced inflammatory
response in both conditions leads to poorer disease outcomes [6].

While the primary cause of systemic inflammatory response activation in the
presence of comorbid COPD and heart failure (HF) remains impossible to pinpoint,
many researchers believe it serves as a predictor for the development of both
cardiovascular and respiratory complications.

RAASActivation. Currently, the activation of the RAASin CVD isextensively
studied and recognized as one of the central mechanisms of pathogenesis. RAAS
activation is linked to impaired renal perfusion occurring against a background of
hypoperfusion and fluid retention. The effects of renin, angiotensin I, and aldosterone
are associated with the development of vasoconstriction, endothelial dysfunction, cell
proliferation, and vascular fibrosis. These mechanisms, in turn, lead to the progression
of aherosclerosis, vascular remodeling, aterations in cardiac workload, and
subsequent cardiac remodeling, forming the cornerstone of CVD pathogenesis.
Consequently, RAAS blockers are currently the drugs of choice for the treatment of
most cardiovascular conditions [10, 12].

The significance of RAAS activation in COPD is considerably less studied than
in CVD. It is hypothesized that the mechanism of RAAS activation in COPD, similar
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to CVD, is associated with impaired rena perfusion triggered by hypoxia and the
activation of the sympathetic nervous system. Some studies have demonstrated that
plasma renin activity in COPD patients increases as early as the initial stages of the
disease and correlates with the level of systemic inflammation [6, 11].

Thus, RAAS activation appears to be a shared pathogenetic mechanism in the
development of both diseases, serving as acritical link between them.

Endothelial Dysfunction. The endothelium produces avariety of mediators that
play a pivotal role in regulating vascular tone and vascular remodeling, including
endothelin, angiotensin Il, thromboxane A2, and prostaglandin F2a. Currently,
endothelial dysfunction is extensively studied and regarded as a key link in the
pathogenesis of cardiovascular diseases (CVD) [2].

Disruption of endothelia integrity leads to an imbaance between vaso-
constrictive and vasodilatory mediators, anti- and procoagulant agents, as well as
growth factorsand their inhibitors[10, 14]. These aterations result in vasoconstriction,
fibrosis of the vascular wall, impairment of the mechanical properties of arteries, and
the development of atherosclerosis[3, 12].

The cumulative effect of all CVD risk factors leads to hypertrophy of the
vascular muscular layer and remodeling of all layers of the vascular wall, resulting in
increased arterial stiffness[11]. Dueto the reduced elasticity of the vascular wall, there
Isanincreasein pulse wave amplitude and arteria blood pressure, which subsequently
increases cardiac afterload. The combination of these factors leads to hemodynamic
disturbances and forms the pathogenetic basis of CVD.

Signs of endothelial dysfunction are detectable as early as the initial stages of
COPD and are significantly correlated with blood oxygen saturation levels and
bronchial obstruction indices. Markers of endothelial dysfunction (endothelin-1,
vascular endothelial growth factor, nitric oxide) correlate with the degree of
inflammation (levels of CRP, interleukin-6, and fibrinogen), and as inflammation
subsides, the levels of these markers also decrease. Increased arteria stiffness has
emerged as a systemic manifestation of COPD independent of endothelial dysfunction;
while not age-related, it correlates with the severity of inflammation and the extent of
lung damage [4, 6].

Cardiac Remodding. In COPD, cardiac remodelingis driven by severd
pathogenetic mechanisms shared with CVD. The processes leading to the trans-
formation into chronic corpulmonaleare based on hypoxemia and hypercapnia,
endothelial dysfunction, the effects of systemic inflammatory response markers,
polycythemia, and pulmonary hypertension (PH) [11]. These mechanisms stem from a
primary ventilation-perfusion mismatch, leading to the destruction of lung parenchyma
(resulting in emphysema) and alterations in the right heart chambers, with subsequent
involvement of both the pulmonary and systemic circulations [15, 18].

The prevalence of hypoxemia in COPD patients can only be estimated
tentatively. Hypoxemia in COPD leads to a deterioration in the quality of life and
exercise tolerance, increases the workload on skeletal muscles, and raises the risk of
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mortality. The main contribution to the progression of hypoxemiain COPD patientsis
made by the disruption of ventilation-perfusion ratios due to airflow limitation and the
emphysematous destruction of the pulmonary capillary bed architecture[2]. Increasing
hypoxemiaand elevated pressure in the pulmonary circulation lead to impaired systolic
function of the right chambers, as well as dilation of the right atrium and ventricle due
to rising pulmonary artery pressure. The development of corpulmonaleas a result of
cardiac remodeling in COPD significantly worsens the prognosis [4, 17].

Another mechanism leading to cardiac remodeling is endothelial dysfunction.
The development of endothelial dysfunction underlies the mechanisms of coronary
vessel damage and the progression of CVD, specifically heart failure (HF). In 30-40%
of patients, the clinical presentation of HF is caused by impaired diastolic heart
function and maladaptive remodeling. It has been proven that exercise tolerance and
guality of life in patients with chronic HF correlate more strongly with restrictive
diastolic dysfunction than with left ventricular systolic function. The pathogenesis of
HF with preserved gection fraction (HFpEF) differs from that of HF with reduced
g ection fraction (HFrEF) and may belinked to the activation of systemic inflammatory
components. This subsequently leads to endothelial dysfunction, increased arterial
stiffness, and fibrosis of the cardiac tissue [11, 18]. The primary pathogenetic
mechanism by which COPD affects the structural and functional state of
hemodynamics is the development of pulmonary hypertension (PH) resulting from
reflexive vasoconstriction in response to hypoxia (the Euler—Liljestrand reflex).

Progressive PH leads to right ventricular hypertrophy, the formation of
corpulmonale, and, as a logical consequence, right-sided heart failure. PH is most
closely associated with right ventricular (RV) systolic dysfunction and indicates
advanced stages of lung disease. Changesin intracardiac hemodynamic parameters are
detectable even in the early stages of COPD, prior to the development of significant
PH. Furthermore, therapy aimed at correcting PH has minimal impact on subsequent
cardiac remodeling.

In summary, patientswith COPD and pre-existing CV D face apoorer prognosis
compared to those without COPD. There is a heightened risk of new cardiovascular
events, as mortality in these patientsis primarily driven by cardiovascul ar causes [11].
The coexistence of COPD and CVD, compounded by shared risk factors, significantly
impacts both prognosis and patient quality of life. It can be hypothesized that COPD
serves as an independent predictor of adverse outcomes, thereby influencing the
pathogenesis and clinical course of CVD [18]. Consequently, patients presenting with
this comorbidity require a distinct risk stratification approach, as their risk of
cardiovascular catastrophes may be substantially higher.

Beyond the mutual aggravation of these conditions through the summation of
cardiovascular risk, they share severa key components in their cytokine and vascular
pathogenesis. At certain stages of progression, both COPD and CVD involve the
activation of the RAAS and systemic inflammatory responses, as well as the
development of hypoxemiaand impaired trophism across various organs and systems.
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Vascular pathology is characterized by escalating endothelial dysfunction,
subsequent arterial wall alterations, and cardiac remodeling. Despite certain differen-
ces, these pathogenetic milestones manifest similarly in both diseases, leading to the
progression of COPD and CVD and acritical decline in cardiac contractile function.

The presence of shared pathogenetic pathways in patients with COPD and CVD
may facilitate the development of new risk assessment criteria based on the severity of
impairment and the involvement of inflammatory markers, the RAAS, and endothelial
dysfunction indices. For patients with COPD who have existing CVD or associated
risk factors, it is essential to re-evauate strategies for preventing cardiovascular
complications, particularly in light of existing clinical guidelines for cardiovascular

prophylaxis. Modification of current risk factors and secondary prevention of CVD
should be initiated in such patients as early as possible.
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