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Annotation

Chronic obstructive pulmonary disease (COPD) is a pressing problem in the modern world. Every year,
COPD increasingly leads to temporary disability and death. This is why it is so important to predict the
progression of COPD in time. Progression of the disease can lead to severe shortness of breath, frequent
exacerbations of COPD, respiratory failure and death.

This literature review examines radiological and functional markers, clinical manifestations, sputum and
blood markers, and the lung microbiome. All of this may be useful for predicting the risk of COPD
progression.
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Currently, chronic obstructive pulmonary disease (COPD) is considered one of the most common diseases of
the respiratory system among the adult population. This disease can lead to temporary disability and mortality
of patients [24, 35, 44, 51]. WHO estimates that moderate to severe COPD affects 65 million people worldwide
[3]. In 2016, there were 251 million cases of this disease worldwide, according to the Global Burden of Disease
Study [9]. Currently, the global incidence of chronic obstructive pulmonary disease is estimated at 10% among
adults over 40 years of age [12].

This figure is growing every year. The increasing prevalence of chronic obstructive pulmonary disease is
observed in both developed and developing countries. In addition, there is an annual increase in mortality
from this disease around the world. The World Health Organization annually publishes mortality statistics
from various diseases, including COPD. According to WHO data, if back in 2002 this disease was the fifth
leading cause of death [3], then at the moment COPD is the third leading cause of death worldwide. This
disease accounts for approximately 6% of the total number of deaths, respectively [1]. All these data indicate
a rapid increase in mortality from chronic obstructive pulmonary disease. That is why chronic obstructive
pulmonary disease is considered one of the most pressing problems in healthcare.

In addition, COPD is considered a socially and economically significant problem (Mannino D. M., 2007).
This is due to the fact that as a result of this disease, there is a steady decline in the quality of life of patients,
causing early disability in 13% [44, 50], which, accordingly, leads to increased costs from the healthcare
system for lifelong use of medications, expensive emergency medical assistance, long periods of incapacity
and disability payments [8].

That is why it is so important to diagnose this disease in time and predict the progression of COPD in time.
There are currently a large number of putative biomarkers that can help diagnose COPD, clarify COPD
phenotypes, and monitor response to treatment [15, 43, 10].

Biomarkers are any clinical signs, functional and radiological studies, laboratory test markers that can
characterize disease activity and will be useful in diagnosing and monitoring disease processes, as well as
response to therapy.

Currently, many scientists around the world are identifying biological markers that would help predict the
progression of chronic obstructive pulmonary disease in advance. Providing reliable evidence to validate
biomarkers prior to clinical implementation remains a critical challenge. Important questions that many
scientists around the world are trying to address are: the accuracy and reliability of biomarkers for a clinical
condition of interest, assessment of clinical utility and cost-effectiveness, and real-world effectiveness
compared to other biomarkers [52].

The progression of chronic obstructive pulmonary disease can vary: some patients may experience a relatively
stable course, while other patients will suffer a steady progression that can lead to severe shortness of breath,
frequent exacerbations of COPD, respiratory failure, and death. Early identification of people with chronic
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obstructive pulmonary disease who are at higher risk of progression will allow more individualized treatment
to slow disease progression, the development of complications and reduce the risk of mortality from this
disease.

Symptoms and exacerbations

According to the Global Initiative for Chronic Obstructive Lung Disease (GOLD), it is recommended to
include an assessment of symptoms (worsening cough and shortness of breath) and history of exacerbations
along with measurement of forced expiratory volume in 1 second [23]. The ECLIPSE study confirmed that
patients with 2 or more exacerbations per year and more severe airflow limitation are at higher risk of
developing future exacerbations and disease progression [49].

External respiration function

Traditionally, the diagnosis and determination of the severity of chronic obstructive pulmonary disease is
based on spirometry data. Indicators of external respiratory function, especially forced expiratory volume in
1 second (FEV 1), reflect the severity of chronic obstructive pulmonary disease, and a gradual change in
FEV1, which is determined over a long period of time, is considered a generally accepted indicator of the
progression of this disease. FEV1 measurement has always been considered the gold standard, but FEV1 has
been found to have poor correlation with clinical parameters. It was found that patients who have the same
FEV1 values may have different pathological changes, for example, the severity of emphysema, changes in
the caliber of small bronchi [13]. In addition, to evaluate the progression of COPD through FEV1 decline,
studies are conducted that typically last > 3 years, resulting in high study costs and physical burden, while
limiting the number of new drugs that can be used to treat COPD [48]. As a result, although FEV1 and other
indicators of pulmonary function can be used for prognostic purposes, the results will nevertheless be more
accurate if FEV1 is assessed in combination with other indicators to determine the prognosis of the disease
[16]. Thus, more sensitive indicators are needed to assess the severity and progression of COPD.
Radiological markers

Imaging biomarkers that are visualized on high-resolution computed tomography (CT) chest scans have been
found to be useful predictors of disease progression.

With high-resolution CT, it is possible to evaluate emphysema and airway changes that are observed in COPD
using quantitative indicators [32]. Examination of emphysema and inspiratory and expiratory small bronchi
changes provides information about the COPD phenotype [22], and changes in lung density over time can be
used as an endpoint for COPD progression [17].

Large cohort studies have correlated quantitative CT measurements with COPD progression outcomes.
Studies have found an association of accelerated decline in lung function with more severe emphysema, which
has been quantified using CT [27]. The MESA (Multi-Ethnic Study of Atherosclerosis) study showed that the
presence of centrilobular and panlobular emphysema on CT correlates with increased dyspnea and decreased
exercise capacity [42]. A cross-sectional study found a correlation of airway wall thickness with decreased
lung function and increased symptoms in smokers [20]. In the COPDGen study of 1002 people, exacerbations
of the disease were more likely to occur in those people who had a more severe emphysema index on CT and
who had increased airway wall thickness [25]. A higher emphysema index on CT was associated with an
increased risk of respiratory [26, 29] and COPD-specific mortality [54]. There was no association between
airway wall thickness and mortality [29]. Thus, detection of emphysema and changes in the airways on CT
can predict the progression of chronic obstructive pulmonary disease.

Sputum

Sputum (spontaneous and induced) is an important diagnostic material for assessing airway inflammation in
COPD. Whether sputum can be considered as a biomarker to assess the severity and progression of COPD is
currently being studied. Sputum biomarkers during disease stabilization and exacerbation were found to be
associated with the severity of chronic obstructive pulmonary disease.

Increased levels of neutrophils were found in the sputum of COPD patients. At the same time, a significant
correlation was established between the number of neutrophils in sputum and the stage of COPD, but in the
ECLIPSE study this indicator was weakly associated with lung function [21]. In later stages of the disease,
lymphocytes are detected in the sputum, with an increase in the concentration of type 1 CD8+ T cells. Also,
some patients with COPD experience an increase in the content of eosinophils, which is related to the
effectiveness of glucocorticosteroids (GCS) and bronchodilators [2].
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There was an association of higher levels of neutrophils, elastase, interleukin (IL)-8 and matrix
metalloproteinase (MMP)-9 in spontaneous sputum in COPD patients with greater decline in pulmonary
function (FEV 1) [34]. Inflammatory mediators in induced sputum during stabilization may predict future risk
of exacerbations. A review by Koutsoker and co-workers suggested that sputum levels of several mediators
[including sputum IL-6, IL-8, and myeloperoxidase (MPO)] may be associated with exacerbation rates,
although more confirmatory studies are needed [31]. Tuffeson E. and his colleagues studied the level of
leukotriene B 4 and found that in sputum this indicator increases before an exacerbation. Therefore, this
indicator has been proposed as a possible biomarker of exacerbation risk [46].

Many patients with COPD can expectorate valid sputum spontaneously, but this sputum may contain large
amounts of dead cells, which could potentially lead to misleading results in sputum cell counting and
inflammatory mediator testing [45]. To overcome this, sputum can be induced using a hypertonic saline in
stable patients with COPD. These samples provide a lot of information about inflammatory cells and mediators
[14]. However, in this case there are some problems. Induced sputum samples are predominantly obtained
from the proximal airways and may not reflect the peripheral inflammation that contributes to the clinical
symptoms of COPD. In addition, processing of sputum during examination can change proteins so that they
are not recognized by antibodies [30]. Due to many technical and clinical confounding factors, induced sputum
is still being investigated as a source of clinically useful biomarkers [15].

Blood biomarkers

Blood samples are a convenient source of biomarkers for lung diseases, including chronic obstructive
pulmonary disease. Currently, many scientists around the world are searching for blood biomarkers, with the
help of which it would be possible to predict the progression of chronic obstructive pulmonary disease.

1) C-reactive protein (CRP)

Studies have shown that in stable COPD there is a low level of systemic inflammation with an increase in
the level of CRP in the blood, while a higher level of CRP is observed during exacerbation of the disease [38].
Some studies have shown that baseline CRP levels correlate with subsequent decline in lung function [33].
Increased levels of CRP over time are associated with a decrease in FEV1 in patients with COPD [39], the
risk of hospitalization and mortality [18], so the level of CRP in the blood in patients with stable COPD may
be a prognostic marker of hospitalization and death from COPD.

In studies by J.R. Hurst et al., who studied the role of 36 biomarkers (CRP, IL-6, TNF-q, etc.) in patients with
COPD outside and during an exacerbation of the disease, they showed that CRP (or any other marker
separately) without clinical signs was not a sufficiently sensitive and specific biomarker for exacerbation and
progression of COPD [28]. At the same time, CRP was the most informative of the 36 biomarkers studied.
The level of biomarkers in the blood plasma did not depend on the severity of the exacerbation. The
combination of CRP with any major clinical sign of exacerbation increased its diagnostic accuracy [28].
Thus, CRP can be used to predict the progression of COPD, but it is not a sensitive and specific biomarker.
Therefore, it is better to combine it with other clinical signs and markers.

2) Endothelin-1 (ET-1)

Currently, endothelium-1 is considered as a marker of COPD progression by many scientists around the world.
One of such studies is the study by N.I. Kubesheva et al., which revealed that the serum concentration of ET-
1 in all examined patients was statically significantly higher than in healthy people. At the same time, no
relationship was found between the concentration of ET-1 in the acute phase and during a stable course. But
it was found that the concentration of ET-1 increases depending on the severity of COPD. For example, the
concentration of ET-1 in the blood in patients with grade III severity was 1.4 times higher than in patients with
grade II. The maximum concentration of ET-1 in the blood was found in patients with severe disease in the
acute stage. Negative relationships were also revealed between the serum ET-1 content and the inspiratory
capacity value in all examined patients. Endothelin-1 plays an important role in the pathogenesis of bronchial
obstruction and the progression of chronic obstructive pulmonary disease [6].

3) Nitric oxide metabolites

In a study by N.I. Kubesheva et al. also looked at the level of nitric oxide metabolites in the blood serum of
patients with COPD. Serum levels of nitric oxide metabolites in patients were significantly higher than in
healthy nonsmoking volunteers. During the study, no significant differences were found in the concentration
of nitric oxide products in the blood serum during a stable period and during exacerbation in patients of the
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GOLD II and GOLD III groups. A progressive increase in the content of nitric oxide metabolites in the blood
circulation has been recorded in patients with chronic obstructive pulmonary disease with increasing severity
of bronchial obstruction. The serum concentration of nitric oxide metabolites in patients with exacerbation of
severe COPD and during the stable period was 1.8 times higher than in patients with severity II during the
exacerbation and stabilization period. It was found that nitric oxide metabolites in blood serum can also be a
marker of the progression of chronic obstructive pulmonary disease [6].

4) Cell adhesion molecules sSICAM-1 and sICAM-3

In a study by N.I. Kubesheva et al. found that the concentration of cell adhesion molecules sSICAM-1 and
SsICAM-3 in the blood serum of all examined patients with COPD was significantly higher than in the group
of healthy people. It was found that an increase in the concentration of cell adhesion molecules sSICAM-1 and
sICAM-3 is associated with the progression of COPD severity. Their content in patients with grade III severity
was statically significantly higher than in patients with grade II severity of the disease. In addition, increased
concentrations of these soluble proteins in the blood circulation were associated with worsening bronchial
conduction in COPD. The scientists also found that during exacerbation and in the stable phase of the disease,
the concentrations of the studied soluble proteins in the blood within each group did not differ significantly.
Thus, it was found that changes in the content of cell adhesion molecules sSICAM-1 and sICAM-3 do not
depend on the stage of COPD [6].

5) Transforming growth factor 1 (TGF-f1) and fibroblast growth factor b (bFGF)

In the study by Kalinina E.V. and Lobanova E.G. It was found that the production of TGF-f1 and bFGF differs
in patients with COPD with varying degrees of progression of bronchial obstruction. In patients with FEV1 >
80%, the serum levels of the studied cytokines were reduced; in patients with FEV1 < 80%, but > 50% of
predicted, the synthesis of TGF-f1 continued to decrease, but the bFGF content remained at the level of
indicators that are characteristic of mild bronchial obstruction. In patients with FEV1 < 50% of predicted, i.e.
in patients who have severe bronchial obstruction, there was a significant decrease in the concentration of
TGF-B1 and an increase in the content of bFGF (p < 0.01). It was found that if there is a lack of the required
level of synthesis of the inflammatory response limiting factor - TGF-B1, in combination with increased
production of bFGF, which stimulates the proliferation of fibroblasts and collagen synthesis, replacement of
lung tissue with fibrous tissue is observed.

In order to prove the prognostic significance of these indicators, patients with COPD were monitored for a
year. As a result of dynamic observation of patients with COPD, who had a decrease in the content of TGF-
B1 and an increase in bFGF in the blood serum to levels unfavorable for this disease, a deterioration in
respiratory function was observed, which was poorly corrected by treatment. These data showed that TGF-B1
and bFGF markers in the blood are reliable, informative diagnostic criteria that can be used to assess the
progression of bronchial obstruction.

The results of the study made it possible to determine the level of secretion of TGF-B1 and bFGF in the blood
serum to predict the risk of COPD progression [5].

6) Surfactant protein D (SP-D)

D. D. Sin et al. published data on one of the probable biomarkers of COPD - surfactant protein D (SP-D). This
marker is relatively specific to the lungs and is detected in blood serum [41]. SP-D synthesis mainly occurs in
lung tissue. This is shown in many works [11, 36]. It was found that SP-D increases in the blood in response
to pathological changes in the lungs, and also decreases with the administration of inhaled corticosteroids and
the combination of inhaled corticosteroids with long-acting f2-agonists. That is why this marker can be used
as a lung-specific COPD marker [11, 40]. It was found that the level of serum SP-D does not depend on gender,
i.e. its levels are approximately the same in men and women with COPD. It was also found that in more severe
stages of COPD (according to GOLD), there is no significant increase in serum SP-D levels. Although SP-D
concentrations do not correlate with disease severity, peak serum levels are associated with the risk of
exacerbations and progression of emphysema [2].

At this time, it is important to determine whether SP-D is associated with decreased pulmonary function and
progression of emphysema, airway disease, and systemic manifestations (such as fatigue, muscle loss, and
systemic inflammation). If a link is found, it could be suggested that SP-D is a viable biomarker that may
determine COPD disease progression.

7) Expression of the receptor for IL-6 on the surface of immunocompetent cells
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During the study by Vitkina T.I. et al. calculated the percentage of immune system cells that carry IL-6R on
their surface in the blood of healthy individuals and patients with COPD. When considering the expression
pattern of IL-6R in patients with COPD, a trend towards an increase in the content of CD126+ cells was found
in comparison with the control group. At the same time, in patients with COPD, changes in the level of IL-6R
expression were detected depending on the severity of the disease. As COPD worsened, there was an increase
in the number of T lymphocytes, T helper cells, granulocytes and monocytes that carry IL-6R on their surface,
indicating the important role of this marker in predicting the risk of COPD progression [4].

8) Fibrinogen

Dahl M. and colleagues examined the relationship between fibrinogen and COPD. At baseline, an inverse
relationship was observed between fibrinogen and % predicted FEV 1 in a cohort of 8955 individuals
randomly selected from the Copenhagen population; In patients with high levels of fibrinogen in the blood,
an excess annual decrease in FEV 1 was observed compared with low levels of fibrinogen [19]. It was found
that patients with the highest baseline fibrinogen were also more likely to be hospitalized with an exacerbation
of COPD during the 6-year follow-up period. Valvi and colleagues further studied 20,192 individuals from the
Atherosclerosis Risk in Communities (ARIC) and Cardiovascular Health Study (CHS) cohorts, showing that
baseline fibrinogen levels predicted future cases of COPD and COPD-related hospitalization [47]. . Fifteen-
year follow-up data from the Coronary Artery Risk Development in Young Adults (CARDIA) study of 2132
participants showed that higher fibrinogen leads to greater loss of FEV 1 and forced vital capacity (FVC) and
the development of abnormal FEV 1 or FVC, regardless of status smoking. Evidence provided by such general
population cohort studies suggests that increased fibrinogen predicts more rapid decline in lung function at
the population level, although definitive evidence of predisposition to COPD is lacking. Thus, fibrinogen has
emerged as a promising biomarker in COPD. Fibrinogen is likely to be a useful biomarker for predicting the
risk of progression of chronic obstructive pulmonary disease.

9) Combination of markers: fibrinogen, C-reactive protein (CRP), surfactant protein D (SP-D), soluble
receptor for advanced glycation end products (SRAGE) and club cell secretory protein (CC16)

Based on the literature, Rachel L. Zemans and colleagues evaluated the effectiveness of five biomarkers—
sRAGE, SP-D, fibrinogen, CC16, and CRP—either individually or in combination in predicting airflow
limitation, emphysema severity, exacerbations, and decline in FEV 1 , emphysema progression and mortality
in the COPDGene and ECLIPSE cohorts. As a result, it was found that the combination of all five biomarkers
together gave the most accurate results in predicting the risk of COPD progression than all of the above
markers individually [53].

Lung microbiome

During microbiological examination of sputum N.A. Lyubavina and colleagues isolated from 1 to 6 types of
microorganism cultures from patients with COPD. At the same time, a monoculture of microorganisms was
found in 28% of crops, associations of two species - in 27%, three species - in 20%, four or more species - in
25% of cases. It was found that the microbiome of the respiratory tract in patients with COPD included: a-
hemolytic, B-hemolytic and non-hemolytic streptococci (25, 5 and 10%, respectively), enterobacteria (10%),
candidates (16%), Staphylococcus aureus (7 %), pneumococcus (5%), moraxella (5%), diphtheroids (5%),
Pseudomonas aeruginosa was isolated from 1 person.

In COPD patients, an inverse relationship was found between the number of types of microorganisms detected
during microbiological examination of sputum and the FEV1 value, as well as a direct correlation with the
level of peripheral blood leukocytes [7]. Chronic bacterial respiratory tract infection is more common in
patients with severe COPD [37]. Although few studies to date have applied the lung microbiome to outcomes
of COPD progression, the association between bacterial burden and lung function may suggest a role for
chronic bacterial colonization in disease progression.

Conclusions

COPD is a heterogeneous and complex chronic lung disease with extrapulmonary manifestations. Progression
of the disease can lead to irreversible consequences and even death of patients. To avoid this, markers are
needed that will help predict the risk of COPD progression. The search for appropriate biomarkers in COPD
is currently underway. Every year the number of markers that can help predict the progression of the disease
is growing. At the moment, the world already knows a large number of these markers, but many of them still
require confirmation of their effectiveness. Much more research is currently needed to evaluate biomarkers in
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relation to disease progression outcomes in COPD. Overcoming methodological challenges in sampling and
quality control will allow the development and use of more reliable but easily accessible biomarkers in the
assessment of all patients with COPD that will help predict the risk of progression to COPD.
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