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ABSTRACT: The level of exhaled NO is increased in patients with allergic asthma
and seasonal rhinitis. The aim of this study was to investigate the significance of atopy
on NO production in the lower airways.
Measurements of exhaled NO were performed in 131 stable asthmatic patients with
chronic mild asthma (95 atopics and 36 nonatopics), 72 patients with perennial rhinitis
(57 atopics and 15 nonatopics) and 100 healthy controls (20 atopics and 80 nonatopics).
Patients with either asthma or rhinitis had higher exhaled NO values (13.3&1.2
parts per billion (ppb) and 11.71.1 ppb) than control subjects (4.80.3 ppb, p<0.01).
Exhaled NO levels were significantly higher in atopic asthmatics (193.6 ppb) compared with nonatopic patients (5.60.8 ppb, p<0.001). Similar findings were observed
in patients with rhinitis (13.31.3 ppb in atopics and 5.81.2 ppb in nonatopics,
p<0.001). No difference was found in NO levels between atopic and nonatopic control
subjects (4.80.8 ppb, and 4.50.3 ppb).
In summary, this study has shown that increased exhaled NO levels are detected
only in atopic patients with asthma and/or rhinitis and not in nonatopic patients.
These findings may suggest that it is rather the allergic nature of airways inflammation, which is mainly responsible for the higher NO production in the lower
airways.
Eur Respir J 1999; 14: 897±901.

Endogenous NO is detectable in the exhaled air of
normal individuals [1, 2]. Several recent studies have demonstrated that the concentration of exhaled NO is
increased in patients with inflammatory disorders of the
airways, such as asthma [3±6], bronchiectasis [7] and
upper or lower respiratory tract infection [8].
NO is generated from L-arginine by a family of enzymes, the nitric oxide synthases (NOS) [9]. Three distinct
isoforms of human NOS have been cloned. The isoforms
of endothelial and neuronal NOS are the constitutively
expressed forms (cNOS) and changes in their activity
regulate vascular tone, platelet activation and neurotransmission. The third isoform, the inducible NOS (iNOS), is
only expressed after induction by certain inflammatory
cytokines or by bacterial lipopolysaccharide by epithelial
and infiltrative inflammatory cells [9, 10]. iNOS has been
localized in the airway and alveolar epithelium, the vascular endothelium, the smooth muscle and alveolar macrophages.
The lungs of healthy human subjects produce low but
detectable levels of NO which presumably originate from
cNOS activity. In asthmatic patients, the increase in exhaled NO may reflect increased expression of iNOS in
response to inflammatory stimuli, such as cytokines [11].
Indeed, iNOS has been detected immunocytochemically
in the airway epithelium of asthmatic patients but not in
normal individuals [12]. Glucocorticoids, which control
inflammation in asthmatic airways, have also been shown
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to inhibit the expression of iNOS [13, 14] but not of
cNOS [15]. Treatment with glucocorticosteroids decreases exhaled NO in a dose dependent manner in patients
with stable asthma [16, 17] and in those suffering an acute
exacerbation [18], but not in normal subjects.
Increased levels of nasal and exhaled NO have also been
observed by some investigators in symptomatic allergic
rhinitis, which may reflect an inflammation of the lower
airways [19, 20]. This increase can be modulated by local
treatment with nasal steroids [21]. All these findings
suggest that NO in exhaled air may be used as a marker
of airway inflammation in asthma or rhinitis and as a
useful index for monitoring anti-inflammatory treatment
[22].
Most of these findings were, nevertheless, obtained in
patients with allergic asthma or allergic rhinitis. The extent
to which this is also the case for patients with nonatopic
asthma remains thus far unclear. In addition, there are no
studies investigating whether allergen sensitization and
chronic allergen exposure may play a role in the NO
production in the lower airways.
Therefore, in this study, the levels of exhaled NO in
atopic and nonatopic subjects with stable asthma and/or
rhinitis were investigated in order to assess whether there is
any influence of atopy on the higher NO production in the
lower airways and whether intrinsic asthma and nonallergic rhinitis are also accompanied by increased NO
levels in the exhaled air.
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Materials and methods
Study subjects
The study was performed in 131 patients with chronic
stable mild asthma, 72 patients with perennial rhinitis and
100 healthy control subjects. All subjects were clearly characterized as atopic or nonatopic, according to skin-prick
test reactions to common allergens. The characteristics of
the subjects are shown in table 1.
The asthmatic patients had documented histories of mild
asthma. All had 80% higher forced expiratory volume in
one second (FEV1) values than predicted, and were stable
for at least 2 weeks before the study. Fifty-seven patients
had a history of asthma, and 74 were suffering from both
asthma and rhinitis. At the time of the study, they had mild
symptoms under treatment with b2-agonists alone and they
did not take inhaled steroids for the 4 weeks preceding the
study.
The rhinitis group had no asthma-like symptoms in their
history or during the study period. No patient was on
treatment with nasal steroids.
The atopic control subjects had a history of atopic dermatitis but they had never had any respiratory symptoms of
asthma or rhinitis. The nonatopic control subjects were
healthy volunteers.
The mean age of the subjects in each study group did not
differ significantly. At the time of the study, all patients had
mild symptoms either from asthma and/or rhinitis, but no
asthmatic was experiencing an exacerbation. No patient
was under inhaled, nasal or oral steroid treatment for the 4
weeks preceding the study.
All study participants were nonsmokers and none of
them reported upper or lower respiratory infection in the
month preceding the study. The study protocol was approved by the hospital Ethics Committee.
Study design
At study entry, a detailed history was obtained in order
to categorize the study groups. Atopy was assessed by
skin-prick tests to 20 common allergens (as Dermatophilus
pteronissus, D. farinae, mixed grasses I, grasses II, parietaria, weeds, timothy grass, flowers, mixed trees pollen I,
mixed trees pollen II, olive, pine, cat hair, dog hair, mixed
moulds, aspergilus, alternaria, candida, positive histamine
control, negative saline control). The study subjects were
characterized as atopic if they had a positive cutaneous
reaction with a $3 mm skin wheal response.
Table 1. ± Characteristics of the study groups
Study groups

All asthmatics
With asthma only
With asthma plus
rhinitis
Patients with
rhinitis only
Control subjects

All subjects
n

Age
yrs

Atopics
n

Age
yrs

Nonatopics
n

Age
yrs

131 3314 95 3213 36
57 3315 33 3014 24
74 3312 62 3212 12

3714
3817
349

72 3413 57 3413 15

3415

100 3211 20 3012 80

3210

Data are presented as absolute number or as meanSD.

All control subjects and patients with rhinitis and/or
asthma underwent measurements of nitric oxide levels in
orally exhaled air. Exhaled NO was measured with three
acceptable efforts, according to European Respiratory Society (ERS) guidelines [23].
None of the asthmatics who took part in the study were
allowed to use short acting b2-agonists for at least 6 h
before the time of their visit to the lab where baseline
spirometry, and methacholine provocation tests were performed after exhaled NO measurements.
Methods
Pulmonary functions and bronchial hyperreactivity tests.
FEV1 and forced vital capacity (FVC) were measured
using a water-sealed spirometer (Biomedin, Milan, Italy),
the best of three manoeuvres being expressed as a percentage of the predicted value.
Bronchial hyperreactivity was assessed by a methacholine provocation test. The methacholine solution was
nebulized with a hand-held nebulizer (Dosimeter MB3;
MEFAR, Bovezzo, Italy) with an output of 100 mL. The
concentration of methacholine started at 0.01±2 mg.mL-1.
The challenge test was continued up to the dose of
methacholine that caused a 20% drop from baseline of
FEV1 or until the maximum dose was inhaled. The cumulative dose causing a 20% fall in FEV1 (PD20) was
calculated automatically by interpolation of the logarithmic
dose response curve. Subjects were given two puffs of
salbutamol (200 mg) by a metered dose inhaler following
the methacholine challenge.
Nitric oxide measurements. Exhaled NO was measured by a chemoluminescence analyzer (model LR2000;
Logan research, Rochester, UK) sensitive to NO from
1±5,000 parts per billion (ppb), which was designed for
on-line recording of exhaled NO concentration. The analyzer was calibrated daily with NO/N2 calibration gas
containing 116 ppb. In addition to NO, this analyzer
measures CO2 concentration, pressure (P) and volume
(V) in real time. The method used was the one described
by KHARITONOV et al. [23] according to the ERS guidelines. The subjects exhaled slowly from total lung capacity (TLC) over 30±40 s through a mouthpiece against
a mild resistance to exclude nasal contamination due to
elevation of the soft palate against the oropharynx [24].
All subjects maintained an exhalation flow rate of 250
mL.s-1. NO was sampled from a side-arm attached to the
mouthpiece. The mean value was taken from the point
corresponding to the plateau of end-exhaled CO2 readings
(5±6% CO2) as representative of an alveolar sample. The
results of the analysis were computed and graphically
displayed on a plot of NO and CO2 concentrations, P, and
flow (V ') against time.
Statistical analysis
Data of exhaled NO were expressed as meanSEM. The
mean value of three NO measurements was calculated for
each subject. Comparison of NO values was performed
using a two-way analysis of variance (ANOVA) between
different groups using the Sheffe test. Correlations between
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Table 2. ± Spirometric values and bronchial hyperreactivity levels in asthmatics and control subjects
Asthmatics
Atopics (n=95)
Nonatopics (n=36)
Controls (n=100)

FEV1
L

FEV1
% pred

PD20
mg.mL-1

3.370.84
2.840.79
3.410.91

10213.2
98.814.9
10515.1

0.3350.47
0.3630.55
ND

Data are presented as meanSD and for PD20 geometric meanSD
in doubling dose of methacholine. FEV1: forced expiratory
volume in one second; PD20: provocative dose causing a 20%
fall in FEV1.

PD20 and NO were determined using the Spearman rank
correlation. Log transformed values of PD20 were used for
analysis. Measurements of spirometry and bronchial hyperreactivity test in atopic and nonatopic asthmatics were
compared using independent t-test. A p-value of <0.05 was
considered significant.

Results
Regarding the spirometry and bronchial hyperreactivity
tests, there were no differences between atopic and nonatopic asthmatics (table 2). Furthermore, no correlation
was found between PD20 and NO values measured in
asthmatics (r= -0.211, p=0.1).
NO measurements have shown that patients with asthma
had higher exhaled NO values (13.31.2 ppb) than control
subjects (4.80.3 ppb, p<0.01). Increased exhaled NO
levels were also found in patients with rhinitis (11.71.1
ppb), compared with controls (p<0.01). There was no difference between the exhaled NO levels in asthmatics and in
patients with rhinitis with or without asthma symptoms.
When exhaled NO levels were compared between atopic
and nonatopic subjects in each group, statistically significant higher values were found in all atopic subjects (fig.
1). NO levels were 193.6 ppb in atopic asthmatics compared with 5.60.8 ppb in nonatopic asthmatics. Patients
with concurrent asthma and rhinitis who were atopic had
a mean NO value of 14.31.3 ppb, significantly higher
than that found in nonatopic subjects of the same group
(7.53.8, p<0.001).
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Fig. 1. ± MeanSEM values of exhaled NO in atopic (u) and nonatopic
(h) subjects of each study group: A: asthmatic patients; RA: rhinitis and
asthmatic patients; R: rhinitis patients; C: control subjects. ppb: parts per
billion.

Similarly, patients with atopic rhinitis had a NO value of
13.31.3 ppb, significantly different from the 5.81.2 ppb
observed in patients with nonatopic rhinitis. Values of exhaled NO in nonatopic patients of either group did not
differ significantly from those observed in control nonatopic subjects (4.50.3 ppb). No differences were found in
measured exhaled NO between atopic and nonatopic control subjects (4.80.8 ppb and 4.50.3 ppb, respectively).
Discussion
The major finding of the study is that increased exhaled
NO levels have been observed only in atopic patients with
stable asthma and/or rhinitis and not in nonatopic patients.
Nonatopic asthmatics had statistically significant lower
levels of NO detected in exhaled air, reaching the levels
found in healthy subjects.
Increased NO levels have been considered to be a
consistent finding in the orally exhaled air of asthmatics by
several investigators [3±6]. However, in these previous
studies, either atopic asthmatics were mainly included or
the atopic condition was not defined and, consequently,
no conclusion could be drawn about the exhaled NO
levels in nonatopic asthmatics. Contrary to the current
findings, PERSSON et al. [4] found no difference in a small
group of subjects in peak NO concentration between
allergic and nonallergic asthmatics. However, the results
of the present study were based on a large population and
there was a clear distinction of atopic asthmatic patients
and nonatopic asthmatic patients.
According to clinical symptoms, lung function measurements and bronchial hyperreactivity level, there was
no difference in the severity of asthma between the atopic
and nonatopic asthmatics from the study population. Thus,
the theory that the differences found between the two
groups, in exhaled NO were related to the severity of the
disease can be excluded. Furthermore, in this study, there
was no correlation between NO values and PD20 measured
in asthmatics, suggesting that NO levels detected in exhaled air are not dependent on the degree of bronchial
hyperreactivity.
Based on these findings, it could be hypothesized that it
is the atopic condition per se that increases the NO
production. However, no difference was found in NO
detected in exhaled air between atopic and nonatopic
healthy subjects. Thus, the results of the present study
indicate that both atopy and upper or lower airways disease
are conditions that may cause higher NO levels in exhaled
air.
The findings of this study may suggest that it is the
allergic nature of an inflammation of the airways that is
mainly responsible for the higher NO production in the
lower airways. Previous studies also provide evidence that
allergic inflammation increases NO production. The experimental allergen challenge in asthmatic subjects causes a
further increase of the already elevated exhaled NO concentration during the late asthmatic reaction [25]. Furthermore, increased exhaled and nasal NO were also found in
subjects working in animal laboratories with early sensitization to animal allergens without clinical evidence of
asthma, suggesting the importance of the role of allergen
exposure and sensitization in the pathophysiology of NO
production [26].
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Undoubtedly, the important question is what the underlying mechanisms of the findings are. The experimental
design does not allow the determination why solely atopic
and not nonatopic patients with asthma and/or rhinitis
under stable conditions have elevated exhaled NO levels.
It has been suggested that the increase of NO levels in
atopic asthmatics and in patients with allergic rhinitis
above those found in control subjects, may be consistent
with the induction of iNOS (found in association with
mucosal mast cells, eosinophils, and T-lymphocyte activation), that characterizes allergic rhinitis and asthma [27,
28]. An upregulation of expression of iNOS has been
observed in bronchial biopsies in asthmatics [12, 29] and
immunocytochemical studies have also demonstrated expression of NOSs in human nasal mucosa [30]. According to the current results, it is tempting to speculate
that the inflammatory milieu in the nonatopic patients
does not induce iNOS efficiently, in contrast to the
inflammatory milieu of atopic asthmatics. In fact, there is
conflicting data regarding the differences in the immunopathogenesis of these two clinically distinct types of
intrinsic and extrinsic asthma. Thus, there are some
investigators who have found a lot of similarities in the
pathophysiological profiles of the two types of the disease [31, 32], based on bronchoalveolar lavage or biopsy
data, looking at T-cell phenotype, differential expression
of cytokines, (such as interleukin (IL)-8, IL-5, IL-4,
interferon gamma), and chemokines, (such as regulated
on activation, normal T-cell expressed and secreted
(RANTES), monocyte chemotactic peptide-3 (MCP-3)).
On the other hand, there are studies which present differences in the pathophysiological inflammatory process
[33±35] supporting the current theory. In addition, no
studies have concentrated on the role of the epithelium in
atopic and nonatopic asthma, which may be very important and thus requires investigation. Also, further investigation regarding iNOS expression in bronchial tissue
in atopic and nonatopic patients with asthma or rhinitis is,
of course, needed to clarify the pathophysiological mechanism that might explain the current findings.
It is important to clarify that this study refers to patients
with asthma and/or rhinitis under stable conditions and not
in acute exacerbations, where increased levels of NO have
been shown by other investigators [18]. With that design,
it was easier to investigate the influence of atopy on the
NO production, as this was the only different parameter
between the study subjects who were all under stable
conditions. Acute exacerbations might be caused by different trigger factors such as allergens, viruses, or bacteria
that may play a different role in the pathophysiological
process responsible for the increase of NO. However,
having as a baseline the findings of this study, which
show the influence of atopy in NO measurements, it is
very interesting to further investigate whether and how
acute exacerbations of asthma or rhinitis may affect NO
production in nonatopic subjects compared with atopic
subjects. In addition, as increased NO levels are also
observed in patients with bronchiectasis and upper or
lower respiratory infections [7, 8], it is tempting to speculate that the mechanism of NO production may be
multifactorial in different disease states and several
causes or trigger factors may induce in a different manner
the underlying pathophysiology.

In conclusion, the findings of this study suggest that NO
mainly reflects the allergic origin of an inflammation of the
airways, since it is elevated only in atopic patients. It is
therefore suggested that atopy should be defined before
using NO measurements as an index for monitoring airway
inflammation, in patients with asthma and/or rhinitis under
stable conditions. Clearly, further studies are needed to
delineate the molecular mechanisms of this different NO
production in the lower airways between atopic and
nonatopic subjects with airway diseases like asthma or
rhinitis.
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