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Cystic fibrosis (CF) lung disease is characterized by chronic airway
inflammation and recurrent infections, resulting in (ir)reversible struc-
tural lung changes and a progressive decline in lung function. The
objective of this study was to investigate the relationship between non-
invasive inflammatory markers (IM) in exhaled breath condensate
(EBC), lung function indices and structural lung changes, visualized by
high resolution computed tomography (HRCT) scans in CF. In 34 CF
patients, lung function indices (forced expiratory volume in 1 s, forced
vital capacity [FVC], residual volume, and total lung capacity [TLC])
and non-invasive IM (exhaled nitric oxide, and condensate acidity,
nitrate, nitrite, 8-isoprostane, hydrogen peroxide, interferon-gamma)
were assessed. HRCT scans were scored in a standardized and validated
way, a composite score and component scores were calculated. In
general, the correlations between non-invasive IM and structural lung
changes, and between IM and lung function were low (correlation
coefficients < 0.40). Patients with positive sputum Pseudomonas cultures
had higher EBC nitrite levels and higher parenchymal HRCT subscores
than patients with Pseudomonas-negative cultures (p < 0.05). Multiple
linear regression models demonstrated that FVC was significantly pre-
dicted by hydrogen peroxide in EBC, and the scores of bronchiectasis
and mosaic perfusion (Pearson correlation coefficient R = 0.78,

p < 0.001). TLC was significantly predicted by 8-isoprostane, nitrate,
hydrogen peroxide in EBC, and the mucous plugging subscore

(R = 0.92, p < 0.01). Static and dynamic lung function indices in this
CF group were predicted by the combination of non-invasive IM in
EBC and structural lung changes on HRCT imaging. Future longitu-
dinal studies should reveal whether non-invasive monitoring of airway
inflammation in CF adds to better follow-up of patients.
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Cystic fibrosis (CF) is an autosomal recessive
disorder, caused by genetic mutations in the CF
transmembrane conductance regulator protein
(1, 2). This results in impaired or absent trans-
port of chloride through cell membranes, with
impaired mucociliary clearance, viscous mucus in
the airways, and an inability to effectively clear
bacteria like Staphylococcus aureus and Pseudo-
monas aeroginosa (1, 2). Therefore, chronic

airway infection, airway inflammation, and oxi-
dative stress are the features of CF disease with
mainly neutrophilic immune responses (3). In the
course of time, structural lung changes will occur
with diminishment of lung function.

Airway inflammation in patients with CF is
already present early in life (1), and plays a major
role in CF lung disease. Previous studies showed
higher levels in sputum and broncho-alveolar
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lavage of IFN-y (2), IL-2 (2), IL-4 (2), IL-5 (3),
nitrate (4), and nitrite (4, 5) in CF patients
compared with controls. An increasing amount
of studies emphasize the potential of non-inva-
sive IM to reflect ongoing inflammation and
infection (6-11). Such a new, non-invasive tech-
nique is exhaled breath condensate (EBC).
Recently, higher EBC levels of 8-isoprostane
(12), hydrogen peroxide (13), nitrite (6, 13, 14),
IFN-gamma (15), and EBC acidity (16), but
lower fractional exhaled nitric oxide (FeNO)
levels were shown in CF compared with healthy
subjects (15, 17). However, the relationship
between these non-invasive IM and structural
lung abnormalities in CF is unclear.

Structural lung changes in CF can be assessed
by high resolution computed tomography
(HRCT) imaging of the lungs, and include bron-
chiectasis, mucus plugging, peribronchial thicken-
ing, parenchymal abnormalities, and air trapping
(16, 18-21). HRCT enables visualization of (small)
areas with structural lung changes, even in an early
stage (16, 22, 23). These structural abnormalities
may be observed by HRCT imaging, even in the
presence of normal lung function parameters and
in the absence of pulmonary symptoms (16, 19—
27). Imaging and pathology studies demonstrated
that CF lung disease first develops in small
peripheral airways, and, that early changes can
be restricted to only local areas (28).

Lung function indices show the degree of
restriction and obstruction of the overall airway
status (29, 30), and thereby reflect the conse-
quences of past and presently ongoing inflam-
matory processes. Lung function is related to
morbidity and mortality in CF.

The relationship between lung function on the
one hand, structural lung changes as visualized
by HRCT scans, and non-invasive IM on the
other is yet unclear in CF patients (31). We
hypothesized that structural lung changes on
HRCT imaging (as a result of long-term damage
to the lungs by chronic airway infection
and inflammation) together with ongoing airway
inflammation (as assessed by IM in EBC) are
important determinants of lung function
(dynamic as well as static indices) in CF. Data
on non-invasive IM in EBC, HRCT imaging,
and static and dynamic lung function indices
were analyzed in 34 CF patients.

Material and methods
Study subjects

Thirty-four patients with CF (19 male), capable of
performing lung function tests and EBC manoeu-
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vres, were selected from the outpatient clinic of
the CF centers of the Maastricht and Nijmegen
University Medical Center. The age (mean =+ s.d.)
of the CF population was 12.6 + 4.4 yr. Symp-
toms, medication use, and the results of physical
examination were documented. Standard devia-
tions of weight and height were calculated based
on Dutch caucasian population corrected for age
and gender (32). Informed consent was obtained
from parents and children, from the age of 12 yr,
participating in this study. When children were
younger than 12, informed consent was obtained
from parents only. The study was approved by the
Medical Ethics Committee of the University
Hospital Maastricht.

Exclusion criteria

Cystic fibrosis disease was defined as a combina-
tion of characteristic clinical features (e.g., per-
sistent pulmonary problems, meconium ileus,
failure to thrive, steatorrhoe) and an abnormal
sweat test (chloride > 60 mm) (33). Exclusion
criteria were: (i) Diseases that may interfere with
the results of the study (e.g., upper airway
infection, congenital heart disease, anatomic
abnormalities of the airways and other chronic
inflammatory diseases, such as Crohn’s disease
and rheumatoid arthritis), (ii)) mental retarda-
tion, (iil) inability to perform the EBC collection
procedure, (iv) active smoking, and (v) use of the
following medication: sodium nitroprusside,
angiotensin-converting enzyme inhibitors, oxy-
metazoline, L-arginine, or nitric oxide synthase
inhibitors.

HRCT scanning

High resolution computed tomography scans
were performed in supine position from lung
apex to base. In each hospital, a sequential
scanning technique was used with 1-mm thick CT
slices at intervals ranging from 6 to 10 mm.
Scans were obtained at full inspiration in all
subjects and in expiration in a subset. Exposure
time ranged from 0.75 to 1.1 s. Beam current
ranged from 90 to 200 mA depending on the
patients’ age. The peak of beam potential ranged
from 120 to 140 kV. All scans were reconstructed
using a high-resolution algorithm and displayed
at lung settings (window width —400 to —500
hounsfield units and window level 1400-1600
hounsfield units. Different CT scanners were
used: a two-slice spiral CT scanner (Elscint MX
Twin; Philips Medical Systems presently, Haifa,
Israel), a 16 detector row CT scanner (Siemens
sensation 16; Siemens Medical Systems,



Erlangen, Germany), a 64 detector row CT
scanner (Siemens Somatom 64; Siemens Medical
Systems), and a four-slice spiral CT scanner
(Toshiba Aquillion; Toshiba Medical Systems,
Tokyo, Japan).

HRCT scoring

All inspiratory HRCT-scans were scored using a
scoring system described by Brody et al. (18) by
two blinded and independent observers (27, 34).
The scoring system evaluates the five lobes. The
lingual of the left lung was scored as a sixth lobe.
The items scored were presence and severity of
bronchiectasis, mucous plugging, peribronchial
thickening, parenchymal abnormalities and air
trapping. Because expiration scans were not
available in all patients, mosaic perfusion was
scored instead of air trapping in all patients and
expiratory images were not used. Component
scores and composite scores were calculated as
previously reported and expressed on a scale
0-100 (16). The higher the score, the more a
specific item is found in the lungs.

Clinical scores

To determine the general clinical condition of the
patient we determined the Shwachman—Ku-
Iczycki score for each subject.

Nitric oxide in exhaled breath

Fractional exhaled nitric oxide was measured
using a NIOX® chemiluminescence analyzer
(Aerocrine, Solna, Sweden). Measurements were
assessed according to the recommendations of
the American Thoracic Society/European Respi-
ratory Society for children (ATS/ERS) (35, 36).

Exhaled breath condensate

Exhaled breath condensate was collected using a
glass condenser system (11, 12). Samples were
deep frozen (—80°C) immediately after collection.
The acidity of the EBC was measured immedi-
ately after collection (Radiometer®, type
PHM?201, Radiometer Nederland BV, Zoeter-
meer, the Netherlands). Samples were not deaer-
ated. In EBC, nitrate and nitrite concentrations
were assessed using a fluorimetric assay (Cayman
Chemical, Ann Arbor, USA) (36). To measure
8-isoprostane, an EIA-kit was used (Cayman
Chemical, Ann Arbor, USA), which was modi-
fied in order to lower the detection limit from
5.0 pg/ml (80% B/By) to 0.5 pg/ml, as described
previously (8). H,O, measurements were based
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on a method previously described (37). Briefly,
EBC was mixed with 0.4 m citrate buffer, HRP
solution (50 U/ml) and tetramethylbenzidine
(TMB, 20 mm) and incubated for 20 min at
room temperature. Then, the sample was mixed
with sulphuric acid (2 m). The TMB oxidation
product as a measure of the amount of H,O, was
determined spectrometrically at 450 nm, using a
Perkin Elmer UV-VIS Spectrometer Lambda 10
(Norwalk, CT, USA). Cytokine IFN-y level was
assessed with flow cytometry (CBA, BD Biosci-
ence®, San Diego, CA, USA), as described
previously (8).

Lung function tests

Bronchodilator medication was stopped prior to
lung function testing: short-acting bronchodila-
tors for at least 8 h, and long-acting bronchod-
ilators at least for 36 h. Dynamic and static
spirometry were performed by means of the
Flowscreen® (Viasys®, Hoechberg, Germany),
and by body plethysmography (Viasys®). The
lung function parameters were assessed accord-
ing to ERS standards (38). The highest values of
three correctly performed manoecuvres were used
for analysis. Recorded parameters were: forced
expiratory volume in 1s (FEV;), forced vital
capacity (FVC), FEV,/VC and the intrathoracic
gas volume. The reversibility on a bronchodilator
was determined 15 min after inhalation of 400-ug
salbutamol. Reversibility was defined as an
increase in measured FEV, of at least 9% of
predicted value (39). The static indices total lung
capacity (TLC) and residual volume (RV) were
determined.

Statistical analysis

Intra-observer variability for HRCT scoring
(composite score and component scores) was
tested with the intra-class correlation coefficient.
An intra-class correlation coefficients > 0.8 rep-
resented good agreement between observers. The
relationship among HRCT scores (composite
and component), lung function indices and
non-invasive inflammatory markers (IM) were
tested using Pearson correlation coefficients.
Spearman’s rank test was used when distribution
of parameters were considered not normal. The
mean HRCT scores of both observers were used
to calculate Pearson correlation coefficients. For
IFN-y samples with concentrations below the
detection limit, arbitrary values between 0 and
the detection limit were ascribed. Stepwise,
backward multiple regression linear analysis
was used to analyze the predicting ability of IM
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and HRCT subscores to predict lung function
indices (dependent variable). Described tests
were considered statistically significant, when
p < 0.05.

Power analysis

Twenty-five subjects with CF are necessary to
assess clinically relevant correlation coefficients
of >0.6 between for instance IM and HRCT
changes with an alpha of 0.05, and a power of
90%. Thirty-four subjects were selected for this
study.

Results
Population characteristics

Of the 34 CF patients, 19 patients (56%) had a
weight 1 s.d. below the mean, and a height 1 s.d.
below the mean (Table 1). Six (18%) and seven
(21%) of the patients had a weight and height
below -2 s.d., respectively. Lung function indices
showed a mild to moderate impairment with a
mixed restrictive and obstructive component.
Expiratory volumes and flow rates were
decreased, while residual volumes were increased.
DNase and corticosteroids (inhaled or oral) were
used frequently (62% and 29%, respectively).

Table 1. Clinical characteristics of the cystic fibrosis (CF) study population
(n=34)

Characteristics Mean + s.e.
Age (yr) 126 +£0.7
Height (cm) 146 + 3.3
s.d. height® -11+02
Weight (kg) 36 +22
s.d. weight* -12+02
Gender (male/female) 19/15
Positive sputum bacterial cultures (nr — %) 28/34 (82)
Pasitive sputum Pseudomonas cultures (nr — %) 14/34 (41)
Total SK score, median (range) 65 (55-70)
Dynamic lung function indices:
FEV; (% pred) 72 +44
FVC (% pred) 75+ 36
FEV4/VC (%) 76 +22
Reversibilityt (%) 15
Statistic lung function indices:
TLC (% pred) 103 +2.2
RV (% pred) 181+ 124
ITGV (% pred) 120 + 4.6

Data are given as mean + s.e., unless indicated otherwise.

The SK score has a range of 0-75.

s.e., standard error of the mean; SK-score, CF severity score according to
Shwachman—Kulczycki; FEV;, forced expiratory volume in 1 s; FVC, forced vital
capacity; VC, vital capacity; TLC, total lung capacity; RV, residual volume; ITGV,
intrathoracic gas volume.

*Values were based on a Dutch caucasian population corrected for age and
gender.

‘+Reversibility is defined as the increase in FEV;o, predicted of 9% or more
after use of a bronchodilator.
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Antibiotics were used prophylactically in 41%
(inhaled 18%, oral 3%), and therapeutically in
12% (inhaled 6%, oral 6%, intravenous 9%).

FeNO and non-invasive IM in EBC

Nitrate, nitrite, H>,O,, and 8-isoprostane were
detected in all EBC samples. IFN-y was detected
in 38% of the EBC samples. The mean + s.e. of
the IM were: FeNO 9.0 = 1.5 p.p.b.; pH
6.3 + 0.1; nitrite 2.0 £ 1.1 pm; nitrate
17.7 £ 2.6 pm; H,O, 2.4 + 0.3 pm; 8-isopros-
tane 4.2 £ 0.5 pg/ml and IFN-y (range) 0.7—
3.5 pg/ml.

Between observer agreement of HRCT scoring

The intra-class correlation coefficient was 0.98
(95% confidence interval 0.97-0.99, p < 0.01),
for the composite score. The intra-class correla-
tion coefficients for the subscores (with a 95%
confidence interval) were: bronchiectasis 0.91
(0.81-0.95, p < 0.01); airway wall thickening
0.92 (0.85-0.96, p < 0.01); mucous plugging
0.93 (0.85-0.96, p < 0.01); parenchymal abnor-
malities 0.84 (0.68-0.92, p < 0.01); mosaic per-
fusion 0.98 (0.95-0.99, p < 0.01).

HRCT scores

The mean =+ s.e. of the separate HRCT scores
were: bronchiectasis 15 + 2.4%; airway wall
thickening 19 £ 2.0%; mucous plugging
19 £ 2.0%; parenchymal abnormalities
7 £ 1.1%; mosaic perfusion 24 + 4.3%, and
total score 17 = 1.9%, indicating moderate struc-
tural lung changes. The mean + s.e. time span
between HRCT imaging and determination of IM
and lung function was =2.0 = 1.9 months.

Relationships between IM and HRCT scores

Overall, the association between IM and HRCT
scores was not very strong with correlation
coefficients <0.4. The only significant correla-
tion was found between the mucous plugging
subscore and H,0, (R = —0.39, p = 0.03),
Fig. 1. The correlation between H,O» and airway
wall thickening showed a trend towards signifi-
cance (R = —-0.32, p = 0.07).

Relationships among sputum cultures, non-invasive IM and
HRCT scores

Patients with positive sputum Pseudomonas
aeruginosa cultures had higher EBC nitrite
levels and parenchymal HRCT subscores
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Fig. 1. The correlation between hydrogen peroxide in ex-
haled breath condensate (EBC) and the mucous plugging
high resolution computed tomography (HRCT) subscore in
34 cystic fibrosis patients.

(mean + s.e.; 2.37 £ 027 um  and 103 =
1.7%) compared with CF patients with nega-
tive Pseudomonas aeruginosa cultures (1.55 +
0.25um and 4.23 £ 1.37%, p = 0.04 and
p = 0.01, respectively). In patients with posi-
tive sputum cultures of any pathologic micro-
organism, higher scores were given to the
bronchiectasis HRCT subscore (mean =+ s.e.;
17.5 £ 2.7, p < 0.01), implicating more extens-
ively distributed and more severe bronchiectasis
on HRCT scans than patients with no positive
sputum cultures (4.7 £ 2.7%, p = 0.04).

Relationships between IM and lung function indices

There were significant correlations between FVC
and H>O, (R = 0.39, p = 0.03), and between
TLC and nitrate (R = —0.64, p < 0.001) (Figs 2
and 3, respectively).

Relationships among HRCT scores, lung function indices, and
SK score

Lung function indices (FEV,;, FVC, and RYV)
strongly correlated with HRCT scores (Table 2).
In general, a stronger correlation was found
between the total HRCT score and lung function
parameters, than with the HRCT composite and
component scores. There were no correlations
between TLC % predicted value and any HRCT
composite and component scores.

Results of multivariate backward linear regression models

Multivariate backward linear regression analyses
with TLC % of predicted as dependent variable,
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Fig. 2. The correlation between hydrogen peroxide in
exhaled breath condensate (EBC) and the forced vital
capacity in 34 cystic fibrosis patients.

Table 2. Relationships among high resolution computed tomography scores,
general clinical (SK) score, and lung function indices

B AWT Mu P Mo Total
FEV, (% pred)
R —-0.64 —-0.62 —-0.54 —0.48 —-0.64 -0.77
p-value 0.00 0.00 0.00 0.00 0.00 0.00
FEV4/VC
R —-0.26 —0.44 —0.41 -0.16 —0.46 —-0.43
p-value 0.13 0.01 0.02 0.37 0.01 0.01
FVC (% pred)
R —-0.59 —0.55 —-0.47 —-0.56 —-0.62 -0.73
p-value 0.00 0.00 0.01 0.00 0.00 0.00
TLC (% pred)
R 0.10 022 0.37 -0.29 —-0.16 0.04
p-value 0.64 0.28 0.07 0.17 0.46 0.84
RV (% pred)
R 0.69 0.63 0.64 0.37 0.56 0.73

p-value 0.00 0.00 0.00 0.07 0.00 0.00
[TGV (% pred)

R 0.61 0.56 0.52 0.26 0.39 0.59
p-value 0.00 0.00 0.01 0.21 0.06 0.00
SK score

R —0.44 -0.25 -0.40 -0.37 —0.47 —-0.50
p-value 0.01 0.16 0.02 0.03 0.01 0.00

Data were analyzed using Pearson correlation tests.

B, bronchiectasis; AWT, airway wall thickening; Mu, mucous plugging; P,
Parenchymal abnormalities; Mo, Mosaic perfusion; Total, accumulative score;
SK-score, CF severity score according to Shwachman—Kulczycki; FEV,, forced
expiratory volume in 1's; VC, vital capacity; FVC, forced vital capacity; TLC,
total lung capacity; RV, residual volume; ITGV, intrathoracic gas volume; R,
correlation coefficient.

and, measured non-invasive IM and HRCT
subscores (bronchiectasis, peribronchial thicken-
ing, mucous plugging, and mosaic perfusion) as
independent variables showed that TLC % of
predicted value was significantly predicted by 8-
isoprostane, nitrate, H>O,, and mucous plugging
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Fig. 3. The correlation between nitrate in exhaled breath
condensate (EBC) and total lung capacity in 34 cystic
fibrosis patients.

Table 3a. Backward multiple linear regression model of IM in EBC and HRCT
scores on (a) total lung capacity (TLC)* (dependent variable) and (b) on forced
vital capacity (FVC)T (dependent variable)

B+se. p

(a) Constant 104.10 + 4.02

8-IP -192 +4.02 0.006
Nitrate —0.52 + 0.09 0.000
H,0, 2.38 £0.77 0.010
Mucous plugging 0.56 £ 0.15 0.003
(b) Constant 83.00 + 7.40

H,0, 375+ 169 0.037
Bronchiectasis —-0.62 + 0.25 0.019
Mosaic perfusion -0.39+0.13 0.005

8-IP, 8-isoprostane; H,0,, hydrogen peroxide; s.e., standard error; IM, inflam-
matory markers; EBC, exhaled breath condensate; HRCT, high resolution
computed tomography.

*TLC was significantly predicted by EBC 8-isoprostane, nitrate, hydrogen
peroxide, and the mucous plugging subscore (R = 0.92, p < 0.01).

"The FVC was significantly predicted by EBC hydrogen peroxide and by the
bronchiectasis and mosaic perfusion subscores (R = 0.78, p < 0.001).

subscore with a high level of explained variance
(R =092, p <0.01) (Table 3a). In addition,
another significant prediction model was possible
for the FVC (as dependent variable), which was
significantly predicted by H,O,, and the scores of
bronchiectasis and mosaic perfusion (R = 0.78,
p < 0.001) (Table 3b).

Discussion

This study supports the hypothesis that lung
function in CF (both static and dynamic indices)
is determined by the combination of structural
lung changes on HRCT imaging and airway
inflammation, as assessed by non-invasive bio-

498

markers in EBC: the FVC was indicated to a
large degree by mosaic perfusion, bronchiectasis
and hydrogen peroxide levels, whereas TLC was
strongly predicted by mucous plugging, 8-iso-
prostane, nitrate, and hydrogen peroxide. In
general, the correlation between HRCT changes
and non-invasive IM in EBC was low: only
hydrogen peroxide correlated significantly with
mucous plugging. In patients with positive Pseu-
domonas aeruginosa sputum cultures, significant
higher EBC nitrite levels and more parenchymal
abnormalities were found compared with
patients with Pseudomonas negative cultures. In
general, high correlations were demonstrated
between lung function indices and structural
lung changes on HRCT imaging.

To our knowledge, this is one of the first
studies investigating the relationship among non-
invasive IM, structural lung changes, assessed by
HRCT scans, and lung function in CF patients.
One study by Dakin et al. (40), investigated the
relationship between IM in induced sputum and
HRCT images in 34 CF patients (mean age
12.3 yr; mean FEV,., of predicted 67%). The
time span among assessments of lung function,
HRCT scan, and a sputum sample was maxi-
mally 1 month. They found no correlation
between induced sputum IL-8 concentrations
and the Bhalla HRCT score (40), which is
consistent with the low correlations between
EBC markers and HRCT in our study. Hilliard
et al. studied the relationship between structural
lung changes as assessed by endobronchial biop-
sies, and airway inflammation (IM in bronchoal-
veolar lavage) in a recent cross-sectional study of
43 children with CF (aged 0.3-16.8 yr) and 40
control children (37). The reticular basement
membrane thickness was greater in the CF group
than in the controls, and correlated positively
with levels of transforming growth factor-beta 1,
although not with other IM or pulmonary
function. This is consistent with the generally
low correlation between IM in EBC and struc-
tural lung changes in our study.

In addition, our study examined the relation-
ship between lung function parameters and
structural lung changes. FEV,, FEV,/FVC,
FVC, and RV strongly correlated with HRCT
scores. In general, lung function parameters
correlated better with the total HRCT score,
than with the HRCT subscores, which confirms
that lung function parameters indeed reflect the
overall status of lung changes. This is in accor-
dance to other data in the literature (16, 19, 27).

How can we explain the results of this study?

In general, the low correlations between non-
invasive IM and structural lung changes indicate



that structural lung changes are the consequence
of a long-term process of infection and inflam-
mation, and are not adequately described by one
discrete assessment of IM. Another explanation
is that the relationship between airway inflam-
mation and structural lung changes is modified
by an individual (genetic) susceptibility to devel-
op damage. There are several genetic CF com-
ponents that may influence this susceptibility (41,
42). Recently, the importance of two modifier
genes (mannose-binding lectin 2 and transform-
ing growth factor beta 1) for the levels of lung
function in CF was demonstrated in a cohort of
1019 Canadian CF patients (41). CF patients
with mannose-binding lectin 2 deficiency had the
more rapid decline in lung function, most signifi-
cantly in those carrying the high-producing
transforming growth factor beta 1 genotype.
This last finding points to an important gene—
gene interaction. We found that lung function in
our group of CF patients was very well predicted
by the combination of non-invasive IM in EBC
and of structural lung changes on HRCT imag-
ing.

The strengths of our study were: (i) we
included a relative large study population of 34
CF patients; (ii) two observers scored the HRCT
scans with an excellent intra-class correlation
coefficient; (iii) the simultaneous assessment of
several relevant non-invasive IM in CF, with
detection rates of 38—-100%.

A limitation of this study may be the time
interval between the HRCT imaging and the
assessment of lung function and EBC, which on
average was 2 months. It is unlikely that the
relationships between IM and CT findings was
significantly influenced by this time interval as
correlation between lung function and HRCT
imaging appeared to be very high. This study
included patients with mild to moderate CF. In
more severe CF, results might be different.

Some correlations in this study were different
from expected: decreasing H,O, levels were
significantly related to a decrease in FVC % of
predicted, whereas lower nitrate values were
related to an increase in TLC % of predicted.
This may be the consequence of mucous entrap-
ment of IM. A comparable mechanism had been
suggested as one of the explanations for the
diminished FeNO values in CF (43, 44). The
significant correlation between the extent of
mucous plugs and EBC H,0; levels in this study
demonstrates that this hypothesis of mucus
entrapment of IM is probably correct.

How should we monitor CF patients? Our
cross-sectional study design is not suitable to
answer this question. However, the impression
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from this study is that chronic airway inflamma-
tion is an important determinant of structural
lung changes and also of lung function. It is
possible that monitoring of airway inflammation
will add to better follow-up of CF patients. One
of the tools for monitoring of airway inflamma-
tion in CF may be non-invasive assessment of IM
in EBC. However, longitudinal data are neces-
sary to investigate this. HRCT imaging is an
interesting technique as it is able to assess early
lung changes, but there is concern about the
long-term harmful effects of particularly repeated
scans and radiation exposures (44). In summary,
this study demonstrated that non-invasive IM in
EBC in combination with structural lung changes
on HRCT imaging significantly predicted static
and dynamic lung function indices in this group
of CF patients. Future longitudinal studies
should reveal whether non-invasive monitoring
of airway inflammation in CF adds to better
follow-up of patients.
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