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Relation between inflammation and symptoms in asthma

Asthma symptoms are the main reason for healthcare utilization and are a
fundamental parameter for the evaluation of asthma control. Currently, asthma
is defined as a chronic inflammatory disease. A French expert group studied the
association between inflammation and asthma symptoms by carrying out a
critical review of the international literature. Uncontrolled asthmatics have an
increased number of polynuclear eosinophils in the induced sputum and an
increased production of exhaled NO. Control by anti-inflammatory treatment is
accompanied by a reduction in bronchial eosinophilia and exhaled NO. Asthma
symptoms are the result of complex mechanisms and many factors modify their
perception. Experimental data suggest that there is a relationship between the
perception of symptoms and cosinophilic inflammation and that inhaled corti-
coid therapy improves this perception. Although they are still not applicable in
routine practice, follow-up strategies based on the evaluation of inflammation
are thought to be more effective in reducing exacerbations than those usually
recommended based on symptoms and sequential analysis of respiratory func-
tion. Inhaled corticosteroid therapy is the reference disease-modifying therapy
for persistent asthma. Recent studies demonstrated that adjustment of anti-
inflammatory treatment based on symptoms is an effective strategy to prevent
exacerbations and reduce the total number of doses of inhaled corticosteroids.
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Asthma symptoms represent the main reason for health-
care utilization. They constitute an essential element for
asthma control and currently form the basis of the
recommended strategy (1). However, these same recom-
mendations define asthma as a chronic inflammatory
disease of the airways. It therefore seemed important to
evaluate the true relation between inflammation and
asthma symptoms by conducting a critical review of the
international literature. A group of French experts
undertook to study this association, and the relevant
data are summarized in this text. Asthma symptoms are
heterogeneous and are often specific for a patient, but
the relation between symptoms and inflammation has
never been investigated during specific studies. However,
numerous studies on inflammation in asthma make it
possible to assess indirectly this relationship. An asthma
exacerbation is an important event because of its
potentially serious nature and the cost due to hospital-
ization and professional absenteeism. The relation
between inflammation and exacerbations is well estab-
lished. A change in therapeutic strategy based on

symptoms or on the objective evaluation of inflamma-
tion has made it possible to reduce the number of severe
exacerbations. The verbal description of symptoms by
patients depends on their perception and governs the
rapidity and coherency of therapeutic management. The
perception of the asthma symptoms is variable, multi-
factorial and potentially associated with bronchial
inflammation. Symptoms, exacerbations and perception
are directly or indirectly related to inflammation. Ther-
apeutic strategy may legitimately be based on the
analysis of symptoms to prevent exacerbations by an
early reduction in inflammation. However, interventions
for each patient should be considered by integrating
their symptoms with the patient’s own perception of
these symptoms.

Are symptoms a reflection of inflammation?

The main symptoms taken into account to characterize
asthmatic disease are dyspnoea, sometimes associated
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with ‘respiratory discomfort’, cough and wheezing (2, 3).
These symptoms are sometimes quantified by using a
qualitative score (absent, mild, moderate, severe) or a
visual analogue scale (VAS) (4). Other symptoms such as
chest tightness, sputum (5, 6) and specific exercise-related
symptoms (7) are analysed more inconsistently. Compos-
ite scores are usually proposed including the incidence of
symptoms, their day and/or nighttime occurrence and
sometimes their repercussions on daily life. However,
there is considerable heterogeneity in these different
evaluations, and few studies have made it possible to
validate these symptomatic scores (8). Moreover, in many
studies, the evaluation of symptoms is integrated in a
more global analysis of control, which takes into account
drug consumption, the occurrence of exacerbations and
changes in respiratory function.

No specific studies have been conducted in asthma to
establish a causal relationship between bronchial inflam-
mation and symptoms. However, there are mainly cross-
sectional or longitudinal studies analysing inflammatory
cells in the sputum, in particular eosinophils and the
fraction of exhaled NO (FeNO). Certain studies compare
these inflammatory markers with the severity and/or
control of asthma and sometimes include a symptom
score as primary or secondary outcome variable. Other
studies have evaluated the general effect of a treatment or
therapeutic strategy. A few studies have also investigated
tissue inflammation with bronchial biopsies and more
recently, exhaled breath condensates and their relation to
symptoms.

Relation between symptoms and inflammation

In the asthmatic child, most of the studies performed to
determine the relation between airway inflammation and
symptoms used FeNO. Other inflammatory markers
whether these are determined by invasive (bronchoalve-
olar lavage, bronchial biopsies) or noninvasive methods
(exhaled breath condensate, blood parameters) have been
relatively little studied up until now from this point of
view. Different studies make it possible to evaluate the
relation between inflammation and asthma symptoms in
adults. They include the evaluation of sputum eosinophil
counts, but few studies were specifically designed to
answer this question (Table 1).

Table 1. Relation between symptoms and inflammation

Relation between symptoms and inflammation assessed by
sputum induction. Among ten studies allowing the analysis
of this relation, half shows a relation between sputum
eosinophilia on one hand and asthma symptoms on the
other (3, 7, 9—11). This relation was either a qualitative
relation (higher inflammation in the symptomatic group
compared to the nonsymptomatic group), or a quantitative
relation (positive correlation between inflammation and a
symptom score) (3, 7, 9-11). Rytila et al. (7) found that the
increase in sputum eosinophilia was higher in nonasth-
matic subjects with respiratory symptoms than in healthy
subjects, although it was lower than in uncontrolled
asthmatic patients. In addition, other inflammatory
sputum parameters (LTE4, ECP, RANTES levels and
reduction in eosinophil apoptosis) were also associated
with symptoms (9, 11). Two longitudinal studies provided
indirect evidence during the response to treatment by
inhaled corticosteroids (2, 5), and showed a reduction in
sputum eosinophils concomitant with the improvement in
symptoms, after treatment by inhaled corticosteroids (2, 5).

However, three other studies failed to show a signi-
ficant relation between inflammation and symptoms. Two
of these studies showed no correlation between sputum
eosinophilia and a symptoms score, and a study analysing
the effect of systemic corticosteroids on inflammation
failed to show a relationship between the fall in the
number of sputum eosinophils and symptoms (12, 13). In
the study of Lemiére et al. (12), the primary objective was
the comparison of inflammation by different methods
(induced sputum, FeNO, biopsies) in moderate-to-severe
asthma. This study showed that infiltration of the
bronchial mucosa by either eosinophils or neutrophils,
analysed from biopsies, was not correlated with asthma
symptoms of whatever severity. Interestingly, tissue
eosinophilic inflammation was not correlated with
sputum eosinophils but with FeNO. However, the heter-
ogeneity of these patients who were considered to be
difficult asthmatics should be underlined. They were often
treated by high doses of inhaled corticosteroids and their
adherence to treatment was not really known.

Relation between symptoms and fraction of NO in exhaled
air (FeNO). In the asthmatic child, ten of the thirteen
studies found in the literature were cross-sectional and
three longitudinal. These studies were very heterogeneous

Sputum Bronchial biopsies/ Exhaled breath Blood

eosinophilia FeNO bronchiolo-aveolar lavage condensates parameters
Dyspnoea +(7) N/A N/A N/A +(7)
Nocturnal symptoms —(7) +(29) N/A +(28) N/A
Composite symptoms score +++ (9) ++(29) - (12) +(28) +1(9)
Quality-of-life questionnaire N/A N/A N/A N/A N/A
Beta-2 agonist consumption +(5) +(30) N/A N/A N/A

Value of different inflammatory markers in adults: +++ certain, ++ probable, + possible, — absent, N/A not available.
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for the number of included children, the severity and
control of asthma, the duration of symptom evaluation
(2 weeks to 12 months) and outcome variables: night
symptoms (14), ACQ questionnaire (15), Usherwood
questionnaire (16), Paediatric Asthma Assessment (17),
composite score (18), occurrence of recent symptoms (19,
20), presence of wheezing during the previous year (21) or
weekly P2-adrenergic agonist consumption (14, 22, 23).
Eight of these studies showed a correlation between
exhaled NO and asthma control (14, 16, 17, 19, 20,
22-24). In these studies, exhaled NO was higher in the
case of uncontrolled asthma or if there were recent
symptoms. In the study of Artlich et al. (19), asthmatic
children who were uncontrolled during the two last weeks
had significantly higher exhaled NO levels than controls.
Results published by Covar et al.(14) were derived from
data of the CAMP study, which followed up children
treated by budesonide, nedocromil or placebo for
4-6 years. FeNO measured at the end of the treatment
was significantly higher in children who had nocturnal
symptoms at least once weekly or who used B2-agonists at
least once weekly. Four studies found no correlation
between symptoms and exhaled NO (18, 21, 25, 26).
Franklin et al. (21) found no relation between FeNO and
the presence of wheezing, during the last 12 months in
155 children derived from a neonatal cohort. In a cross-
sectional study in young children (4 years) derived from a
cohort of 429 children at risk of atopy, Brussee et al. (25)
found no relation between FeNO and the intermittent or
persistent asthma phenotype. Lastly, no correlation was
observed between FeNO and clinical asthma symptoms in
a study derived from the CARE study that included 144
children aged from 6 to 17 years with the primary
objective of comparing a treatment with inhaled corti-
costeroids and anti-leukotrienes (26). In the asthmatic
child, only one of three prospective and longitudinal
studies (17, 18, 22) was designed to evaluate the relation
between asthma control and inflammatory markers (22),
and the two others were carried out by post hoc analysis.
Spergel (17) studied 30 children with persistent asthma
and followed them up prospectively for 6 months by
measuring FeNO and evaluating the asthma monthly
using the Paediatric Asthma Assessment questionnaire.
The authors found a correlation between FeNO and the
symptom score (¥ = 0.4, P < 0.0001). Fitzpatrick et al.
(18) followed up 75 children with persistent asthma for
6 months. The FeNO was significantly higher and
remained high in children with severe asthma compared
to mild-to-moderate persistent asthma. However, there
was no correlation between symptoms (evaluated by a
composite score over the last 3 months) and exhaled NO.
In the study of Fritsch et al. (22), 45 children with mild-
to-moderate asthma were randomized for treatment
adjustment according to clinical criteria and respiratory
function tests or according to exhaled NO and then
followed up every month for 6 months. The results
showed a significant correlation between FeNO and 2
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Inflammation and symptoms in asthma
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Figure 1. Asthma symptom score and exhaled bronchial nitric
oxide (NO) in 16 patients with newly diagnosed asthma before
and during 8 weeks of treatment with inhaled fluticasone (adapted
from 29). **P < 0.01, compared with baseline value before the
treatment. (M) Bronchial NO flux (nl/s); (©) Asthma symptom
score.

agonist consumption and asthma symptoms during the
2 weeks before measurement of FeNO. However, chil-
dren whose follow-up was based on FeNO did not have a
better clinical control of their asthma. Lastly, the study of
Zacharasiewicz et al. (27) showed that it was possible to
withdraw inhaled corticosteroid therapy in asthmatic
children from measurements of FeNO.

In adults, six studies analyse the relations between
symptoms and FeNO. Four of these studies demon-
strated a decline in asthma symptoms after institution of
anti-inflammatory treatment, and this was accompanied
by a concomitant decrease in FeNO (2, 28-30). In these
studies, the primary objective was to analyse a therapeu-
tic effect or a management strategy and not to compare
the ‘symptoms’ variable with FeNO. Nevertheless, the
finding of parallel changes in these two variables suggests
that there is a quantitative relation between symptoms
and FeNO, as shown in the study of Lehtimaki et al. (29)
(Fig. 1). This relation is however contradicted by two
other negative studies (12, 31). Sandrini et al. (31) have
investigated the effect of montelukast in asthma, although
it was difficult to interpret these results as montelukast
only had a slight anti-inflammatory effect, and there was
no control group in the study.

Relation between symptoms and inflammation assessed
by biopsies, exhaled breath condensate or systemic
markers. Two studies carried out in children with severe
asthma analysed the inflammatory infiltrate in bronchial
biopsies. Payne et al. (32) carried out bronchial endoscopy
after a test with corticosteroids in 31 children and found no
correlation between either of the eosinophilic inflamma-
tions in bronchial biopsies. However, in children who
correctly complied with treatment, eosinophils were higher
in uncontrolled patients than in children whose asthma
was controlled. In the study of de Blic et al. (33), carried
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out in 28 children with severe asthma and persistent
bronchial obstruction, the number of intraepithelial eosin-
ophil and neutrophil polynuclear cells was significantly
higher in uncontrolled children. Few studies have analysed
exhaled breath condensates in the child. Ratnawati et al.
(34) found no correlation between the nitrite/nitrate ratio
and symptoms, evaluated by the incidence of nocturnal
symptoms. Among 104 asthmatic children, Brunetti et al.
(35) showed that the pH of the condensate was significantly
lower in asthmatic children during an attack compared to
children with stable asthma, and that the pH increased
significantly after institution of corticosteroid treatment.
The study of Kharitonov et al. (28) comparing FeNO and
inflammatory markers in the exhaled condensate (nitrite,
S-nitrosothiols, 8-isoprostane) showed a concomitant
decline in symptoms and S-nitrosothiol concentration in
exhaled breath condensate.

A single study (36) evaluated the changes in serum
markers of inflammation in asthmatic children. In this
study, 33 asthmatic children were randomized to contin-
uation of treatment by inhaled corticosteroids or discon-
tinuation of treatment. After discontinuation of
corticosteroids, 71% of the children presented symptoms
(and in 50% of cases had to use oral corticosteroids).
Blood eosinophil counts and serum ECP and EPO levels
were significantly higher in the children who became
symptomatic.

Rytila et al. (7) compared systemic markers of eosin-
ophil inflammation (blood eosinophil counts, serum
eosinophil peroxidase concentration -EPO-) in symptom-
atic asthmatic and nonasthmatic subjects suffering from
respiratory symptoms but with a significantly lower
symptom score. Both asthmatic patients and nonasth-
matic symptomatic subjects had a rise in these two
systemic markers in comparison with healthy subjects,
even if the level was significantly higher in asthmatic
subjects (7).

To conclude, analysis of these studies shows that there
is an unequivocal relation between asthma symptoms and
inflammation. Most of the studies reported that uncon-
trolled asthmatics had more severe inflammation than
controlled asthmatics. However, no studies have yet been
specifically designed to answer these questions.

Asthma exacerbations: the ultimate consequence of
inflammation

Exacerbations correspond to the clinical situation in
which the relationship with inflammation is best docu-
mented. Treatment of exacerbations is based on the use of
corticosteroids, with a high level of proof (level A) (1).
Moreover, good asthma control by maintaining long-
term inhaled corticosteroid therapy, even at low doses,
currently remains the most important parameter deter-
mining the reduction in exacerbations, whatever their
cause or seriousness is (37-40).

Definition of exacerbations

There is no unequivocal definition of an asthma
exacerbation. The most recent GINA guidelines (1)
defined exacerbations as episodes of a progressive
increase in dyspnoea, cough, wheezing and/or chest
tightness accompanied by a decline in Peak Expiratory
Flow (PEF). Exacerbations are classified in four stages
(mild, moderate, severe, or imminent respiratory arrest)
according to symptoms, PEF and sometimes blood gas
parameters. During clinical studies such as the FACET
study, severe exacerbations are generally defined by the
need for systemic corticosteroid therapy (decided by the
investigator) or a 30% reduction in morning PEF below
the baseline value for two consecutive days (41).
Reviewing the 425 severe exacerbations of the study
FACET, Tattersfield et al. (42) evaluated the clinical
progression of symptoms, the need for emergency
medication and the PEF 15 days around the day of
diagnosis of the exacerbation. The increase in symp-
toms, the increased need for treatment and the decline in
PEF changed in parallel culminating in an overt
exacerbation.

Causes of exacerbations

Exacerbations have multiple causes. Infections, espe-
cially viral infections are important in the child, in
particular rhinoviruses. Exposure to allergens (43) and
irritants through pollution in or outside the home such
as exposure to diesel particles is also involved (44, 45).
The protective effect of inhaled corticosteroids seems to
be the most important against allergens (46), and this
protective effect is less clear against viruses or irritants
(47-49). However, an experimental study in asthmatic
adults infected by rhinoviruses showed that preventive
treatment by inhaled corticosteroids began 2 weeks
before the infection reduced the Ilevel of bron-
chial hyper-responsiveness and bronchial eosinophilia
(50).

Relation between exacerbations and inflammatory cells (Table 2)

In adults, an increase in sputum ecosinophils associated
with increased ECP levels in supernatants was observed
during exacerbations, with a reduction in eosinophils
after institution of corticosteroids (51-54). When inhaled
corticosteroids are reduced in controlled asthmatics, an
experimental exacerbation eventually occurs. There is a
parallel increase in bronchial hyper-responsiveness and
eosinophil counts in the induced sputum (55-57). The
existence of intraepithelial neutrophils and eosinophils in
the severe asthmatic child is associated with the occur-
rence of frequent exacerbations (33). In the study by
Norzila et al. (58), 38 children were investigated during
asthma exacerbations by analysing the sputum during
the acute phase and after 2 weeks. The number of
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Table 2. Relation between asthma exacerbations and inflammation

Inflammation and symptoms in asthma

Sputum Bronchial biopsies/ Exhaled breath Blood
eosinophilia FeNO bronchiolo-aveolar lavage condensates parameters

Changes during exacerbations ++ (66) ++ (20) N/A N/A + (66)
Predictor of an exacerbation +++ (65) + (65) N/A N/A — (66)
Modified by treatment +++ (54) 4+ N/A N/A N/A
Prevention strategy +++ (4, 69) ++ (30) N/A N/A N/A
Value of different inflammatory markers: +++ certain, ++ probable, + possible, — absent, N/A not available.
eosinophils, neutrophils and IL-5, IL-8, ECP and MPO 1607
levels was significantly higher during exacerbations, with 140
a clear decline after 2 weeks of follow-up. The authors §120*
of this study (58) underlined that viral infection is the E 100+
most frequently observed triggering factor in the child, o
and that viruses may directly activate macrophages and § 807
epithelial cells, promoting the secretion of IL-8 (59). In g 607
the mouse, with viral infection occurring in a back- % 407
ground of inflammation, Th-2 can promote the synthesis N 204
of IL-5, a cytokine involved in the recruitment of 0 / :
eosinophils by CD8+ T-cells specific for the infecting 0 2 4 8 12
virus. This shows that exacerbation results from a direct Months

cause (infection) acting in a general inflammatory
context (pro-cosinophilic or Th2) (60). An increased
number of CD8+ T-lymphocytes was also found in the
bronchi of subjects died of asthma compared to asth-
matics who died of other causes (61). Eosinophilic and/
or neutrophilic inflammation has been described during
status asthmaticus (62, 63).

Both Th2 and also Thl lymphocyte inflammation with
production of IFN-gamma increases when asthma is
poorly controlled (64). These findings may explain the
frequent coexistence of eosinophils and neutrophils dur-
ing exacerbations.

It has clearly been shown that sputum eosinophilia
precedes the occurrence of an exacerbation (65). In the
study of Pizzichini et al. (66) sputum eosinophil counts
were raised several weeks before the increase in symptoms
and reduction in FEV,. Likewise, Castro et al. (67)
showed that progressive withdrawal of inhaled corticos-
teroids led to an increase in bronchial eosinophilia and
bronchial infiltration by T-cells (CD8+ or CD4+)
associated with occurrence of an exacerbation.

Overall, these studies raise the question of the value of
preventive treatment of exacerbations based on the
follow-up of inflammation. In the study of Green et al.,
(4) 74 moderate-to-severe asthmatic patients were ran-
domized in 2 groups and followed up for 1 year. The
first group was treated according to British Thoracic
Society (BTS) guidelines (68), which recommend that at
each visit, inhaled corticosteroid therapy is increased or
decreased according to changes in daytime or nighttime
symptoms scores, use of emergency beta-2 agonists and
changes in PEF. The second group was treated accord-
ing to an algorithm establishing a threshold of bronchial
eosinophilia of <3%. At the end of the study, adjust-
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Figure 2. Cumulative asthma exacerbations (adapted from 4).
(m) Control group; (a) Sputum group.

ment of disease-modifying therapy according to the
bronchial eosinophilia made it possible to reduce by 2/3
the number of exacerbations compared to adjustment
according to BTS guidelines (39 and 109 exacerbations
respectively) (4) (Fig. 2). There was also a significant
reduction in the number of hospitalizations. It should be
noted that respiratory function was equivalent in the
two groups throughout the study, as was the mean dose
per patient and per day of inhaled or oral corticoster-
oids (4). In a randomized, multicentre study over
2 years, 117 adults with a moderate-to-severe persistent
asthma received a fixed-dose treatment based on symp-
toms and respiratory function, or a fixed-dose treatment
adjusted according to sputum ecosinophil counts (less
than 2%) (69). Treatment adjustment according to the
analysis of bronchial inflammation reduced the number
of exacerbations associated with bronchial eosinophilia,
and the severity of all the exacerbations. However, this
strategy did not have any effect on the number of
noneosinophilic exacerbations, which were the most
frequent.

Relation between exacerbations and FeNO

In the child, the measurement of exhaled NO levels was
studied as a potential predictor of asthma control and
occurrence of exacerbations (70). Inhaled corticosteroid
therapy in 40 controlled asthmatic children was stopped
after a 2-week run in phase to confirm the control of their
asthma. These children were followed up for 6 months by
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measuring exhaled NO and FEV; at 1, 3 and 6 months.
Loss of asthma control was defined as consumption of at
least four doses of f2-agonists/week, a variation in PEF
>20% or the occurrence of an exacerbation more than
once per month (70). This loss of control was observed in
9 (22%) of the 40 children. Measurements of exhaled NO
during the weeks after discontinuation of inhaled corti-
coid therapy were significantly higher in uncontrolled
children compared to children with controlled asthma
(mean values of 35-40 ppb and 15 ppb respectively;
P = 0.01). Sensitivity (71%) and specificity (93%) were
best for NO values of 50 ppb. However, the interpreta-
tion of these results was made difficult by the variability
of NO during the run in phase and the very wide variation
in NO values during the follow-up. Systemic administra-
tion of glucocorticoids during severe exacerbations in the
child leads to a reduction in exhaled NO (71).

The measurement of exhaled NO also makes it possible
to adjust treatment by inhaled corticosteroids. In the
study of Smith et al. (30), patients were randomized to
two groups. The first group was treated according to the
previous GINA recommendations (daily score based on
symptoms, PEF and the use of emergency bronchodila-
tors) and the second group was treated by measuring
exhaled NO, the objective being to maintain it under
30 ppb. The primary outcome of the study, the number of
exacerbations, was not significantly different between the
two groups (0.49 episodes per patient and per year in the
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Figure 3. Rates of Exacerbations (adapted from 30).

NO group vs 0.9 in the GINA group) (Fig. 3). Moreover,
no difference was observed for asthma control, use of oral
corticosteroids, respiratory function and sputum eosino-
philia. On the contrary, these results were obtained using
a lower consumption of inhaled corticosteroids in the
group with treatment adjusted by measuring NO com-
pared to the group treated according to GINA recom-
mendations (370 pg/day and 641 pg/day respectively)
(30). The small number of exacerbations observed in this
study is certainly explained by the severity of the asthma
presented by these patients (mild asthma) and may
explain the lack of statistical significance of the final
result for patients followed-up according to the NO
strategy. In a recent study, Shaw et al. (72) evaluated the
efficacy of adjustment of inhaled corticoid therapy
according to FeNO on exacerbations in 118 asthmatic
subjects. Adjustment of inhaled corticosteroids according
to FeNO did not make it possible to reduce significantly
the incidence of exacerbations compared to adjustment
according to BTS guidelines (72).

Asthma exacerbations are always associated with
bronchial inflammation, and this is most often eosino-
philic inflammation. This sputum eosinophilia may pre-
cede the worsening of symptoms and the decline in FEV;
by several weeks. Adjustment of anti-inflammatory
treatment by evaluating bronchial inflammation makes
it possible to prevent the occurrence of asthma exacer-
bations.
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Symptoms and exacerbations are the reality of asth-
matic disease. However, their prevention and conse-
quences for patients are mainly dependent on how they
are perceived.

Impact of the perception of symptoms and its modulation by
inflammation

Cough and dyspnoea are frequent symptoms in asthma
and have a multifactorial origin (73). The exact mech-
anisms of asthmatic dyspnoea have not been completely
elucidated. As asthma is a chronic inflammatory disecase
of the airways, persistent, local and systemic inflamma-
tions are probably involved in the development of
symptoms. In asthma, symptoms are the result of a
complex activation loop involving the stimulation of
sensory nerve terminals, transmission and neuronal
integration, interpretation by the cerebral cortex and
finally recognition and verbal description by the patient
(74). The relation between stimulus and perception
may vary widely between individuals and in the same
subject from one period to another because of external
events (treatment for example) or the psychological
background (anxiety, depression). As the verbal descrip-
tion of symptoms may vary according to circumstances,
it constitutes a limit restricting communication between
patients and doctors, both for children and adults. In
asthma, the perception of symptoms is a major but very
variable component. In a cohort of 113 controlled
asthmatics, Magadle et al. (75) showed that 26% of
patients had low perception of dyspnoea and of their
bronchial obstruction. These patients used fewer short-
acting P2-agonists although made significantly more
emergency department visits. These patients with low
perception of dyspnoea had a higher risk of near-fatal or
fatal asthma compared to other asthmatics during the
2 years of prospective follow-up. The relation between
perception and symptoms is not limited to a failure to
perceive symptoms by certain patients. On the contrary,
excessive perception may also exist or the wrong
attribution of symptoms to asthma for a perception
unrelated to it (74).

In the young child, the doctor-patient relation may
be even more difficult to apprehend. Cognitive capac-
ities and language skills rapidly progress in the child
between 5 and 15 years, and respiratory perception
scales have been developed specifically for the child
(76). There are few data about the accuracy of
perception of symptoms by children or their parents
in asthma. In one study, a third of the episodes of
worsening of asthma characterized by a decline in peak
expiratory flow (PEF) below 80% of the optimal PEF
was not recognized as such, by parents and children
(77). In exercise-induced asthma, Panditi et al. (78)
showed that the collection of information from parents
was insufficient and that the collection of information
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Inflammation and symptoms in asthma

from children was essential for an accurate assessment
of the incidence and severity of symptoms. In this
study, there was a poor correlation between symptom
scores in children and FEV, after exercise, and no
correlation between the perception of symptoms by
parents and respiratory function data. Lastly, when the
exercise test was repeated, there was a poor reproduc-
ibility of the perception of variations in FEV, both by
parents and children (78).

Mechanical factors involving respiratory muscles (79),
pulmonary hyperinflation (80-82), temporal adaptation
(83-85), bronchial hyper-responsiveness (83) and psycho-
logical (86), emotional and cognitive factors (87) may all
affect the perception of dyspnoea in asthma. The stim-
ulation of afferent pulmonary C-fibres triggers a certain
number of cholinergic reflex responses inducing broncho-
constriction, hypersecretion and bronchial vasodilatation
(88). Original studies carried out in the past (88, 89) or
more recently (90-93) suggest that the activation of
afferent C-fibre terminals may cause a sensation of
dyspnoea, tachypnea and cough. Moy et al. (92) have
suggested that information from pulmonary receptors
rather than afferent feedback control from stimulation of
chest wall receptors by hyperinflation may be important
in giving rise to the sensation of breathlessness caused by
minor bronchial obstruction. The stimulation of irritation
receptors seems to increase this feeling of dyspnoea (73,
94).

Role of the eosinophilic inflammation

Eosinophils may release neurotoxins capable of injuring
the afferent nerves involved in the perception of brady-
kinin-induced bronchoconstriction (95). Roisman et al.
(95) observed a reduction in the perception of bradykinin-
induced bronchoconstriction in asthmatics not treated by
corticosteroids. The perception of bradykinin-induced
dyspnoea was negatively correlated with the degree of
eosinophilic inflammation of the bronchial mucosa. After
a bronchial challenge test by inhalation of methacholine
or hypertonic saline solution, In’t Veen et al. (96) found
that bronchoconstriction was less well perceived by
patients suffering from severe asthma than by mild
asthmatic patients. In severe asthmatics, the perception
of bronchoconstriction was inversely correlated with the
percentage of eosinophils in the sputum, whereas in mild
asthmatics, the correlation was positive. Ottanelli et al.
(97) confirmed that this relation may be positive or
negative in treatment-naive patients or patients already
treated by inhaled corticosteroids, independently of
baseline FEV,, duration of disease history and, partly,
PC20. The perception of dyspnoea was not different
during the early bronchoconstrictive response to the
allergen, induced by histamine or by exercise, but it was
reduced during the late phase induced by the allergen
(98). The late response is more often associated with
eosinophil inflammation than the immediate response,
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and this decline in the perception of the dyspnoea may
therefore be related to inflammation.

Role of inflammatory mediators

Adenosine activates lung mastocytes causing their
degranulation and the release of numerous inflamma-
tory mediators, in particular histamine and prostaglan-
dins, which may therefore stimulate C-fibre terminals
(neurogenic inflammation) (99). The effects of prosta-
glandin E2 (PGE2) on this sensation of dyspnoea were
investigated during exercise, in a group of healthy
subjects (100, 101). Despite the absence of any change
in respiratory resistances and pulmonary volume,
inhaled PGE2 significantly increased the sensation of
dyspnoea compared to saline solution for the same level
of work load, ventilation and oxygen uptake. These
results suggest that afferent vagal activity plays a role
in the sensation of dyspnoea during exercise. Ho et al.
(100) showed in the rat that PGE2 may potentiate the
sensitivity of lung C-fibre terminals to capsaicin, a
potent selective stimulant of lung C-fibres (90). The
sensitivity of afferent lung C-fibres to mechanical
stimuli, lung inflation and chemical stimuli is reinforced
by PGE2, causing an irritation of the airways, but
PGE2 does not modify the responses of lung receptors
(slow or rapid-adapting receptors) to lung inflation
(100). The methacholine challenge test in mild asth-
matics is generally considered to activate directly
bronchial smooth muscle, unlike inhalation of hyper-
tonic salt solution or adenosine, which act indirectly by
activating cellular (mastocytes) and/or neurogenic path-
ways (102) by inducing the release of mediators such as
histamine, which secondarily activate the C-fibre nerve
terminals and irritation receptors. In the study by Sont
et al.(103), a hypertonic salt solution and methacholine
caused different symptoms for similar changes to lung
function parameters. The inhalation of hypertonic salt
solution was accompanied by greater changes in Borg
scores (VAS) than inhalation of methacholine. This
suggests that the intensity of perception of airway
obstruction partly depends on the mechanisms that
cause this obstruction. In addition, these authors
observed a significant relation between the severity of
dyspnoea during the challenge test and the reduction in
bronchodilatation induced by deep inspiration. For
certain authors, this finding demonstrates the inflam-
mation of the airways (104, 105). This study shows that
potentially inflammatory cellular or neurogenic activa-
tion plays a role in the sensation of dyspnoea.

Clinical correlates

Perception in severe asthma attacks. Noseda et al. (106)
studied 25 subjects presenting severe asthma attacks
including seven who received different doses of methyl-
prednisolone. During the first day of the study, the initial

dyspnoea was modulated by different doses of corticos-
teroids. As the parallel changes in FEV| were very small,
the changes in Borg scores had little relation to those of
FEV,. The reduction in dyspnoea could not be assigned
to an improvement in FEV;. The most obvious expla-
nation was that the dyspnoea was improved by the
reduction in airway inflammation induced by corticos-
teroids. However, Rosi et al. (54) could not confirm
these results in 12 patients with severe asthma attacks. In
this study, respiratory function, VAS scores, PEF values
and the sputum cellular and biochemical profile (ECP)
were evaluated before and after treatment by intrave-
nous corticosteroids and a bronchodilator. FEV,, PEF,
VAS score and sputum eosinophils were all improved
but not the neutrophilic inflammation. The improvement
in dyspnoea (expressed by the fall in VAS score) was
significantly correlated with the increase in FEV, but not
with PEF or with the inflammation parameters measured
in the sputum (54). The absence of any significant
relation between airway inflammation parameters and
the measurement of dyspnoea and their respective
improvements may be explained by the fact that in
severe asthma attacks, the clinical and functional
measurements do not fully reflect the inflammatory
response of the airways to anti-inflammatory treatment
(53, 107). In particular, neutrophilic inflammation,
which is often observed, is thought to be resistant to
corticosteroids.

Perception in asthmatic smokers. The perception of
dyspnoea is abnormal in COPD, but the situation seems
to be different from that observed in asthma (108, 109).
Ottanelli et al. (110) suggested that tobacco has an effect
on abnormal perception associated with the sputum
neutrophilia, which is often observed during persistent
obstruction in severe asthma and smoker COPD (111-
113). Asthmatic smokers or nonsmokers had variable
perception without relationship with bronchial inflam-
mation (114). The data of Ottanelli et al. (110) do not
seem to show that neutrophils in the sputum have an
important independent effect on the perception of
bronchoconstriction by patients with permanent bron-
chial obstruction.

Other factors. Other factors may be involved in the
perception of symptoms, such as rhinosinusitis, obesity,
and associated cough, although the role of these factors
has never really been investigated. Likewise, there are no
specific data for patients with asthma that is diagnosed
late, as a delay in diagnosis may be thought to lead to a
reduction in the perception of symptoms.

Impact of anti-inflammatory treatment on dyspnoea in asthmatics

The perception of asthma symptoms was not modified by
cromoglycate, whereas there was an increase in the
perception of symptoms in certain subjects treated by
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theophylline, contrasting with a clear improvement in
their PEF (115). On the contrary, beclomethasone
reduced the symptoms of asthma in most subjects, often
without a perceptible improvement in PEF or spirometric
data (115). These findings show that there is no direct and
unequivocal correlation between perception and obstruc-
tion, and the treatments may reveal an uncoupling
between the degree of perception and the severity of the
obstruction (115).

Boulet et al. (116) evaluated the perception of dysp-
noea during a methacholine challenge test, after short or
long-term treatment by salmeterol, associated or not with
inhaled corticosteroids. Salmeterol, after short or pro-
longed use, did not significantly modify the perception of
bronchoconstriction. These authors (116) observed that
the use of inhaled corticosteroids was associated with an
improved perception of asthma symptoms, evaluated
during the PC20. These results confirm the findings of
Roisman et al. (95) that patients treated with inhaled
corticosteroids had an increased perception of symptoms
than cortocosteroid-naive patients for a given degree of
eosinophil inflammation. Bijl-Hofland et al. (117) showed
that compared with long-acting B,-agonists used alone, a
combination of long-acting [,-agonists and inhaled
corticosteroids had a positive effect on the perception of
bronchial obstruction. A longitudinal Australian study
(118) with administration of high doses of inhaled
corticosteroids (budesonide) failed to show any difference
between naive or previously treated patients, in terms of
variation in the Borg score during the reduction of FEV,
induced by challenge tests. After 8 weeks of inhaled
corticosteroid therapy, an improvement in the perception
of dyspnoea was observed for a given reduction in FEV,
(118). No variable, including the dose of corticosteroid
therapy, baseline FEV;, bronchial hyperresponsiveness,
blood eosinophilia or serum levels of eosinophil cationic
protein (ECP) predicted the changes in the perception of
dyspnoea with inhaled corticosteroid therapy (118). The
authors concluded that budesonide improved the percep-
tion of bronchial obstruction, but this effect was not
related to the dose of corticosteroid therapy or changes in
the markers of the circulating eosinophilia (118). These
authors evaluated the changes in perception of bronchial
obstruction after a reduction in inhaled corticosteroid
therapy in 33 patients (57). The reduced perception of
bronchial obstruction worsened during an exacerbation
but was not correlated with eosinophil inflammation
measured in the induced sputum for the patients in whom
this data was available (57). The relation between
perception of asthma symptoms and inhaled corticoste-
roid therapy is complex, as corticosteroids may reduce or
increase the perceived symptoms depending on the
setting. These differences in response raise the question
of the characterization of asthmatic patients and a
potential relation between the response to inhaled
corticosteroid therapy and the patients’ inflammatory
phenotype.
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Inflammation and symptoms in asthma

Consequences for treatment strategy

The data discussed above show the complex relations
between inflammation and the clinical and respiratory
functional manifestations of asthma. These relations may
have implications both for follow-up procedures and
treatment strategies. The primary objective of asthma
management is to reduce the incidence of exacerbations,
in particular severe life-threatening exacerbations, and to
relieve respiratory symptoms that cause a reduction in
quality of life.

Implications for the treatment of exacerbations

During asthma exacerbations, systemic corticosteroids
are able to improve rapidly symptoms and respiratory
function. They also reduce the risk of relapse while
reducing bronchial and systemic markers of inflamma-
tion. GINA 2006 guidelines (1) agree at the highest
level of proof (level A) that systemic corticosteroid
therapy must be used in all except the mildest asthma
exacerbations (119, 120). Inhaled corticosteroid therapy
also has a certain efficacy for the treatment of
exacerbations. It was therefore shown that a combina-
tion of an inhaled corticosteroid with a rapid-acting
bronchodilator (salbutamol) gave a better improvement
in bronchodilatation than treatment by salbutamol
alone (level B) (121). Moreover, prevention of relapses
by inhaled corticosteroid therapy associated with pred-
nisone was better than when prednisone was used alone
(122).

Implications for follow-up strategy

Asthma follow-up is currently based on clinical and
functional respiratory parameters according to the
concept of disease ‘control’, using standardized question-
naires or not (1, 123-125). Several studies have integrated
inflammatory markers with the criteria for monitoring the
disease and the effect of treatments (126, 127). These
markers may help (i) to anticipate or prevent loss of
control by early adjustment of treatment and (ii) to safely
reduce treatment pressure during satisfactory control to
reach minimum effective treatment. The value of inte-
grating inflammatory markers of bronchial responsive-
ness in follow-up was therefore investigated in
randomized trials, in which the additional monitoring
variables tested were bronchial responsiveness, eosinophil
counts in the induced sputum and NO levels in the
exhaled air. In the three cases, a strategy ‘based on
inflammation follow-up’ was shown to be superior to the
usual strategy in terms of number of exacerbations (for
bronchial responsiveness and sputum eosinophils) or
total dosing with systemic corticosteroids (for FeNO)
(Figs 2 and 3). These results back up the hypothesis of a
relationship between inflammation and clinical asthma
symptoms.
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However, despite these findings, the recommendations
remain unchanged. This is because the variables mea-
sured cannot be routinely tested so that control based on
clinical findings and respiratory function tests remains the
fold standard for asthma follow-up.

Implications for treatment strategy

Inhaled corticosteroids remain the cornerstone of disease-
modifying therapy for asthma (level of proof A) (1). They
improve control and respiratory function and reduce the
risk of exacerbation and death (1). If control is insufficient
with corticosteroids alone, combination with a long-acting
B2-adrenergic agonist (as a fixed-dose combination or
separately) is more effective than doubling the doses of
inhaled corticoid therapy or the addition of theophylline or
an anti-leukotriene (1). In a recent randomized study
enrolling 455 mild asthmatic patients, Papi et al. (128)
showed that the use of a beclomethasone and salbutamol
combination on-demand was as effective as the daily
utilization of beclomethasone. Moreover, in 6 months,
there were significantly fewer exacerbations in the group
treated by the beclomethasone-salbutamol combination
on-demand for a significantly lower cumulative dose of
inhaled corticosteroids (128). Certain disease-modifying
therapies also have a rapidity of action allowing their use to
relieve symptoms. The study of the kinetics of exacerba-
tions shows that they are generally preceded by symptoms,
which gradually worsen over a few days. According to the
hypothesis that these symptoms are the sign of an increase
in inflammation subsequently resulting in an exacerbation,
it should be possible to prevent exacerbations by increasing
the doses of inhaled corticosteroids according to symp-
toms. This has lead to the proposal of a strategy based on
the use of a single treatment with the budesonide-formo-
terol combination both as maintenance and reliever
therapy when symptoms occur. The GINA group experts
have mentioned that this strategy gives ‘a reduction in
exacerbations and an improvement in asthma control in
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