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Background: The role of the peripheral airways in asthma is
increasingly being recognized as a potential target for the
achievement of optimal control of the disease. We postulated
that the inflammatory changes of the small airways are
implicated in the lack of asthma control in mild asthma.
Objective: To test this hypothesis, we measured the alveolar
fraction of exhaled NO (C,,yNO) in patients with mild asthma
with different levels of control of symptoms.

Methods: Seventy-eight patients with asthma (35 men, age,

37 = 15 years; FEV, percentage of predicted, 100% = 9%)
were studied. Asthma control was assessed by using the Asthma
Control Test (ACT). Measurements of exhaled NO at multiple
constant flows were performed.

Results: Bronchial NO concentrations were 27.1 = 20 ppb, and
CawNO levels were 5.7 = 3.4 ppb. The ACT score was 20 * 4.2.
The level of asthma control was not associated with bronchial
NO concentrations (rs = 0.16, P = .15). However, a significant
correlation was found between the ACT score and C,;,NO

(rs = 0.25, P = .03). Moreover, C,,NO was significantly higher
in patients with uncontrolled asthma than in patients with
controlled/partially controlled asthma (6.7 = 2.6 ppb vs

4.9 * 2.6 ppb, respectively, P =.02). In the subgroup of patients
with asthma who underwent extrafine inhaled corticosteroid
treatment, the magnitude of the inhaled corticosteroid—induced
improvement in asthma control positively correlated with
baseline C,;,NO at 1 month (r; = 0.39, P =.003) and at 3
months (ry = 0.49, P <.0001).

Conclusions: The alveolar component of exhaled NO is
associated with the lack of asthma control in patients with mild,
untreated asthma. This observation supports the notion that
abnormalities of the peripheral airways are implicated in the
mildest forms of asthma. (J Allergy Clin Immunol
2013;EEN;ENE-NEN,)
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Asthma is a chronic respiratory disease characterized by
inflammatory alterations that are distributed throughout the
bronchial tree. In the pathogenesis of the disease, a major role
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Abbreviations used
ACT: Asthma Control Test
CA: Controlled asthmatics
CwNO: Alveolar fraction of exhaled nitric oxide
Feno: Fraction of exhaled nitric oxide
FVC: Forced vital capacity
ICS: Inhaled corticosteroids
NCA: Uncontrolled asthmatics
NO: Nitric oxide
rs: Spearman rank correlation coefficient

has been attributed to the pathologic changes that occur predom-
inantly in the central airways. With the contribution of studies
published in the last years, the involvement of the small airways
(ie, peripheral membranous bronchioles <2 mm in diameter) in
the pathophysiology and clinical appearance of asthma has
become increasingly important, modifying the diagnostic and
therapeutic approach to the disease.'

The majority of asthmatic patients can achieve control of their
disease with maintenance treatment. However, despite progresses
in the knowledge of the pathophysiologic mechanisms underlying
the disease and the development of novel therapeutic strategies, a
not trivial proportion of asthmatic patients still present with
uncontrolled symptoms, representing a real challenge for physi-
cians. It is therefore crucial to develop strategies that may
contribute to monitor the disease, improving the response to
treatment. The assessment and monitoring of inflammatory-
induced changes of the airways can be performed noninvasively
by measuring biomarkers that are obtained from the lower
respiratory tract; in this context, the evaluation of the nitric oxide
(NO) concentration in the exhaled air has been proposed as a
sensitive marker of allergic airway inflammation.® An increase in
the fraction of exhaled NO (FEno) has been demonstrated in
asthma exacerbations and in the presence of recent asthmatic
symptoms*; these observations allow us to hypothesize that ex-
haled NO could reflect or predict loss of asthma control. More re-
cently, a method of monitoring the daily fluctuations in FEno
values with quantification over a period of time has been estab-
lished, providing information on asthma control and the risk of
exacerbation.’ However, the role of exhaled NO to reflect the de-
gree of unstable asthma or to predict loss of asthma control is con-
troversial.® Shaw et al’ did not find a significant reduction in
exacerbation frequency with FENno-directed management in a
large primary care setting. In a study conducted by Michils
et al,® FENO was found to be significantly related to asthma control
over time; however, the overall ability of exhaled NO to reflect
asthma control was largely influenced by the dose of inhaled cor-
ticosteroids (ICS).

A 2-compartment model of pulmonary NO production that can
be used to differentiate the peripheral contribution to exhaled NO
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concentrations has been proposed.” Moreover, the alveolar frac-
tion of exhaled NO (C,,NO) is related to features of allergic
inflammation in the bronchial-alveolar lavage of asthmatic chil-
dren'® and adults.!! Unlike bronchial NO, C,,NO production is
not reduced by inhaled fluticasone in individuals with asthma,
suggesting that it may originate from a site not accessible to in-
haled corticosteroid treatment.'? In addition, C,,NO remains
high in asthmatic patients who are oral steroid—dependent as op-
posed to patients with mild to moderate and severe asthma,
suggesting that the most severe stages of asthma may be charac-
terized by more peripheral airway disease. The elevated levels of
C,vNO in steroid-resistant asthma'> would support the notion
that refractory asthma is a disease of the distal airways with re-
duced distal drug deposition. In addition, elevated C,,NO in
the presence of nocturnal symptoms'* would further suggest the
involvement of the small airway in features of severe asthma.
However, a vast proportion of patients may present with uncon-
trolled asthma and normal lung function. The physiopathologic
mechanisms that underlie asthma control are not clearly under-
stood, especially in patients with asymptomatic asthma who
may experience periods of loss of control of their symptoms.
Our driving hypothesis was that abnormalities of the periphery
of the lung may already occur in mildest forms of the disease.
We therefore investigated whether C,,NO is associated with
the level of asthma control, as assessed by the Asthma Control
Test (ACT), in individuals of various asthma control and FEV;
value of more than 80% predicted. To comply with the objective
of the study, we avoided any influence of corticosteroid treatment
and smoking exposure on the explored relationships. As a second-
ary aim, we tested whether alveolar NO concentrations may pre-
dict changes in asthma control following proper treatment.

METHODS
Subjects

We aimed at recruiting 100 consecutive individuals attending the Allergy
Outpatient Clinic of the Division of Respiratory Diseases of the University of
Palermo (Palermo, Italy) who had received the diagnosis of asthma in
accordance with the Global Initiative for Asthma guidelines.'® Patients were
enrolled after consultation in our department, including the first visit during
which clinical and functional assessments were performed. We aimed at se-
lecting patients with mild asthma with FEV, value of more than 80% pre-
dicted, no regular treatment, and no recent exacerbations. To this objective,
any regular asthma treatment, if used, was discontinued for 4 weeks, and
the study day was scheduled at 1 month after enrollment. Patients who expe-
rienced acute exacerbations during this period were excluded. Short-acting
B-agonists were withheld for at least 12 hours prior to the study evaluation.
The study was also restricted to never smokers. None of the patients was re-
ceiving food supplements containing arginine or nitrates that might influence
exhaled NO levels. Each subject underwent clinical, biological, and functional
assessments on the same visit (visit 1). All measurements took place in the
morning, and coffee or tea was not allowed prior to the evaluation. The sub-
group of steroid-naive patients was administered low doses of extrafine ICS
(beclomethasone diproprionate-HFA 200 mcg/day) according to conventional
asthma care and invited to repeat the clinical assessment at 1 (visit 2) and 3
(visit 3) months. The study was performed in accordance with the Good Clin-
ical Practice guidelines recommended by the International Conference on
Harmonization of Technical Requirements and was approved by the Ethics
Committee of University Hospital of Palermo, and all participants gave writ-
ten informed consent before inclusion.

Clinical assessment. The clinical assessment aimed at establishing
the level of control of the disease. Asthma control was measured by using a
self-administered questionnaire (ACT). The ACT is a validated 5-item
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instrument, each item rated on a 5-point scale,'® providing a total score that
allows one to discriminate among patients with “well-controlled” (total score,
25), “partially controlled” (total score, >20<25), and “not controlled” (total
score, <20) asthma. The questions address symptoms and rescue medication
use occurring within the 4 weeks preceding the evaluation.

Biological assessment. Feno was measured before spirometry at
multiple constant flows (50, 150, 250, and 350 mL/s) in triplicate by using the
electrochemical analyser (FeNO*; Medisoft, Sorinnes, Belgium), which was
calibrated daily. To determine whether subjects maintained a constant flow
rate during exhalation, a continuous monitoring of expiratory flow rate by
graphic display on the monitor screen was used. The technique was consistent
with guidelines published by the American Thoracic Society/European Respi-
ratory Society.'” The mean of 3 values obtained within 10% of each other was
used to calculate bronchial NO and C,;,NO. The contributions of the bronchi
(bronchial NO flux) and the alveoli (alveolar NO concentration) to FENO were
derived from regression analysis, with NO output as the dependent and exha-
lation flow rate as the independent factor. The slope and intercept of the regres-
sion line are approximate values of alveolar NO concentration and bronchial
NO flux, respectively.”'®

Functional assessment. Functional assessment included conven-
tional spirometry. FEV, forced vital capacity (FVC), and expiratory airflows
at different lung volumes (forced expiratory flow [FEF] at 25% of FVC, FEF at
50% of FVC, FEF at 75% of FVC, and FEF at 25%-75% of FVC) were re-
corded for analysis. All spirometric measurements were obtained from a fully
computerized water-sealed Stead-Wells spirometer (Baires System; Biome-
din, Padua, Italy), which allowed compliance with criteria for acceptability
and reproducibility online, following the European Respiratory Society/
American Thoracic Society task force guidelines.'

Statistical analyses

The statistical package we used was StatView 5.0.1 (Abacus Concept,
Berkeley, Calif). Data are presented as mean * SD or median + range
depending on whether they were normally distributed. The relationships
between variables are expressed as Spearman rank correlation coefficient (r).
Differences between groups were tested by using the Student ¢ test or the
Mann-Whitney test, as appropriate. Differences at P values less than .05
were considered to be statistically significant.

RESULTS

Out of the 100 individuals who met the inclusion criteria, 22 did
not enter in the study protocol because they refused to provide the
consent (3 subjects), or experienced an exacerbation in the 4
weeks preceding the study procedures (7 subjects), or did not
adequately perform the study procedures (12 subjects). A total of
78 never smoker, mild asthmatic patients were enrolled in the
present study. Demographic and functional characteristics of the
recruited subjects are described in Table 1. Fifty-five patients were
newly diagnosed and had not received any specific treatment for
asthma prior to inclusion. The remaining 23 patients were under
corticosteroid treatment at the time of enrollment, which was dis-
continued by design. All subjects were skin test positive to at least
1 aeroallergen. No other comorbid conditions or nonrespiratory
medications were present at the time of the study. In the entire
group, bronchial NO concentrations were 27.1 = 20 ppb and
C.vNO levels were 5.7 = 3.4 ppb. At baseline, no differences
in terms of bronchial and alveolar NO were detected between sub-
jects under corticosteroids and steroid-naive subjects (bronchial
NO, 27.7 £ 21 vs 25.8 £ 20 ppb, P =.70; C,,NO, 5.7 £ 3.5
vs 5.8 = 3.5 ppb, P =.95). The ACT score (mean *= SD) was
20 * 4.2 (range, 5-25). In particular, 13 subjects (17% of the en-
tire study population) obtained a score of 25 (well-controlled
asthma), 30 subjects (38% of the total) presented with a score
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TABLE I. Demographic and functional characteristics of the
study subjects*

M/F 35/43
Age (y) 37 £ 15
FEV; (% predicted) 100 £ 9
FVC (% predicted) 105 £ 15
FEV,/VC 0.82 = 0.07
FEF,5 (% predicted) 79 £ 35
FEFs, (% predicted) 88 + 33
FEF;5 (% predicted) 90 *= 25
FEF,s5.75 (% predicted) 87 = 27

F, Female; FEF, forced expiratory flow; FEF,s, FEF at 25% of FVC; FEFs,, FEF at
50% of FVC; FEF75, FEF at 75% of FVC; FEF5s_;5, FEF at 25% to 75% of

FVC; M, male; VC, vital capacity.

*Data are expressed as mean = SD.

between 20 and 25 (partially controlled asthma), and 35 subjects
(45%) had a score below 20 (uncontrolled asthma).

All subjects took part in visit 1. The ACT score was weakly
associated with the degree of airway obstruction, as expressed by
the FEV, percentage of predicted (r; = 0.23, P = .04) and FVC
percentage of predicted (r; = 0.22, P = .05). The ACT score
did not correlate with the bronchial NO concentrations
(rs=10.16, P =.15) (Fig 1, A). However, a statistically significant
relationship was found between the ACT score and C,,NO
(rs = 0.25, P =.03) (Fig 1, B). To further investigate the associ-
ation between the level of asthma control and markers of distal
airway inflammation, we pooled the study subjects into 2 groups:
uncontrolled asthmatics (NCA, 35 subjects) and well or partially
controlled asthmatics (CA, 43 subjects). The 2 groups did not dif-
fer in terms of age (40 = 15 years vs 34 = 14 years, respectively,
P =.08) and lung function (NCA vs CA: FEV, percentage of pre-
dicted, 96% = 17% vs 102% = 17%, P = .12; FVC percentage of
predicted, 101% = 13% vs 107% = 16%, P =.09). The bronchial
NO did not discriminate between NCA and CA (28 = 20 ppb vs
26 = 22 ppb, respectively, P =.71). However, C,;,NO was signif-
icantly higher in NCA (6.7 = 4.1 ppb) than in CA (4.9 = 2.6 ppb)
(P =.02) (Fig 2).

At visit 2, the group of 55 asthmatic patients who underwent
extrafine ICS treatment showed a significant improvement in the
ACT score (21 = 4.2 vs 19 = 4.2, post vs pre, P =.0006), which
was confirmed at visit 3 (22 = 5.3, P = .0004). We analyzed the
relationship between the baseline C,,NO and the change in the
ACT score. This analysis yielded significant results both at visit
2 (ry = 0.39, P = .003) and at visit 3 (r, = 0.49, P <.0001)
(Fig 3, A and B). However, bronchial NO did not predict the re-
sponse to ICS (at visit 2: ry = 0.26, P = .07; at visit 3:
rs = 0.19, P = .10).

DISCUSSION

The findings of the present study demonstrate that in patients
with mild, untreated asthma, the level of asthma control is
associated with inflammatory changes of the peripheral airways.
In addition, the alveolar NO concentrations appear to predict the
response to extrafine ICS treatment in terms of asthma control.
Taken together, these observations suggest that abnormalities of
the peripheral airways are implicated in clinical presentations of
mildest forms of asthma.

The use of markers of airway inflammation, such as NO
concentrations in the exhaled air, instead of direct measurements
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of inflammation, that is, the eosinophils in the sputum, could
represent a limitation of the study. However, elevated alveolar NO
has been demonstrated to reflect eosinophilic inflammation in the
distal lung.'' Measurements of alveolar NO concentrations in the
exhaled air are increasingly used to indirectly estimate the degree
of inflammation at the level of distal airways. Paraskakis et al*°
demonstrated significant relationships between alveolar NO con-
centrations and spirometric parameters of small airway abnormal-
ities in children. Similarly, Battaglia et al*' showed that in
patients with mild asthma, exhaled NO concentrations were pos-
itively correlated with nonhomogeneous emptying of lung units,
as reflected by a steeper slope of phase III at the single breath
nitrogen test (functional evidence of small airway involvement)
but were not correlated with spirometric measurements of bron-
chial obstruction.

The current observations suggest that increasing levels of
markers of distal airway inflammation significantly correlate with
the lack of asthma control in a cohort of patients with mild
asthma. In a study conducted in consecutive asthmatic children,??
increased levels of C,;,NO were related to poor asthma control in-
dependent of baseline lung function, atopic status, or use of
inhaled corticosteroids. The finding that C,;,NO increases in pa-
tients with uncontrolled asthma supports the observations that the
site of inflammation might change with the disease severity, as
demonstrated by other studies,”?* becoming more prevalent
and clinically important in the periphery of the airways. However,
data are conflicting: a recent study performed in a population of
children and adults with asthma®” failed to demonstrate that alve-
olar NO concentrations are predictive of asthma control in indi-
viduals who were under treatment with ICS. Perhaps, the
discrepancy between these studies could be attributed to different
characteristics of study populations, such as the use of anti-
inflammatory treatment or smoking exposure.

Several mechanisms linking exhaled NO rising from distal
airways and asthma control can be proposed. If the pathophysio-
logic changes of the peripheral airways are considered as defining a
phenotype of asthma, it is logical to assume that the distal airway
involvement is the primary pathogenetic mechanism, characteriz-
ing a condition of excessive bronchoconstriction and, perhaps,
unstable clinical conditions. A large body of evidence supports this
hypothesis. In cases of fatal asthma, the outer area of the small
airways was found to be the major site of extracellular matrix
remodeling®®; even in less severe patients, a higher grade of inflam-
matory processes has been demonstrated in the small airways com-
pared with the large airways.”’ Recently, Farah et al®®
demonstrated that abnormal small airway function contributes to
the expression of asthma symptoms. In Farah’s study, ventilation
heterogeneity was severely impaired in individuals with poorly
controlled asthma, and changes in ventilation heterogeneity follow-
ing a period of ICS treatment correlated with improvements in
symptom control independently of all other measured physiologic
variables. These mechanisms are consistent with observations that
airway closure® and air trapping30 as physiologic manifestations
of small airways disease are associated with recurrent asthma exac-
erbations and unstable asthma. Moreover, Lehtimaki et al'* found
that nocturnal symptoms in asthmatic patients are related to a
higher alveolar NO concentration.

We sought to extend these observations to patients with mild
asthma. The driving hypothesis of the current study was that
abnormalities of the periphery of the lung may already occur in
mildest forms of the disease. Patients with mild asthma do not
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FIG 3. Relationships between the concentrations of alveolar exhaled NO and changes in the ACT score at

1 month (A) and 3 months (B) of treatment.

represent a challenge for physicians, and only rarely experience
near-fatal or fatal asthma attacks; however, the impact of loss of
asthma control on quality of life and asthma-related costs may be
relevant. Despite it, the mechanisms underlying the lack of
asthma control in this population are largely unknown. In
particular, the role of small airways in predicting the loss of
asthma control in patients with mild asthma has not been
specifically explored. Our findings seem to confirm that inflam-
matory changes of the small airways are already present in
patients with mild uncontrolled asthma. Whether this represents
the primary step for further worsening to more severe stages of
asthma could be an interesting topic of research. Similarly, the
detection of small airway abnormalities could identify patients at
major risk of asthma attacks, or predicts those likely to benefit
from a specific intervention. This speculation requires specifically
designed studies.

The absence of regular inhaled treatment in our population
does not allow us to compare our findings with those from other
studies. This could represent a limitation of the study. The
withdrawal of ICS was a pre-requisite for inclusion in the study
because we wanted to explore whether the degree of asthma
control is associated with inflammatory markers of distal inflam-
mation of the airways, without any inference of anti-inflammatory
factors. It has been demonstrated that exhaled NO values recover
in few days after the suspension of ICS therapy and there is no
carryover effect.>! The suspension of ICS treatment could be en-
visaged as a weakness of the study, in that the definition of control
requires treatment. However, asthma guidelines suggest to assess
the level of asthma control even at the initial consultation, and if
the disease is uncontrolled, to start treatment at step 3. For the
same reason, we recruited only never smokers and subjects with
no recent exacerbations. Thus, we believe that our sample is truly
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representative of patients with mild, untreated asthma with vari-  10.
ous levels of asthma control.

Although the study did not specifically evaluate the role of
exhaled NO in predicting the risk of loss of asthma control, the
findings of the current study appear to suggest that C,;,NO could
be a useful noninvasive marker to anticipate the loss of symptom 12
control. The concept of “future risk” is gaining increasing impor-
tance in the management of the disease, as emphasized by recent |3
guidelines.'> Whether the detection of small airway abnormalities
indicates patients at major risk of asthma attacks or more severe
disease, or predicts those likely to benefit from a specific interven-
tion cannot be inferred from our findings. Moreover, the relation-
ship between alveolar NO concentration and the level of asthma 15.
control, as assessed by the ACT score (see Fig 1), does not allow
us to draw definite conclusions as to whether an isolated measure
can predict the magnitude of control of the disease.

In conclusion, the results of the current study showed that
C.vNO is associated with lack of asthma control in patients with ~ 17.
mild asthma. These findings support the role of the peripheral air-
ways in the clinical presentations of mildest forms of asthma. As-
sessment of alveolar NO could contribute to the definition of
future risk and the optimal choice of treatment in this asthmatic 19.
population.

Clinical implications: In patients with mild untreated asthma,
the alveolar NO was associated with lack of asthma control, sup- o1

porting the role of the peripheral airways in the clinical presen-

tations of the mildest forms of asthma.
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