
Irreversible airway obstruction in asthma: a risk factor for severe
exacerbations in spite of proper treatment.

Abstract
Objectives: To evaluate whether irreversible airway obstruction (IAO) related to asthma is a risk factor for
lack of symptoms control, poor quality of life and exacerbations. Methods: We evaluated consecutive
outpatients with asthma in a one-year cohort study. We excluded subjects with smoke history > 9 pack-
years. Definition of IAO was post bronchodilator FEV1/CVF ratio below the lower limit of normality. Subjects
received high dose of inhaled medications for asthma. We used logistic regression models, adjusted for the
treatment offered during the study, to evaluate whether IAO related to asthma is a risk factor for symptoms
control, quality of life, any emergency room visit, number of emergency room visits and hospital
admission.Results: We enrolled 248 subjects in the study. IAO was not a risk factor for poor symptoms
control [OR 1.354, 95 CI (0.632–2.899)] or worse asthma related quality of life [OR 0.705, 95 CI (0.413–
1.204)]. Subjects with IAO had higher odds of any emergency room visit [OR 2.214, 95 CI (1.300–3.768)]
and hospital admission [OR 8.530, 95 CI (1.517–47.978)] and lower odds to reduce emergency room visits in
the course of the follow up period [OR 0.452, 95 CI (0.265–0.769)]. IAO did not predict the number of
emergency room visits [OR 1.53, 95 CI (0.71–3.30). Conclusion: IAO is not a risk factor for poor symptoms
control or poor quality of life, in a setting of proper treatment. It is a risk factor for emergency room visit and
hospital admission. Subjects with IAO have poor response to treatment.
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Introduction
Airway obstruction persists in a subset of subjects with asthma in spite of proper treatment with
corticosteroids and bronchodilators. This condition is acknowledged as irreversible airway obstruction from
asthma. Irreversible airway obstruction is associated with non-inflammatory structural changes of the airway
wall at bronchial biopsies [1]. Current airway inflammation seems to have a limited role in irreversible airway
obstruction. Cross-sectional studies did not observe an association between irreversible airway obstruction
and airway inflammation, as measured by induced sputum cytology or exhaled nitric oxide [2; 3; 4].

Jang et al found 8.4% of irreversible airway obstruction in a sample of 582 asthmatic subjects under regular
treatment [5]. Cross sectional studies demonstrated that irreversible airway obstruction is associated with
adult onset asthma [6], longer duration of symptoms [2; 7], male gender [2; 4], lower education [4], aspirin
sensitivity [8], greater bronchial hyper-responsiveness [9; 6] and less chronic rhinitis diagnosis [10].

Longitudinal studies evaluated outcomes associated with irreversible airway obstruction. However, these
studies enrolled subjects with Overlap Syndrome or Chronic Obstructive Pulmonary Disease (COPD),
because heavy smoking history was common in the irreversible airway obstruction group [11; 12; 13]. Other
studies did not provide treatment during follow up, rendering it difficult to establish whether irreversible
airway obstruction or under-treatment determined outcomes [14; 15; 16]. Longitudinal studies are necessary
to evaluate outcomes of irreversible airway obstruction in subjects with asthma. We hypothesized that
asthmatic subjects with irreversible airway obstruction have worse outcomes. The aim of this study was to
evaluate whether irreversible airway obstruction related to asthma is a risk factor for symptoms control,
quality of life and exacerbations from asthma in a setting of proper treatment.



Methods
Study Population
Subjects were screened consecutively upon admission in the severe asthma clinic of the Program for Control
of Asthma in Bahia (ProAR). Patients were from the low-income strata of Salvador City, Brazil, and were not
in regular use of inhaled corticosteroids before enrollment. Enrollment period was from January 2004 to
January 2006.

Inclusion criteria were: 1) Diagnosis of uncontrolled asthma; 2) Age >12 years old; 3) Informed consent
signed by patients or guardians. Exclusion criteria were: 1) Smoking history > 9 pack/years; 2) Current
smoking; 3) Other lung diseases or other disease that could possibly interfere in the evaluation of asthma
control or severity.

Two physicians experienced in asthma care independently checked the diagnosis of asthma. A third
physician decided in case of disagreement. The tools for asthma diagnosis were physician evaluation,
spirometry and chest radiography. The physician looked for typical symptoms of asthma such as chronic and
recurrent episodes of wheezing, cough or dyspnea. Lung function should be normal or have airway
obstruction. Response to bronchodilator was not a criterion for enrollment. The chest radiography was
important to exclude subjects with large lung scars, because this abnormality indicates a relevant
concomitant pulmonary disease. The attending physician requested a high-resolution computerized
tomography of the chest according to clinical judgment, to rule out bronchiectasis. Subjects with
bronchiectasis observed at the CT were excluded.

Criteria for uncontrolled asthma at enrollment were: 1) daily symptoms of asthma; or 2) more than two night
awakenings per week due to asthma symptoms; or 3) use of rescue medication for asthma more than twice
a day. The Institutional Review Board of MCO - Federal University of Bahia approved the study.

Study design
This is an outpatient prospective cohort study. Subjects were followed during one year. The study comprised
five visits at intervals of 3 months. In visit I inclusion and exclusion criteria were checked, subjects were
evaluated by a multidisciplinary team (chest physician, nurse and pharmacist), reported emergency room
visits and hospital admissions from asthma during the year before enrollment, performed lung function test
and skin prick test to aeroallergens. In visits II to V a multidisciplinary team evaluated subjects and reported
emergency room visits and hospital admissions from asthma since the last study visit. In visit V subjects
repeated lung function test, answered symptoms questionnaire (Asthma Control Questionnaire - ACQ),
quality of life questionnaire (Asthma Quality of Life Questionnaire - AQLQ) and a physician evaluated rhinitis
symptoms. Two hundred and forty eight subjects fulfilled the inclusion/exclusion criteria and completed the
follow up period.

At enrollment in the study, all subjects received an initial prescription of 800 μg/day of inhaled budesonide
plus 24 μg/day of inhaled formoterol [17]. Subjects received inhaled short-acting β-2 agonist, to use on
demand. The physician in charge evaluated asthma treatment every study visit. Subjects who reported
hospital admission or emergency room visit from asthma since the last study visit or symptoms of asthma in
the last 2 weeks had treatment up titrated. Subjects without hospital admission, emergency room visit and
symptoms of asthma had treatment down titrated. A pharmacist supplied the medications for asthma free of
charge and controlled adherence to treatment every month.

Lung function
A technician performed a lung function test at enrollment and at the last study visit (Koko® spirometer,
software PDS Instrumentation, Inc., Louisville, Colorado, EUA), according to American Thoracic Society



recommendations [18]. The spirometer software was updated with Brazilian values of normality [19]. These
values were used to calculate the percent of predicted of Forced Expiratory Volume in the first second
(FEV1) and Forced Vital Capacity (FVC).

The criterion of irreversible airway obstruction was post bronchodilator FEV1/FVC ratio below the lower limit
of normality in both pre and post treatment spirometry performed at study visits I and V, respectively. We
obtained the equation to calculate the lower limit of normality from Cerveri et al [20].

Allergic skin prick-tests and rhinitis symptoms evaluation
The definition of atopy was a positive skin prick-test to any aeroallergen tested. The antigens
were Dermatophagoides pteronyssinus, Blomia tropicalis, dog and cat dander allergens. We measured the
wheal diameters 15 minutes after puncture. The test was positive when at least one antigen induced a
reaction 3 mm greater than the negative control with saline solution.

A physician evaluated rhinitis at enrollment. At the last study visit a questionnaire was applied to evaluate the
severity of rhinitis symptoms. The questionnaire measured nasal obstruction, sneezing, itching and runny
nose in the preceding 7 days. Symptoms were classified as absent (0), mild (1), moderate (2) or severe (3).
The sum of symptoms score defined a final score from zero to 12.

Asthma control and quality of life
At the last study visit we applied the ACQ questionnaire. The ACQ questionnaire measures the severity of
asthma symptoms. Lower score indicates fewer symptoms. The Brazilian Portuguese version of the ACQ
questionnaire was validated [21]. The cutoff of well-controlled asthma is 0.75 [21].

At the last study visit we also applied the AQLQ questionnaire. This is a 32-item questionnaire that measures
asthma related quality of life. Higher score indicates better quality of life [22]. There is no cutoff to distinguish
high from low quality of life. We used the 50th percentile to dichotomize the AQLQ score: high or low quality
of life. The dichotomized AQLQ was the dependent variable of an adjusted binary logistic regression model.

Statistical analysis
Chi-Square and Mann Whitney tests were used to compare outcomes of asthma control between subjects
with and without irreversible airway obstruction. We used the Chi-Square test to analyze nominal variables.
We used the Mann Whitney test to analyze continuous and ordinal variables because the distribution was
not normal. Hospital admission from asthma during the study was the primary endpoint of asthma control.
Emergency room visit during the study, ACQ and AQLQ scores at visit V were secondary endpoints of
asthma control.

We evaluated the response to treatment with inhaled corticosteroid and Long Acting Beta 2 Agonist. The
study population was not under regular use of inhaled medications for asthma before the study. Therefore,
the inhaled medications supplied during the study was the most likely reason for an important reduction in
the number of emergency room visits. We classified subjects in two categories: ≥ 90% or <90% reduction of
emergency room visits. The number of emergency room visits in the year before the study, reported at visit I,
was the baseline information to estimate reduction of emergency room visits during the study.

We performed four adjusted binary logistic regression models to evaluate whether irreversible airway
obstruction (independent variable) was a risk factor for endpoints of asthma control (dependent variables).
The endpoints of asthma control were emergency room visit during the follow up period, hospital admission
during the follow up period, ACQ score bellow 0.75 and AQLQ score above the 50th percentile at the last
study visit (Statistical Package for the Social Sciences - SPSS Inc., Chicago, IL, USA). The regression
models were adjusted for the treatment offered in the course of the study (independent variable). We defined



high dose of inhaled medication for asthma the use of more than 800 μg/day of inhaled budesonide
associated with 24 μg/day of inhaled formoterol [17]. The method of data entry in the adjusted binary logistic
regression model was the Backward Likelihood Ratio. We used the Hosmer-Lemeshow test to measure
goodness-of-fit and the Tolerance test and Variance Inflation Factor to measure collinearity.

We also performed a multivariate negative binomial regression model to evaluate whether irreversible airway
obstruction was a risk factor for the number of emergency room visits during the follow up. This analysis was
adjusted for the use of high dose of inhaled medication for asthma in the follow up and for the number of
emergency room visits in the year before enrollment. We used the STATA software for this analysis.

Results
Table 1 describes baseline characteristics of 248 subjects enrolled in the study. It depicts ordinal and
continuous variables as median and 25–75 percentiles and nominal variables as absolute number and
proportions. Female represents 82% of the sample, median age at enrollment was 47 (35–56) years old and
median Body Mass Index (BMI) was 26 (23–31). The physician diagnosed chronic rhinitis in 207 (84%)
subjects. The age of initial asthma symptoms was 10 (4–25) years old. The number of emergency room
visits and hospital admissions from asthma per subject in the year before enrollment was 6 (2–20) and 0 (0–
1), respectively. Skin prick tests to aeroallergens were positive in 127 (61%) subjects.
TABLE 1. Clinical characteristics of patients at enrollment in the study.

Table 2 compares baseline characteristics of the study population according to lung function patterns. At that
moment in time subjects were not using inhaled medications for asthma. Irreversible airway obstruction was
not associated with gender, Body Mass Index, chronic rhinitis diagnosis, age of first asthma symptoms,
duration of asthma, smoking history, number of emergency room visits in the year before the study, number
of hospital admissions in the year before the study and frequency of positive skin prick test to aeroallergens.
A trend toward association between older age at enrollment and irreversible airway obstruction was
observed [median and 25–75th percentiles; 50 (39–57) versus 43 (34–54). p = 0.05].
TABLE 2 – Clinical characteristics of patients with asthma at enrollment, according to their lung
function pattern.

Table 3 compares follow up data of the study population according to lung function patterns. At that moment
in time subjects were using inhaled medications for asthma during the last year. Irreversible airway
obstruction was associated with higher number of emergency room visits per subject, higher frequency of
subjects reporting any emergency room visit, higher number of hospital admissions per subject, higher
frequency of subjects reporting any hospital admission and lower frequency of ≥ 90% reduction of
emergency room visits in the course of follow up. Groups were similar regarding the frequency of rhinitis
treatment, the frequency of high dose of inhaled medication for asthma, the scores of the ACQ and AQLQ
questionnaires. Lower rhinitis symptoms score had a borderline association with irreversible airway
obstruction.
TABLE 3 – Asthma control and response to treatment during the follow up period, according to lung
function pattern.

Table 4 depicts adjusted binary logistic regression models to identify risk factors for higher symptoms scores,
poor quality of life scores, emergency room visit, hospital admission and reduction of emergency room visits
from asthma during the follow up period. Data are depicted as odds and 95% confidence intervals. Subjects
with irreversible airway obstruction had higher odds of emergency room visit [OR 2.214, 95 CI (1.300–
3.768)] and hospital admission [OR 8.530, 95 CI (1.517–47.978)] from asthma during the follow up. They
had lower odds of ≥ 90% reduction of emergency room visits from asthma in the course of follow up [OR
0.452, 95 CI (0.265–0.769)]. Subjects using high dose of inhaled medication for asthma during the study had



lower odds of emergency room visit [OR 0.416, 95 CI (0.189–0.911)] and higher odds of ≥ 90% reduction of
emergency room visits from asthma in the course of follow up [OR 2.407, 95 CI (1.097–5.279)]. Subjects
using high dose of inhaled medication for asthma had higher odds of ACQ score < 0.75 [OR 1.002, 95 CI
(1.001–1.004)] and of high AQLQ score at the last study visit [OR 1.002, 95 CI (1.001–1.003)].
TABLE 4 – Adjusted regression model to identify risk factors for asthma exacerbations and response
to treatment during the follow up period.

The multivariate negative binomial regression model demonstrated that irreversible airway obstruction,
adjusted for the dose of inhaled medication for asthma in the follow up and for the number of emergency
room visits in the year before enrollment, did not predict the number of emergency room visits during the
follow up [OR 1.53, 95 CI (0.71–3.30).

Discussion
Our cohort study demonstrates that subjects with irreversible airway obstruction had increased odds of
emergency room visit and hospital admission from asthma during the follow up period in spite of high dose of
inhaled medications, however, irreversible airway obstruction did not predict the number of emergency room
visits. Subjects with irreversible airway obstruction had lower odds to reduce emergency room visits during
one year of treatment with inhaled corticosteroids plus Long Acting Beta 2 Agonist. In our study irreversible
airway obstruction group was unlikely to include subjects with Asthma COPD Overlap Syndrome or COPD,
because we excluded subjects with smoke history > 9 pack years and two chest physicians independently
checked the diagnosis of asthma. Although we did not measure exposure to indoor wood smoke in this
urban population, our strategy to avoid COPD related airway obstruction was probably successful as both
study groups had baseline characteristics of asthma such as low age of first respiratory symptoms and high
frequency of chronic rhinitis. Under treatment had little chance to bias the results since we monitored
treatment, most subjects used high dose of inhaled medication for asthma and treatment was a co-variate in
the adjusted regression models.

In our study irreversible airway obstruction was not a risk factor for uncontrolled symptoms of asthma or
worse asthma related quality of life. Teeter et al demonstrated that lung function does not correlate well with
asthma symptoms and symptoms improvement can occur without improvement of lung function in asthmatic
subjects without irreversible airway obstruction [23]. Reduced perception of airway obstruction [24] and
underrate respiratory symptoms [25] may contribute to the disconnection between airway obstruction and
symptoms reported by subjects with asthma. These observations reinforce the need of proper
characterization of lung function pattern in subjects with asthma to estimate the risk of future exacerbations.

We did not observe an association between the duration of asthma symptoms and irreversible airway
obstruction. Memory bias may be the reason of this unexpected result. Previous studies indicate that the
length of asthma symptoms is associated with irreversible airway obstruction [13; 16]. It is possible that long-
term airway inflammation causes airway remodeling and subsequent irreversible airway obstruction. The
protective effect of anti-inflammatory medications for asthma on the development of airway obstruction
supports this hypothesis [12]. However, non-inflammatory mechanisms seem to participate in the
physiopathology of airway remodeling and irreversible airway obstruction. Evidences demonstrate that in
vitro mechanical strain of human airway smooth muscle cells [26] and in vivo induced bronchial spasm [27]
can cause airway remodeling with no apparent inflammatory cell mediation.

Our study did not find association between atopy and irreversible airway obstruction. Previous survey did not
find associations between atopy and symptoms control in adult subjects with asthma [28]. These
observations suggest that atopy has only a partial role in the physiopathology of asthma in adult subjects.



Chronic rhinitis is often associated with more severe asthma and lower lung function [29]. Underlying
systemic inflammation possibly leads to concomitant upper and lower airways abnormalities. In our study
irreversible airway obstruction was not associated with chronic rhinitis diagnosis or severity of rhinitis
symptoms. Jang et al observed an inverse association between irreversible airway obstruction and diagnosis
of rhinitis [10]. These observations suggest a disconnection between upper and lower airway pathologies in
asthmatic subjects with irreversible airway obstruction.

Jang et al estimated 8.4% of irreversible airway obstruction among asthmatic subjects [5]. We observed a
much higher frequency in our study. This result is within the expectation for subjects with severe symptoms
of asthma and no previous regular use of inhaled corticosteroids. Population based studies are needed to
define unbiased prevalence of irreversible airway obstruction related to asthma across all severities. Our
sample of severe asthmatics also explains the high rate of female gender, since severe asthma affects
females more frequently [30].

A recent uncontrolled study suggests that Tiotropium improves symptoms and prevents exacerbations in
subjects with irreversible airway obstruction related to asthma [31]. However, further studies are necessary
to assure effectiveness and safety of Tiotropium for irreversible airway obstruction related to asthma.

Our criterion of irreversible airway obstruction was post-bronchodilator FEV1/CVF ratio below the lower limit
of normality before and after treatment. Post-bronchodilator FEV1/CVF ratio below the lower limit of normality
is an up to date criterion of airway obstruction [20]. Subjects used high dose of inhaled corticosteroids plus
Long Acting Beta 2 agonist during one year to control airway inflammation and assure irreversibility of airway
obstruction in the post-treatment lung function test. A trial with high dose of oral corticosteroids would have
only a small additional effect on residual airway inflammation, eventually not controlled by the one year of
high dose of inhaled medications for asthma. However, a trial with high dose of oral corticosteroids would
demand additional exclusion criteria and many subjects might refuse to participate due to concerns
regarding side effects. We suppose these are the reasons why most previous studies on this topic did not
use a trial of oral corticosteroids to define irreversible airway obstruction [2; 3; 4; 9; 10; 12; 13; 14].

We conclude that irreversible airway obstruction is not a risk factor for poor control of asthma symptoms or
asthma related quality of life, in a setting of proper treatment. It is a risk factor for emergency room visit and
hospital admission from asthma, however, irreversible airway obstruction did no predict the number of
emergency room visits. Subjects with irreversible airway obstruction have lower odds to reduce emergency
room visits after treatment. These data emphasize the necessity to characterize irreversible airway
obstruction related to asthma in clinical practice and to investigate new treatment options for these subjects.
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