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ABSTRACT: We evaluated the effects of asthma and cystic fibrosis on nitric oxide
(NO) concentrations in the respiratory tract.

NO levels in orally exhaled air and nasal gas samples were studied in 90 asth-
matic patients (4–14 yrs), 67 patients with cystic fibrosis (CF) (5–32 yrs), and 68
controls (4–34 yrs). NO concentrations measured by chemiluminescence were cor-
related with the patient's vital capacity, forced expiratory volume in one second
(FEV1) and specific airway resistance.

In all groups, NO concentrations in orally-exhaled air correlated with the inhaled
ambient NO (r=0.85–0.91). At an ambient NO concentration of 0 parts per billion
(ppb), asthmatic patients exhaled air with higher NO concentrations than cystic
fibrosis patients and controls (8.0±6.1 ppb (n=33); 4.9±2.6 ppb (n=23); and 3.0±
2.5 ppb (n=37); respectively; p<0.001). Similar results were obtained for ventila-
tion-adjusted orally-exhaled NO. Nasal NO concentrations were lower in patients
with CF (23±17 ppb) than in controls and asthmatics (96±47 and 103±64 ppb;
p<0.001). There was no relationship between nasal or oral NO and pulmonary
function tests.

Our results suggest that ambient NO levels influence NO concentrations in orally-
exhaled air. Like adults, asthmatic children exhale more NO than their controls.
Reduced nasal NO concentrations in patients with cystic fibrosis may reflect chron-
ic epithelial cell damage or an increased mucosal barrier impeding NO diffusion
into the airway.
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Nitric oxide (NO) is a potent smooth muscle relax-
ant [1]. Isoenzymes of constitutive nitric oxide synthase
(NOS) are present in human airway epithelial cells [2].
The induction of NOS has been demonstrated in asth-
matic adults [3]. In vivo, this is reflected by increased
NO concentrations in orally-exhaled air of adults with
asthma [4]. Steroid therapy for asthma reduces the ele-
vated NO levels in exhaled air to control values [5].

Little is known about the airway concentration of NO
in children with chronic lung disease. Absence of NO
production in four children with Kartagener's syndrome
[6] has recently been reported.

To study airway NO concentrations in paediatric pat-
ients, we addressed the following questions: 1) Do asth-
ma in childhood and cystic fibrosis (CF) affect NO levels
in the airways? and 2) Is NO synthesis related to the
severity of respiratory disease evaluated by pulmonary
function tests?

Since NO concentrations from the nasopharynx are
known to be very high compared to tracheal values [7,
8], nasal and orally-exhaled NO was analysed separately.

Patients and methods

The study was approved by the Ethics committee of
the University of Giessen, and informed consent was

obtained from patients and parents. Patients attending
the out-patient clinic were included in this study. Pat-
ient characteristics are shown in table 1. CF was di-
agnosed by typical clinical presentation, sweat sodium
analysis, nasal potential difference and determination of

Table 1.  –  Characteristics of patients with cystic fibro-
sis (CF), patients with asthma and healthy volunteers

CF Asthma Controls

Patients  n 67 90 68
Age  yrs# 17 (5–32) 10 (4–14) 12 (4–34)
Sex  M/F 29/38 53/37 38/30
Severity of disease  n

mild/moderate/severe - 26/60/4
VC >80% pred 21 -

50–80% pred 27 -
<50% pred 19 -

FEV1 >80% pred 24 73
50–80% pred 23 15
<50% pred 20 2

sRaw <120% pred 25 45
sRaw 120–200% pred 24 37
sRaw >200% pred 18 8

Atopy ND 60 ND
#: median, and range in parenthesis; % pred: percentage pre-
dicted; n: numbers of patients; M: male; F: female; VC: vital
capacity; FEV1: forced expiratory volume in one second; sRaw:
specific airway resistance; ND: not determined.



the genomic defect. Asthma was diagnosed according
to established criteria [9], and graded according to the
classification of the "International consensus report on
diagnosis and treatment of asthma" [10]. Asthmatics and
CF patients receiving topical or systemic steroids were
excluded from the study. Patients with upper respira-
tory tract infections and smokers were excluded from
the study, since these factors are known to influence
airway NO concentrations [4, 11]. Healthy volunteers
had normal clinical examination and no history of res-
piratory disease.

NO was measured with a chemiluminescence analyser
(CLD 700; Eco Physics, Dürnten, Switzerland) sampling
with a constant flow of 700 mL·min-1. The response
time of the CLD 700 instrument to obtain 90% of the
true value when the concentration of NO is suddenly
changed is 25 s. The system was calibrated using a mix-
ture of 50±1 parts per billion (ppb) NO in nitrogen, and
pure nitrogen certified to contain 0±1 ppb NO (Messer
Griesheim, Siegen, Germany), allowing the verification
of 0 ppb NO in ambient air. Prior to patient measure-
ments, the ambient NO concentration was recorded. 

In the first step, ambient air was inhaled through the
mouth with closed nasal airways (by nasal clamp), and
gas was exhaled through Teflon tubing from which sam-
ples were aspirated and analysed immediately. Meas-
urements of orally exhaled NO were made from the
expired air of maximal breath manoeuvres. To allow the
instrument to adjust to the patient's orally-exhaled NO
concentration, 3–4 maximal expiratory manoeuvres (equi-
valent to approximately 30 s) were carried out before
the values were recorded. However, since one exhala-
tion was not long enough for the instrument to react,
NO was measured continuously during the five subseq-
uent respiratory manoeuvres. Contamination with ambi-
ent air during the expiratory manoeuvre was prevented
by using valves, preventing ambient air from entering
the analysis limb of the tubing and allowing only exp-
ired air to access the analysis limb. In addition, a closed,
flexible reservoir, which was confirmed not to absorb NO,
prevented ambient air from penetrating into the analy-
sis limb. Before each measurement, the reservoir was
completely emptied. Between two expiratory movements,
the reservoir supplied air from the last respiratory mano-
euvre for analysis. Consequently, NO measurements
from orally-exhaled air reflected a mixture of the entire
exhalation volume. The mean NO concentration in the
orally-exhaled air was calculated and recorded. To esti-
mate lower airway NO production, mean NO values in
the exhaled air were related to the patient's ventilation.

For direct nasal sampling, a nasal olive was placed
in the vestibule of one nostril, avoiding contact with the
nasal mucosa. The other nostril was closed and breath-
ing continued through the mouth. When the NO con-
centration had reached a steady state, mean NO levels
obtained from integration of nasal NO concentration
over 60 s were recorded. The procedure was repeated
for the other nostril. The mean NO concentration from
both sides was calculated and used for further analysis.

In all patients and in 10 of the healthy volunteers, lung
function tests were performed on the same occasion as
NO measurements. Vital capacity (VC) and forced expi-
ratory volume in one second (FEV1) were determined
by spirometry, and specific airway resistance (sRaw) was

calculated from body plethysmographic measurements
[12].

Nonparametric data were analysed by Kruskal-Wallis
and Mann-Whitney U-test. Bonferoni's correction was
used for multiple comparisons [13]. The relationship be-
tween NO concentration and age was analysed by the
least squares method according to Spearman. The rela-
tionship between ambient and orally-exhaled NO was
analysed by linear regression. A p-value of less than 0.05
was considered significant. All results are given as
mean±standard deviation.

Results

For all three study groups, orally-exhaled NO con-
centrations correlated significantly with the inhaled ambi-
ent concentrations of nitric oxide. Asthmatic patients:
r=0.85 (n=90); CF patients: r=0.91 (n=67); controls:
r=0.91 (n=68) (p<0.0001 in all groups). Figure 1 shows
the relationship between ambient and orally-exhaled NO
concentration. Because airway NO concentrations might
be obscured by increased environmental NO concen-
trations measurements obtained at ambient NO >0 were
excluded from further analysis. Mean FEV1 values for
the groups of patients selected were: 78±39% of pre-
dicted (% pred) (CF patients); 90±21% pred (asthmat-
ics); and 99±14% pred (controls).

At an ambient NO concentration of 0 ppb, orally-
exhaled air of asthmatics showed significantly higher
NO concentrations than controls (n=33 and n=37; p<
0.001) (fig. 2 and table 2). CF patients (n=23) had slight-
ly, but not statistically significant, higher orally-exhaled
NO than the controls (p>0.05). Likewise, the minute
ventilation related lower airway NO of the three groups
was highest in asthmatics, followed by patients with CF
and healthy volunteers (93±82, 73±55, and 25±27 ppb
× L·min-1). No relationship was observed between oral-
ly-exhaled air of patients with asthma or cystic fibrosis
and pulmonary function tests (r=0.06–0.15).
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Fig. 1.  –  Relationship between ambient nitric oxide (NO) and orally-
exhaled NO in 90 children with asthma (❍), 67 patients with cystic
fibrosis (❏), and 68 healthy children and adolescents (∆). ppb: parts
per billion.



In comparison to controls and asthmatics, nasal NO
concentrations were significantly reduced in CF patients
(fig. 3 and table 2). There was no relationship between
nasal NO concentrations and VC, FEV1 and sRaw (r=
0.05–0.12).

The patients' gender had no impact on nasal NO con-
centration in any of the groups. Nasal and orally-exhaled
NO was not age dependent for any of the groups (r=
0.06–0.30). CF patients and volunteers below 18 yrs had
nasal and oral NO concentrations similar to the com-
plete groups (table 2). There was no relationship between
nasal and orally-exhaled NO in any group (r=0.03–0.17)
(fig. 4).

Discussion

From a methodological point of view, one interesting
observation from the present study is the impact of amb-
ient NO on orally-exhaled NO concentrations. Although
this is not surprising and might be suspected as a result
of environmental contamination, to our knowledge only
one study has related ambient NO concentrations of 0–7
ppb and orally-exhaled NO levels [14]. However, ambi-
ent NO concentrations in urban regions tend to be much
higher on a number of days per year [15]. Consequently,
to reduce environmental influences in our study, we only
considered measurements at ambient NO levels of 0 ppb
for the comparison between patients with and without
respiratory disease.

Orally-exhaled NO was slightly higher in patients with
CF than in the controls, which can be explained by
increased inflammatory activity in the lungs of these
patients. On the other hand, the results demonstrate sig-
nificantly reduced nasal NO concentrations in patients
with CF. We could find no association between the
severity of ventilatory impairment and the patient's age.
A destruction of epithelial cells and a loss of the abil-
ity to produce NO during the course of the disease might
explain the reduced nasal NO values. Alternatively, the
impaired clearance of mucus, leading to reduced diffu-
sion of NO into the lumen of the nasal airways, seems
possible. Both explanations would be consistent with the
absence of nasal NO in four children with Kartagener's
syndrome, which is characterized by immotile cilia [6].
In addition, this finding is supported by the observation
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Fig. 2.  –  Nitric oxide (NO) concentrations at ambient NO of 0 ppb
in orally-exhaled air of patients with cystic fibrosis (n=23), asthmat-
ics (n=33) and controls (n=37). Values are presented as mean and SD.
Results presented in figures 2 and 3 are from the same patients. CF:
cystic fibrosis; ppb: parts per billion.

Table 2.  –  Nitric oxide (NO) concentrations in nasal
and orally-exhaled air in the lower airways at ambient
NO of 0 ppb in patients with cystic fibrosis (n=23), asth-
matic patients (n=33) and controls (n=37)

CF Asthma Controls

Orally-exhaled NO  ppb 4.9±2.6 8.0±6.1 3.0±2.5
Orally-exhaled NO 5.3±3.0 8.0±6.1 3.1±2.4
(<18 yrs)  ppb
Nasal NO  ppb 23±17 103±64 96±47
Nasal NO (<18 yrs)  ppb 27±22 103±64 101±49

values are presented as mean±SD. The NO concentrations are
given for complete groups and for patients of less than 18 yrs
of age. ppb: parts per billion; CF: cystic fibrosis.
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Fig. 3.  –  Nasal nitric oxide (NO) concentrations of patients with
cystic fibrosis (n=23), asthmatic patients (n=33) and controls (n=37)
measured at ambient NO of 0 ppb. Values are presented as mean and
SD. Results presented in figures 2 and 3 are from the same patients.
CF: cystic fibrosis; ppb: parts per billion.

0 100 200 300 400
Nasal NO concentration  ppb

0

5

10

15

20

25

N
O

 in
 e

xh
al

ed
 a

ir 
 p

pb

Fig. 4.  –  Relationship between nasal nitric oxide (NO) and orally-
exhaled NO in 33 children with asthma (circles), 23 patients with cys-
tic fibrosis (squares), and 37 healthy children and adolescents (triangles).
Measurements were obtained at ambient NO of 0 ppb. There was no
relationship between nasal and orally-exhaled NO in any group
(r=0.03–0.17). ppb: parts per billion.



of low NO concentration in exhaled air of smokers [4,
7], a condition characterized by chronic cellular damage
and by an impaired mucociliary clearance due to the in-
hibitory effect of cigarette smoke on cilial function.

In adults with bronchial asthma, it has been reported
that increased NO concentrations in orally-exhaled air
returned to normal following the application of inhaled
steroids [4, 5]. Furthermore, an induction of NOS has
been demonstrated in adults with asthma [3, 16]. In the
present study, NO concentrations in orally-exhaled air
of asthmatic children were significantly higher than in
controls. However, this difference might in fact be even
more pronounced. Because of their limited ability to co-
operate, in our paediatric population only NO in mixed
expired air from larger airways and the alveolar space
could be analysed, possibly masking a larger difference
between asthmatics and their controls. In addition, NO
is primarily produced in the upper airways [17]. There-
fore, orally-exhaled NO might be a mixture of upper
and lower airway NO if no closure of the soft palate
can be achieved [18]. Since the complete closure of the
soft palate requires a very high degree of compliance
[18], this could not be performed in the young children
in the present study. However, the mixture of nasal and
oral NO appears to be less of a problem in this study
population, since no relationship between oral and nasal
NO concentrations could be demonstrated. 

Another methodological difficulty for the measure-
ment of NO in orally-exhaled air may be the slow res-
ponse time of the CLD 700 instrument and the need for
a high sampling volume, increasing the risk of conta-
mination of the samples from ambient air. In this study,
we prevented contamination by using valves and seal-
ing the analysis limb from ambient air by means of a
flexible reservoir. Finally, the vast majority of these pat-
ients had only mild or moderate asthma that might be
associated with less increased NO levels. Therefore,
studies of NO concentrations in exhaled air of children
with severe asthma and of asthmatics with steroid treat-
ment are warranted.

In conclusion, patients with cystic fibrosis showed
substantially reduced nasal nitric oxide concentrations.
Children with asthma had increased airway nitric oxide
levels. For the evaluation of airway nitric oxide, ambi-
ent nitric oxide levels must be taken into account.
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