
Parameters associated with persistent airflow obstruction in chronic
severe asthma

D. Bumbacea*, D. Campbell#, L. Nguyen#, D. Carr#, P.J. Barnes#, D. Robinson#, K.F. Chung#

Parameters associated with persistent airflow obstruction in chronic severe asthma.
D. Bumbacea, D. Campbell, L. Nguyen, D. Carr, P.J. Barnes, D. Robinson, K.F. Chung.
#ERS Journals Ltd 2004.
ABSTRACT: The significance of severe airflow obstruction in severe asthma is unclear.
The current study determined whether severe airflow obstruction is related to
inflammatory or structural changes in the airways.

Patients with severe asthma from a tertiary referral clinic were divided into two
groups according to their postbronchodilator forced expiratory volume in one second
(FEV1): severe persistent airflow limitation (FEV1v50% predicted; group S; n=37) and
no obstruction (FEV1w80% pred; group N; n=29). Smoking history, atopic status, lung
function tests, exhaled NO, blood eosinophil count, quality of life scores using St
George9s Respiratory Questionnaire and high resolution computed tomography
(HRCT) of the lungs were assessed.

Patients from group S were older and had longer disease duration. There was no
difference in smoking history, atopic status, hospital admissions, quality of life scores and
amount of treatment with inhaled or oral corticosteroids. Exhaled NO and peripheral
blood eosinophils were higher in group S (21.0¡2.4 versus 12.8¡2.3 ppb; 0.41¡0.06
versus 0.15¡0.036109cells?L-1, respectively). HRCT scores for bronchial wall thickening
and dilatation were higher in group S with no differences in air trapping. Peripheral blood
eosinophilia and bronchial wall thickening on HRCT scan were the only parameters
significantly and independently associated with persistent airflow obstruction.

Patients with severe asthma and irreversible airflow obstruction had longer disease
duration, a greater inflammatory process and more high resolution computed
tomography airway abnormalities suggestive of airway remodelling, despite being on
similar treatments and experiencing equivalent impairment in quality of life.
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Asthma is a chronic inflammatory disorder of the airways
characterised by recurrent symptoms associated with airflow
limitation and by bronchial hyperresponsiveness. Inhaled
corticosteroids, which suppress airway inflammation, are
efficient in reducing symptoms and exacerbations, and often
normalise lung function. However, a proportion of patients
with asthma are not controlled and have persistent symptoms,
recurrent exacerbations and/or persistent airflow limitation
despite using high doses of inhaled corticosteroids (and often
oral corticosteroids) and long-acting bronchodilators. This
small proportion of asthmatics, labelled with difficult/therapy-
resistant [1] or refractory [2] asthma, experience greater
morbidity with severe derangement of quality of life and the
use of a disproportionate amount of healthcare resources [3].

The clinical spectrum of severe asthma is variable, ranging
from life-threatening attacks superimposed on disease-free
periods (brittle asthma [4]) to severe chronic persistent
symptoms. Patients may have normal lung function between
exacerbations (reversible disease) or persistent, sometimes
severe, airflow limitation that may only be partially reversible
to asthma medication, such as b2-adrenergic bronchodilators
or corticosteroids. Persistent airway inflammation with
eosinophilic or neutrophilic predominance [5, 6], features of
airway remodelling [7], airway inflammation with remodelling
in the small airways [8] or a combination of the above have

been described. The causes of persistent airflow obstruction in
chronic severe asthma are unknown but may be related to the
presence of airway wall remodelling, with increased airway
smooth muscle mass and airway wall fibrosis, or to persistent
airway inflammation that could lead to persistent release of
bronchoconstrictor mediators. In a recent study, a strong
association between sputum eosinophilia and persistent air-
flow obstruction in asthmatic patients has been reported [9].
However, a forced expiratory volume in one second (FEV1)
of v75% predicted was used as a cut-off level for severe
airflow obstruction.

In order to further unravel the associations between severe
asthma with airflow obstruction, the current study compared
various characteristics of severe asthma patients with severe
persistent airflow obstruction to those with normal lung func-
tion, including noninvasive measures of inflammation using
exhaled NO measurements and blood eosinophil counts, and
a measure of airway wall thickness as assessed by high
resolution computed tomography (HRCT). A more severe
value of 50% FEV1 predicted was used as the cut-off point.

Methods

Severe asthma protocol

Patients referred to the Royal Brompton Hospital, London,
with a presumed diagnosis of severe asthma underwent aFor editorial comments see page 8.
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structured assessment protocol as to diagnosis and treatment.
Asthma was diagnosed on the basis of chronic symptoms
and/or of recurrent exacerbations together with previously
documented reversible airflow obstruction of w15% either
spontaneously or with treatment. Asthma was considered
severe because of persistent symptoms and/or recurrent
exacerbations despite the use of high dose inhaled steroid
therapy, and often in addition to needing regular oral steroid
therapy. For this study, the data from the first 175 patients
referred to the severe asthma protocol were examined from
the database. The systematic assessment of the first 100
patients of difficult-to-treat asthma has recently been reported
[10] and the current authors have also described the distri-
bution of exhaled nitric oxide measurements in the first 52
patients [11].

Patient characteristics

For the purposes of the present study, two groups of
patients were obtained from the current authors9 database:
one with severe persistent airflow obstruction (group S) as
defined by a postbronchodilator FEV1v50% pred (n=51), and
the other without airflow obstruction (group N) with a
postbronchodilator FEV1 w80% pred (n=41). These were
postbronchodilator FEV1, and had not varied byw10% when
repeated within 3–6 months. All patients were assessed during
a 3-day hospital admission when the history, clinical and
laboratory findings regarding the diagnosis of asthma were
reviewed. Patients were reviewed again 3–6 months later when
the diagnosis of asthma was either confirmed or refuted. In
this way, 14 were excluded from group S and 12 from group
N. In those in group S that were excluded for the presence
of significant concomitant diseases, these included: chronic
obstructive pulmonary disease (COPD) (n=5), allergic
bronchopulmonary aspergillosis (n=2), Churg Strauss syn-
drome (n=1), hypereosinophilic syndrome (n=1), bronchiolitis
(n=1), bronchiectasis (n=1), pulmonary artery stenosis (n=1),
significant exposure to coal dust in an exminer (n=1) and
refusal to take oral corticosteroids (n=1). Patients were
diagnosed with COPD on the basis of a lack of previous
history of reversible airflow obstruction. Patients that were
excluded from group N did not fit the criteria for severe
asthma and had mild-to-moderate asthma. Therefore, using
the criteria for this study, the analysis was performed in 37 S
and 29 N patients.

Measurements and investigations

FEV1 and forced vital capacity (FVC) were measured using
a spirometer (Erich Jaeger UK Ltd, Market Harborough,
UK) using published predicted values [12]. Diffusing capacity
to carbon monoxide and lung volumes (residual volume (RV),
and total lung capacity (TLC)) were measured with a body
plethysmograph (Master Lab; Erich Jaeger UK Ltd). The
maximal bronchodilator response was determined 30 min
after inhaling salbutamol (400 mg) after discontinuation of
short-acting b2-agonist for 4 h, and of long-acting b-agonist
for at least 12 h. Peak flow measurements were recorded in
the morning and in the evening, and peak flow variability over
2 weeks was expressed as amplitude mean per cent [13].
Patients continued with their maintenance bronchodilator
therapy, such as long-acting b-agonists or subcutaneous
terbutaline, while performing these peak flow measurements.

Exhaled NO was measured with a chemiluminescence
analyser (model LR2000; Logan Research Ltd., Rochester,
UK), as previously described [11]. The mean of two

consecutive measurements was recorded. Quality of life was
assessed using the St George9s Respiratory Questionnaire
[14]. The presence of atopy was defined by the presence of a
positive skin-prick test to at least two aeroallergens (house
dust mite, mixed grass pollen, cat dander and dog dander).

HRCT scans were performed on full inspiration and at end-
expiration using an Imatron Ultrafast CT scanner (Imatron,
San Francisco, CA, USA). The abnormalities of intrapul-
monary bronchi (wall thickening and dilatation) and the
degree of air trapping were evaluated according to a
previously published score system [15]. Each pulmonary
lobe was evaluated for bronchial wall thickening and
dilatation (score 0–3) and for air trapping (score 0–2). The
total extent of changes for each abnormality for each patient
was obtained on a 19-point scale (0–18) for bronchial wall
thickening and dilatation and a 13-point scale (0–12) for air
trapping.

Statistical analysis

Data were expressed either as mean¡SEM and compared
using the unpaired t-test for normally-distributed continuous
variables, or alternatively as median (interquartile range) for
ordinal variables and for non-normally distributed contin-
uous variables and compared using the Mann-Whitney
U-test. Proportions were compared using the Chi-squared
test. Logistic regression analysis was used to compute
estimated OR for the presence of severe airflow limitation
for each factor found significantly different between the two
groups. Multiple logistic regression analysis was used to
compute the adjusted OR (for possible confounding factors)
and to assess the independence of the relation between each
factor and the presence of severe persistent airflow obstruc-
tion. The following contrasts were used: ex- or current smoker
versus never smoker, atopic versus nonatopic, age of asthma
onset (o18 versus v18 yrs), peak expiratory flow (PEF)
variability (w10% versus v10%), FEV1 reversibility (o9%
versus v9%), exhaled NO (o10 ppb versus v10 ppb),
peripheral blood eosinophils (w450 versus f4506106?L-1),
total immunoglobulin E (IgE) (w100 versus f100 IU?mL-1),
presence versus absence of bronchial wall thickening, bron-
chial dilatation and air-trapping on HRCT. Statistical signifi-
cance was defined by a p-value of v0.05.

Because of the well-known association between smoking
and persistent airflow obstruction, and because of the high
percentage of current or exsmokers in the population, the
same analysis as for the whole group in nonsmokers (22 in
group S and 23 in group N) and for the v10 pack-yr history
(30 in group S and 27 in group N) was performed.

Results

Patient demographics

Patients with severe persistent airflow limitation were older
(pv0.001) and more frequently male (pv0.05), although
females dominated both groups (table 1). The age at diag-
nosis was not different between groups, but the duration of
disease was longer in group S (pv0.001). The proportion of
smokers (current and past) was higher in group S, but this did
not achieve statistical significance. Comparisons of level of
tobacco consumption (expressed as pack-yrs) between the two
groups was not significant, with seven patients in group S
and two patients in group N with o10 pack-yrs tobacco
consumption. Although there was no difference in hospital
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admissions, patients in group S were more likely to have been
mechanically ventilated.

The dose of inhaled corticosteroids was not different
between groups. Although the dose of prednisolone was
similar, patients in group N had more short courses of
prednisolone in the last year. The use of inhaled and nebulised
short-acting b2-agonist as rescue medication was similar, but
patients in group N used subcutaneous terbutaline more
frequently (41.4% versus 10.8%, pv0.01).

Lung function

FVC was lower in patients with severe airflow limitation
(pv0.001) (table 2). TLC was similar but RV was significantly
higher in the severe airflow limitation group (pv0.001).
Diffusing capacity was within normal limits. The maximal
bronchodilator response was similar but the diurnal PEF
variability was greater in group N (pv0.05).

Inflammatory markers

Exhaled NO was increased in group S (21.0¡2.4 versus
12.8¡2.3 ppb, pv0.05) (fig. 1). Peripheral blood eosinophils

were higher in group S (0.41¡0.06 versus 0.15¡0.036109cells?L-1,
pv0.0001). Total serum IgE levels were similar in the two groups
(median 133 IU?mL-1 in group S and 127 IU?mL-1 in group N).

Quality of life

The mean scores in each group show a significant impair-
ment of the overall quality of life, as well as in all three
domains, with no differences between the groups (table 3).

HRCT evaluation of the airways

HRCT scans were performed in 34 (of 37) patients in the
low FEV1 group and in 27 (of 29) in the normal FEV1 group.
Bronchial wall thickening was found in 15 patients (44.1%)
with severe airflow limitation and in only two (7.4%) with
normal lung function (fig. 2; pv0.01). Bronchial dilatation
was found in 12 patients (35.3%) from group S and three
(11.1%) from group N (pv0.05). Air trapping was found in 21
patients (61.8%) in group S and 13 patients (50.0%) in group
N (nonsignificant difference). Separate analysis of these

Table 1. – Demographics, history of asthma and asthma treatment

Group S Group N p-value

Patients n 37 29
Age yrs 44¡2 30¡2 v0.001
Male sex 35.1% 13.8% v0.05
Age at diagnosis yrs 14 (5–32) 18 (3–18) NS

Asthma duration yrs 25¡2 15¡2 v0.001
Smoking % current and past smokers 40.5% 20.7% NS

Tobacco consumption pack-yrs 0 (0–5.75) 0 (0–0) NS

Atopy % 54.1% 55.2% NS

Hospital admissions for asthma# 2 (1–3.5) 3 (1–4) NS

History of mechanical ventilation 43.2% 17.2% v0.05
Current prednisolone dose mg?day-1 17.1¡3.0 16.6¡2.5 NS

Oral steroid short-course in the last yr} 4 (3–5) 5 (4–5) v0.05
Inhaled steroid dose mg?day-1 BDP equivalentz 3.4¡0.4 3.4¡0.3 NS

Theophylline mg?day-1 416¡80 393¡68 NS

Inhaled long-acting b2-agonist puffs?day-1 3.3¡0.4 3.8¡0.5 NS

Inhaled short-acting b2-agonist puffs?day-1 10.3¡1.5 6.6¡1.3 NS

Subcutaneous terbutaline % users 10.8% 41.4% v0.01
Nebulised rapid-acting b2-agonist % users 32.4% 55.2% NS

Data are presented as n, percentage, mean¡SEM or median (interquartile range) unless stated otherwise. BDP: beclomethasone dipropionate; NS:
nonsignificant. #: 1=no admissions, 2=one admission, 3=two to four admissions, 4=five to 10 admissions, 5=w10 admissions; }: 0=no courses, 1=one
course, 2=two courses, 3=three to five courses, 4=more than five courses, 5=continuous oral steroid in the last year; z: inhaled corticosteroid dose was
transformed into equivalent BDP mg?day-1; budesonide was considered equivalent to BDP and fluticasone propionate equivalent to twice the dose of
BDP.

Table 2. – Lung function tests

Group S Group N p-value

Patients n 37 29
FEV1 % pred range 16.6–49.8 81.4–121.0 N/A
FEV1 % pred mean 38.4¡1.3 98.1¡2.0 N/A
FVC % pred 72.6¡2.7 102.1¡2.2§

v0.001
TLC % pred 111.5¡2.9# 105.5¡2.2§

NS

RV % pred 178.2¡7.1# 113.0¡5.0§
v0.001

RV/TLC % pred 1.59¡0.04# 1.06¡0.04§
v0.001

Kco % pred 98.1¡3.0} 100.2¡2.7§
NS

Maximal bronchodilator response % FEV1 22.2 (10.0–39.2)z 13.7 (1.1–56.2)ƒ
NS

PEF variability amplitude % mean 12.9 (8.1–18.3)§ 19.6 (11.9–35.8)##
v0.05

Data are presented as n, mean¡SEM or median (interquartile range) unless stated otherwise. FEV1: forced expiratory volume in one second; FVC:
forced expiratory volume; TLC: total lung capacity; RV: residual volume; Kco: transfer factor to carbon monoxide; PEF: peak expiratory flow; N/A:
not applicable; NS: nonsignificant. #: n=35; }: n=36; z: n=30; §: n=28; ƒ: n=26; ##: n=22.
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alterations for each pair of pulmonary lobes showed a
nonsignificant higher involvement of lower lobes as compared
with upper or middle lobes. Examples of the HRCT
abnormalities are shown in figure 3.

Factors associated with severe airflow limitation

Peripheral blood eosinophilia, and bronchial wall thicken-
ing and bronchial dilatation on HRCT examination were
significantly associated with severe persistent airflow limita-
tion (table 4). OR adjusted for age, sex and asthma duration
were calculated for several factors (table 5) and blood
eosinophilia and bronchial wall thickening were the only
factors independently associated with the outcome. When
analysis was done including the two significant factors in the
same model, they proved to be associated with the presence of
persistent airflow limitation (blood eosinophilia: OR=24.1;
95% CI: 3.0–192.9 and bronchial wall thickening on HRCT:
OR=18.4; 95% CI: 2.3–146.2), independently of each other.

In order to test the robustness of the analysis, the same
comparisons and logistic regression analyses were performed
with the nonsmokers, and again with nonsmokers and smokers
withv10 pack-yrs tobacco consumption. Bronchial wall thicken-
ing and bronchial dilatation were the only factors significantly
associated with the presence of severe airflow obstruction in all
populations, including the whole population, the nonsmoking
population and the v10 pack-yrs population (table 6). When
adjusted for age, sex and asthma duration, bronchial wall
thickening was the only significantly associated factor with
the presence of severe persistent airflow obstruction. Thus, the
association of bronchial wall thickening with the presence of
severe airflow obstruction is independent of age, sex and
asthma duration, and is present whether the whole
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Fig. 1. – Individual scores of a) exhaled NO levels and b) blood eosi-
nophil counts in patients with severe asthma with (forced expiratory
volume in one second (FEV1) v50% (&)) or without (FEV1 w80%
(+)) airflow obstruction. Horizontal bar indicates median. *: pv0.05;
***: pv0.001.

Table 3. – St. George9s Respiratory Questionnaire scores

Group S Group N p-value

Patients n 37 29
Overall score 59.57¡3.20 51.70¡3.39 NS

Symptom 79.03¡2.26 75.65¡3.22 NS

Activity 67.66¡4.30 60.63¡5.31 NS

Impact 49.37¡3.55 40.07¡3.28 NS

Data are presented as mean¡SEM. NS: nonsignificant.
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Fig. 2. – Scores for a) bronchial wall thickening, b) bronchial dilata-
tion and c) air trapping measured from high resolution computed
tomograms for patients with severe asthma with (FEV1 v50% (&)) or
without (FEV1 w80% (+)) airflow obstruction. Horizontal bar indicates
median. *: pv0.05; **: pv0.01.
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population, the nonsmoking population or the v10 pack-yrs
population was examined.

Discussion

In this study of patients with severe asthma, important
differences between those with normal lung function and
those with severe persistent airflow limitation have been found.
Patients have been carefully assessed and characterised in

terms of diagnosis, severity of asthma, aggravating factors
and associated diseases. It was important to make sure that
there were no other significant lung diseases apart from
asthma in these patients, and many exclusions in the
obstructed group was due to the presence of pulmonary
comorbidity factors. Severe persistent airflow obstruction was
found to be associated with older age, more prolonged disease
course, increased peripheral blood eosinophilia and especially
bronchial wall thickening on HRCT. The last factor was
associated with airflow obstruction independently of various
confounding factors and this association was also found when
the analysis was performed in nonsmokers as well as in
nonsmokers combined with smokers with v10 pack-yrs of
tobacco consumption.

a) b)

Fig. 3. – High resolution computed tomography of the lungs from two patients with severe asthma with predicted forced expiratory volume in
one second v50%. a) Airway wall thickening and mild dilatation of the intrapulmonary airways in both lower lobes, and b) air-trapping with
mosaic pattern, together with bronchial dilatation and thickening of the intrapulmonary airways.

Table 4. – Crude OR for the presence of severe persistent
airflow obstruction

Atopy 0.96 (0.36–2.54)
Smoking history 2.61 (0.86–7.95)
Exhaled NO 2.71 (0.81–9.05)
Age at onset 0.71 (0.27–1.89)
Peripheral blood eosinophil 4.16 (1.05–16.52)
Total IgE 0.53 (0.19–1.44)
Bronchodilator response 2.4 (0.62–9.27)
PEF variability 0.34 (0.09–1.29)
Bronchial thickening 9.87 (2.01–48.46)
Bronchial dilatation 4.36 (1.09–17.54)
Air-trapping 1.62 (0.57–4.54)

Data are presented as OR (95% CI). IgE: immunoglobulin E; PEF:
peak expiratory flow.

Table 5. – Adjusted OR (for age, sex and asthma duration) for
the presence of severe persistent airflow obstruction.

Bronchial thickening 8.08 (1.31–49.73)
Peripheral blood eosinophils 6.26 (1.27–30.93)
Bronchial dilatation 2.67 (0.53–13.51)
Smoking history 2.53 (0.65–9.87)
Exhaled NO 2.42 (0.55–10.58)
Atopy 1.26 (0.36–4.41)
Total IgE 0.69 (0.19–2.56)
Age at onset 0.16 (0.02–1.36)

Data are presented as adjusted OR (95% CI). IgE: immunoglobulin E.

Table 6. – Logistic regression analysis in various populations

Whole Nonsmoking v10 pack-yrs

Bronchial wall thickening 9.87 (2.01–48.4) 22.0 (2.47–196.0) 10.39 (2.05–52.6)
Bronchial dilatation 4.36 (1.09–17.5) 5.65 (1.02–31.5) 4.26 (1.02–17.8)
Peripheral blood eosinophils 4.16 (1.05–16.5) 3.94 (0.70–22.2) 3.43 (0.82–14.4)
Exhaled NO 2.71 (0.81–9.1) 2.67 (0.54–13.1) 4.00 (0.98–16.3)
Bronchial wall thickening# 8.08 (1.31–49.7) 23.46 (1.85–297.2) 9.71 (1.41–67.0)
Bronchial dilatation# 2.67 (0.53–13.5) 3.62 (0.45–29.1) 2.54 (0.44–14.6)

Data are presented as OR (95% CI). #: adjusted OR for age, sex and disease duration.
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There were no differences between the groups in terms of
atopic status, quality of life scores and the amount of asthma
treatment they were taking; though one notable exception was
the use of subcutaneous terbutaline, which was more frequent
in the nonobstructed group. This reflects the authors9 practice
of prescribing subcutaneous terbutaline mainly for brittle
asthma and not for patients with chronic airflow obstruction.
There were no differences in the dose of inhaled cortico-
steroids used between the two groups, but the doses used were
very high with a mean of 3,400 mg of beclomethasone equiva-
lent per day. These patients were likely to be overtreated with
inhaled corticosteroid therapy given the relatively shallow
concentration-response curve. There were significant differ-
ences, such as the older age with longer duration of disease of
the patients with persistent airflow obstruction, and more
importantly these patients, despite having similar rates of
hospital admissions, had experienced more episodes of
mechanical ventilation for asthma. Diffusing capacity was
within normal limits in all patients and HRCT examination
showed no evidence of emphysema. Although there was no
significant difference in smoking history between the two
groups, it is noteworthy that 40.5% of the obstructed asth-
matics were either current or past smokers compared with
20.7% in the nonobstructed group. However, there were few
current smokers in each group and the level of tobacco
consumption was low, with only seven patients in the
obstructed group and two patients in the group without
airflow obstruction having smoked o10 pack-yrs. Cigarette
smoking could be a predisposing factor for chronic airflow
obstruction in patients with asthma and is in accordance with
the accelerated decline in lung function over time observed in
asthmatic smokers [16].

Two indirect markers of inflammation, exhaled NO and
blood eosinophil count, were increased in patients with persis-
tent airflow obstruction compared with those with normal
lung function. Exhaled NO reflects an aspect of airway
inflammation in asthma [17], and there is a correlation with
the number of eosinophils in induced sputum or bronchial
biopsies in mild asthmatics not on inhaled corticosteroid
therapy [18, 19]. Peripheral blood eosinophilia was signifi-
cantly associated with severe persistent airflow obstruction in
the whole population, but this association was not significant
in the nonsmoking population and in the v10 pack-yr
population. The number of peripheral blood eosinophils has
been related to the level of airway inflammation, asthma
severity and lung function as measured by FEV1 [20, 21]. A
strong association between sputum eosinophilia and persis-
tent airflow limitation has been found in severe asthmatic
patients. However, airflow obstruction was defined as an
FEV1 of v75% pred [9], which is a cut-off point that would
include also mild-to-moderate airflow obstruction. The
current authors chose a more "severe" limit of v50% FEV1

predicted. Persistence of the inflammatory process in the
airways of patients with severe asthma has been reported
previously [5, 22], and in the authors9 studies of severe
asthma, a persistence of eosinophils and neutrophils with high
levels of eosinophilic cationic protein in induced sputum was
found [6].

The most important differences found between the groups
relate to airway abnormalities in terms of bronchial wall
thickening and dilatation in patients with severe persistent
airflow obstruction rather than in those with normal lung
function. Bronchial wall thickening was significantly and
independently associated with severe persistent airflow
limitation. This association was present when the analysis
was performed in nonsmoking population and in the v10
pack-yr population. Bronchial wall thickening and dilatation
have been found to be more frequent in patients with asthma
than in healthy subjects [23–25] with reported frequencies

varying 16–92% for bronchial wall thickening and 31–77% for
bronchial dilatation. This variability may be related to the
subjective nature of the computed tomography interpretation
and to differences in patient populations. The increase in the
extent of airways abnormalities (including wall thickening
and dilatation) was related to increasing severity and duration
of asthma [23, 26, 27]. In cross-sectional studies, either a
negative correlation [27] or no correlation [28] has been
reported between bronchial wall thickness and FEV1.

The extent to which airway wall remodelling features, such
as thickening of subepithelial layer, smooth muscle hyper-
trophy and hyperplasia, angiogenesis, mucous glands hyper-
plasia contribute to the bronchial alterations seen on HRCT
and to persistent airflow limitation is largely unknown.
Airway remodelling has been implicated in the accelerated
decline of FEV1 in asthmatics [16] and could contribute to the
persistence of airflow limitation despite maximal treatment.
Subepithelial fibrosis has been inversely related to FEV1 [29],
but there is no evidence as yet for a relationship between
FEV1 decline and the degree of subepithelial fibrosis.
Eosinophils produce metalloproteinases, collagenase, and
growth factors (transforming growth factor-b and platelet-
derived growth factor), which regulate the proliferation of
fibroblasts and airway smooth muscle and matrix production
from fibroblasts and other stromal tissues [30], suggesting a
role for eosinophils in inducing and maintaining airway
remodelling in asthma. However, the data indicate that
increased peripheral blood eosinophilia and bronchial wall
thickening on HRCT were associated with airflow obstruc-
tion, independently of each other. This suggests that eosino-
philic inflammation is not related to the structural changes in
the airways. Other noneosinophilic aspects of the asthmatic
inflammation may be related to airway wall remodelling
features.

The quality of life scores were similar in the two groups.
Previous studies have either reported a negative relationship
between quality of life scores and lung function expressed as
FEV1 [14, 31, 32] or lack of correlation between the two
variables [33]. MOY et al. [34] using the JUNIPER et al. [35]
Asthma Quality of Life Questionnaire, showed a weak
correlation between the two parameters in mild asthmatics
and no correlation in moderate-to-severe asthmatics. These
authors found a wide range of quality of life scores for a given
level of FEV1 in the moderate-to-severe group, which is
similar to the findings in the current study in more severe
patients. This may reflect the variability in the patient9s
adaptation to their disability and the way patients cope with
their disease. Other factors, such as the intensity and the
persistence of symptoms, may have much greater impact
on quality of life than the level of lung function. This is
particularly true for severe asthma patients, who experience
severe and/or persistent symptoms regardless of persistent
airflow limitation.

Patients with severe asthma and severe persistent airflow
limitation have certain different characteristics than those
with normal lung function, namely longer disease duration,
indirect evidence of a persistent inflammatory process, and
increased incidence of thickened airways as seen on high
resolution computed tomography examination, despite simi-
lar impairments in quality of life and similar amounts of
treatments for asthma. Persistent airflow obstruction in severe
asthma may be associated with a greater degree of inflamma-
tion and with structural abnormalities in the airways.
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