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ABSTRACT

Persistent airways obstruction (PAO) may affect some patients with severe asthma and may significantly worsen the
prognosis. This study was designed to detect risk factors associated with persistent airflow limitation in nonsmoking adult
patients with severe asthma. A total of 68 adults with severe asthma were recruited and followed prospectively for four to six
weeks during the stable phase of disease. For all patients, at every visit spirometry with reversibility test was performed. Based
on the results, patients were stratified into group 1 (reversible obstruction) or group 2 (PAO). In both cohorts, associations of
postbronchodilatator forced expiratory volume in one second/forced vital capacity ratio (FEV1/FVC) with patients’ age, gender,
asthma duration, history of atopy and allergy, family history, medications, frequency of previous exacerbations, infections,
hospitalizations, and artificial ventilation due to the asthma attack-related respiratory failure were investigated. Using a
univariate logistic regression analysis, we have shown that older age, more than six exacerbations per year, artificial ventilation
in the past, at least one hospitalization per year, the presence of atopic dermatitis, and exposure to domestic visible mold were
all independent risk factors of PAO. Furthermore, multivariate regression analysis demonstrated that especially those with
domestic exposure to visible molds, with very frequent exacerbations and with at least one hospitalization throughout the last
year, were at risk for developing PAO. Domestic exposure to molds, hospitalization during the last year, and very frequent
exacerbations were associated with PAO in patients with severe asthma. These factors may help in predicting fixed airflow
limitation in nonsmoking patients with severe asthma.

(Allergy Asthma Proc 35:e72–e79, 2014; doi: 10.2500/aap.2014.35.3785)

Asthma is a chronic inflammatory disorder of the
airways characterized by bronchial hyperrespon-

siveness and recurrent symptoms caused by diffused
airflow obstruction, which usually resolves either spon-
taneously or after treatment. Inhaled corticosteroids, in
the majority of patients, efficiently suppress airway in-
flammation, reduce the frequency of exacerbations, nor-
malize lung function, and improve patients’ quality of
life.1 However, there is a group of asthmatics with un-
controlled disease and frequent exacerbations despite the
best treatment carried out in accordance with our knowl-
edge and recommendations.1–4 This subset of patients,
whose disease is described as severe,1 difficult to treat1, or
refractory,5 incurs a significant fraction of the cost and
morbidity of the disease.2,3,6 Of those, especially patients
with persistent airflow limitation, which is resistant to
high doses of inhaled corticosteroids, supported some-

times with systemic corticosteroids and long-acting �2
agonists, are at the highest risk for complications and
fatal prognosis.1,5,6

The exact cause of persistent airways obstruction
(PAO) in this small subset of asthmatics is far from
being understood.6 Although airway remodeling is re-
garded as the most important cause,2,7 other factors,
like persistent airway inflammation leading to release
of bronchoconstricting mediators,2 resistance to ther-
apy, or change in cellular phenotype, are also signifi-
cant.2,6,7 In addition, active and passive cigarette smok-
ing is the most important factor for the development of
persistent airflow limitation.2,3,7,8 However, non-re-
versible airways obstruction (RAO) may also occur in
never-smoking asthmatics.9 Under the present state of
knowledge, the pathophysiology of PAO can only be
precisely defined with histologic sampling.10,11

Nevertheless, it is extremely important for clinicians
to characterize the group of patients at particularly
high risk of developing irreversible airway obstruction
and significantly worse prognosis.

There were other studies focusing on persistent air-
flow limitation in patients with asthma. Factors such as
longer duration of asthma,3,7 older age,6 environmental
exposure to allergens,6 increased peripheral blood eo-
siophilia,7 hypersensitivity to nonsteroidal antiinflam-
matory drugs,12 smoking cigarettes,3,6 and occupa-
tional exposure6 were considered for the development
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of fixed airways obstruction. However, most of these
studies included ex or active smokers2,3,13 with a his-
tory of more than 10 pack-years of smoking,2,3,13 which
could be a confounding factor. Tobacco smoke is the
main cause of chronic obstructive pulmonary disease
(COPD).8 Therefore, some studies, which initially in-
cluded asthmatics, in fact partly consisted of COPD
patients or patients with overlap syndrome rather than
asthmatics with PAO.2,3 In addition, forced expiratory
volume in one second/forced vital capacity ratio
(FEV1/FVC) is not stable, because it was used for di-
agnosis in previous studies1,2,3 but decreases with
age.4,8 Therefore, the application of a fixed ratio of less
than 0.7, instead of a lower limit of normal (LLN) may
result in overdiagnosis of PAO.4,8

Therefore, we decided to carry out the study in non-
smoking asthmatics whose fixed obstruction of air-
ways was diagnosed using the LLN for FEV1/FVC
ratio. We aimed to present the characteristic of those
patients, and we wanted to compare the patients with
severe asthma with PAO and the patients with RAO in
relation to demographic data, disease history, family
history, treatment, social factors, exhaled nitric oxide
(ENO), and spirometric parameters. Additionally, us-
ing qualitative and quantitative variables, we wanted
to find the risk factors that were associated with fixed
airways obstruction in adult, nonsmoking patients
with severe asthma.

METHODS
We conducted a prospective, observational study of

patients with severe asthma referred to the hospital
and outpatient clinics. The patients were treated with
their usual asthma treatment during the study, which
was indicated by specialist.

The study cohort comprised adults, aged more than
18 years, with severe asthma diagnosed according to
recommendations.1 The diagnosis of asthma had to be
made at least five years before the study, and patients
had to be treated with a stable dose of medications for
at least four weeks before the screening visit. Patients
were excluded if they had more than five pack-years or
they were current smokers, if they had restrictive re-
spiratory pattern in lung function tests, if they suffered
from COPD, emphysema, tuberculosis, neoplastic dis-
ease, cystic fibrosis, bronchiectasis, severe heart failure,
or autoimmunologic disease. All patients signed writ-
ten informed consent, and the medical Ethics Commit-
tee of Medical University in Lodz approved the study
protocol.

At baseline demographic and clinical data were col-
lected on asthma, allergy, medications, the necessity of
treatment with systemic corticosteroids, comorbid con-
ditions, family history, sensitization, as well as asthma-
related healthcare use (hospitalizations, artificial ven-

tilation due to the asthma attack-related respiratory
failure from the time of asthma diagnosis). All partic-
ipants filled in asthma control questionnaire (ACQ)1

and asthma control test (ACT).1 Next, concentration of
NO was measured in exhaled breath, and skin-prick
tests as well as spirometry before and after short-acting
�2 agonist (400 �g of salbutamol) and blood sampling
were performed in all participants. After a six-week
interval, the patients were asked to fill in ACQ and
ACT, and measurement of NO, spirometry with re-
versibility test, and blood sampling were repeated. At
each visit the patients had to be in a stable condition,
without asthma exacerbation. According to the results
of spirometry at two consecutive visits, patients were
divided into groups with PAO or with RAO.

Spirometry
Spirometry was performed according to American

Thoracic Society guideline14 at each study visit with
daily calibrated, certified spirometer Lungtest 1000
(Mes, Dymek, Krakow). PAO was defined as a post-
bronchodilator (400 �g of salbutamol) FEV1/FVC ratio
below the LLN at two consecutive visits in four- to
six-week intervals.

ACQ and ACT
All participants completed the validated, self-admin-

istered ACQ1 and ACT1 at both study visits. The ACQ
questionnaire contains 7 items (each scored 0–6), five
of which concern night time and daytime symptoms
and activity limitation, one concerns the use of rescue
bronchodilatator, and one is related to value of FEV1%
predicted. The ACQ result was calculated as a mean,
with score more or equal to 1.5 reflecting uncontrolled
asthma. The ACT comprises five questions (each
scored 1–5) concerning activity at school or work,
asthma symptoms, the use of rescue medication, and
own assessment of asthma control. The calculated ACT
score of 19 or less indicated that asthma is uncon-
trolled.

Concentration of ENO
The concentration of ENO was measured according

to the ATS/ERS guidelines15 with a single-breath
method at the expiratory flow rate of 50 mL/s
(Hyp’Air FeNO, Medisoft, Belgium). The measurement
was repeated 3 times, and the mean value was col-
lected for statistical analysis. The results were pre-
sented as a number of parts of NO per billion.

Skin-Prick Tests and IgE
Skin-prick tests were performed as previously de-

scribed16 with the standard set of allergens (Allergop-
harma, Reinbek, Germany).
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Total serum IgE levels were quantitatively deter-
mined using IgE kit (UniCap, Pharmacia & Upjohn,
Diagnostics AB). The sensitivity for detection was 0.15
kU/L.

Evaluated Variables
Variables evaluated in the study were: patients’ age,

sex, duration of asthma (years), coexistence of allergic
rhinitis diagnosed according to recommendations,17

sensitization to seasonal and perennial allergens, the
history of: atopic dermatitis, exposure to allergens (in-
cluding pet and molds allergens), childhood infections,
infections in adults, asthma exacerbations (defined as a
more acute and severe loss of control requiring urgent
treatment, an increase or addition of systemic cortico-
steroids with or without hospitalization1 or treatment
with antibiotics), and frequency of asthma exacerba-
tions (during the year), antibiotic treatment, hospital-
izations, and artificial ventilation due to the asthma
attack-related respiratory failure (the presence of any
hospitalization or artificial ventilation in the past, fre-
quency of hospitalization during the year), and also
smoking status, family history of allergy and asthma,
patients income (stratified as low, medium, or high),
and place of residence.

In addition, we have evaluated the treatment of
asthma with short- and long-acting �2 agonists, ipra-
tropium bromide, inhaled corticosteroids, systemic
corticosteroids (the need to use and the dose of sys-
temic corticosteroids), antieukotrienes, methylxan-
thines, concentration of total IgE, FEV1, FEV1%, and
FEV1/FVC ratio.

Statistical Methods
First, frequencies and percentages were calculated to

enable comparison of characteristics between asthmat-
ics with PAO and those with RAO. For continuous
variables, the Student’s t test was used for normally
distributed data, whereas for not normally distributed
data, Mann-Whitney U test was done. In addition, �2

test was used to compare proportions.
Selection of the risk variables for regression analysis

was based on the results of previous studies and other
potential causes of PAO. However, FEV1 and asthma
medications were not included, as a potential con-
founder because of the significant correlation of these
variables with FEV1/FVC ratio. Variables including
the frequency of hospitalizations and exacerbations
were categorized as follows: without exacerbation or
hospitalization (0), one to three exacerbations or hos-
pitalizations for one year (1), four to six exacerbations
or hospitalizations (2), and more than seven exacerba-
tions or hospitalizations (3).

The data were analyzed with logistic regression to
produce odds ratios and 95% confidence intervals

(CIs). Univariate logistic regression analysis was ini-
tially performed to examine the unadjusted association
of all variables with PAO. Next, significant variables with
p � .05 in univariate analyses were tested by multivariate
analyses with the forward stepwise approach. Signifi-
cance was defined as a value of p � .05. Statistica 10.0
(StatSoft, Poland, Krakow) was used for analysis. The
study protocol was approved by the Ethics Committee of
Medical University in Lodz.

RESULTS
Out of patients with asthma included initially, 15

patients discontinued the trial due to asthma exacer-
bation (n � 10), consent withdrawal (n � 2), and low
compliance (n � 3). Finally, there were 68 adult pa-
tients with severe asthma (Table 1). The patients with
PAO (n � 38, 56%) were older and suffered from atopic
dermatitis more frequently but did not differ from
those with RAO (n � 30, 44%) in relation to: gender,
duration of asthma, history of allergic rhinitis, history
of smoking, sensitization to seasonal and perennial aller-
gens, total serum IgE levels, family history of asthma and
allergy, place of residence, and patients’ income (Tables 1
and 2). Females dominated in both groups.

Asthmatics with persistent airflow limitation had
significantly lower values of FEV1, FEV1%, and lower
FEV1/FVC ratio. They were treated with higher dose
of inhaled corticosteroids and have taken antileukot-
rienes more frequently (Table 2). The number of pa-
tients with at least one asthma-related exacerbation or
hospitalization and/or emergency interventions dur-
ing the last year was higher in the cohort with PAO.
The frequency of these events was higher in the PAO
group too. Furthermore, the patients with PAO were
more frequently intubated due to the complication of
asthma and were more frequently affected by infec-
tions. Finally, more patients with PAO were exposed to
visible molds at home (Table 2). ENO levels were not
significantly higher in PAO group.

Further analysis revealed significant correlations be-
tween some of the monitored parameters both in PAO
and RAO groups (Tables 3 and 4 and Fig. 1). Briefly, in
both cohorts, FEV1 and FEV1/FVC ratio correlated
negatively with asthma duration, the number of exac-
erbations, hospitalizations, and infections. In both
groups, mean dose of systemic corticosteroids corre-
lated positively with the frequency of infections, and in
PAO group, mean dose of inhaled corticosteroids cor-
related positively with the number of infections. Both
low lung function parameters and complications of
asthma had negative impact on ACT score.

Univariate logistic regression analysis revealed the
following factors associated with persistent airflow
limitation: patients’ age odds ratio [OR] 1.056; 95%CI:
1.005–1.110, p � .032), more than six exacerbations
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during the year (OR 3.271; 95%CI: 1.136–9.421, p �
.028), the presence of at least one hospitalization dur-
ing the year (OR 3.41; 95%CI: 1.714–6.807, p � .001), a
history of intubation with artificial ventilation due to
an asthma attack-related respiratory failure in the past
OR 1.720; 95%CI: 1.013–2.92, p � .045), and presence of
atopic dermatitis (OR 1.907; 95%CI: 1.07–3.39, p � .029)
and exposure to domestic visible mold (OR 2.038; CI:
1.025–4.053, p � .042). Multivariate regression analysis
revealed that patients were more likely to have a
FEV1/FVC ratio below LLN if they had: more than six
exacerbations during the year (OR 4.455; 95% CI:
1.416–14.01, p � .01), at least one hospitalization per
year due to the asthma complications (OR 3.607; 95%
CI:1.726–7.538, p � .001), or exposure to molds (OR
2.247; 95% CI:1.00–5.046, p � .047).

Gender, duration of asthma, age at debut of asthma,
type of asthma (atopic vs nonatopic), the presence of
allergic rhinitis, smoking history, family history of al-
lergy and asthma, frequent infections in the childhood,
less than six asthma exacerbations during the year,

frequency of infections or antibiotic therapy during the
year, exposure to pet allergens, living in the city, or
patients’ income were not significant markers for an
increased risk for the presence of PAO.

DISCUSSION
Based on multivariate analysis, we have presented

that nonsmoking adult patients, suffering from severe
asthma, with seven or more exacerbations during the
year, with environmental exposure to molds, and es-
pecially those with the history of severe exacerbation
requiring hospitalization in the past 12 months, were at
significantly increased risk of having persistent airflow
limitation. In addition, older age, history of intubation
with artificial ventilation due to the asthma attack-
related respiratory failure, and the presence of atopic
dermatitis together with aforementioned factors inde-
pendently increased risk of PAO.

According to the definition of the disease, asthma is
caused by chronic allergic inflammation, is accompa-

Table 1 Patients’ baseline characteristics

PAO Group RAO Group p Value

Number of patients (N � 68) 38 (56%) 30 (34%)
Age (years) 53.5 � 10.55 45,63 � 10.41 .039
Gender

Female 26 (68%) 25 (83%) NS
Male 12 (32%) 5 (17%) NS

Race Caucasian 100% Caucasian 100% –
Duration of asthma (years) 23.13 � 12.3 19.73 � 10.98 NS
Number of patients with early onset of asthma (n) 26 (68%) 22 (73%) NS
History of allergic rhinitis (n) 24 (63.2%) 24 (80%) NS
History of atopic dermatitis (n) 15 (39%) 6 (20%) .02
ACT score 14.0 � 3.58 15.23 � 3.46 NS
ACQ score 3.01 � 0.9 2.92 � 0.91 NS
FEV1 (L) 1.5 � 0.53 2.25 � 0.54 .00001
FEV1 (% of predicted value) 52.76 � 12.72 79.00 � 11.91 .00001
FVC (L) 2.59 � 0.79 3.07 � 0.78 .01
FEV1/FVC 0.57 � 0.07 0.74 � 0.06 .00001
Serum concentration of IgE kU/L 220.8 � 203 198 � 196 NS
Mean concentration of NO in exhaled air (ppb) 33.3 � 23.51 24.69 � 14.7 NS
Smoking history (n) (with �5 pack-years) 10 (26%) 6 (20%) NS
Mean number of pack-years 4.12 � 1.24 3.6 � 1.5 NS
Number of patients with positive SPT (n) 26 (68.4%) 19 (63.33%) NS
Positive SPT to seasonal allergens (n) 18 (47.36%) 13 (43.33%) NS
Positive SPT to perennial allergens (n) 23 (60.5%) 17 (56.67%) NS
Number of patients with family history of allergy (n) 24 (63.16%) 18 (60%) NS
Number of patients with family history of asthma (n) 17 (44.7) 13 (43.33%) NS

p value represents results of �2, t test, or U Mann-Whitney test, respectively.
ACT � asthma control test; ACQ � asthma control questionnaire; FEV1 � forced expiratory volume in one second; FVC �
forced vital capacity; ppb � parts per billion; NS � not significant; PAO � persistent airways obstruction; RAO � reversible
airways obstruction; SPT � skin prick test.
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nied by episodes of RAO, and is generally associated
with good prognosis. However, in some patients, irre-
versible airflow limitation may develop, which wors-
ens the prognosis significantly.1,6,7 Up until today, the
natural course of persistent airflow limitation in
asthma is poorly understood. There is growing evi-
dence that various external (smoking cigarettes, infec-
tions, exacerbations, occupational exposure)1,6,7 and in-
ternal (patients age, adult onset of asthma, eosinophilic
inflammation)6 factors are responsible for structural
changes and progressive remodeling in the airways,
which may lead to irreversible airflow limitation de-
spite the optimal therapy.18 The structural changes are

not known, and the role of remodeling in the develop-
ment of persistent airflow limitation is not precisely
described. However, the theory that airway remodel-
ing participates in the evolution of irreversible airflow
limitation has important clinical implications. It is ac-
cepted that remodeling of the airways results from
chronic inflammation, which is driven by damage to
the epithelium.19,20 As it was postulated, the environ-
mental stimuli together with impaired ability of epi-
thelium to repair activate signals, which propagate and
stimulate inflammation within epithelium, subepithe-
lial compartment, smooth muscles, and vessels. Many
irritants or specific factors, including allergens, air pol-

Table 2 Contributing factors such as treatment, exacerbations of asthma, infections, patients’ income in
patients with severe asthma with persistent airways obstruction, and reversible airways obstruction

PAO Group RAO Group p Value

Mean daily dose of ICS (equivalent to beclomethasone, in �g) 2172.63 � 1286.2 1622.00 � 1038.56 0.041
Number of patients treated with SC (n) 20 (52.6) 19 (63%) NS
Mean daily dose of SC (equivalent to prednisone, in mg) 17.38 � 16.24 12.37 � 9.03 NS
Mean daily dose of LABA (�g) 56.74 � 41.83 53.67 � 37.2 NS
Number of patients treated ad hoc with SABA (n) 30 (79%) 24 (80%) NS
Number of patients treated with ipratropium bromide (n) 21 (55%) 13 (43%) NS
Number of patients treated with antileukotriene

(montelukast, daily dose 10 mg)
28 (74%) 14 (47%) 0.022

Number of patients treated with methylxanthines 14 (37%) 12 (40%) NS
Number of patients with at least one exacerbation in the last

year
36 (95%) 20 (67%) 0.02

Number of exacerbations of asthma during the last year 7.66 � 4.07 4.7 � 4.63 0.006
Number of patients with at least one asthma related

hospitalization and/or emergency interventions in the last
year

35 (92%) 15 (50%) 0.0001

Number of asthma-related hospitalizations and/or emergency
interventions during the last year

5.0 � 3.31 2.83 � 3.95 0.016

History of intubation due to asthma-related exacerbation (n) 18 (47%) 7 (30%) 0.038
Number of patients with frequent infections in childhood 32 (84%) 22 (73%) NS
Number of adult asthmatics with frequent infections 35 (92%) 22 (73%) 0.035
Number of infection during the last year (n) 3.92 � 2.34 3.7 � 3.12 NS
Number of patients treated with antibiotics during the last

year
34 (89%) 24 (80%) NS

Mean frequency of antibiotic therapy during the last year 3.39 � 1.92 3.23 � 2.19 NS
Number of patients exposed to allergens to which they are

sensitized (n)
19 (50%) 18 (60%) NS

Number of patients exposed to pet allergens (n) 11 (28%) 15 (50%) NS
Number of patients exposed to molds (n) 12 (32%) 3 (10%) 0.03
Number of city inhabitants (n) 29 (76%) 23 (76%) NS
Patients income (n) NS

Low 8 (21%) 3 (10%)
Medium 22 (58%) 19 (63%)
High 8 (21%) 8 (27%)

p value represents results of �2, t test, or U Mann-Whitney test, respectively.
PAO � persistent airways obstruction; RAO � reversible airways obstruction; LABA � long-acting �2 agonists; SABA �
short-acting �2 agonists; ICS � inhaled corticosteroid; SC � systemic corticosteroid; NS � not significant.
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lutants, cigarette smoke, and pathogens, may activate
the production of mediators by the epithelium and
thus may feed the remodeling.19,20 If chronic inflam-
mation is responsible for airway progressive and non-
reversible remodeling, adequate and early decisions
concerning treatment can be made, especially in pa-
tients with mild and moderate asthma.1,7

If persistent airflow limitation occurs, it cannot usu-
ally be reversed with medications, and it is associated
with poor or even fatal prognosis.6,8

Therefore, it is extremely important to select, as early
as possible, those asthmatics who are particularly
prone to develop fixed airway obstruction. There were
several retrospective as well as long-term and short-
term prospective studies that aimed to identify the risk
factors of PAO in patients with mild to moderate as-
thma21–23 but only a few studies that focused on the
development of PAO in severe asthma.3,4 Although
asthma may have a severe and uncontrolled course, it
still can be characterized by RAO. Risk factors respon-

Table 3 Correlations of continuous variables in patients with reversible airways obstruction

Mean
Dose of

ICS

Mean
Dose of

SC

FEV1% Number of
Hospitalizations

Number
of

Infections

ACT
Score

Number of
Antibiotics/

Year

Number of
Exacerbations

FEV1/FVC

Duration of
asthma

R � 0.51 R � 0.5 R � �0.49 R � 0.45 R � 0.38 R � �0.42
p � .004 p � .004 p � .006 p � .014 p � .038 p � .019

Mean dose of SC — R � �0.48 R � 0.71 R � 0.51 R � �0.51 R � 0.53 R � 0.6
p � .007 p � .0001 p � .004 p � .004 p � .003 p � .0001

FEV1% — R � �0.51 R � �0.49 R � �0.36 R � �0.56
p � .004 p � .006 p � .046 p � .001

Number of
hospitalizations

— R � 0.79 R � �0.55 R � 0.63 R � 0.84
p � .0001 p � .022 p � .0001 p � .0001

Number of
infections

— R � 0.81
p � .0001

ACT score — R � �0.59 R � �0.62 R � 0.39
p � .001 p � .001 p � .03

Number of
antibiotics per
year

— R � 0.72
p � .001

ACT � asthma control test; FEV1 � forced expiratory volume in one second; FVC � forced vital capacity; ICS � inhaled
corticosteroid; SC � systemic corticosteroid.

Table 4 Correlations of continuous variables in patients with persistent airways obstruction

FEV1% Number of
Hospitalizations

Number of
Infections

ACT Score Number of
Antibiotics/Year

Number of
Exacerbations

FEV1/FVC

Duration of
asthma

R � �0.45 R � �0.38 R � �0.34
p � .004 p � .02 p � .03

Mean dose of ICS R � 0.38
p � .02

Mean dose of SC R � 0.52 R � �0.36 R � 0.6
p � .0001 p � .03 p � .0001

FEV1% — R � �0.57 R � 0.39 R � �0.4 R � �0.55
p � .0001 p � .02 p � .01 p � .0001

Number of
hospitalizations

— R � 0.4 R � �0.54 R � �0.47
p � .01 p � .0001 p � .02

Number of
infections

— R � 0.79 R � 0.51 R � �0.37
p � .0001 p � .001 p � .02

ACT score — R � �0.37 R � �0.33 R � 0.39
p � .02 p � .03 p � .02

Number of
antibiotics per
year

— R � �0.35
p � .03

Number of
exacerbations

— R � �0.48
p � .002

ACT � asthma control test; FEV1 � forced expiratory volume in one second; FVC � forced vital capacity; ICS � inhaled
corticosteroid; SC � systemic corticosteroid.

Allergy and Asthma Proceedings e77

DO N
OT C

OPY



sible for irreversible obstruction in patients not ex-
posed to cigarette smoke have been poorly investi-
gated.3,4 One of the reasons for PAO in severe asthma
could be recurrent and frequent exacerbations.3 As we
have demonstrated in this study, seven or more exac-
erbations during the year constitute the “borderline”
for the development of nonreversible obstruction. As it
was demonstrated before, at least one asthma exacer-
bation is an important risk factor for recurrent exacer-
bations,7 and recurrent exacerbations strongly promote
further exacerbations, thus activating a vicious circle.
Patients presenting with very frequent exacerbations
are especially prone to develop fixed airways obstruc-
tion. In addition, studies demonstrate that asthmatics

with multiple exacerbations (called as “exacerbations
prone asthmatics”)12 when compared with those with
single exacerbation are at increased risk for future,
severe exacerbation requiring more intense antiinflam-
matory treatment with systemic corticosteroids.12 The
reason why very frequent exacerbations may cause
PAO is not well explained. It is promoted that recur-
rent exacerbations produce and accelerate the loss of
lung function7,12,24 associated with decrease of FEV1,
which, in turn, has been shown to be a risk factor for
multiple asthma exacerbations.12 In addition, accord-
ing to remodeling hypothesis,19,20 stimuli, which
causes exacerbation of asthma, stimulate and maintain
inflammation within the airways escalating structural
changes and remodeling. This phenomenon may re-
sult from the activation of different inflammatory
pathways (including metalloproteinases) during as-
thma exacerbations. These may have a sustained
effect on airways remodeling and may promote fur-
ther exacerbations in a self-escalating fashion.7 It is
worth stressing that in our study, less than six exacer-
bations during the year were not enough to develop
fixed airflow limitation (OR1.2, p � .23). Therefore, it is
very important to prevent exacerbations in patients
with severe asthma and to intensify treatment after the
first exacerbation to prevent another. In this respect,
especially females were susceptible to exacerbations of
asthma and asthma-related hospitalizations.7 Similarly
in our study, females predominated in both groups of
asthmatics.

Furthermore, frequent hospitalizations are associ-
ated with asthma exacerbations.1,3,7 As we have dem-
onstrated in this study, besides very frequent exacer-
bations, at least one exacerbation in the past 12 months
severe enough to warrant treatment in the emergency
department or in the hospital was enough to promote
the persistent airflow limitation in patients with severe
asthma. It agrees with previous studies, which demon-
strated that even one severe exacerbation per year
reduced the value of FEV1 more than in patients with
severe asthma without exacerbation and was associ-
ated with more severe obstruction after 11 years of
observation.7

Furthermore, there were more intubations for respi-
ratory failure associated with acute severe asthma ex-
acerbations in PAO group. Intubation and artificial
ventilation is the consequence of a severe disease
course. However, artificial ventilation can also occur in
those with RAO. As we have demonstrated retrospec-
tively, especially those who were artificially ventilated
are at higher risk for PAO.

Although mean concentration of ENO did not differ
significantly between those with RAO and PAO, it was
clearly greater in the latter group. The lack of signifi-
cance may result from the low number of participants.
However, other studies have shown significantly

Figure 1. Relationships between FEV1/FVC ratio and duration of
asthma, number of emergency interventions, and hospitalizations
due to severe exacerbation of asthma, and number of infections in
patients with severe asthma and persistent airflow limitation.
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higher concentrations of ENO in patients with fixed
airway obstruction. Because the levels of ENO corre-
late with sputum eosinophilia,7,21 measurement of NO
in exhaled air may serve as a biomarker of allergic
inflammation in asthmatics.1,7 Therefore, higher levels
of ENO in PAO group could reflect persistent inflam-
mation within airways stimulated by recurrent exacer-
bations, which is resistant to treatment with inhaled
and systemic corticosteroids.19,20 Exposure to visible
molds at home in sensitized patients could be one of
the causes of persistent stimulation of epithelial cells
within the airway. As we have demonstrated in this
study, such chronic exposure constitutes a strong, in-
dependent factor for the development of PAO in pa-
tients with severe asthma.

One of the drawbacks of this study is the exclusion of
patients with intense exposure to tobacco smoke. How-
ever, smoking as a strong risk factor of permanent
obstruction can interfere with the analysis of other
variables here. Several prospective studies have con-
firmed the role of smoking in the development of RAO in
patients with asthma and COPD.1–3,8 However, there
were studies, which included smokers, with the median
duration of smoking of 30 pack-years3 for the evaluation
of risk factors for PAO.3 The diagnosis of PAO in those
patients with a fixed postbronchodilator FEV1/FVC ratio
could be categorized with COPD or with an overlapping
syndrome rather than asthma with PAO.

CONCLUSIONS
The results of this study confirm that prevention of

asthma exacerbations and hospitalizations, especially
in nonsmoking patients with severe asthma, could re-
duce the risk of irreversible airflow limitation, thus
improving their prognosis. In addition, it is possible
that environmental intervention to reduce exposure to
molds will help to reduce risk of persistent airflow
limitation in those patients.

ACKNOWLEDGMENTS
The study was self-funded by Medical University of Lodz.

REFERENCES
1. Global Strategy for Asthma Management and Prevention.

Global Initiative for Asthma (GINA) 2012. Available from:
http//www.ginasthma.org/.

2. Vonk JM, Jongepier H, Panhuysen CI, et al. Risk factors asso-
ciated with the presence of irreversible airflow limitation and
reduced transfer coefficient in patients with asthma after 26
years of follow up. Thorax 58:322–327, 2003.

3. Lee T, Lee YS, Bae YJ, et al. Smoking, longer disease duration
and absence of rhinosinusitis are related to fixed airway ob-
struction in Koreans with severe asthma: findings from the
COREA study. Respir Res 12:1, 2011.

4. Hwang YI, Kim CH, Kang HR, et al. Comparison of the prev-
alence of chronic obstructive pulmonary disease diagnosed by

lower limit of normal and fixed ratio criteria. J Korean Med Sci
24:621–626, 2009.

5. Proceedings of the ATS workshop on refractory asthma: current
understanding, recommendations, and unanswered questions.
American Thoracic Society. Am J Respir Crit Care Med 162:
2341–2351, 2000.

6. ten Brinke A. Risk factors associated with irreversible airflow limita-
tion in asthma. Curr Opin Allergy Clin Immunol 8:63–69, 2008.

7. Dougherty RH, and Fahy JV. Acute exacerbations of asthma:
epidemiology, biology and the exacerbation prone phenotype.
Clin Exp Allergy 39:193–202, 2009.

8. Global Initiative for Chronic Obstructive Pulmonary Disease
(GOLD) 2011. From the Global Strategy for the Diagnosis, Man-
agement and Prevention of COPD. Available from: http://
www.goldcpd.org/.

9. Gaga M, Papageorgiou N, Yiourgioti G, et al. Risk factors and
characteristics associated with severe and difficult to treat
asthma phenotype: an analysis of the ENFUMOSA group of
patients based on the ECRHS questionnaire. Clin Exp Allergy
35:954–959, 2005.

10. Brightling CE. Eosinophils, bronchitis and asthma: pathogene-
sis of cough and airflow obstruction. Pulm Pharmacol Then
24:324–327, 2011.

11. Tsoumakidou M, Tzanakis N, Kyriakou D, et al. Inflammatory
cell profiles and T-lymphocyte subsets in chronic obstructive
pulmonary disease and severe persistent asthma. Clin Exp Al-
lergy 34:234–240, 2004.

12. Koga T, Oshita Y, Kamimura T, et al. Characterisation of pa-
tients with frequent exacerbation of asthma. Respir Med 100:
273–278, 2006.

13. Lee JH, Haselkorn T, Borish L, et al. Risk factors associated with
persistent airflow limitation in severe or difficult to treat asth-
ma: insights from the TENOR study. Chest 132:1882–1889, 2007.

14. Miller MR, Hankinson J, Brusasco V, et al. ATS/ERS task force.
Standardisation of spirometry. Eur Respir J 26:319–338, 2005.

15. American Thoracic Society, European Respiratory Society.
ATS/ERS recommendations for standardized procedures for
the online and offline measurement of exhaled lower respira-
tory nitric oxide and nasal nitric oxide, 2005. Am J Respir Crit
Care Med 171:912–930, 2005.

16. EAACI Position Paper. Skin tests used in type I allergy testing. Posi-
tion paper. Sub-Committee on Skin Tests of the European Academy
of Allergology and Clinical Immunology. Allergy 44:1–59, 1989.

17. Brozek JL, Bousquet J, Baena-Cagnani CE, et al. Global Allergy
and Asthma European Network; Grading of Recommendations
Assessment, Development and Evaluation Working Group. Al-
lergic Rhinitis and its Impact on Asthma (ARIA) guidelines:
2010 revision. J Allergy Clin Immunol 126:466–476, 2010.

18. Fish JE, and Peters SP. Airway remodeling and persistent airway
obstruction in asthma. J Allergy Clin Immunol 104:509–516, 1999.

19. Davies DE. The role of the epithelium in airway remodeling in
asthma. Proc Am Thorac Soc 6:678–682, 2009.

20. Brightling CE, Gupta S, Gonem S, et al. Lung damage and airway
remodelling in severe asthma. Clin Exp Allergy 42:638–649, 2012.

21. Agache I, and Ciobanu C. Predictive value of lung function
trend and FeNO for difficult asthma in children. J Investig
Allergol Clin Immunol 22:419–426, 2012.

22. Ohkura N, Fujimura M, Tokuda A, et al. Evaluation of airway
hyperresponsiveness and exhaled nitric oxide as risk factors for
airway remodeling in patients with stable asthma. Allergy
Asthma Proc 30:419–423, 2009.

23. Damera G, and Panettieri R. Irreversible airway obstruction in
asthma: what we lose, we lose early. Allergy Asthma Proc
35:111–118, 2014.

24. Black PN, Udy AA, and Brodie SM. Sensitivity to fungal allergens is
a risk factor for life-threatening asthma. Allergy 55:501–504, 2000. e

Allergy and Asthma Proceedings e79

DO N
OT C

OPY

www.ginasthma.org/
http://www.goldcpd.org/
http://www.goldcpd.org/


Copyright of Allergy & Asthma Proceedings is the property of OceanSide Publications Inc.
and its content may not be copied or emailed to multiple sites or posted to a listserv without
the copyright holder's express written permission. However, users may print, download, or
email articles for individual use.


