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Exhaled nitric oxide is not elevated in the inflammatory airways 
diseases of cystic fibrosis and bronchiectasis
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Nitric oxide (NO) is an important mediator of biologi-
cal functions in the airways [1], regulating airway smooth
muscle contractility, mucus secretion from airways mu-
cus glands and vasodilatation and mediating inflammatory
responses [2]. Central to the formation of NO and its reac-
tive nitrogen products is the enzyme nitric oxide synthase
(NOS) which has been characterized in almost all cells
within the airways [3]. Expression of one of the isoform of
NOS (inducible NOS (iNOS)) has been shown to be in-
creased in the airway epithelium of asthmatics [4] and NO
in the exhaled air of these patients has also been seen to be
elevated [5, 6]. Activated neutrophils, eosinophils and mac-
rophages produce large amounts of NO [7–9] and iNOS is
known to be upregulated by pro-inflammatory cytokines [4].
This has generated a considerable amount of interest in
the role of NO in the pathophysiology of inflammatory
airways diseases. There is evidence to suggest that NO
acts to amplify asthmatic inflammation by promoting the
secretion of interleukin-5 (IL-5), increasing mucosal hyp-
eraemia, and by direct cellular damage [10–12]. In addi-
tion, increased levels of exhaled NO have been reported in
patients with bronchiectasis and upper respiratory tract
infection [13, 14]. Thus, NO levels in the exhaled air have

been put forward as a reflection of the severity of airways
inflammation, primarily by virtue of it being a byproduct
of inflamed epithelium and inflammatory cell influx to the
airways. In cystic fibrosis (CF) or bronchiectasis, where chro-
nic suppuration and bacterial colonization dominate, such
a marker could be a useful guide to patients' responses to
treatment.

The levels of exhaled NO in the chronic inflammatory
airways diseases, CF and bronchiectasis were studied using
a validated method of measurement which excludes upper
airway air contamination and compared with those of nor-
mal subjects and asthmatics, a group known to show high
exhaled NO levels. In addition, the effect of infective exa-
cerbation on exhaled NO in patients with CF was exa-
mined.

Subjects and methods

Subjects and patients

Thirty-six patients with CF were recruited from the
Scottish Adult Cystic Fibrosis Service. All except three
had fully defined genotypes. Disease severity varied widely,
with predicted forced expiratory volume in one second
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ABSTRACT: Airways inflammation has been associated with increased nitric oxide
(NO) in the exhaled breath. It was, therefore, questioned whether exhaled NO could
act as an indicator of the severity of airways inflammation in the chronic suppurative
lung diseases cystic fibrosis (CF) and bronchiectasis.

NO levels in a single exhalation were measured using a chemiluminescence analy-
ser. Thirty-six patients with CF and 16 with bronchiectasis were studied and compa-
red with 22 normal subjects and 35 asthmatic patients. All subjects were nonsmokers
and all measurements were made when patients were clinically stable. In addition,
exhaled NO was measured in 10 CF patients at the time of onset of an acute infective
exacerbation and followed for 7 days during the treatment of the exacerbation in
eight of the 10 patients.

No significant differences were found in NO levels in patients with CF or bron-
chiectasis compared with normals (median 4.0, 5.5 and 4.4 parts per billion (ppb),
respectively), but all were lower than in asthma patients (10.4 ppb). The NO levels in
the CF patients at time of exacerbation were not increased and did not change during
treatment.

These data show that nitric oxide levels in the exhaled breath of patients with
chronic suppurative lung diseases, in contrast to asthma, are not elevated, despite the
presence of substantial airways inflammation. Possible explanations include poor dif-
fusion of nitric oxide across increased and viscous airway secretions, removal of nitric
oxide by reaction with reactive oxygen species in the inflamed environment and fail-
ure of upregulation of epithelial inducible nitric oxide synthase in chronic suppura-
tive conditions.
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(FEV1) ranging 18–100%. Patients with concomitant asth-
ma and those who were on inhaled steroids were exclu-
ded.

Sixteen patients with bronchiectasis were recruited from
the authors' respiratory outpatient clinic. Bronchiectasis
was diagnosed by classical chest radiographic changes in
four patients, by computed tomography (CT) in six pati-
ents and by bronchography in six patients. In five patients,
bronchiectasis was secondary to childhood bronchopneu-
monia, three cases were due to tuberculosis, one to who-
oping cough, two to measles and five had no determined
cause. Six patients were on inhaled steroids. None had
evidence of asthma or allergic bronchopulmonary asper-
gillosis. This group, too, had widely varying disease seve-
rity (FEV1 32–91% predicted). As a positive control, 34
patients with asthma were recruited from the respiratory
outpatient clinic and from general practices. All patients
had documented reversible air flow obstruction and were
on inhaled β2-agonists. Twenty-three were on inhaled ster-
oids (doses ranging 400–3,200 µg·day-1). Eleven asthmat-
ics were steroid naive. Both patients treated and those not
treated with inhaled steroids were included to provide a
comparison for similar therapeutic differences in the bron-
chiectasis group. The FEV1 for the whole group ranged
34–100% pred. All patients were nonsmokers and clinic-
ally stable. Twenty-two healthy volunteers were recruited
from the hospital staff. These were nonsmokers, had no
respiratory tract symptoms, and did not have active aller-
gic rhinitis at the time of sampling. The mean ages (±SD)
were 32.0±12.6, 27.1±8.6, 52.5±14.7 and 45.2±16.8 yrs
for normal subjects, CF, bronchiectasis and asthma pati-
ents, respectively.

In 10 CF patients (eight males, mean age 26.5 yrs),
exhaled NO was also examined during infective pulmo-
nary exacerbations. Levels were measured within 24 h
of onset of an infective exacerbation, defined as a worsen-
ing of clinical condition requiring i.v. antibiotics accom-
panied by a fall of 400 mL or 20% of usual FEV1. All
measurements were performed before or within 6 h of
commencement of i.v. antibiotics. In eight of these sub-
jects, serial exhaled NO measurements and lung function
were recorded over 7 days.

The relationships were examined between exhaled NO
and lung function, as measured by FEV1, and in the nor-
mal volunteers, between exhaled NO and age.

Informed consent was obtained from all subjects and
the study was approved by the Lothian Health Ethics
Committee.

Measurement of exhaled nitric oxide

NO was measured in the exhaled breath using a sensi-
tive chemiluminescence analyser (LR 2000; Logan Res-
earch, Kent, UK) with a detection limit of 0.1 ppb of NO.
The analyser was calibrated daily with NO/N2 calibration
gas containing 103 ppb NO (BOC, Guildford, UK). The
subject inspired to total lung capacity and, with no breath
hold, exhaled into a sampling tube (containing a flow re-
sistor) at a constant rate of 250 mL·s-1. This maintained a
constant mouth pressure of 5 cmH2O during the exhala-
tion, effected by the subject observing a visual display of
this pressure. Air was drawn from the sampling tube at a
standard rate of 4 mL·s-1. This method has been shown to

exclude contamination of the lower respiratory tract with
nasal air, probably by elevation of the soft palate against
the oropharynx, thus sealing off the posterior nasopharynx
[15]. Representative values were taken from the plateau at
the end of the exhalation profile and the mean of triplicate
measurements was recorded (fig. 1).

The reproducibility of NO plateau levels was addressed
by making measurements on seven subjects from three to
six occasions separated by at least 1 day. Since the ambi-
ent NO level in Edinburgh ranged 0.4–50 ppb, the poten-
tial effects of ambient NO levels were also examined by
determining the influence of additional NO in the inspired
breath in three subjects. Plateau exhaled NO levels for
these subjects were compared after they inhaled NO at 0.4
ppb (the ambient NO level on the day of measurement)
and 80 ppb.

Statistical analyses

To test the reproducibility of plateau NO measure-
ments, Bartlett's test for equality of variance within each
patient was applied and analysis of variance (ANOVA)
was then used to determine variance and, thus, global
standard deviation. For comparison of NO levels between
groups, the Mann–Whitney rank sum test was used since
the asthmatic groups showed deviation from normal Gaus-
sian distribution. The correlation between lung function
and age with exhaled NO was measured using Pearson's
product moment correlation test. For all tests, p<0.05 was
assumed to achieve statistical significance.

Results

Reproducibility of nitric oxide measurement

Equality of variance within each patient tested by Bart-
lett's test showed no significant difference between patients.
ANOVA for seven subjects with repeated measurements
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Fig. 1.  –  Computer screen display of exhaled nitric oxide (NO) meas-
urement. Mouth pressure, exhalation flow rate, carbon dioxide and NO
concentration in the exhaled breath are measured simultaneously as
shown. The representative plateau level for any particular exhalation is
the point at the end of the plateau phase corresponding to constant
mouth pressure (*). The ordinate, showing values for NO in the figure
above, can be changed to show values for CO2 (kPa), mouth pressure
(cmH2O) and exhalation flow rate (mL·s-1). ppb: parts per billion.
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(between three and six times) of exhaled NO gave a
pooled standard deviation of 0.84 ppb and coefficient of
variation equal to 0.24. The 95% confidence interval for
any measurement of NO is, thus, ±1.72 ppb.

Effect of ambient nitric oxide on measurement

During exhalation, the plateau NO level, in contrast to
the peak NO level, did not differ whether subjects inhaled
0.4 ppb or 80 ppb NO (table 1).

Effect of age on nitric oxide levels

No correlation was found between age and exhaled NO
(r=0.28, p=0.2 in healthy volunteers).

Exhaled nitric oxide in cystic fibrosis, bronchiectasis,
asthma and normal subjects

NO levels in patients with CF, bronchiectasis and nor-
mal subjects did not differ significantly from each other.
The median value in patients with CF was 4.0 ppb (inter-

quartile range 3.1); in bronchiectasis the median value
was 5.5 ppb (interquartile range 3.1); and normal subjects
had a median value of 4.4 ppb (interquartile range 3.4).
Patients with asthma had a significantly higher median
value compared to all the other groups (10.4, interquartile
16.9). There was a positively skewed distribution and a
large range of values in the asthmatic population (fig. 2).

Correlation between lung function and exhaled nitric
oxide in stable patients

There was a weak but statistically significant positive
correlation between exhaled NO and FEV1 in patients
with CF (r=0.48, p<0.05) (fig. 3). Thus, patients with bet-
ter lung function appeared to have higher exhaled NO
levels. This was not seen in bronchiectasis or asthma.

Infective pulmonary exacerbations and exhaled nitric
oxide in patients with cystic fibrosis

During pulmonary exacerbations exhaled NO remain-
ed within the normal range (fig. 4). In seven out of 10
patients, the values were the same or lower than when
clinically stable. In three patients there was a small but
nonsignificant rise. For eight patients serial exhaled NO
measurements made over seven days after commencement
of i.v. antibiotics showed no consistent trend with time
(fig. 5).

Table 1.  –  Effect of inhaling 80 parts per billion (ppb) nitric oxide (NO) compared with ambient air (0.4 ppb NO) on the
peak and plateau values of NO in the exhaled breath

Subject 1 Subject 2 Subject 3

Inhaled NO Peak NO Plateau NO Peak NO Plateau NO Peak NO Plateau NO

Atmospheric air (0.4 ppb NO)
80 ppb after a single inhalation

80 ppb after three tidal breaths
80 ppb after five tidal breaths
80 ppb after 5 min of tidal breathing

7.9
39.0
44.2
40.1

7.8
7.7
7.7
7.4
7.8
7.3
7.3

8.6
36.1
48.0
45.3

7.6
5.8
6.3
6.8

3.9
25.8
26.9
23.6

3.5
3.1
2.7
2.4

Peak, but not plateau, values were affected by inhaled NO.
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Fig. 2.  –  Distribution of nitric oxide (NO) concentration in exhaled
breath in normal subjects and patients with cystic fibrosis (CF), asthma
and bronchiectasis (Br). Patients taking inhaled steroids are shown as
+CS and those not are shown as -CS. The median (interquartile range)
NO level for each group is CF: 4.0 (2.8–7.2); asthma (+CS): 10.1 (5.8–
13.3); asthma -CS: 10.4 (7.3–29.4); bronchiectasis +CS: 6.7 (4.9–7.3);
bronchiectasis -CS: 4.7 (4.4–7.8); and normal subjects: 4.4 (1.0–7.8).
Only the asthmatic groups (irrespective of steroid treatment) had signi-
ficantly higher NO levels than normal subjects (p<0.05). ppb: parts per
billion.
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Fig. 3.  –  Relationship between exhaled nitric oxide (NO) and lung
function in patients with cystic fibrosis (r=0.48, p<0.05). FEV1: forced
expiratory volume in one second; ppb: parts per billion.



NO IN CYSTIC FIBROSIS AND BRONCHIECTASIS 1293

Discussion

The discovery that exhaled NO is raised in asthma-
tics has led to the expectation that it may provide a tool
for measurement of inflammation in the lower respiratory
tract. However, two general factors have prevented full
validation of this as a reliable measure. Firstly, the exhal-
ed NO has been measured using different techniques pro-
ducing widely differing values. The main contributions to
these differences appear to be contamination from nasal
air, the use of different exhalation rates and the use of sin-
gle exhalation as opposed to collection in a bag. Secondly,
our understanding of the cellular source, anatomical ori-
gins and factors modulating the release of NO into the
exhaled air is incomplete. The conclusion that exhaled NO
may be a general marker of airways inflammation on the
basis of its elevation in asthmatics may, therefore, be pre-
mature.

In this study, a method was used which excluded nasal
air and employed one exhalation flow rate for all patients
and the reproducibility of the methods was demonstrated.
Since the difference in mean age between the CF and
bronchiectasis group was large (27.1 versus 57.2 yrs), the
relationship of exhaled NO with age was also tested but no
significant correlation was found.

Exhaled NO levels in CF and bronchiectasis were no
different from those in normal subjects. However, in keep-
ing with published work, high levels in asthmatics were
detected. The findings in CF support and extend recent re-
ports, all in children [16–18]. Methodological differences
may not allow absolute comparison but all papers report-
ed NO values in CF patients that were no different from
control subjects. In none of these studies was nasal NO
definitely excluded. In one study the response time of the
analyser was slow, risking contamination from the ambi-
ent air and, indeed, the authors showed that with their me-
thod, there was a good correlation between exhaled NO
and ambient NO [18]. Furthermore, levels were obtained
from a collection bag containing mixed expired air. In the
third study, patient numbers were small [16]. Importantly,
the present study demonstrated, for the first time, that in
CF patients with infective exacerbation levels did not
change either during the first 24 h of infection or with fol-
low-up over time. This meant, in addition to low levels
during a stable clinical state, an increase in inflammation
associated with active exacerbation did not result in in-
creased NO levels.

The findings in bronchiectasis were unexpected and in
contrast to the only other published report [14]. The dif-
ferent methodology used in measuring exhaled NO may
explain the different results in the bronchiectasis pati-
ents. KHARITONOV et al. [14] used the peak level from a long
and slow exhalation as the representative NO value. The
peak level can be very variable and sensitive to even a
short period of breath holding [18–20] and, as shown in
the present study, be influenced by ambient NO levels
(table 1). Further, the much lower, uncontrolled and varia-
ble exhalation rate probably makes a major contribution to
the differences in levels within the group, since exhalation
rate has been shown to correlate negatively with NO levels
in exhaled breath [21].

The absence of elevated levels of NO in the exhaled
breath of patients with CF and bronchiectasis has a num-
ber of potential explanations. There may be a decrease in
diffusion of NO across secretions of increased viscosity
and volume. This may promote the reaction of NO with
other reactive species or simply with water, with the for-
mation of nitrite and nitrate. Diffusion limitation into the
lumen may also encourage an increase in NO uptake in
the bronchial or pulmonary circulation. This is also sup-
ported by the finding that the levels were uniformly low in
both CF and bronchiectasis patients, in the former group
irrespective of increase in inflammation and in the latter
irrespective of steroid treatment. In other words, the secre-
tion layer appeared to be the final barrier to the detection
of produced NO. Alternatively, in a suppurative and infla-
med environment, the presence of reactive oxygen species
in the vicinity of the NO production may result in chemi-
cal interaction, with the effective removal of NO by for-
mation of peroxynitrite, for example. Indeed, NO has been
shown to be a potent scavenger of reactive oxidants in the
lung [22].

Either explanation would be consistent with the finding
that NO levels in the breath of CF patients correlated po-
sitively with lung function. Patients with mild disease
would have less viscid and fewer secretions and less pro-
duction of reactive oxygen species. A third possibility is
that the high levels of NO in asthma reflect, in that condi-
tion, the importance of upregulation of iNOS, particularly
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Fig. 4.  –  Levels of exhaled nitric oxide (NO) in patients with cystic
fibrosis while clinically stable (basal) compared with levels during the
first 24 h of pulmonary exacerbation. ppb: parts per billion.
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in the airway epithelium. If in CF iNOS fails to be upregu-
lated, then the exhaled NO levels would be no different
from normal. One study has suggested that this may be the
case, with an absence of iNOS expression in CF bronchial
explants [23]. If failure of iNOS upregulation is a cause
for the low levels of exhaled NO in these patients, it re-
mains unclear whether this is secondary to the effect of
chronic inflammation or whether there is an inherent lack
of gene expression related to the CF transmembrane re-
ceptor mutation. The former would seem likely in view of
the decrease in both CF and bronchiectasis and also with
the demonstration of normal iNOS expression in inflam-
matory cells from CF bronchial explants [23].

Whatever the cause, low NO generation in CF and
bronchiectasis may have important implications for host
defence, since NO has marked in vitro antimicrobial prop-
erties and a decrease in production by the epithelium may
result in reduced local bacterial killing, thus facilitating
chronic bacterial colonization and repeated infections.

The finding with inhaled NO was interesting (table 1).
Although the main aim was to prove that ambient NO
did not affect expired lower respiratory tract NO, the re-
sults also suggest that gaseous NO appears highly labile.
Within the duration of a single inhalation and exhalation
(approximately 10–15 s) it has either diffused into the
pulmonary circulation or metabolized to other products.
Thus, what is detected at the end of an expired breath pro-
bably represents very high and continuously produced NO
and exhaled NO may not detect lower (but still elevated)
levels of NO generation. The results also showed that the
peak, as opposed to plateau, level in a single exhalation
profile is affected by the inspired level. This is probably
an effect of the immediate expiration of inhaled NO from
the anatomical dead space.

In summary, these results have shown that, using a me-
thod which excluded nasal air contamination and applied
a standard exhalation rate in all patient groups, exhaled
nitric oxide is not elevated in the inflammatory airways
diseases of cystic fibrosis and bronchiectasis, in contrast
to asthma. This suggests that exhaled nitric oxide may not
be a helpful marker of airways inflammation in inflam-
matory diseases other than asthma. It is unclear whether
these data reflect a lack of nitric oxide production in the
patients or an inability to detect the nitric oxide produc-
tion. If it proves to be the former, additional studies in
cystic fibrosis and bronchiectasis will be important to clar-
ify the role and contribution of nitric oxide in prevention
of bacterial colonization and infection.
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