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Airway inflammatory diseases are assessed and managed via multiple 

measurements, including airway caliber, airway responsiveness, and 

airway inflammation. Exacerbations post diagnosis is also a critical 

marker in terms of disease status and progression. Currently, diagnosis 

and monitoring of asthma1 and chronic obstructive pulmonary disease2 

(COPD) is based largely on symptom reporting, pulmonary function 

tests, and bronchial reactivity. However, besides the inherent problems 

of subjective symptom reporting, it turns out that symptoms and 

lung function tests do not necessarily reflect the underlying airway 

inflammation in patients suffering from these diseases.3

While this association between asthma and COPD, and airway inflammation, 

has been well established, it is only recently that the actual composition of 

the inflammation (and not merely the presence of inflammation) has been 

studied in terms of determining the exact pathophysiology of these diseases, 

as well as to monitor disease progression and treatment.4 For example, 

with regard to asthma, the degree of eosinophilic airway inflammation has 

not only been shown to correlate with airway responsiveness, but in fact 

targeting airway eosinophilia specifically has consistently been associated 

with fewer asthmatic exacerbations, fewer hospitalizations, and fewer 

symptoms.5,6 Moreover, the diagnosis of eosinophilic inflammation is more 

closely associated with a positive response to inhaled corticosteroids (ICS) 

than any other clinical measure, and thus the presence and degree of 

airway eosinophilia is critical in assessing one’s possible response to ICS 

as well as altering ICS doses once treatment begins.4

Patients that suffer from COPD would also benefit immensely from the 

determination of their airway inflammation composition. It has been 

shown that those with elevated levels of C-reactive peptide (CRP), 

fibrinogen, and leukocytes in their lower airways are more likely to suffer 

from COPD exacerbations.7 Asthma and COPD can coexist as part of an 

“overlap syndrome,” and asthma can even be a risk factor for developing 
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COPD in the future, making distinguishing between these two related 

but distinct diseases via determination of airway inflammation critical in 

providing appropriate care.2

These are but a few of the discoveries made using airway inflammation 

to monitor and treat asthma and COPD and that represent the enormous 

potential that monitoring of airway inflammation can have on the way 

physicians approach these diseases. This article will further elucidate 

on the importance of determining airway inflammation composition as 

well as review some of the known biomarkers currently being studied to 

monitor asthma and COPD.

Review
Airway Inflammatory Phenotypes
Determining the exact composition of airway inflammation has become 

extremely important in classifying the different subtypes of asthma and 

COPD, which will enable physicians to better cater therapy for their 

patients. While eosinophilic asthma has been well studied and treatments 

have been developed that specifically target airway eosinophilia, it is 

well established that there are those that fit the clinical definition of 

asthma without an associated increase in their eosinophil count. In fact, 

there have been four phenotypes of asthma identified based on the 

inflammatory cell composition of the subject’s lower airways found via 

induced sputum (IS): eosinophilic (≥3 %), neutrophilic (≥61 %), mixed type 

(≥3 % eosinophils and ≥61 % neutrophils), and paucigranulocytic type (<3 

% eosinophils and <61 % neutrophils).3 Knowing the exact composition 

of inflammatory cells and correlating it with symptoms and pulmonary 

function tests will lead to more research into how to best treat each 

asthma subtype and improve overall care.

It is also important to note that while cellular phenotypes have been 

shown to stay consistent over time in asthmatic adults,8 the same cannot 

be said for children, whose cellular asthmatic phenotype can change 

from noneosinophilic to eosinophilic and vice versa.9 Therefore, being 

able to easily monitor airway inflammation alterations in children is vital 

to providing the appropriate care and treatment that they need.

There is also work being done to determine different COPD phenotypes. 

Efforts have been made to do this using computer tomography,10 symptoms 

and exacerbations,11 comorbidities, and lung function tests.12 Despite all 

being valid, if physicians truly wish to understand and subsequently tailor 

treatment toward different COPD phenotypes, then assessing airway 

inflammation, rather than using other measurements, represents the most 

accurate way of subclassifying the heterogeneous disease.

Burden on Vulnerable Populations
While the health of the world is by most accounts rising, more and more 

people are developing chronic conditions due to fewer dying of more 

acute and communicable diseases. This is especially pertinent regarding 

chronic respiratory diseases, such as asthma and COPD. Millions of 

people across the globe suffer from these chronic airway diseases, and 

the prevalence of these chronic conditions has only been growing worse. 

Between 1990 and 2013, the prevalence of asthma increased by 32.10 %, 

while the prevalence of COPD rose by a staggering 65.13 %. COPD is also 

ranked as the eighth leading cause of years lived with disability (YLD) in 

the world.13 

The burden on developing countries from chronic airway diseases is 

particularly immense due to a multitude of factors, including a lack of 

basic infrastructure for dealing with chronic diseases (due to the focus on 

communicable diseases), high exposure rates to chronic airway disease 

risk factors (indoor pollution, smoking, use of solid biomass fuels), and a 

lack of appropriate diagnostic tests as well as drugs.14 Also, in addition 

to the direct medical costs that these diseases inflict, the loss of human 

capital is detrimental to a developing country’s young economy. Since 

many of these chronically ill patients cannot work and need another 

person to help them in their daily living, the indirect costs of asthma and 

COPD can pose a grave threat to their economies.2 Indeed, COPD and 

asthma rank 4 and 14, respectively, in terms of disability-adjusted life years 

(DALYs) at the global level (COPD—29.8 DALYs, Asthma—13.9 DALYs).15 

Therefore, it is in the best interest, both medically and economically, to be 

able to easily and accurately diagnose and monitor those that suffer from 

these chronic diseases at a low cost.

In addition to people living in developing countries, those living at either 

end of the age spectrum will also gain from improvement of respiratory 

monitoring, as both children and the aging have a growing prevalence of 

chronic airway diseases. Childhood asthma is responsible for many lost 

school days, leading to deficits in their social and academic development, 

particularly in lower socioeconomic communities.16 While those that are 

actually diagnosed with asthma will inevitably require more resources, those 

that live in lower income countries tend to be underdiagnosed, leading to 

more emergency room visits for their symptoms and multiple complications, 

which inevitably lead to higher costs of care in these countries.17,18

Regarding aging, it is no secret that the world’s population is getting older, 

with life expectancy increasing and noncommunicable diseases becoming 

the primary cause of death in both developed and developing countries.19 

The financial and medical burden that this phenomenon will have on the 

world is enormous, and medicine must attempt to catch up. That means 

we need to not only be able to diagnose chronic conditions early in their 

disease course but be able to monitor and treat these patients efficiently 

and cost-effectively. While asthma for the most part affects younger 

populations, COPD is generally found in those 40 and older. Classically 

underdiagnosed, the prevalence of COPD in those above the age of 40 

ranges from 4 % to 20 % globally and will only rise as the world continues 

to age. By 2030, COPD will rank fourth in the leading causes of death in the 

world and seventh in terms of worldwide burden of disease.20 

Noninvasive Techniques for Monitoring  
Airway Inflammation 
Once the importance of determining and monitoring airway inflammation 

is well understood and accepted, the question that inevitably arises is 

how to best accomplish this. Bronchoscopy with airway wall biopsies 

and bronchioalveolar lavage (BAL) have been considered the gold 

standards to determine airway inflammation. However, these procedures 

are extremely invasive and require highly trained specialists to induce 

anesthesia, perform the procedures, and analyze the results.21 In addition, 

the complexity of these procedures requires the cooperation of the 

patient, which is sometimes difficult to achieve, especially with children.22

In order to allow assessment of airway inflammation to become a standard 

aspect of clinical practice, noninvasive techniques must be developed 
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that are both easy for the physician or technician to perform and the 

subjects themselves to receive. The tests obviously must be reproducible 

and valid, and the cost of the overall procedure and analysis must be low 

enough to be adopted in low resource areas. There are three noninvasive 

procedures currently being used or studied that show the most promise 

in terms of developing reliable measurements of airway inflammation, 

and with further research they will hopefully replace invasive airway 

monitoring altogether instead of merely being a surrogate to biopsy and 

BAL results as is currently their use. 

Induced Sputum Analysis
Currently, IS analysis is the most widely used technique to noninvasively 

determine airway inflammation. Due to sputum containing secretions 

from the tracheobronchial tree rather than from the upper airways, 

inflammatory cells found in the sputum sample can be indicative of a 

lower respiratory airway disease, such as asthma or COPD.23

While sputum can be obtained either spontaneously or by inducement, 

IS via inhaling a concentration of nebulized hypertonic saline solution has 

been shown to contain a higher proportion of viable cells, less squamous 

cell contamination, and better-quality cytospins and is thus preferred 

over spontaneous sputum collection.24 The subject is encouraged to 

cough and expectorate a sputum sample into a plastic vial, which is then 

processed to generate differential cell counts. This process has been 

shown to be highly reproducible and valid in a number of studies.25,26 In 

addition, there is a strong correlation between the cellular composition 

of airway inflammation found using BAL and IS, making IS the preferred 

mode of monitoring airway inflammation due to its less invasive nature 

when a BAL would otherwise be indicated.27

IS can be of immense value to the clinical physician, especially in cases 

when standard methods of diagnosis (history, spirometry, physical 

examination) fail to yield an explanation for unclear cough, such as in 

cough-variant asthma (CVA). A differential cell count can be obtained, 

and the presence and level of eosinophilic inflammation, for example, in 

asthmatics, can be used as an indication for ICS or for the adjustment of 

asthma therapy.28 Moreover, determining if one’s airway inflammation is 

noneosinophilic is also important, as neutrophilic inflammation is more 

indicative of COPD than asthma and is associated with increased Global 

Initiative for Chronic Obstructive Lung Disease (GOLD) stage as well. There 

are ongoing studies using IS analysis that can assess COPD severity, 

progression, and risk for future exacerbations.29 Finally, the classification 

of asthma and COPD phenotypes based on IS cell counts will further our 

understanding of these diseases and will aid in future research.

In addition, IS can serve as a biological monitoring method for those 

that are exposed to airborne particulate matter (PM). PM is implicated 

in a host of lung problems and can be found in a variety of occupational 

exposures and in outdoor pollution. IS has been shown to be able to 

detect PM in welders,30 foundry workers,31 and even in firefighters 

who were exposed to dangerous dust particles after the collapse of 

the World Trade Center years after the exposure.32 Outdoor pollution 

has been proved to exacerbate asthma in children,33 and IS has been 

successfully used to detect PM in urban children, even correlating with 

the presence of eosinophilic inflammation in these patients.34 Overall, the 

ability of IS to detect PM in airways is another clinically useful benefit of 

the procedure, especially in vulnerable populations that are exposed to 

higher percentages of PM.

While IS is the most studied and widely implemented of the noninvasive 

techniques, it does have its drawbacks. It is to some extent invasive, 

albeit much less so than BAL. IS has proved difficult to perform in 

children and very ill patients, as the act of expectorating sputum can be 

stressful for these subjects and some even experience bronchospasm 

after inhaling the hypertonic saline.35 Performing the procedure, as well 

as analyzing the sputum samples, requires highly trained lab technicians, 

limiting the widespread adoption of this method in locations lacking 

these resources and thus only making IS available in specialized medical 

centers. Despite efforts to develop shorter and simpler processing of IS 

samples,36 these factors as a whole currently limit IS from becoming a 

standard part of asthma and COPD maintenance.

Exhaled Nitric Oxide Measurement
Another biomarker that can be used to asses airway inflammation is 

exhaled nitric oxide (FeNO). In the lungs, nitric oxide (NO) is produced 

by the enzyme NO synthase, which is upregulated in different states of 

inflammation.37 Indeed, the association between airway inflammation and 

increased levels of FeNO in breath has been known and appreciated for 

the past few decades.38

There are several methods of collecting FeNO from patients, but they 

are generally divided into online and offline collections. While online 

measurement entails real-time analysis of NO content in exhaled breath 

via a computer, offline measurement involves the collection of exhaled 

gas in a reservoir and analysis of the NO content at a later time. Both have 

their advantages and disadvantages, and recent efforts have been made 

to standardize FeNO collection in order to obtain accurate benchmarks 

for measurements of FeNO.39

Using FeNO measurements to manage and monitor asthma and COPD 

is an exciting prospect that has undergone much study. Increased FeNO 

levels have been shown to correlate with eosinophilic inflammation in 

both asthmatic adults40 and children,23 and a reduction in FeNO levels 

has been found in patients with asthma that have clinically improved 

with ICS treatment.41 Asthma symptoms, bronchial hyperresponsiveness, 

and abnormal lung function have all been found to correlate with FeNO 

levels as well.42 COPD patients with increased levels of FeNO have been 

found to respond positively to salbutamol treatment,43 and there is 

ongoing research into whether FeNO can be monitored as an indicator of 

treatment response to ICS in patients with COPD.44 Practically speaking, 

the relative ease of FeNO collection, both in terms of administering the 

test and for the patients themselves (especially children), as well as the 

immediacy of the results (for online collections ~5 minutes), makes FeNO 

an attractive option for noninvasive analysis of airway inflammation.

Despite its advantages, there are numerous problems and limitations of 

FeNO that would restrict the procedure from becoming clinically used 

on a daily basis. First and foremost, although there have been numerous 

studies showing the usefulness of measuring FeNO, many have used 

different cutoffs and thus a standardized approach to measuring FeNO 

is needed in order to further prove its benefit. High levels of FeNO are 

not specific or sensitive for asthma or COPD, but rather simply imply 
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inflammation of the airways.23 The cost of purchasing a chemiluminescence 

analyzer to measure and analyze FeNO is extremely high, compared with 

IS collection or exhaled breath condensate (EBC) analysis. However, the 

biggest obstacle facing FeNO adoption is that its levels are affected by 

the specific atopic, smoking, and ICS usage status of the patient, and 

thus determining a baseline benchmark for “normal” FeNO levels remains 

elusive. While there has been development of non-chemiluminescence-

based analyzers, such as the NIOX MINO® or NIOX VERO® (Aerocrine, 

Solna, Sweden), which would bring the cost down, there are still significant 

disadvantages to using FeNO and it therefore remains a research tool 

rather than a clinically useful one for the time being.29

Exhaled Breath Condensate
Perhaps the most innovative and intriguing method of noninvasive airway 

inflammation measurement is analysis of EBC. It is obtained easily by tidal 

breathing into a special mouthpiece for 10 minutes. The exhaled breath is 

then cooled in a Teflon tube or double-glass layer container into droplets 

to be later analyzed.45

The scientific understanding of airway inflammatory diseases has evolved 

over the years, recognizing that there are several concurrent mechanisms 

underlying the pathophysiologies of these diseases rather than a single 

identifiable cause. While IS can obtain differential cell counts and FeNO 

can determine exhaled NO, EBC can measure a whole host of biomarkers 

in exhaled breath creating a multiple biomarker profile of a specific 

subject’s airway inflammation. A reduction in EBC pH levels has been 

the most studied and reproducible finding in patients with asthma and 

COPD.46 Other EBC biomarkers that indicate airway inflammation have 

been identified, including an increase in H2O2, leukotrienes, interleukins, 

prostaglandins, and 8-isoprostane.47

Due to this ability to simultaneously measure several biomarkers in 

exhaled breath, EBC shows the most promise of the three discussed 

techniques in terms of aiding research into subclassifying different 

phenotypes of asthma and COPD. The EBC multiple biomarker panel 

can also potentially assess the severity of the airway inflammation 

itself, monitor ongoing treatment, and predict exacerbations early in the 

disease course.44 EBC has proved useful in detecting ultrafine particles 

(UFP<0.1 μm) in asthmatic children, correlating well with wheezing, breath 

symptom score, and IS eosinophilia.48 Moreover, EBC has been shown to 

be an easy and agreeable means of determining airway inflammation in 

both children with asthma49 and elderly COPD patients.50

The shortfalls of EBC are similar to those of FeNO, with the high cost 

of machines needed for the procedure (though still cheaper than FeNO 

measurement), as well as the various confounding factors (environmental 

contaminants, age, gender, nutrition, ongoing medications, smoking) that 

would alter the results in individual patients. The lack of standardization 

and reference values also pose a problem for introducing EBC into regular 

clinical use.51 Finally, the need for specialized labs to interpret the results 

will impede EBC from being adopted in low resource areas.50

Conclusion
While the three discussed techniques represent the most studied and 

well-researched noninvasive means of determining airway inflammation, 

there are other recently discovered biomarkers that indeed warrant 

further investigation. Serum periostin, which is secreted by airway 

epithelial cells in response to inflammation (IL-13 specifically), has been 

shown to correlate strongly with airway eosinophilia better than any other 

serum measurement.52 Several genetic loci have been identified that are 

associated with asthma risk, including ORMDL3, ADAM33, and several 

cytokine and cytokine-receptor genes.53 Finally, the study of metabolomics 

is emerging as an innovative way to differentiate between different chronic 

airway inflammatory phenotypes. The pattern of molecules generated from 

cellular metabolic activities in these patients is distinct depending on the 

particular pathophysiology of the underlying disease. Analysis of these 

different “metabolomic profiles” or “breath prints” using spectroscopy or 

the electric nose (which has a host of nanosensors that can detect these 

different molecules and the patterns they make) represents yet another 

promising noninvasive method of determining airway inflammation.54

Presently, the prospect of using a single biomarker in order to assess 

asthma and COPD airway inflammation is becoming increasingly invalid 

and obsolete, with a multiple biomarker profile emerging as a more 

Table 1: Advantages and Disadvantages of  
Three Noninvasive Methods of Determining 
Airway Inflammation

IS

Advantages: 

- Highly reproducible and valid

- �Strong correlation between the cellular composition of airway 

inflammation found using BAL and IS

- Can detect PM in airways

- Low cost 

Disadvantages: 

- �Most invasive of the noninvasive methods (difficult to perform on 

children), leading to possible side effects

- �Requires highly trained lab technicians to perform the procedure 

and analyze results

FeNO

Advantages:

- Simple to administer, both for the technician and patient

- Immediate results

- Proven marker for airway inflammation

Disadvantages:

- Standardization of benchmarks needed for future research

- Can measure only one value

- Not specific or sensitive for asthma or COPD

- High cost

- �Measurements affected by specific atopic, smoking, and 

treatment status of patient

EBC

Advantages: 

- Simple to administer, both for the technician and patient

- �Multiple biomarker profile, which provides the most information 

regarding one’s airway inflammation

- Can detect UFP in airways

Disadvantages:

- Standardization of benchmarks needed for future research

- High cost

- �Measurements affected by specific environmental contamination, 

smoking, and treatment status of patient

- Requires specialized labs to analyze results

BAL = bronchoalveolar lavage; COPD = chronic obstructive pulmonary disease; EBC = exhaled 
breath condensate; FeNO = exhaled nitric oxide; IS = induced sputum; PM = particulate matter; 
UFP = ultrafine particles.
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clinically useful tool.3 This is due to the ever-increasing understanding 

that airway inflammatory diseases are heterogenous, with multiple 

phenotypes and multiple underlying mechanisms of disease being present 

in both asthma and COPD. Thus, future study should be targeted toward 

combining the results of different airway inflammatory measurements, 

providing a more comprehensive analysis of the subject’s airway 

inflammation. Currently, there are several research groups, such as the 

Severe Asthma Research Network (SARP)55 and Unbiased BIOmarkers in 

PREDiction of respiratory disease outcomes (U-BIOPRED),56 which are 

exploring this avenue of thought.

There has been an explosion of research into noninvasive airway 

monitoring over the past couple of decades, as airway inflammation is 

increasingly being understood as central to the pathogenesis of chronic 

airway diseases. Determining different phenotypes within these diseases 

is also becoming vital to providing appropriate and individualized care. 

While invasive procedures, such as biopsies and BAL, have provided a 

means of determining the composition of airway inflammation in the 

past and still represent the most useful techniques in terms of yielding 

pathophysiological criteria for these diseases, noninvasive techniques 

must be further developed and studied in order to address the rising 

prevalence of these diseases in children and the aging, particularly in an 

economically feasible way in order to address those living in low resource 

countries. While IS and FeNO are attractive options, EBC presents the 

best hope of introducing monitoring of airway inflammation into clinical 

practice, due to its ability to create a multiple biomarker profile, its relative 

affordability, and the ease of administering and receiving the procedure 

(see Table 1). More research into these procedures will inevitably 

transform our understanding and management of chronic airway 

inflammatory diseases in the future. n
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