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Abstract

Chronic obstructive pulmonary disease (COPD) is a respiratory disease with 
high prevalence. Many factors contribute to its development, and probably 
that leads to its various clinical pictures. Inflammation is the mechanism 
responsible for the structural alterations in the lungs. Despite its heterogeneity, 
there are a couple of primary symptoms characterizing it, which are chronic 
and productive cough and dyspnea.

The understanding of dyspnea in COPD is based on theories deriving from 
the interaction of a network formed between the cardiorespiratory and the 
neuromuscular system and their receptors. Many factors contribute to its 
occurrence, making it complex and giving it a very subjective character for a 
person to perceive.

Various methods are used to study COPD. Non-invasive ones seem to 
attract attention nowadays. One of them is the exhaled breath condensate. It 
is a biofluid with rich content, which can capture a picture of the pathological 
processes happening in the lungs. Its study has shown that some markers of 
inflammation and oxidative stress, such as 8-isoprostane and H2O2, are elevated 
and able to connect dyspnea and inflammation. Additionally, they seem to 
provide information of the ongoing inflammatory process in the lungs as well 
as a picture of the severity of the symptoms. This evidence may enhance the 
association of dyspnea with dysfunctional breathing.

Despite these interesting findings, further research is necessary both in 
dyspnea and inflammation in COPD to clarify their mechanisms and connective 
pathways. The utility of non-invasive techniques such as the exhaled breath 
condensate could be of significant help, but its establishment in the medical 
field requires extra studies.

Introduction
Chronic obstructive pulmonary disease (COPD) is a chronic health 

problem with high morbidity and mortality1,2. The Global Initiative 
for Chronic Obstructive Pulmonary Disease (GOLD) defines it as a 
common, preventable and treatable disease that is characterized by 
persistent respiratory symptoms and airflow limitation that is due to 
airway and/or alveolar abnormalities usually caused by significant 
exposure to noxious particles or gases3 It is a complex heterogenous 
condition that has also been described as a syndrome4. Its etiology 
is multifactorial with smoking remaining the primary cause. 
Inflammation possesses a key role in the development of chronic 
obstructive pulmonary disease resulting in structural changes in the 
lungs5. Although it presents a variety in clinical manifestations, there 
are few cardinal symptoms that describe it and these are dyspnea 
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and chronic and productive cough6. Especially, dyspnea is 
the reason that will lead a person to seek medical help.

According to the American Thoracic Society, dyspnea 
is the unpleasant symptom of the subjective experience of 
breathing discomfort resulting from qualitatively distinct 
sensations that vary in intensity7. There are multiple 
factors that play a role in its complex mechanism, such 
as physiologic, psychological and environmental and 
they determine the degree of occurrence and perception. 
Dyspnea can be either acute or chronic8. Experimental 
models of dyspnea have been developed trying to elucidate 
its various mechanisms. Our current understanding of 
dyspnea is expressed by the theory of a result of the 
collection and interpretation of mechanical and chemical 
information that derives from a network between the 
cardiorespiratory system and the neuromuscular system9.

Dyspnea is COPD activity–related and the progression 
of the disease leads to an established and constant 
feeling of lack of air. It is believed that it is the result of 
disruption in the normal relationship of the inspiratory 
neural drive to breathe and the dynamic response of the 
respiratory system. An increase in the respiratory neural 
drive is observed in COPD, which seems to be correlated to 
abnormalities in pulmonary gases exchange, imbalance in 
acid–base equilibrium and disorder in dynamic respiratory 
mechanics10. The awareness of this respiratory distress 
symptom is expressed in the form of work/effort, tightness 
and air hunger, a fact that relies on pathways and distinct 
mechanisms of sensory qualities11.

The dyspnea issue and its occurrence in COPD, especially 
in the form of activity-related, still require a better 
understanding regarding its mechanisms. The pathological 
processes blamed for the development of COPD, such as 
inflammation and oxidative stress are not included in the 
explanation of dyspnea in COPD so far. However, the study 
of the pathology of COPD via noninvasive techniques such 
as the exhaled breath condensate, has presented data of the 
potential connection between dyspnea and inflammation.

Exhaled breath condensate
The exhaled breath condensate is a biofluid and is 

formed by freezing the exhaled breathing air. Nowadays, 
it is strongly believed to originate mainly from the small 
airways and the alveola. It is a cocktail of substances with 
water being the predominant one (99%). The rest of the 
content is a mix of volatile organic compounds and non-
volatile organic compounds covering a range from small 
inorganic ions to large and macromolecules even proteins 
and peptides. The exhaled breath condensate reflects the 
composition of the airway lining fluid, a fact that seems 
important considering that the small airways and lung 
parenchyma are mainly affected in COPD12,13.

As a technique has many advantages and the most 
significant ones are its non-invasive nature, an application 
without age limit, no restriction of disease stage (it can 
be used even with intubated patients) and of course, the 
pure nature of the collected product without any effect 
from external intervention. Its potential usage has a wide 
spectrum covering areas such as diagnosis, early detection, 
monitoring, phenotype discrimination, treatment response, 
and follow-up14.

Pictures of the ongoing pathological procedures were 
obtained by studying COPD via the application of the 
exhaled breath condensate. The detected changes are 
mirrored through the alterations in inflammatory markers 
and mediators found in exhaled breath condensate and 
provide information about abnormal activity in the lungs. 
These substances belong to various groups of compounds 
and can be nitrogen reactive species, cytokines, 
prostaglandins, leukotrienes and reactive oxygen species. 
The identified ones have reached the number of 200015. 
Exhaled breath condensate pH is also a variable showing the 
acidification of airways that is postulated to be associated 
with inflammation and play a role in COPD16. Among 
these elements, the ones extensively analyzed and which 
seem to have a predominant role in the pathophysiology 
of the lungs are hydrogen peroxide (H2O2), 8-isoprostane, 
leukotriene B4 (LTB4), cytokines, prostaglandins E2 (PGE2) 
and nitrogen oxides (NOx). Probably different elements of 
EBC reflect different aspects of the inflammatory process17.

Generally, the collection of the exhaled breath 
condensate can be performed with various devices that 
freeze the exhaled breath. However, today there are 
commercial sampling devices that have been tested for this 
reason and provide reliable results. Each of them has its 
technical characteristics and parameters to be set before or 
during the collection process such as time18. Its analysis, on 
the other hand, seems to be not an easy task. Many methods 
are used to achieve identification and quantification of 
the content of the exhaled breath condensate and present 
variation. Many factors determine which method to be 
applied such as the determination of a specific compound. 
Most of them are based on spectrophotometric, fluorometric 
assays or high-pressure liquid chromatography and are 
accompanied by the appropriate detection methods19.

Inflammation and dyspnea in COPD
The key feature for the development of COPD is 

inflammation. It involves groups of cells that functionally 
exaggerate leading to impairment in the airways. It 
seems to be an orchestrated process with macrophages, 
neutrophils, lymphocytes (T and B) and dendritic cells 
ruling it (mainly in the stable stage)20. Their action is 
accompanied by mediators necessary for the activation of 
signaling pathways. Some of them are the reactive oxygen 
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and nitrogen species and their concentration imbalance 
causes oxidative stress. Oxidative stress is an additional 
driving mechanism that is engaged in the pathogenesis of 
COPD with a significant role21. Both cells and mediators 
via their properties and function, transform the condition 
into chronic and result in pathological abnormalities such 
as airway remodeling, mucous plugging and immune cell 
infiltration22. The structural and functional changes in 
the airways of the patients with COPD are expressed with 
chronic and productive cough and dyspnea.

Dyspnea is believed to be not a single sensation and 
has a multidimensional nature. Its intensity varies and 
its perception is largely self-reported making its accurate 
quantification inadequate23,24. Forced expiratory volume 
in 1 second (FEV1) as the golden standard tool for COPD 
diagnosis is not capable of being the best physiological 
variable of dyspnea measurement. The evaluation gap 
is replaced by the utility of other assessment tools such 
as questionnaires and scales, which rely on perception 
ability25.

Little is known about the association between dyspnea 
and inflammation in COPD, perhaps because of its study 
as a secondary subject. A source that provides some 
information and a potential correlation between them is 
the exhaled breath condensate. Substances of its content 
present alterations in concentration in both stable and 
exacerbated stages of COPD. Two well studied examples 
are 8-isoprostane and hydrogen peroxide (H2O2), which are 
mediators of oxidative stress26.

8-isoprostane is a member of the F2 isoprostane class 
and is produced in the phospholipid membranes by free 

radical-catalyzed peroxidation of arachidonic acid. It is 
an in vivo formation with a chemical stable character and 
specific for lipid peroxidation. It belongs to the important 
steps of oxidative stress. Moreover, it possesses biological 
activity which is presented by inducing vasoconstriction, 
contraction of smooth muscles of large and small airways 
and augmentation in the perception of pain27.

H2O2 is a small volatile inorganic biomolecule that 
belongs to reactive oxygen species. It is a marker of 
pulmonary inflammation and oxidative stress, produced 
exogenously and endogenously by both active inflammatory 
cells (macrophages, neutrophils, eosinophils) and 
epithelial cells through the metabolism of superoxide anion 
by superoxide dismutase (SOD). Its low molecular weight 
allows it to transfer to the extracellular spaces through the 
membranes. It is characterized as a stable marker but less 
than 8-isoprostane28.

The concentration of 8-isoprostane and H2O2 present 
elevation in the exhaled breath condensate of patients with 
COPD29. This evidence supports the existence of oxidative 
stress, which is responsible for the damage especially of the 
lower respiratory tract. Moreover, the estimation of these 
to mediators contributes to the evaluation of the severity 
of the airway inflammation in COPD. This seems to provide 
a picture of the underlying pathological processes taking 
place in the airways and parenchyma of the lungs30,31. The 
biological monitoring of such events taking place especially 
in the small airways in COPD is crucial as it will help in 
understanding its spectrum as a disease.

Regarding dyspnea (Figure 1), a few studies have 
shown that inflammation correlates well with it, resulting 

Figure 1: Exhaled breath condensate for the evaluation of the potential association of inflammation and dyspnea in COPD
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from the evaluation of most assessment tools of dyspnea 
such as mMRC (modified medical research council), CAT 
(COPD assessment test) and BODE index (Body – mass 
index, airflow Obstruction, Dyspnea & Exercise) and the 
elevated levels of H2O2 and 8-isoprostane in exhaled breath 
condensate of patients with COPD32,33,34. The Cavalcante et 
al.35 study supported this correlation as they managed to 
improve dyspnea of patients with COPD by reducing the 
8-isoprostane concentration with medication. Generally, 
these studies showed that symptomatic severity and 
health status can be assessed by studying 8-isoprostane 
and H2O2

36,37.

Although the mechanism of their association is not clear, 
a possible explanation is that both mediators can be used 
as markers to assess oxidative stress and inflammation. 
Particularly of oxidative stress, which is responsible for 
lung tissue injury because it amplifies inflammation, leads 
to damage and apoptosis of the airway lining epithelium 
cells, DNA damage and stimulates emphysema and fibrosis. 
It may also cause bronchial hyperresponsiveness and 
mucus gland hyperplasia38.

There is also one report that associates 8-isoprostane and 
H2O2 with the functional alterations of the musculoskeletal 
thoracic cage observed in patients with COPD and dyspnea. 
Specifically, increased levels of 8-isoprostane in the exhaled 
breath condensate of patients at a stable stage of COPD 
are related to dynamic hyperinflation according to Garci-
Rio et al.39. It also seems that the degree of emphysema is 
associated with 8-isoprostane concentration measured 
with high-resolution computed tomography referred by 
Makris et al.40.

An additional related assumption derives from the 
connection of the airway nerves and inflammation that 
leads to the dyspneic sensation. Lungs have vagal receptors 
which respond to chemical and mechanical stimuli. The 
inflammatory environment in COPD affects the vagal 
sensory nerve activity via the stimulation of a group of 
vagal receptors such as C-fibers and irritant receptors. 
Irritant receptors are located around the epithelial cells 
of the bronchial walls while C-fibers innervate the airways 
and the lungs 41. It has been postulated that oxidative stress 
causes a perturbation to these receptors that are capable to 
evoke dyspnea42,43. However, this has not been assessed by 
studying the EBC.

It is worth mentioning that despite the above interesting 
findings, the exhaled breath condensate has not got an 
established place in clinical practice. The main reason 
is the lack of standardization. A significant effort was 
made by the European Respiratory Society in 2017 with a 
report of technical standards44 to minimize the biases and 
controversies but still, more research is required.

Conclusion
Dyspnea is the cardinal symptom of COPD. Its 

mechanism of development and perception relies on 
evidence of interaction between the cardiorespiratory 
and the neuromusculoskeletal system. However, non-
invasive techniques for measuring inflammation such 
as the exhaled breath condensate have shown a possible 
association between dyspnea and inflammation in COPD 
patients. Particularly, mediators involved in inflammation 
and oxidative stress such as 8-isoprostane and H2O2 
seem to correlate well with dyspnea estimated with most 
assessment dyspnea tools. Their elevated concentration 
might be related to functional (such as hyperinflation) and 
structural changes (emphysema) as well.

Further research is necessary in dyspnea in COPD in 
order to reach a full understanding of that symptom. The 
utility of non-invasive tools such as the exhaled breath 
condensate seems to be able to contribute to that and 
probably provide additional information in the mechanism 
of dyspnea as it approaches the issue via direct study of the 
pathological processes that take place within the airways.
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