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Summary
Background Exhaled nitric oxide (eNO) has attracted increasing interest as a non-invasive marker

of airway inflammation in asthma. However, little evidence exists on the influences exerted on eNO

by the interrelations among atopic status, asthma and rhinitis.

Methods Among the 1156 children who participated in a large-scale epidemiological survey on

asthma and allergies (ISAAC II: International Study of Asthma and Allergies in Childhood Phase II)

in the city of Clermont-Ferrand, 53 asthmatics without corticosteroid treatment and 96 non-

asthmatics were invited to perform eNO and skin prick tests (SPTs) to 12 common allergens.

Results Atopic asthmatic children had higher eNO than non-atopic asthmatic children (28.979.1

vs. 17.1713.1p.p.b.; P5 0.0004) with a significant increase when one SPT or more are positive

(26.577.8 vs. 17.1713.1 p.p.b.; P5 0.03). Similarly, non-asthmatic, atopic subjects had higher eNO

than non-atopic subjects with a significant increase when two SPTs or more are positive (19.479.8

vs. 11.7 76.7 p.p.b.; P5 0.003). In the case of equal levels of positive SPTs (0, 1, X2), asthmatic

children always had higher eNO than non-asthmatic ones. Furthermore, among non-asthmatic

children, the eNO level increased only in atopics who had rhinitis (20.7713 vs. 12.576.4 p.p.b. in

atopic controls (subjects without rhinitis and asthma) and 12.376.6 p.p.b. in non-atopic controls;

P5 0.001), whereas among asthmatic children, eNO level increased in atopics independently of

rhinitis (28.279.5 p.p.b. in those with rhinitis and 30.978.1 p.p.b. in those without) as well as in non-

atopics with rhinitis (22.5717.2 p.p.b.).

Conclusions Our data suggest that besides atopy and asthma, allergic rhinitis should also be taken

into account in the assessment of eNO.
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Introduction

In pulmonary inflammatory diseases, such as asthma,
expression of inducible nitric oxide (NO) synthase [1] is
increased in the airways as a consequence of the level of NO
being elevated in exhaled breath [2, 3]. Furthermore, inhaled
corticosteroids decrease exhaled NO (eNO) [4, 5]. These
results support the argument that eNO level is a marker of
airway inflammation and suggest that measurement of eNO
may be important in the management of asthma [6]. Recently,
it has been suggested that atopy affects eNO concentration in
asthmatic children as atopic asthmatic children have been
reported to have significantly higher eNO levels than non-
atopic asthmatics [7]. Furthermore, eNO has been shown to
be elevated among non-asthmatic adults in concomitance
with allergic rhinitis [8]. The aim of this study was to
determine how allergic sensitization (as assessed by skin prick
test (SPT) positivity to common allergens) and rhinitis

modulate the relationship between eNO and asthma. To this
extent, eNO was performed in the framework of ISAAC II
(International Study of Asthma and Allergies in Childhood
Phase II) in Clermont-Ferrand (France), which allowed
selecting homogeneous population-based samples of asth-
matic and non-asthmatic children at school.

Materials and methods

Study subjects and study design

The study was conducted in an urban population including 53
asthmatics and 96 non-asthmatics, who were enrolled in
Clermont-Ferrand to participate in ISAAC II aimed at
establishing risk factors for allergies. They were drawn from
an initial sample of 1156 children aged 10.3 years in mean by
taking all asthmatics and almost two non-asthmatics (for
each asthmatic, two successive non-asthmatic children were
chosen). Children were excluded from the study if they had
chronic pulmonary disease (out of asthma), recent upper or
lower respiratory tract infection (3 weeks before) and if they
were taking inhaled or oral steroids. In order to avoid pollen
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contamination, children seen during pollen season were
excluded from the study. According to the ISAAC standard-
ized protocol (International Study of Asthma and Allergies
in Childhood Phase II Manual, December 1999; 2nd edn.
Auckland (NZ), Munster (Germany)), children underwent
skin examination, SPTs to 12 common allergens. Anthro-
pometrical characteristics (height, weight, waist circumfer-
ence) were also assessed. Parents filled in a standardized
questionnaire on respiratory and allergic health of their
children and potential risk factors. The medical ethics
committee granted approval for the study and written
informed consent was obtained from the parents of all
children.

Outcomes of interest

Asthma and allergic rhinitis were defined according to
ISAAC (Beasly in order to allow international comparisons)
[9]. Asthma was defined as a positive answer to the classical
question: ‘Has your child ever had asthma?’ Allergic rhinitis
was defined as a positive answer to one of the two questions:
‘Has your child ever had hayfever?’ or ‘Has your child ever
had another allergic rhinitis?’ with the indication of the type
of allergen (question not included in ISAAC) [10]. For the
purpose of the analysis, the following four groups of children
were defined: controls (C, children without asthma and
rhinitis), with asthma (A), with rhinitis (R), and with asthma
and rhinitis (AR).

SPTs

Skin prick testing was performed using the prick method of
the ISAAC study (Stallergènes, Antony, France). The
solutions used were positive control (histamine dihydrochlor-
ide, 10mg/mL), negative control, common allergens (Derma-
tophagoides pteronyssinus and D. farinae, alternaria, cat, dog,
cockroach, grass pollen, tree pollen, ragweed, cypress, cod,
egg, peanut). One drop of each was applied to the
appropriately marked test site on the volar part of the
forearm. The plastic lancet was then pressed through the drop
at 90 1C to the skin surface, and the drops were carefully
blotted off using a tissue. Weal size was read at 15min and
recorded as the mean of the longest and the midpoint
orthogonal diameters. A mean weal diameter of X3mm the
negative control was considered to be positive. Atopy was
defined as at least one positive test to one allergen.

eNO measurement

The determination of eNO varies considerably, depending on
the techniques and conditions of measurement [11, 12]. In the
present study, eNO concentration was measured using
exhaled flow and the pressure controlled reservoir collection
(Sievers Instruments, Boulder, CO, USA, kit bag collection)
[13, 14]. eNO measurement was obtained with the subjects in
the standing position. Subjects did not wear nose clips, and
were instructed not to hold their breath before exhalation. To
eliminate ambient NO levels, subjects inhaled through an
ambient air filter to total lung capacity. Then they exhaled
through a mouthpiece connected to a T valve that allowed the
separation of exhaled air into two fractions: the first portion
of exhaled air was discarded (dead space) and the remainder

(lung air) was collected in an NO impermeable Mylar
reservoir. In order to keep the soft palate closed, the column
of collecting device had an internal restrictor that created a
mouth pressure of 18 cm H2O during exhalation, which
was visualized on a manometer. At this mouth pressure,
the expiratory flow was kept constant at 100mL/s. Bags
were sealed and analysis for eNO from the bags was
completed within 4 h by aspirating the bag into the analyser.
eNO was measured using a chemiluminescent analyser
(NOA 280; Sievers Instruments, Boulder, CO, USA). The
sensitivity of the analyser for measurement of gas-phase NO
is less than 1 p.p.b. by volume. The NOA device was
calibrated at 0 and 100p.p.b. Our method has been reported
to provide results similar to those obtained by the direct
analysis of eNO [13].

Data analysis

Data on eNO were expressed as means7SD. Statistical
differences between percentages were assessed using the w2

test. Comparisons between groups were carried out using
ANOVA. Differences indicated by post hoc test were analysed
using the Fisher test (Statview Software, Abacus Concept
Inc., Berkeley, CA, USA). Statistical significance was used at
the conventional 5% level (Po0.05).

Results

Characteristics of the groups

Twelve asthmatic children and one non-asthmatic child seen
during the pollen season as well as eight asthmatic children
taking corticosteroids were excluded from the study. The final
sample included 53 asthmatics (27/53 of whom were atopics)
and 96 non-asthmatics (31/96 atopics). The four groups (AR,
A, R, C) did not differ in age, sex and anthropometrical
characteristics (Table 1). The most frequently demonstrated
SPT positivity was to house dust mite (81.5% in asthmatics
vs. 74.2% in non-asthmatic subjects), followed by grass
pollen (29.6% vs. 16.1%), tree pollens (13.2% vs. 12.9%)
and cat (11.3% vs. 12.9%). Rhinitis was reported in 56.0%
of asthmatic children, and in 22.9% of non-asthmatic
subjects. Within the rhinitis group, 59.6% had one or more
positive SPT. No difference was found in mean peak
flow in the four groups, probably because asthmatic children
taking corticosteroids were excluded from the selection
(Table 1).

Factors influencing eNO (univarate analysis)

eNO was not related to age, sex or anthropometrical
characteristics. Compared to non-asthmatic children, asth-
matic children presented a higher eNO level (23.1712.6 vs.
1378 p.p.b.; Po0.0001). Similarly, atopic children had a
more elevated eNO level than non-atopic children (21.9711.4
vs. 13.379.3 p.p.b.; Po0.0001). For the clinical factors,
analysis shows that the eNO level was higher in children with
rhinitis compared with non-rhinitis children (21712.8 vs.
14.579.9 p.p.b.; P5 0.002).
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eNO level, asthma and atopic status

Atopic asthmatic children had higher eNO than non-atopic
asthmatic children (28.979.1 vs. 17.1713.1; Po0.0001) (Fig.
1). Likewise, in non-asthmatic children, atopics had higher
eNO than non-atopics (15.879.6 vs. 11.776.6; P5 0.019).

eNO level and SPT positivity

Exhaled NO increased with the number of positive SPT in
both asthmatics and non-asthmatics. In asthmatic children,
the presence of at least one positive prick test was sufficient to
make eNO increase significantly (SPT � : eNO5 17.1713.1;
1 SPT 1: eNO5 26.577.9; 2 SPT 1or more: eN-
O5 30.579.8 p.p.b.; P5 0.03), whereas in non-asthmatic
subjects at least two prick tests were needed (SPT � :
eNO5 11.776.7; 1 SPT 1: eNO5 14.379.5; 2 SPT 1 or
more: eNO5 19.479.8 p.p.b.; P5 0.003). (Fig. 2).

eNO, atopic status and rhinitis

Among non-asthmatic children, only the atopics with rhinitis
had an elevated eNO compared with controls (20.7713 vs.
1376.1 p.p.b. in atopics and 12.376.6 in non-atopics;
P5 0.001) (Fig. 3). Asthmatic children who were not atopic
and who did not suffer from rhinitis had a lower eNO
(13.778.7 p.p.b.), close to the eNO value found in controls,
whereas asthmatics with atopy but without rhinitis had a
twofold increase in eNO level (30.978.1 p.p.b.; P5 0.0003)
(Fig. 3). Finally, children with both asthma and rhinitis had a
significantly higher eNO independently of atopic status
(28.279.5 and 22.5717.3 p.p.b., respectively).

Discussion

In agreement with the literature, we observed higher eNO
values in asthmatic than in non-asthmatic subjects [2, 3]. In
addition, our results suggest that the eNO level of atopic
asthmatic children is greater than that of non-atopic
asthmatic children. These findings are consistent with

Table 1. Subject characteristics by group

n Sex (F/M) Age (years) Weight (kg) Height (cm) PEF (L/min)

Asthmatics with rhinitis

Atopics 20 7/13 10.370.6 35.776.6 143.677.5 320740

Non-atopics 10 9/1 10.870.9 37.777.1 145.378.7 325753

Asthmatics without rhinitis

Atopics 7 3/4 10.670.3 3779.3 144.4710.7 314753

Non-atopics 16 8/8 10.770.7 39.1712.2 143.478.4 307741

Non-asthmatics with rhinitis

Atopics 11 4/7 10.470.7 37.178.4 141.679.3 296743

Non-atopics 11 6/5 10.770.8 37.9711.3 143.277.3 344754

Controls

Atopics 20 12/8 9.970.5 33.375.1 138.376.1 298750.8

Non-atopics 54 34/20 10.270.6 36.279.1 138.8718.8 322750

Data are presented as absolute number or as means7SD. Subject number (n). PEF, peak expiratory flow.
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Fig 1. Exhaled NO and atopy in asthmatic and non-asthmatic subjects.
Values are means7SD. *Po0.05; **Po0.001.
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previous studies, in which eNO levels from two to four times
higher than normal were found in atopic asthmatic children
[7], teenagers [15] and adults [16]. Among non-asthmatic
children, atopic subjects had higher eNO concentrations than
non-atopic subjects, which contrasts with previous results
showing no difference in eNO levels between atopic and non-
atopic individuals either in children [7] or in adults [15, 16].
This might be due to the use in these studies of a high
(250mL/s) expiratory flow rate, which has been shown to
have poor sensitivity [11, 12, 17]. Indeed, our results were in
agreement with studies using a reduced-flow rate technique
for measuring eNO in both children [18] and adults [19].
In the present study, we also found that the eNO level

increased with the number of positive SPTs in asthmatic as
well as in non-asthmatic subjects. For the same number of
positive SPTs (three categories: none, one, two or more), the
asthmatic children always had a higher level of eNO than the
healthy children. It was also noteworthy that the non-
asthmatic atopic subjects who had two or more positive SPTs
had eNO levels close to those of the non-atopic asthmatic
children (18.9 and 17.8 p.p.b., respectively). To our knowl-
edge, no study has yet compared eNO and SPTs of asthmatic
and healthy children taking monosensitization vs. polysensit-
ization into account. Nevertheless, our results are consistent
with a study [18] involving only healthy children, which found
a significant increase in eNO level when two or more SPTs
were positive. In a study of asthmatic adults [20], a high
correlation between eNO level and the weal diameter of
positive SPT (r5 0.73) was observed. These different results
provide evidence of a relationship between eNO and atopy.
The atopic status appears to be a cofactor of eNO variation in
asthmatic children as well as in healthy subjects.
In the perspective of clinical applications for eNO, we also

studied the influence of a symptomatic criterion (rhinitis) on
the interrelationships among eNO, asthma and atopy. As
previously noted in adults [16] and in children [21], we found
a low level of eNO that did not vary depending on the
subjects’ atopic or non-atopic status in the control group.
This result was consistent with studies [22, 23] that found no
inflammatory modification of the bronchoalveolar lining in
atopic or non-atopic healthy subjects. In the light of these
findings, a subject’s atopic nature might simply reflect a state
of immune sensitization to allergens. In contrast, as already

noted in adults [16], a significant increase in eNO level was
observed in the subgroup of atopic children with rhinitis. This
finding lends support to the hypothesis of a relationship
between the concentration of eNO and atopy, which is
manifested in a certain number of cases by rhinitis. Also
consistent with this hypothesis are histochemical studies that
showed an inflammation of all the airways [24–26], from the
nasal mucous membrane [27–29] to the bronchoalveolar
lining [30–33] in atopic subjects with rhinitis. These atopic
subjects with rhinitis had probably progressed to a state of
symptomatic allergy. This beginning stage of airway inflam-
mation is manifested by increased bronchial hyper-reactivity
[8, 34, 35], which has previously been related to rhinitis [36].
Consequently, such subjects have a high risk of developing
asthma [37].
Among the asthmatic children without rhinitis, there was

still a relationship between atopy and eNO, i.e. there was a
substantial increase in eNO level in atopic asthmatics,
whereas non-atopic asthmatics had a low eNO, similar to
that of the control group. This result was also consistent with
previous findings [16, 21]. This difference between the two
subgroups raises the question of whether the pathophysiolo-
gical mechanisms of atopic asthma and non-atopic asthma
are different. In the literature, this subject remains contro-
versial. Certain authors have found in atopic asthma, a
bronchial inflammation richer in eosinophils [38, 39],
basophils [40] and T lymphocytes [38, 39], with a predomi-
nant increase in IL-4 [38, 41], IL-5 [38] and greater bronchial
wall thickening [38]. In contrast, in non-atopic asthma,
inflammatory cell recruitment is thought to involve a greater
proportion of neutrophils [38], with higher levels of IL-8. [42].
These results support the hypothesis of a difference in eNO
concentration mediated by cell recruitment, in particular that
of eosinophils with a T helper 2 pattern of cytokine activation
(IL-4, IL-5) [43, 44]. Nevertheless, other studies [45–47] have
found a close pathophysiologic resemblance between atopic
and non-atopic asthma in terms of both bronchial inflam-
matory cell recruitment and circulating factors. Con-
sequently, along with the notion of inflammatory cell
recruitment, it would appear important, as well, to consider
cell activity that is known to produce NO [48]. A low
production of eNO in non-atopic asthmatics might be
explained either by variations in inflammatory cell activity
mediated by intermittent exposure to unknown viral or
immune stimuli [45, 49], or by a pathophysiologic mechanism
of non-atopic asthma that differs from the mechanism of
atopic asthma.
In contrast with previous findings [16], we observed no

significant difference in the eNO level according to the atopic
status in the group of asthmatics with rhinitis. However, our
results are consistent with those of Berlyne et al. [50]
comparing eNO to induced sputum, and are in accordance
with the hypothesis of a similar physiological process between
atopic and non-atopic asthma. Furthermore, the eNO
discrepancy between non-atopic asthma with rhinitis and
non-atopic asthma without rhinitis could be due to a
difference of frequency and intensity of stimulation to an
unknown allergen [51]. An intermittent stimulus could act in
non-atopic asthma without rhinitis, while in non-atopic
asthma with rhinitis a more prolonged exposition during
the year could result in more marked symptoms associated
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with asthma and rhinitis. Consequently, it would be interest-
ing to identify these undefined allergens in a specific group of
non-atopic asthmatics who exhibit rhinitis associated with
high NO level.
In conclusion, eNO measured in the presented groups of

children is thought to reflect the allergic inflammatory activity
of airways, depending on the degree of atopy. As a
consequence, the interpretation of eNO in clinical practice
should take into account the notions of asthma, atopy and
rhinitis. Other studies will be necessary to determine the
pathophysiological contribution of each of these processes to
eNO variations.
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