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Summary

BackgroundPrevious data from the literature reported blumeteption of airway obstruction in severe
asthmatics with near fatal asthma. Approximatel§62¥ patients with asthma are current smokers.

Aim: To determine whether there is an alteration inggtion of airway obstruction during a non specific
provocative challenge with methacholine in mild tolked asthmatics who smoke.

Methods:Enrolled in this study were 50 subjects, includtgmild asthmatics and 24 healthy subjects, all of
them current smokers. The first objective was tresgivity of airway obstruction calculated by ttegression
slope linking the change in the visual analogides(dAS) assessed by the patient and the fall iW Féuring a
methacholine challenge.

Results:Asthmatics who smoke had a blunted perceptionrefasi obstruction during the bronchial challenge
significantly different from that seen in healthmakers p = 0.03). This impaired dyspnea perception was
inversely related to baseline VAS< -0.29,p<0.05) and positively related to baseline REV= 0.35,p<0.05).
Perception of airway obstruction was not correlatitth age, sex, atopy or with airway inflammatieafures
such as exhaled NO or sputum eosinophils.

Conclusion:Mild asthmatics who smoke display reduced dyspreeegption during a non-specific provocative
challenge with methacholine. This altered perceptibairway obstruction does not relate to airway
inflammation.
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Introduction

The diagnosis and management of asthma is basad¢@mbination of clinical symptoms and lung funitio
measurement. However, altered perception of dysmeamportant symptom of asthma, may well obstiuee
diagnosi and lead to inappropriate asthma management thetabing the patient at risk of severe
exacerbations.

Evaluation of dyspnea is difficult because it subjective perception. Sensitivity of asthmaticsdads
symptoms like dyspnea is variable and patientsbeatlassified in three different categories: thedip
perceivers", the "moderate perceivers" and theh'bigrceivers®? Dyspnea perception has been previously
studied in asthnfaand was reported to be associated to some dedgftethe presence of bronchial eosinophilic
inflammation>® The links between near fatal asthma exacerbasindsa blunted perception of symptoms were
investigated and controversial findings have en:fgen most studies, dyspnea perception was founeéto b
higher in healthy subjects than in asthmatics fmired dyspnea perception in asthma seems tosbatesly
limited to severe asthna.

In developed countries, approximately 25% of astiomatients are current smok&€ompelling evidence
suggests that smoking makes asthma worse. In tliie 18 rate of smokers among asthmatics is gréasdult
asthmatics visiting emergency rooms for asthmalksthlnhalation of cigarette smoke at rates as low@s C
2ppm induces a significant fall of the FEM subjects with bronchial hyper reactivifiSippel et al! reported a
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worse quality of life and a poorer control of theedise in asthmatics who smoked. It was reportdstvere
asthmatics who smoke are at a higher risk of dieath recurrent acute attacks than those who ‘gliit.date
dyspnea perception in asthmatics who smoke halsemat investigated well.

We hypothesized that altered dyspnea perceptiampagential explanation of under treatment and pootrol
in asthmatics who smoke. We aimed in the presedly<b investigate dyspnea in mild smoking asthosati
during methacholine bronchial challenge. Furtheenare sought any relationship between dyspnea péoce
and airway inflammation as assessed by sputumauisis and exhaled NO.

Subjectsand M ethods
Subjects

The asthmatic subjects included in this study weceuited among the patients attending our astHimia c
between October 2004 and April 2005, while heatthlyjects were recruited among the hospital staff.
Demographic and functional characteristics of bathlthy subjects and asthmatics are given in ThbBoth
asthmatics and healthy subjects were current smalsereflected by elevated urinary cotinine leg€&ble 1).
At the first contact, all patients were counsebed encouraged to try to give up smoking. Those adwiined
or failed were enrolled in the study. The asthnsdielonged to the category of intermittent or rpiasistent
controlled asthma according to the last GINA guited’? Asthma was diagnosed on the basis of a clinical
history of recurrent symptoms of wheezing, cougtdng breathlessness and the demonstration of a
methacholine bronchial hyper reactivity with a PE@RA6mg/ml. None of the asthmatics had experienced
severe asthma exacerbation in the past. The astlanavell controlled as revealed by a short asthomdrol
questionnaire <1.5%*The healthy subjects all had a negative challevigemethacholine. Atopy was
diagnosed on the basis of positive skin prick testgards common aeroallergens of our area (mitdsdog,
molds, grass and birch pollens). This study andetsgn were approved by the local ethic commitrse all
patients gave written, informed consent.

Methods
Study design

The study began with the skin prick tests follovagdneasurement of exhaled NO. Then the challente wi
methacholine was carried out associated to evaluafi the perception of dyspnea on a visual analsgale
(VAS). The induced sputum was carried out the sdayeor a few days later.

Exhaled NO

We used a Niox® machine, recommended by the AT®, avilow of 50 ml/s. The average of three suceessi
measurements was retained and expressed in pdiiller (pbb).

Bronchial methacholine challenge

Before starting with the bronchial methacholinelldmye, a measure of the forced expiratory volume &
(FEV,) and vital capacity (VC) was carried out. Thenghbject was asked to inhale for 1 min from several
aerosols containing a solution of methacholineoaffold increasing concentrations (from 0.06 to gyfm).
The nebuliser used was an ultrasonic type (DewlBB00, Sommerset, USA). One minute after eactsakro
the subject was asked to produce a forced expiratia spirometer. This measure was repeated &videhe
best value of FEVMwas saved. The fall of the FEWas compared to the baseline value. The testmtegupted
and considered as positive when the FiE&lue fell by 20% or more compared to the baselalae. The
program then calculated by interpolation the cotregion of methacholine responsible for a reductb20% of
the FEV. This concentration represented the PC20M.

Dyspnea perception
The two most current tools validated for dyspnea@ation are the Borg scale and the VA& In this study,

we used the 100 mm VAS with the words minimum arkimum on the left and right ends, respectivelyteAf
explanation of the VAS, the patient was invitednidicate the intensity of the dyspnea felt by anp¢or a
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vertical line) on the VAS. Dyspnea intensity wasessed before the test as 30 s after each inhalddhamoline
concentration. At the end of the test, a linearesgion was then applied between the variationiseo¥/ AS
compared to the starting value and the fall ofRE&/; expressed as a percentage of the initial valustraight
regression line was obtained. The slope represeatsensitivity to dyspnea of the patient. A strgagsitivity
corresponds to a high value.

Sputum induction and processing

In order to obtain induced expectoration, the subject invited to inhale a 5% hypertonic saline solutiith
ultrasonic nebulization for 3 x 5 min (Devilbis, Som-merset, USA). An attempt at expectoratias
carried out after each 5 min series after the stilhj@d rinsed his mouth. The administration of 4g0
salbutamol before the test and during the salihalation (saline solution coupled to salbutamolpeé
possible to avoid excessive bronch-oconstrictidFEV; was measured every 5 min. A fall of more than 2%
the FEV, led to stopping the test. The sputa were treayedilbtion in PBS for homogenisation and the cells
treated the second time by a mucolytic agent (@fithheitol or DTT.0.01M) before performing of cytpsis. Cell
differential was calculated after counting 400 rsgjoramous cells.

Statistical analysis

The results were expressed as mean (SEM) or mé@i&) following the distribution of the variableSor the
continuous variables, a Mann-Whitney test was edrout to compare the two groups. For the nominal
variables, we used the chi square test or the &idelst. The correlations were sought by the ogefits of
Pearson or Spearman according to the normal disivibor not of the variables. The threshold ohgigance
was fixed ap<0.05. The statistical program used was Stati€i0a®

Results

There was no significant difference between groumipls regard to age, sex, tobacco, urinary cotiatopy, and
eNO (>0.05 for each variable) (Table 1). By contrast kimg asthmatics had a raised sputum eosinophiltcoun
as compared with healthy smokeps@.05). No difference was noticed regarding thep#putum cell types.
Baseline FEY, whilst in the clinically normal range in all selofs, was statistically lower in the asthmatic
groups than in the healthy subjeqts@.05). None had a ratio FEN#VC < 70%.

Maximal fall in FEV; at the end of the methacholine challenge was erage 27% (21.4-32.4%) in asthmatics
vs. 8% (4-11.8%) in healthy subjects (Table 1).

Table 1 : Demographic characteristics, functional and aflmatory characteristics of patients.

Group variable Asthmatics smokersN = 26 Non-asthmatics smokersN = 24
Sex ratio (M/F) 14/12 11/13
Age 38.5 (25-45) 24.5 (22-40.5)
Smoking history (pack-year) 7.9 (4-25) 5.1 (3-14)
Urinary cotinin (ug/l) 971 (776-1680) 1478 (671-1522)
Atopy 9 7
Inhaled steroids 7 0
Exhaled NO (ppb) 18.4 (9.8-28.5) 14.4 (10.7-24.8)
Baeline FEV (% pred) 96.4 (89.3-106.5) 106.8 (100.9-116.1)
Maximal fall in FEV; (% of baseline) 26.95 (21.4-32.4) 7.7 (4-11.8)
PC20M (mg/ml) 3.49 (0.05-11) >16
Sputum eosinophils (%) 1.0 (0.0-5.0) 0.0 (0.0-0.0)

The values are expressed in medians and 1Q 25¢&pifinuous variables without normal distributidfedian values for NO and FEV
values of the geometric mean for the PC20M andegati the median for the sputum eosinophils. IQF35-
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Perception of dyspnea

There was no significant difference between theigsawvith regard to baseline dyspnea assessed birigas
VAS. Smoking asthmatics displayed a lower perceptibmetha-choline-induced airway obstruction than
healthy smokers as reflected by a lower slope valt&S/AFEV; (p = 0.03) (Fig. 1). Neither the age, the sex
nor atopy influenced the perception of dyspnea(05). Bronchial hyper responsiveness, as defayedC20M,
failed to correlate with the slope. Likewise, ther@s no correlation between dyspnea perceptioreahaled

NO and sputum eosinophilp ¥ 0.05). However, we found a weak, but significemrrelation between the slope
and baseline FEMWalue ¢ = 0.35,p<0.05), and an inverse significant correlation lestwthe slope and the
baseline value on the VAS$ £ -0.29,p<0.05).

Discussion

Blunted perception of dyspnea in asthmatics handfeen described in severe asthmati@ar study shows
that current smoking may alter the perception nf@ay obstruction induced by methacholine in a pafoh of
mild asthmatics. We did not include in this studynsmoking asthmatics; however, we found significastilts
with altered dyspnea perception in smoking mildhasttics compared with smoking non-asthmatics. Gte d
indicate that, in this population, the blunted egt@on appears to be independent of the exterdsihephilic
airway inflammation and bronchial hyperresponsigsniself. This is an original finding that may thght on
some clinical observations.

The fact that smoking asthmatics poorly perceivgeaairway obstruction is likely to lead to undgog of
symptoms and thereby to a lack of recognition tfiras. among smokers. Thus it is conceivable thataily
practice, real asthma may be misdiagnosed as adobealated chronic airway disease. Obviously, the
misdiagnosis could lead to poor management, platiagatient at risk of severe asthma exacerbatibith
might even occur in very mild asthrifsAnother risk is represented by the potential o@mre of a silent
perrrl%ment airflow obstruction in those patientswéthout anti-inflammatory treatment for a varialgeriod of
time:

Figure 1. Dyspnea perception expressed as the slope oétiression line linking the change in VAS in mm
from baseline to the change in FEN % fall from baseline.
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Altered corticosteroid sensitivity has been exteelgireported in smoking asthmatf®Viost of the scheduled
or unscheduled visits for asthma are symptomspaore specifically, dyspnea driven. Thus, the bldnte
dyspnea perception found in the present studypré’ent smoking asthmatics from seeking an eardy an
appropriate antiinflammatory treatment. Furthermirean contribute to their lack of adherencehis therapy,
which is a major concern in mild asthma.
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Our results could also provide an explanation ashp the proportion of smokers remains surprisirtgh in
asthma as compared to that seen in the generalgtiopu The tolerance to the harmful effect of tofmamong

mild asthmatic smokers could be partially explaibgdhe reduced perception of bronchial obstruction

However, long duration smoking habits in asthmatiadke them evolve later towards a non-reversikdadiial
obstruction with an accelerated decline of respigafunction® Indeed, asthma and tobacco are independent and
additive factors contributing to the decline of tiespiratory functio?

Smoking may contribute to the development and reatations of severe asthma; asthmatic smokers@me m
symptomatic, have more severe and frequent exaaemband emergency care needs; have a reducezhsesp
to corticosteroids; and a more rapid decline inmmnary function. However, a recent wide study ditlfind a
relationship of smoking to severity or an accekstatecline in FEV? Therefore, strategies to encourage
smoking cessation are an important aspect of mittlsevere asthma management.

Massasso et &f.showed that the COPD smokers did not perceiveliseruction induced by methacholine as
well as asthmatic non-smokers. They postulatedpbat dyspnea perception in COPD smokers coulalated
to the effect of tobacco smoke on the bronchiassgnnerves neurotransmitters. Indeed, a chromtetien of
these neurotransmitters such as substance P walidé a dysfunction of these related sensory néfieser
Chanez et &° did not find the same results in asthmatics an®B@atients. The results of Massasso could
consequently reflect the effect of the COPD itsalher than that of smoking. The team of OttareIkl?’
showed, moreover, that among moderate COPD smttkergerception of dyspnea during a test with
methacholine was variable and independent of theksmg history of the patient.

In our study, the baseline FEWas slightly correlated with the perception ofplysa. So patients with a lower
FEV; value, but nevertheless considered as clinicaltynal, had a blunted perception of dyspnea. Ouwiltses
are in keeping with those reported by Bijl-Hofflaetdal? However, contrary to the previous authors, we @it n
find that severe bronchial hyper responsivenessawésk factor for limited dyspnea perception. Téiggests
that smoking alters the relationship between briahdtyper responsiveness and perception of airway
obstruction. We also found an inverse relationfigipveen the dyspnea perception induced by methaehol
inhalation and baseline dyspnea. The more breathespatient felt before starting the methachatimalenge,
the less the methacholine induced airway obstroatias perceived.

In our study, the perception of dyspnea was naketated to the eosinophils level in the inducedwspuas
opposed to what In't Veen et’#bund. But our study population in asthma includetti patients, whereas In't
Veen studied severe asthmatics. Although sliginityeased as compared with healthy subjects, theapmbsl
count in our smoking asthmatics was rather low.réfoge, the range was narrower than in a grougedéie
asthmatics making a significant correlation unk&imilarly, no correlation was found between dgadNO, a
marker of airway inflammation, and dyspnea perceptBut it is well established that exhaled NOfiittle
value in smoking asthmatié&In line with this, our data show that smoking asgtics had rather similar
exhaled NO levels to healthy smokers.

We recognize that our study has some limitatiorthat we have assessed the bronchial hyper resjpoesis
towards a direct constricting agent, i.e. methaakolt would also be of interest to investigate thlationship
between dyspnea and airway obstruction causeddineit agents such as adenosine or hypertonicealin
Another limitation is the absence of comparisorhwidbn-smoking asthmatics, however, this study hasa
some significant results without relation to inflax@tory parameters. Blunted dyspnea perception glurin
methacholine challenge in non-smoking mild asthsrarieady knowr’

We conclude that mild asthmatics who smoke haviengaired perception of bronchial obstruction causgd
methacholine inhalation compared to smoking nohraatics. This finding may explain, in part, thestaince
asthmatics may show to smoking.
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