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Asthma is generally characterized by fully reversible 
airway obstruction. However, a signifi cant propor-
tion of asthma patients demonstrate an incomplete 
reversibility of airway obstruction (IRAO) despite 
optimal treatment and the absence of a signifi cant 
smoking history. Such partially irreversible airway 
obstruction may be due to residual airway infl am-
mation, particularly of the eosinophilic type, and 
structural changes. Risks factors for IRAO include 
reduced pulmonary function early in life, frequent 
exacerbations, smoking, continuing exposure to a 
sensitizing agent, and adult-onset asthma. IRAO 
is associated with increased disease severity and 
increased asthma-related morbidity and mortal-
ity. Optimal asthma control, including prevention 
of asthma exacerbations, smoking avoidance, and 
suffi cient anti-infl ammatory therapy, should be 
implemented in an effort to avoid an accelerated 
decline in lung function and the development or 
worsening of IRAO.

Introduction
The currently accepted defi nition of asthma includes the 
presence of chronic infl ammation of the airways; airway 
hyperresponsiveness; and recurrent episodes of wheezing, 
breathlessness, chest tightness, and coughing that are 
associated with variable airway obstruction. Several phe-
notypes of asthma exist, and severity ranges from mild 
and intermittent to life-threateningly severe [1–3].

Airway obstruction in most asthma patients can 
resolve spontaneously or after treatment, as shown by 
normalization of expiratory fl ows. This is in contrast to 
smoking-induced chronic obstructive pulmonary disease 
(COPD), in which reversal of airway obstruction does not 
occur, not even with treatment. Nevertheless, a subgroup 

of individuals with asthma do not have a signifi cant his-
tory of smoking yet have persistent residual obstruction 
despite optimal treatment [4–7,8••,9].

Defi nition of Irreversible Airway Obstruction
No consensus currently exists regarding the criteria that 
defi ne incomplete reversibility of airway obstruction 
(IRAO). For example, some authors use a postbronchodila-
tor forced expiratory volume in 1 second over forced vital 
capacity (FEV1/FVC) ratio of less than 70% [10••] and/or 
less than 75% at a minimum of two consecutive annual vis-
its [9], whereas others use an FEV1 that is out of the normal 
range (eg, ≤ 75%) after optimal treatment [9,11].

Prevalence of IRAO
ten Brinke [8••] has provided an excellent overview of 
IRAO. The exact prevalence is not clear. Depending on 
the specifi c population studied, it varies from 15% to 50% 
or higher [8••,9,12,13]. In the Epidemiology and Natural 
History of Asthma: Outcomes and Treatment Regimens 
(TENOR) study, 612 of 1017 patients (60%) showed 
evidence of persistent airfl ow limitation as defi ned by a 
postbronchodilator FEV1/FVC ratio of ≤ 70% at two con-
secutive annual visits [14•].

Mechanisms of Development of 
IRAO and Natural History
Airway infl ammation and structural changes have 
been documented in asthma and can be responsible for 
alterations in airway function and the development of 
variable or persistent airway obstruction [15]. Deter-
minants of expiratory fl ow include the elastic recoil 
pressure of the lung (which provides a driving pressure 
for the expiratory fl ow), airway resistance, and airway 
compressibility or compliance [16]. Persistent airway 
obstruction is associated with loss of elastic recoil, 
increased airway resistance, and/or increased collaps-
ibility of the airways. These characteristics are almost 
always found in the most extreme form of airway 
obstruction—pulmonary emphysema—but also are 
often present to various degrees in chronic bronchitis 
and asthma [12,17].
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Persistent airway infl ammation
IRAO in asthma can be due to insuffi cient treatment, 
which is often related to noncompliance with anti-infl am-
matory therapy or failure to objectively measure airway 
obstruction [18]. IRAO also could be due to the persis-
tence of a marked infl ammatory process that is not fully 
responsive to current therapy (eg, if it is more neutrophilic 
than eosinophilic). Another possibility is that the infl am-
matory process involves some form of steroid resistance, 
such as impaired glucocorticoid receptor function or 
impaired histone deacetylase-2 recruitment [19].

An accelerated decline in lung function over the course 
of many years often leads to IRAO. There are rare excep-
tions, such as in reactive airway dysfunction syndrome 
or irritant-induced asthma, linked to rapid development 
of fi xed airway obstruction. Eosinophilia is an important 
contributor to this rapid decline [8••,10••,20,21]. For 
example, in the Childhood Asthma Management Program, 
sputum and serum eosinophil levels were higher in individ-
uals who had at least a 1% loss in the percentage of FEV1 
predicted per year compared with those with an insignifi -
cant fall in FEV1 [22]. Guerra et al. [10••] also showed 
that eosinophilia predicts the development of persistent 
airfl ow limitation among adults with onset of asthma dur-
ing their fi rst 25 years of life. Furthermore, ten Brinke et 
al. [9] reported that sputum eosinophilia is independently 
associated with persistent airfl ow limitation. It also has 
been suggested that persistent levels of nitric oxide in the 
exhaled air can predict a decrease in lung function [23•].

The evidence is somewhat equivocal with respect to the 
role of undertreatment in the development of IRAO. Bum-
bacea et al. [20] found that some asthma patients had IRAO 
despite receiving very high doses of inhaled corticosteroids, 
suggesting that the IRAO was not due to undertreatment. 
However, some of these patients may not have been com-
pliant with therapy. In a report from ten Brinke et al. [9], 
patient use of 1600 μg of inhaled corticosteroids daily 
and/or oral corticosteroids in addition to long-acting bron-
chodilators for more than 1 year did not prevent or correct 
IRAO, although the authors posited that a more vigorous 
treatment could have further improved the patients’ pul-
monary function. This hypothesis was given credence by 
a study of 22 patients with stable severe asthma who had 
persistent sputum eosinophilia despite extensive antiasthma 
treatment [24]. A 2-week treatment with triamcinolone was 
associated with almost complete disappearance of sputum 
eosinophils and signifi cant improvement in asthma symp-
toms, suggesting that patients with severe asthma may need 
additional or alternative anti-infl ammatory treatment [25].

Airway remodeling and lung parenchyma alterations
IRAO also may be—at least in part—a consequence of 
structural airway changes. This remodeling can be defi ned 
as alterations in the content, quantity, and type of struc-
tural elements of the airways [15]. Airway wall changes in 
asthma—which can include subepithelial fi brosis, deposi-
tion of proteoglycans, angiogenesis, glandular hyperplasia, 

and many other changes—may result in an alteration of 
the airways’ functional properties and a thickening of the 
airway walls. Patients with asthma have more eosinophilia 
and subepithelial airway fi brosis than individuals with 
smoking-induced COPD given the presence of a similar 
degree of irreversible airway obstruction in both diseases 
[24,26,27]. Therefore, airway remodeling can contribute to 
the development of IRAO in various ways [15,28,29,30•].

Lung parenchyma changes also may be involved in the 
development of IRAO. Emphysema-like changes in the 
lung parenchyma have been reported in asthma, although 
in only a minority of individuals [17]. Loss of parenchymal 
support may contribute to airway obstruction, but emphy-
sema is not always found in patients with IRAO [8••]. 
Furthermore, people whose asthma is severe or who smoke 
may have a reduced diffusion capacity and peripheral air-
way spaces distention detected on high-resolution CT [31]. 
Other observations related to lung and airway remodeling 
include that elastin, a major component of the airway’s 
extracellular matrix, can be disrupted in asthma, and 
increased elastase levels have been reported in asthma [32]. 
This can contribute to the many features of airway wall 
remodeling and to altered elastic recoil and lung elasticity.

The link between airway infl ammation 
and remodeling in IRAO
The preponderance of evidence suggests that eosinophilia is 
the main link among airway infl ammation, airway remod-
eling, and IRAO due to the provoking of an intense or 
abnormal repair response [32–35]. For example, a 1-year 
follow-up of 582 asthma patients showed that a post-treat-
ment FEV1 of less than 75% predicted is associated with 
elevated levels of sputum eosinophils, as well as nonatopic 
status, longer asthma duration, emphysema on high-
resolution CT, and elevated age and body mass index [21]. 
Bumbacea et al. [20] also examined the clinical character-
istics and risk factors associated with IRAO in a cohort 
of individuals with diffi cult-to-treat severe asthma and a 
control group of people with asthma but near-normal pul-
monary function (ie, FEV1 > 80% predicted). Eosinophilia 
and airway wall thickening on high-resolution CT were 
the only two parameters independently associated with the 
irreversible component of airway obstruction.

Factors Associated With the Development of 
Persistent Airfl ow Limitation
Many factors may contribute to the development of IRAO 
in any given patient. In the TENOR study, risk factors for 
persistent airfl ow limitation were male gender, black eth-
nicity, current or past smoking, aspirin sensitivity, older 
age, and longer asthma duration [14•]. Other factors 
associated with IRAO include specifi c genetic polymor-
phisms, reduced pulmonary function in infancy, frequent 
exacerbations, occupational exposure to sensitizers, respi-
ratory infections, airway hyperresponsiveness, and adult 
onset of asthma [8••].
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Genetic factors
Some polymorphisms of the ADAM33 (A disintegrin 
and metalloprotease 33) gene, which is involved in lung 
growth and repair, are associated with a decline in lung 
function [36]. A genetic predisposition to development of 
IRAO is probable but still needs to be documented.

Early-life reduction in pulmonary function
IRAO appears to be associated frequently with develop-
ment of airway dysfunction before they have fully matured. 
For example, one group of investigators demonstrated that 
individuals with low levels of pulmonary function in infancy 
have lower expiratory fl ows during childhood than their 
peers [37] and lower FEV1/FVC levels by age 22 years [38•]. 
These same investigators concluded from the 2552-patient 
Tucson Epidemiological Study of Airway Obstructive Dis-
ease that among people with onset of asthma before the age 
of 25 years and persistent airfl ow limitation in adult life, the 
alterations were established before the age of 25 [10••].

These and other studies indicate that insuffi ciently treated 
asthma in childhood or another early-life insult to the air-
ways, such as respiratory infections or genetic developmental 
defects, could lead to reduced airway caliber [39–42].

Airway hyperresponsiveness
The presence of airway hyperresponsiveness, particularly 
when severe, has been associated with an accelerated 
decline in lung function [8••,13,43]. However, this loss 
may be due to underlying airway infl ammation, often 
resulting from continuing exposure to sensitizing agents 
responsible for this increased responsiveness.

Frequency and rate of asthma exacerbations
In an 11-year asthma study, Bai et al. [44••] demonstrated 
that a higher rate of asthma exacerbations is associated 
with an increased rate of decline in pulmonary function. 
Furthermore, in a recent analysis of the Inhaled Steroid 
Treatment as Regular Therapy study, O’Byrne et al. [45•] 
showed that in patients who have had persistent asthma 
for less than 2 years, severe exacerbations are associated 
with a more rapid decline in lung function.

Occupational exposures
We have previously shown that occupational asthma 
without a latency period is associated with signifi cantly 
reduced reversibility of airway obstruction compared 
with more classical forms of occupational asthma [46]. 
Prolonged exposure to sensitizers at work is also associ-
ated with persistent airfl ow limitation [47].

Smoking
The most common factor associated with the development 
of IRAO is smoking. Approximately 25% of people with 
asthma smoke regularly, a prevalence that is relatively simi-
lar to that seen in the general population [48,49]. We have 
shown that cigarette smoking is associated with early signs 
of COPD and, in people with asthma, seems to move the 

infl ammation toward a more neutrophilic type [31,50•]. This 
may lead to a reduction in response to inhaled and oral cor-
ticosteroids that in turn could contribute to the development 
of IRAO [51,52]. It is worth noting that people with asthma 
who smoke do not always have fi xed airway obstruction, but 
they do tend to have a lower airway caliber.

Guerra et al. [10••] found cigarette smoking to be 
the strongest risk factor for persistent airfl ow limitation 
among people without asthma and among individuals with 
asthma onset after age 25 years (Table 1). Surprisingly, in 
the Bumbacea et al. [20] study, no difference was noted 
in the smoking history between patients with or without 
IRAO; however, each group had only a few current smok-
ers or people with more than a 10–pack-year smoking 
history. Not surprisingly, exposure to secondhand smoke 
in young children is associated with altered airway func-
tion [53]. Lange et al. [54] reported an accelerated fall in 
lung function in asthmatic individuals compared with non-
asthmatic individuals, with such a fall being worse among 
smoking asthmatics. Burrows et al. [55] also reported that 
nonsmoking asthmatics who had moderate to severe air-
fl ow limitation had a slower decline in FEV1 than smoking 
asthmatics who had similar airfl ow limitation.

Respiratory infections
Chlamydophila pneumoniae isolates have been detected 
in people with newly diagnosed nonatopic asthma [56]. 
It is possible that viruses and bacteria may also trigger 
airway remodeling and a decline in pulmonary function, 
leading in turn to the development of IRAO.

Age, gender, body mass index, 
age at onset, and duration of asthma
Increased age is associated with a loss of lung elastic recoil 
and the development of progressively more irreversible 
airway obstruction. For example, age was strongly associ-
ated with fl ow limitation in individuals with and without 
asthma in the Guerra et al. [10••] study. Also, in a study 
by Jang et al. [21], persistent airway obstruction was asso-
ciated with higher age and body mass index.

Table 1. Risk factors associated with development 
of persistent airfl ow limitation

Genetic predisposition (eg, ADAM33 polymorphism)

Early-life reduction in pulmonary function

Asthma exacerbations

Occupational/sensitizing exposures

Smoking

Respiratory infections

Increased age

Female gender

Late age at onset of asthma 

Duration of asthma

Comorbid chronic obstructive pulmonary disease
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Moreover, severe asthma is more common in women 
than in men, and women generally show a faster decline in 
lung function and a lesser benefi t from corticosteroids than 
men [9]. The factors at play likely include a hormonal infl u-
ence and smaller airways in women. Asthma is frequently 
observed in association with obesity [57,58]. However, 
obesity is usually not associated with a restrictive pattern 
or a signifi cant fall in expiratory fl ow in individuals with a 
body mass index of less than 40 kg/m2 [59].

Age at onset of asthma may infl uence its outcomes. 
Asthma beginning in adulthood is usually more severe and 
steroid dependent than asthma seen in younger patients 
and is associated with an accelerated decline in pulmonary 
function [9,60]. Furthermore, duration of asthma has been 
associated with persistent airway obstruction [16,21,61].

Comorbid COPD
It is not always easy for the practitioner to differentially diag-
nose asthma and COPD, particularly in patients who have a 
signifi cant smoking history. Patients may have both asthma 
and COPD, in which case IRAO is usually present [62].

Role of atopic status in the development of IRAO
IRAO is more common in severe asthma, whereas atopy 
is less common in severe asthma than in milder forms of 
the disease [63]. However, at least one study showed no 
correlation between atopic status and IRAO [20].

Consequences of IRAO
Patients with chronic persistent asthma who develop IRAO 
have more markers of disease severity and mortality risk 
than individuals with chronic asthma who do not develop 
IRAO [55,64,65]. Furthermore, IRAO is linked to more 
severe asthma and to increased morbidity and mortality [9].

We have demonstrated that patients with IRAO have 
more severe airfl ow obstruction and hyperinfl ation than 
those without residual airfl ow limitation, but we also 
found that the two groups have similar lung compliance 
and carbon monoxide diffusion [11]. In addition, we 
determined that overall health care use is similar in the 
two groups, but those with IRAO have greater global 
asthma-related discomfort and increased diurnal varia-
tion of airfl ow obstruction and use higher doses of inhaled 
corticosteroids than those without IRAO.

Furthermore, Bumbacea et al. [20] found similar 
quality-of-life scores in patients with and without IRAO, 
but others have reported a negative relationship between 
quality-of-life scores and lung function.

Management of Asthma With IRAO: 
Current Therapy and Perspectives
Current guidelines suggest that asthma with IRAO should be 
managed similarly to asthma without IRAO [1]. However, 
the fi rst step in managing asthma with suspected IRAO is to 
determine whether the airfl ow limitation is truly irreversible. 

Adjustment of treatment and proper monitoring—sometimes 
with a trial of systemic corticosteroids—may help to confi rm 
whether IRAO is present. In addition, the clinician should 
carefully check the patient’s compliance with treatment and 
ideally should order an induced sputum analysis to check the 
severity and nature of residual airway infl ammation.

We may think that increased loss of pulmonary function 
and IRAO could be prevented by environmental measures 
or medications that may act on airway infl ammation 
and/or remodeling. In this regard, the infl uence of asthma 
medications on airway remodeling has been reviewed 
recently [15,66]. Inhaled corticosteroids have been shown 
to reduce the rate of lung function decline. For example, 
in a 23-year follow-up study of patients with moderate to 
severe asthma, inhaled corticosteroid use was associated 
with a reduction in the decline in pulmonary function only 
in men who had smoked for less than 5 pack-years [67]. 
O’Byrne et al. [45•] showed that regular use of low-dose 
inhaled corticosteroids by patients with a recent diagnosis 
of persistent asthma resulted in a less rapid decline in lung 
function after asthma exacerbations.

In some asthma patients with IRAO, the changes in 
airway structure that led to irreversible obstruction may 
have occurred early in life. In these cases, we can only 
try to ensure that optimal asthma control is achieved. 
In most patients, however, smoking and/or uncontrolled 
underlying airway eosinophilia is the cause of the IRAO. 
Suppression of airway eosinophilia has been shown to 
reduce the number and severity of asthma exacerbations 
in people with IRAO and has the added benefi t of pro-
ducing excellent asthma control [68,69]. Indirect evidence 
also suggests that avoiding asthma exacerbations may 
reduce the rate of decline in lung function and prevent the 
development of IRAO [45•,67].

In all cases of IRAO in asthma, it is important to fol-
low current guidelines to ensure proper asthma control. This 
should ideally include regular, noninvasive monitoring of air-
way infl ammation; appropriate anti-infl ammatory therapy; 
avoiding contact with proinfl ammatory environmental haz-
ards and focusing on relevant indoor allergens and workplace 
sensitizers; encouraging smoking cessation; and treating and 
preventing respiratory infections. The role of therapies acting 
on airway structure that are being developed (eg, broncho-
thermoplasty) remains to be determined [70].

Conclusions
IRAO is observed in some individuals with moderate to 
severe asthma and is associated with increased morbid-
ity and mortality. It may be due to an airway insult early 
in life, uncontrolled airway infl ammation (particularly of 
the eosinophilic type), smoking, and other triggers and 
contributing factors to airway remodeling. The clinician 
should strive for optimal asthma control and prevention 
of asthma exacerbations in all individuals with moderate 
to severe asthma to try to avoid an accelerated decline in 
lung function and the development of IRAO.



172  I  Asthma

Disclosure
Dr. Boulet has served on advisory boards for AstraZen-
eca Pharmaceuticals, Altana, GlaxoSmithKline, Merck 
Frosst, and Novartis; received lecture fees from 3M, 
Altana, AstraZeneca Pharmaceuticals, GlaxoSmith-
Kline, Merck Frosst, and Novartis; received sponsorship 
for investigator-generated research from AstraZeneca 
Pharmaceuticals, GlaxoSmithKline, Merck Frosst, and 
Schering-Plough; received research support from 3M, 
Altana, Asthmatx, AstraZeneca Pharmaceuticals, Boeh-
ringer Ingelheim, Dynavax Technologies, Genentech, 
GlaxoSmithKline, IVAX, MedImmune, Merck Frosst, 
Novartis, Roche, Schering-Plough, TOPIGEN Pharma-
ceuticals, and Wyeth; and received support for producing 
educational materials from AstraZeneca Pharmaceuticals, 
GlaxoSmithKline, and Merck Frosst.

References and Recommended Reading
Papers of particular interest, published recently,
have been highlighted as:
• Of importance
•• Of major importance

1. Global Initiative for Asthma (GINA): GINA Report, 
Global Strategy for Asthma Management and Prevention. 
Available at http://www.ginasthma.org/Guidelineitem.
asp??l1=2&l2=1&intId=60. Accessed January 5, 2009.

2. Wenzel SE: Asthma: defi ning of the persistent adult pheno-
types. Lancet 2006, 368:804–813.

3. Boulet LP, Becker A, Bérubé D, et al.: Summary of recom-
mendations from the Canadian Asthma Consensus Report, 
1999. Canadian Asthma Consensus Group. CMAJ 1999, 
161:S1–S12.

4. Brown PJ, Greville HW, Finucane KE: Asthma and irrevers-
ible airfl ow obstruction. Thorax 1984, 39:131–136.

5. Boulet LP, Turcotte H, Turcot O, Chakir J: Airway infl am-
mation in asthma with incomplete reversibility of airfl ow 
obstruction. Respir Med 2003, 97:739–744.

6. Boulet L, Belanger M, Carrier G: Airway responsiveness 
and bronchial-wall thickness in asthma with or without 
fi xed airfl ow obstruction. Am J Respir Crit Care Med 1995, 
152:865–871.

7. Ulrik CS, Backer V: Nonreversible airfl ow obstruction in 
life-long nonsmokers with moderate to severe asthma. Eur 
Respir J 1999, 14:892–896.

8.•• ten Brinke A: Risk factors associated with irreversible 
airfl ow limitation in asthma. Curr Opin Allergy Clin 
Immunol 2008, 8:63–69.

This is an excellent overview of the various factors associated with 
the development of an irreversible component of airway obstruction.
9. ten Brinke A, Zwinderman AH, Sterk PJ, et al.: Factors 

associated with persistent airfl ow limitation in severe 
asthma. Am J Respir Crit Care Med 2001, 164:744–748.

10.•• Guerra S, Sherrill DL, Kurzius-Spencer M, et al.: The 
course of persistent airfl ow limitation in subjects with and 
without asthma. Respir Med 2008, 102:1473–1482.

This large populational study shows that persistent airfl ow 
limitation in patients in whom asthma begins before age 25 years 
is associated with blood eosinophilia and with early-life airway 
defects, whereas smoking is the key factor for those developing 
asthma at a later age.
11. Hudon C, Turcotte H, Laviolette M, et al.: Characteristics 

of bronchial asthma with incomplete reversibility of 
airfl ow obstruction. Ann Allergy Asthma Immunol 1997, 
78:195–202.

12. Loren ML, Leung PK, Cooley RL, et al.: Irreversibility of 
obstructive changes in severe asthma in childhood. Chest 
1978, 74:126–129.

13. Vonk JM, Jongepier H, Panhuysen CI, et al.: Risk factors 
associated with the presence of irreversible airfl ow limita-
tion and reduced transfer coeffi cient in patients with asthma 
after 26 years of follow up. Thorax 2003, 58:322–327.

14.• Lee JH, Haselkorn T, Borish L, et al.: Risk factors 
associated with persistent airfl ow limitation in severe or 
diffi cult-to-treat asthma: insights from the TENOR study. 
Chest 2007, 132:1882–1889.

This survey pointed out many risk factors implicated in the devel-
opment of persistent airway obstruction.
15. Bergeron C, Boulet LP: Structural changes in airway 

diseases: characteristics, mechanisms, consequences, and 
pharmacologic modulation. Chest 2006, 129:1068–1087.

16. Finucane KE, Greville HW, Brown PJ: Irreversible airfl ow 
obstruction. Evolution in asthma. Med J Aust 1985, 
142:602–604.

17. Gelb AF, Zamel N: Unsuspected pseudophysiologic emphy-
sema in chronic persistent asthma. Am J Respir Crit Care 
Med 2000, 162:1778–1782.

18. Boulet L, Becker A, Bowie D, et al.: Implementing practice 
guidelines: a workshop on guidelines dissemination and 
implementation with a focus on asthma and COPD. Can 
Respir J 2006, 13(Suppl A):5–47.

19. Barnes PJ, Ito K, Adcock IM: Corticosteroid resistance 
in chronic obstructive pulmonary disease: inactivation of 
histone deacetylase. Lancet 2004, 363:731–733.

20. Bumbacea D, Campbell D, Nguyen L, et al.: Parameters 
associated with persistent airfl ow obstruction in chronic 
severe asthma. Eur Respir J 2004, 24:122–128.

21. Jang AS, Lee JH, Park SW, et al.: Risk factors related to 
fi xed airway obstruction in patients with asthma after 
antiasthma treatment. Ann Allergy Asthma Immunol 2007, 
99:408–412.

22. Covar RA, Spahn JD, Murphy JR, Szefl er SJ: Progression of 
asthma measured by lung function in the childhood asthma 
management program. Am J Respir Crit Care Med 2004, 
170:234–241.

23.• van Veen I, ten Brinke A, Sterk PJ, et al.: Exhaled nitric 
oxide predicts lung function decline in diffi cult-to-treat 
asthma. Eur Respir J 2008, 32:344–349.

This study study suggests a link between airway infl ammation as 
assessed by noninvasive markers such as exhaled nitric oxide and 
lung function decline in patients with asthma.
24. Fabbri LM, Romagnoli M, Corbetta L, et al.: Differences in 

airway infl ammation in patients with fi xed airfl ow obstruc-
tion due to asthma or chronic obstructive pulmonary 
disease. Am J Respir Crit Care Med 2003, 167:418–424.

25. ten Brinke A, Zwinderman AH, Sterk PJ, et al.: “Refrac-
tory” eosinophilic airway infl ammation in severe asthma: 
effect of parenteral corticosteroids. Am J Respir Crit Care 
Med 2004, 170:601–605.

26. Jeffery PK: Differences and similarities between chronic 
obstructive pulmonary disease and asthma. Clin Exp 
Allergy 1999, 29(Suppl 2):14–26.

27. Mauad T, Dolhnikoff M: Pathologic similarities and differ-
ences between asthma and chronic obstructive pulmonary 
disease. Curr Opin Pulm Med 2008, 14:31–38.

28. Lazaar AL, Panettieri RA Jr: Is airway remodeling clinically 
relevant in asthma? Am J Med 2003, 115:652–659.

29. Ward C, Johns DP, Bish R, et al.: Reduced airway distensibil-
ity, fi xed airfl ow limitation, and airway wall remodeling in 
asthma. Am J Respir Crit Care Med 2001, 164:1718–1721.

30.• Tillie-Leblond I, De Blic J, Jaubert F, et al.: Airway remod-
eling is correlated with obstruction in children with severe 
asthma. Allergy 2008, 63:533–541.

Bronchial biopsy study links structural airway changes, such as 
increased smooth muscle area and vascular density, with persistent 
obstructive pattern in children with severe asthma.
31. Boulet LP, Lemiere C, Archambault F, et al.: Smoking and 

asthma: clinical and radiologic features, lung function, and 
airway infl ammation. Chest 2006, 129:661–668.



Irreversible Airway Obstruction  I  Boulet  I  173

32. Humbles AA, Lloyd CM, McMillan SJ, et al.: A critical 
role for eosinophils in allergic airways remodeling. Science 
2004, 305:1776–1779.

33. Lemiere C, Ernst P, Olivenstein R, et al.: Airway infl amma-
tion assessed by invasive and noninvasive means in severe 
asthma: eosinophilic and noneosinophilic phenotypes. J 
Allergy Clin Immunol 2006, 118:1033–1039.

34. Tschumperlin DJ, Drazen JM: Chronic effects of mechani-
cal force on airways. Annu Rev Physiol 2006, 68:563–583.

35. Holgate ST, Davies DE, Lackie PM, et al.: Epithelial–mesen-
chymal interactions in the pathogenesis of asthma. J Allergy 
Clin Immunol 2000, 105:193–204.

36. Jongepier H, Boezen HM, Dijkstra A, et al.: Polymorphisms 
of the ADAM33 gene are associated with accelerated 
lung function decline in asthma. Clin Exp Allergy 2004, 
34:757–760.

37. Morgan WJ, Stern DA, Sherrill DL, et al.: Outcome of 
asthma and wheezing in the fi rst 6 years of life: follow-up 
through adolescence. Am J Respir Crit Care Med 2005, 
172:1253–1258.

38.• Stern DA, Morgan WJ, Wright AL, et al.: Poor airway 
function in early infancy and lung function by age 22 years: 
a non-selective longitudinal cohort study. Lancet 2007, 
370:758–764.

This was another study confi rming the importance of early-life 
airway function defects on long-term pulmonary function.
39. Sears MR, Greene JM, Willan AR, et al.: A longitudinal, 

population-based, cohort study of childhood asthma fol-
lowed to adulthood. N Engl J Med 2003, 349:1414–1422.

40. Phelan PD, Robertson CF, Olinsky A: The Melbourne 
Asthma Study: 1964–1999. J Allergy Clin Immunol 2002, 
109:189–194.

41. Marossy AE, Strachan DP, Rudnicka AR, Anderson HR: 
Childhood chest illness and the rate of decline of adult lung 
function between ages 35 and 45 years. Am J Respir Crit 
Care Med 2007, 175:355–359.

42. de Marco R, Marcon A, Jarvis D, et al.: Prognostic factors 
of asthma severity: a 9-year international prospective cohort 
study. J Allergy Clin Immunol 2006, 117:1249–1256.

43. Rasmussen F, Taylor DR, Flannery EM, et al.: Risk factors 
for airway remodeling in asthma manifested by a low 
postbronchodilator FEV1/vital capacity ratio: a longitudi-
nal population study from childhood to adulthood. Am J 
Respir Crit Care Med 2002, 165:1480–1488.

44.•• Bai TR, Vonk JM, Postma DS, Boezen HM: Severe exacer-
bations predict excess lung function decline in asthma. Eur 
Respir J 2007, 30:452–456.

This report stresses the role of asthma exacerbations in long-term 
pulmonary function decline.
45.• O’Byrne PM, Pedersen S, Lamm CJ, et al.; START 

Investigators Group: Severe exacerbations and decline in 
lung function in asthma. Am J Respir Crit Care Med 2009, 
179:19–24.

This was a subanalysis of a large study showing the benefi ts of 
controlling airway infl ammation with inhaled corticosteroids on 
lung function decline.
46. Gautrin D, Boulet LP, Boutet M, et al.: Is reactive airways 

dysfunction syndrome a variant of occupational asthma? J 
Allergy Clin Immunol 1994, 93:12–22.

47. Anees W, Moore VC, Burge PS: FEV1 decline in occupa-
tional asthma. Thorax 2006, 61:751–755.

48. Lemiere C, Boulet LP: Cigarette smoking and asthma: a 
dangerous mix. Can Respir J 2005, 12:79–80.

49. Thomson NC, Chaudhuri R, Livingston E: Asthma and 
cigarette smoking. Eur Respir J 2004, 24:822–833.

50.• St-Laurent J, Bergeron C, Page N, et al.: Infl uence of smok-
ing on airway infl ammation and remodelling in asthma. 
Clin Exp Allergy 2008, 38:1582–1589.

This bronchial biopsy study showed early structural and infl amma-
tory changes in smoking asthmatic patients.

51. Chalmers GW, Macleod KJ, Little SA, et al.: Infl uence of 
cigarette smoking on inhaled corticosteroid treatment in 
mild asthma. Thorax 2002, 57:226–230.

52. Chaudhuri R, Livingston E, McMahon AD, et al.: Cigarette 
smoking impairs the therapeutic response to oral corticoste-
roids in chronic asthma. Am J Respir Crit Care Med 2003, 
168:1308–1311.

53. Goksor E, Amark M, Alm B, et al.: The impact of pre- and 
post-natal smoke exposure on future asthma and bronchial 
hyper-responsiveness. Acta Paediatr 2007, 96:1030–1035.

54. Lange P, Parner J, Vestbo J, et al.: A 15-year follow-up 
study of ventilatory function in adults with asthma. N Engl 
J Med 1998, 339:1194–1200.

55. Burrows B, Bloom JW, Traver GA, Cline MG: The course 
and prognosis of different forms of chronic airways 
obstruction in a sample from the general population. N 
Engl J Med 1987, 317:1309–1314.

56. ten Brinke A, van Dissel JT, Sterk PJ, et al.: Persistent 
airfl ow limitation in adult-onset nonatopic asthma is associ-
ated with serologic evidence of Chlamydia pneumoniae 
infection. J Allergy Clin Immunol 2001, 107:449–454.

57. Boulet LP, Des Cormiers A: The link between obesity 
and asthma: a Canadian perspective. Can Respir J 2007, 
14:217–220.

58. Boulet LP, Hamid Q, Bacon SL, et al.: Symposium on 
obesity and asthma—November 2, 2006. Can Respir J 
2007, 14:201–208.

59. Parameswaran K, Todd DC, Soth M: Altered respiratory 
physiology in obesity. Can Respir J 2006, 13:203–210.

60. Miranda C, Busacker A, Balzar S, et al.: Distinguish-
ing severe asthma phenotypes: role of age at onset and 
eosinophilic infl ammation. J Allergy Clin Immunol 2004, 
113:101–108.

61. Backman KS, Greenberger PA, Patterson R: Airways 
obstruction in patients with long-term asthma consistent 
with ‘irreversible asthma.’ Chest 1997, 112:1234–1240.

62. Barnes PJ: Mechanisms in COPD: differences from asthma. 
Chest 2000, 117:10S–14S.

63. The ENFUMOSA cross-sectional European multicentre 
study of the clinical phenotype of chronic severe asthma. 
European Network for Understanding Mechanisms of 
Severe Asthma. Eur Respir J 2003, 22:470–477.

64. Hansen EF, Phanareth K, Laursen LC, et al.: Reversible 
and irreversible airfl ow obstruction as predictor of overall 
mortality in asthma and chronic obstructive pulmonary 
disease. Am J Respir Crit Care Med 1999, 159:1267–1271.

65. Panizza JA, James AL, Ryan G, et al.: Mortality and airfl ow 
obstruction in asthma: a 17-year follow-up study. Intern 
Med J 2006, 36:773–780.

66. Mauad T, Bel EH, Sterk PJ: Asthma therapy and airway 
remodeling. J Allergy Clin Immunol 2007, 120:997–1009.

67. Dijkstra A, Vonk JM, Jongepier H, et al.: Lung function 
decline in asthma: association with inhaled corticosteroids, 
smoking and sex. Thorax 2006, 61:105–110.

68. Green RH, Brightling CE, McKenna S, et al.: Asthma 
exacerbations and sputum eosinophil counts: a randomised 
controlled trial. Lancet 2002, 360:1715–1721.

69. Jayaram L, Pizzichini MM, Cook RJ, et al.: Determining 
asthma treatment by monitoring sputum cell counts: effect 
on exacerbations. Eur Respir J 2006, 27:483–494.

70. Cox G, Thomson NC, Rubin AS, et al.: Asthma control 
during the year after bronchial thermoplasty. N Engl J Med 
2007, 356:1327–1337.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


