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Abbreviations: COPD, chronic obstructive pulmonary disease; 
COL1A1, collagen-1 type 1a gene; LV, left ventricular

Introduction
Chronic obstructive pulmonary disease (COPD) pathogenesis is 

now thought to be a by-product of vascular disturbances. There are 
data that support that the increasing arterial stiffness observed in 
COPD plays a role in its pathogenesis. These data can help explain 
the historical observation of COPD with cardiovascular pathology. 
Several research publications described pathophysiological 
mechanisms of arterial stiffening in COPD and understandings 
of specific mechanisms remain mixed.1‒3 Association of impaired 
pulmonary function with cardiovascular morbidity and mortality has 
also been reported in several studies.4,5 However, the nature of this 
association and the underlying mechanisms are also varied.

The current hypothesis describes aortic stiffness as an independent 
predictor of total and cardio-vascular mortality and it is thought to be 
a more important factor than other “classic” risk factors such as blood 
pressure and total cholesterol.6,7 Attenuation of elastic quality of the 
aorta is attributed to aging, so the degree of aortic stiffness appears to 
more closely correspond to the biological age of person.8,9

It is now well documented that a given gene’s polymorphism is 
one of the principal factors initiating disturbance of mechanical featu-
res of the aorta.6,10 There are many genes associated with amplification 
of aorta stiffness, as a result many scientists believe that this process is 
multifactorial. The gene-candidates connected with an abundance of 
aortic stiffness are genes responsible for angiotensin-converting enzy-
me, collagen-1a, fibrillin-1, angiotensin-1, endothelin-receptors A and 
B etc.10‒12 The passage of time, as well as the abundance of disturban-
ces to the mechanical properties of main arteries may be determined 
by different pathologic processes, for example, chronic renal disease, 
diabetes, rheumatoid arthritis and others.13‒15 Some researchers also 
report increasing stiffness of main arteries in COPD.12,16

Specific changes in the position of some gene loci are also asso-
ciated with the risk of appearance and development of COPD and 
asthma.17‒19 Unlike monogenic diseases, the predisposition to COPD 
is determined by adaptive effect of several loci. Multiple gene alleles 
are not thought to be responsible for a pathological phenotype by it-
self, but their combination becomes pathogenic under the influence of 
inflammatory factors of the environment. Important genes for the de-
velopment of COPD and asthma, regulate the plasma level of IgE, cy-
tokines and chemokines, genes of microsomal epoxide hydrolase, glu-
tathione-transferase, antichimotripsin-a1, complement GcG20 inclu-
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Abstract

Currently the connection between chronic obstructive respiratory disease (COPD) 
and some cardiovascular and cerebrovascular diseases has been established. Vascular 
disorders in COPD become evident in the early stages of disease and can manifest 
from endothelial dysfunction to aortic mechanical property disturbance and cerebral 
circulation disorders. COPD is also known as a disease associated with smoking. A 
number of researchers have described pathophysiological mechanisms of vascular 
disorders and in particular arterial stiffening in COPD. A variety of theories have been 
proposed to explain these observations. Pathophysiological processes that increase 
arterial stiffness (both physiological and pathophysiological) involve remodeling 
cascades leading to disturbance of the structural and functional relationships between 
collagen and elastin in the arterial vascular wall. The main processes involved appear 
to be inflammatory, proteases and oxidative stress. New research suggests that the 
vascular dysfunction observed in COPD is associated with some specific genes. New 
data suggests that this is not just due to endothelial dysfunction, but a violation of 
the mechanical properties of the arterial vasculature, which is now considered an 
important component of the pathogenesis of COPD. Surplus aortic stiffness can 
contribute increasingly to cardiovascular event risk in COPD and is associated with 
changes in normal cerebral circulation and cognitive function. Research is focused 
on the study of genetic predisposition for vascular dysfunction in COPD. Various 
polymorphisms determining the connective tissue metabolism, production of nitric 
oxide, detoxification of xenobiotics and many others are now all thought relevant. 
Increasing of aortic stiffness is an important component of the amplification of 
cardiovascular risk events, coronary disorders and cerebral circulation in patients with 
COPD. Some polymorphisms are considered especially relevant, such as COL1A1 
polymorphisms. It is now important to take into consideration the pathophysiological 
consequences of increasing arterial stiffness in COPD, which are schematically 
represented in our review. 
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ding polymorphism of collagen-1 type 1a gene (COL1A1).11,12,17,19‒21 
Polymerase chain reaction is the methodology used to confirm the 
promoted expression of the COL1A1 gene, related to the aberrant 
process of synthesis and degradation of extra-cellular type 1 colla-
gen seen in COPD.20,22 Studies have also described the relationship of 
polymorphisms of the COL1A1 gene and increased arterial stiffness 
in a group of healthy individuals.15,23 The same genetic polymorphism 
with close relationship and development of osteoporosis has been 
identified. Some polymorphisms and mutations of the COL1A1 gene 
are responsible for the development of connective-woven dysplasia 
and imperfect osteogenesis.24 In this regard, there is interest in the stu-
dy of collagen type I gene polymorphism in patients with COPD and 
asthma, and the evaluation of its role in mitigating the establishment 
of arterial stiffness.

Discussion
Vascular disorders in COPD patients have been reported as 

endothelial dysfunction with disturbance of endothelium-dependent 
vasomotor reactions. These abnormalities may be connected with 
systemic inflammation, now recognized as a typical feature of COPD 
and cardiovascular comorbidity and part of the cardio respiratory 
continuum.14,16,17 A surplus of arterial stiffness is closely connected with 
disintegration of extra cellular matrix in arterial vessel walls, where 
an important component is collagen-1. Collagen-1 is an essential part 
of connective and bone tissue.12,15 Systemic inflammation in COPD 
disseminates not only in the lung but distributes to arterial vessels 
and promotes remodeling with growth in the intimae, increasing the 
amount of smooth muscle cells, depositing collagen and increasing 
the thickness and stiffness of arterial vessel walls.16,17

Progression of COPD is not only associated with increasing colla-
gen deposition, but with disturbance of the structure and balance be-
tween different types of collagen in both the respiratory and vascular 
system.18 Thus, some COPD patients show disintegration of bronchial 
cartilage with replacement of bone tissue at the same time. One rea-
son for this appears to be a result of the synthesis of collagen-1 by 
the connective tissue cells – the main structural part of bone.18 This 
suggestion is partly supported by recent investigations showing that 
injection of TGF-b - one of the main vessel remodeling factors in 
rats, resulted in an increasing level of matrix RNA of collagen-1 and 
collagen-3.25 Similarly, arterial vessel remodeling in asthma has been 
described - with typical features, included disturbance of angiogenesis 
with greater wall thickness, friability, and blood filling related with 
the bronchial walls.14 At the same time there is excess destruction of 
muscle and connective tissue, particularly filaments of collagen 1, 3 
and 5 types in the lamina reticular is of basal membrane and sub-e-
pithelial mucosa laminal of bronchi and vessels in severe asthma.26‒28 

Unlike COPD, there is no significant increasing the stiffness of the 
aorta in asthmatics, including severe cases of the disease.19

As previously reported, excess arterial stiffness is commonly ob-
served in COPD, irrespective of whether or not the COPD is characte-
rized as stable or unstable disease. The abundance of arterial stiffness 
may relate to irreversible processes in the aortic walls, however.6,14 At 
the same time there is no direct correlation between increasing arterial 
stiffness and decline of expiratory volume flow. In the cited studies, 
increasing arterial stiffness in GOLD I and GOLD II patients has been 
estimated, but in GOLD III it has not been well characterized. These 
results may relate to remodeling of the left and right heart chambers 
and vessels with development of diastolic dysfunction and more fre-

quent presence of hypoxemia in GOLD III patients.13,29 Permanent 
and excessive arterial stiffness in COPD patients can be considered 
as a feature of increasing of cardio-vascular risk and one of the rea-
sons for reclassification of risk degree.7,13 At the same time, in asth-
ma patients the degree of arterial stiffness has been reported to differ 
between remission rates and exacerbation rates of asthma. The aortic 
stiffness markedly increased during exacerbation and returned to nor-
mal during remission of asthma. It is theorized that increasing aortic 
stiffness during exacerbations of asthma promotes dysfunction of the 
elastic features of the aorta, serving as a pathophysiologic process.19

Our research showed an increase in the incidence of the functio-
nally less restrictive allele of the S polymorphism of the COL1A1 
gene in COPD patients, compared to the control group (healthy volun-
teers). At the same time, a decrease in the frequency of the dominant 
S allele of the same polymorphism was found, especially in patients 
with GOLD III and IV stage COPD classification.19,20,30 As a percenta-
ge of healthy persons, the distribution of the SS-Ss-ss genotypes was 
92.1% -7.9% -0%, and in COPD patients, respectively: 29.3% -40.3% 
-30.4%. There was no homozygosity of the S allele in patients with 
COPD IV by GOLD. Detection of the ss genotype of the COL1A1 
gene in patients with severe COPD (GOLD IV) was extremely high. 
In the control group, there were no patients homozygous on the res-
trictive allele (ss) of the polymorphism Sp1 of the COL1A1 gene.

The distribution of gene COL1A1 alleles in patients with asthma 
differs from that in COPD. The number of restrictive s alleles was 
increased only in patients with severe asthma. Unlike in COPD, in 
severe asthma decreasing the amount of normal alleles S was due to 
increasing the number of heterozygotes Ss, which reached 81,9%.20 
Pathologic genotype was registered only in 12,5% of patients with 
severe asthma, less often than in COPD (p<0,01). At the same time 
the rate of occurrence of S and s alleles in the group with moderate 
asthma was the same as that in controls. So we can assume that the 
occurrence of insufficient s alleles of the COL1A1 gene increased 
only in patients with severe asthma, mostly because of heterozygous 
genotype Ss.

The desire to study the Sp1 polymorphism of COL1A gene in pa-
tients with COPD and the associated mechanical disturbances of the 
aorta is not a casual interest. The COL1A1 gene codes the amino acid 
structure of collagen type1, which is an important part of the extrace-
llular matrix of the main artery walls.15,23 Polymorphisms in the regu-
latory area of the COL1A1 gene increase the level of its transcription 
and change the balance of ά1 и ά2 chains of protein, followed by a 
destructive process in the collagen of the arterial vessel wall. An im-
balance of the protease-antiprotease system, which is seen in COPD 
also supports this pathologic process, much like a deficit of ά1–anti-
trypsin.16,17 The cumulative result of these path ways are disturbances 
in the mechanical features of the artery walls in patients with COPD, 
which correlate with the decline of expiratory flow and clinical course 
of the disease.13,14

Analysis of relations between polymorphism Sp1 of COL1A1 
gene and markers of arterial stiffness were made. The distribution of 
genotypes SS – Ss – ss in healthy people were: 92,1% - 7,9% - 0%, 
and in patients with COPD: 29, 3% - 40, 3% - 30, 4% accordingly.20 
Parameters of aortic stiffness in healthy people with genotype SS and 
Ss were not so different, but in patients with COPD the differences 
between average parameters of APWV with genotypes SS, Ss, ss were 
significant (p<0,01). Allele s in homozygous and heterozygous posi-
tion was associated with high parameters of aortic stiffness. These 
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data shows that in persons with insufficient allele s the balance be-
tween collagen synthesis in the vessel wall and degradation is disor-
dered. The differences between the levels of APWV in persons with 
genotypes Ss and ss were not revealed. Allele S in homozygous posi-
tion was associated with normal artery stiffness. There is an opinion 
that allele s of Sp1 polymorphism of COL1A1 gene is connected with 
the markers of artery stiffness; we can conclude that this allele has an 
important part in main arteries stiffness disturbances in persons with 
COPD. At the same time the relations between Sp1 polymorphism of 
COL1A1 gene and the markers of arterial stiffness in persons with 
asthma were analyzed. The significant connection between APWV 
and allele s or ss as variant of COL1A1 gene was not revealed. There 
were not differences in aortic mechanical characteristics (stiffness) in 
remission phase of the disease in subgroups of patients with COL1A1 
genotypes.

So, the differences in morphologic and functional conditions of 
the vessels in patients with COPD and asthma, may be connected 
with the features of genotype, particularly with especial distribution 
of Sp1 polymorphism COL1A1 gene. It’s clear that this gene do not 
have a main meaning in determination of increased arterial stiffness 
in COPD, the other polymorphisms influences are not excluded.6,17,19 
Never the less, one of the factors of forming the specific stable remo-
deling of pulmonary and other basic arteries in the case of COPD16,17 
are the specific features of COL1A1 gene genotype described by us. 
The vessels remodeling, specific for asthma,11 in which there is no 
unreturnable increasing of arteries stiffness, also corresponds to our 
results. Our studies demonstrate the presence of association of insuf-
ficient alleles of COL1A1 gene with the markers of arterial stiffness 
in COPD. The analysis of some genetic factors influence on elastics 
of basic arteries in different pathologic conditions, shows its impor-
tance in understanding of pathologic mechanisms of increasing arte-
rial stiffness. The testing of genes-candidates to be specific for COPD 
and increasing of aorta’s stiffness opens real opportunities for earlier 
prophylactic of arterial stiffness changes. We conclude that authentic 
difference was established in genotype distribution between COPD 
patients and healthy persons. Functionally defective allele S (Sp1 
polymorphism of COL1A1) was registered much oftener. Presence of 
it’s homozygote variant S was closely associated with severe degree 
of COPD patients. COPD patients allele s (polymorphism Sp1 of gene 
COL1A1), associated with collagen metabolism disorders, is closely 
connected with surplus aortal stiffness. This underlines prognostic 

significance of allele SS in early diagnosis of large artery disorders.

Based on an analysis of literature data and own research, the 
authors provide a consensus view on the pathogenesis of persistent 
increases in arterial rigidity in COPD (Figure 1). The dysregulation 
of the collagen-elastin balance caused by various factors (classical 
inflammatory, oxidase and disproteinase pathways are considered) 
leads to an increase in vascular rigidity.13,15,19 This can explain the 
progressive deterioration of the mechanical properties of the central 
arteries in COPD patients, since this disease is precisely the universal 
aggression factors associated with persistent systemic inflammation, 
oxidative stress, imbalance in the proteinase inhibitors system. This is 
confirmed by the data of our study showing the heterogeneity of the 
structure of the walls of large arteries in experimental COPD with the 
zones of formation of connective tissue, among which collagen predo-
minates. At the same time, in patients with asthma, the structure of the 
walls of large arteries remains more stable in comparison with COPD, 
although it is characterized by peculiar signs of remodeling (swelling 
of the endothelium, hypertrophy of collagen fibers and myocytes).31

Also, the authors provide an agreed opinion on the clinical effec-
ts of abnormal (increased) arterial stiffness (Figure 2). With COPD, 
heart and vascular remodeling is developing, one of the main cha-
racteristics of which is to increase their rigidity. The increase in sti-
ffness of both the aorta and the myocardium is now recognized as a 
universal response to the effect of a variety of damaging factors.6,7,10,15 
These changes entail a number of unfavorable pathophysiological and 
clinical consequences. Excessive stiffness of the aorta is a reliable 
independent predictor of general and cardiovascular mortality.7,8 Loss 
of vascular elasticity is one of the main factors in the progression of 
cardiovascular risk. Increasing rigidity of the central arteries leads to 
decreasing ability of the vascular system to respond adequately to the 
changing conditions of hemocirculation, the increase in postload on 
the myocardium and the disturbance of coronary blood supply.6,13,15 
Hypertrophy and increased stiffness of the LV increase the need for 
myocardium in oxygen and increase the risk of myocardial infarction, 
heart failure, sudden death.32,33 Thus, excessive stiffness of the aorta 
and myocardium of the LV cause a significant increasing of the total 
cardiovascular risk in COPD patients.2,16,19 In addition, according to 
recent data, excessive arterial stiffness contributes to the pathogenesis 
of cerebral discirculation.31,34 Known the nature of the formation and 
high clinical significance, myocardium and central arteries rigidity in-
creasing can be regarded as a systemic manifestation of COPD.

Figure 1 Pathogenesis of persistent increase of arterial stiffness in COPD.
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Figure 2 Clinical effects of increasing arterial stiffness: a vicious cycle.

Conclusion
The disturbance of the aortic mechanical features is a typical part 

of COPD pathophysiology. According to literature data and our own 
results we conclude that authentic modification observed in genotype 
distribution between COPD patients and healthy persons. Different 
genotypes are involved in aortic mechanical properties and other 
vascular disturbances in COPD. In particular functionally defective 
allele s (polymorphism Sp1 of gene COL1A1), associated with 
collagen metabolism disorders, is closely connected with surplus aortal 
stiffness in COPD patients. Genetic features and other disorders cause 
abnormalities in the mechanical properties of the aorta in COPD, as 
ordered in the scheme. In the following turn, increased aortic stiffness 
is an important component of increasing total cardiovascular risk, 
cardiovascular events, coronary disorders and cerebral distinction in 
COPD patients.35,36
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