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Objective: To identify risk factors and clinical course of asthma with fixed airflow limitation.

Material and Method: A retrospective case-control study of asthma patients was conducted over a 15-month period. Asthma
with fixed airflow limitation patients were defined as chronic asthmatics who had both post-bronchodilator (BD) and
on-treatment ratio of forced expiratory in first second (FEV )/forced vital capacity (FVC) persistently less than 0.7, whereas
usual chronic asthma patients had post-BD and/or on-treatment ratio of FEV /FVC more than 0.7. Serial asthma control
tests (ACT), medication used, exacerbations were assessed. The risk factors were analyzed using logistic regression. Clinical
characteristics between groups were compared using Student s t-test and Fisher's exact test.

Results: One hundred twenty from 142 eligible subjects were enrolled. They had asthma with fixed airflow limitation
(n = 40) and usual chronic asthma (n = 80). Potential risk factors of asthma with fixed airflow limitation included early
disease onset (age <15 years) [(adjusted odd ratio (OR) = 3.9, 95% confidence interval (CI) 1.9-8.3)] with longer disease
duration (adjusted OR = 8.4, 95% CI 4.6-15.4 for >30 years). Asthma with fixed airflow limitation patients had lower ACT
scores (p<0.001), lower level of asthma control (p<0.001), required more asthma medications (p = 0.002), and higher rates
of hospitalization (p = 0.001) than usual chronic asthma.

Conclusion: The potential risk factors of asthma with fixed airflow limitation were earlier disease onset and longer disease
duration. They had poorer asthma control, more medications needed, and higher rates of exacerbation than usual chronic

asthma.
Keywords: Asthma, Risk factor, Clinical, Airflow, Limitation

J Med Assoc Thai 2016; 99 (7): 777-84
Full text. e-Journal: http://www.jmatonline.com

Chronic obstructive pulmonary disease
(COPD) is characterized by persistently fixed airflow
obstruction even when being treated with optimal
bronchodilator therapy™®. The most common cause of
COPD is smoking related®. In general, few non-
smoking asthma patients have persistent airflow
limitation that resembles pulmonary function pattern
of smoking-related COPD, despite the optimal use of
inhaled corticosteroids and/or bronchodilators®.
Asthma is a common chronic disease with substantial
individual morbidity as well as direct and indirect costs
to society®®. Achieving and maintaining optimal asthma
control is a major goal of asthma management”-®, The
asthma patient with fixed airflow obstruction often
associate with more frequent exacerbations", increased
asthma-related mortality!”, and overall mortality".
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The causes of fixed airflow obstruction in asthma are
unknown but may be related to the presence of airway
wall remodeling, which is characterized by increased
airway smooth muscle mass and airway wall fibrosis!'?.
There are two major phenotypes of asthma patients
with age greater than 40 years old attending our clinic,
usual chronic asthma and asthma with fixed airflow
obstruction. We intended to identify risk factors and
clinical course of asthma with fixed airflow limitation
compared with usual chronic asthma patients.

Material and Method
Study design

A retrospective case-control study of asthma
with fixed airflow limitation and usual chronic asthma
patients was conducted at the outpatient chest clinic,
Chiang Mai University Hospital, Chiang Mai, Thailand
over a 15-month study between November 2009 and
January 2011. Two hundred thirty six asthma patients
routinely managed by pulmonologists were screened
for the study. One hundred forty two subjects, aged
between 40 and 80 years, met the inclusion criteria for
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asthma diagnosis. The study was approved by the
Ethics Committees of the Faculty of Medicine,
Chiang Mai University [Institutional Review Board
(IRB) approval number: MED-2558-02816] and filed
under the Thai Clinical Trials Registry (Study ID:
TCTR20150420001).

Inclusion and exclusion criteria

The inclusion criteria were patients with
asthma diagnosed based on a history episodic of
wheezing, coughing, chest tightness, or dyspnea
confirmed by standard of the American Thoracic
Society (ATS)/European Respiratory Society (ERS),
pre- and post-bronchodilator (BD) spirometry
indicating reversibility of forced expiratory volume
in first second (FEV ) greater than 12% and 200 ml1?.
The exclusion criteria were history of irregular
follow-up in the past year, poor compliance with
treatment, and presence of concomitant systemic
co-morbidities that could affect cardiopulmonary
function. Studied patients were treated with standard
asthma medications following the Global Initiative for
Asthma (GINA) guidelines” by pulmonologists in
the present study team at least a year prior to the study.
However, only 120 out of 142 patients were able to
enroll and repeat their pulmonary functions at one of
the follow-up visit without holding their asthma
medications (on-treatment spirometric test) under
optimal conditions.

Data collection

There were 40 asthma subjects with persistently
fixed airflow obstruction (post-BD and on-treatment
ratio of FEV /forced vital capacity (FVC) persistently
below 0.7) at both visits despite regularly receiving
asthma treatment grouped under asthma with fixed
airflow limitation. The other 80 asthma subjects were
characterized by reversible airflow obstruction (post-BD
and/or on-treatment ratio of FEV /FVC greater than
0.7), grouped under usual chronic asthma. Post-BD and
on-treatment spirometric tests were performed using
a standard spirometer (Vmax series 22, Sensormedics,
Bilthoven, Holland) following ATS/ERS standards!'®.
All tests were performed by a qualified technician and
results were interpreted by a pulmonologist in the
present study team. Values were calculated using the
third National Health and Nutrition Examination
Survey (NHANES I1I) reference equations'¥. However,
for Asians, a correction factor of 0.88 was applied to
the predicted FVC and FEV . All enrolled subjects
underwent face-to-face interviews to assess their
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baseline clinical characteristics including age, sex,
smoking status, age of asthma onset, duration of
asthma, concomitant chronic rhinitis, asthma control
test (ACT) scores'?, details of rhinitis, and asthma
medication used. All were regularly followed-up every
three months for the entire 15-month study period.
Serial ACT, use of rhinitis and asthma medication,
compliance with inhaler use, asthma exacerbations
with emergency visits, and/or hospitalizations were
reviewed and recorded at every visit. Five questions
of ACT, each with a maximum score of five, made the
highest possible composite score of asthma control at
25. We determined that a score of 19 or less suggests
that the asthma was partly controlled, and a score of
14 or less indicates that it was uncontrolled”.

Statistical analysis

Data were compared between asthma with
fixed airflow limitation and usual chronic asthma
groups. Categorical variables were analyzed by
Chi-square test. Continuous variables were compared
by Student’s t-test or Mann-Whitney U test as
appropriate. Potential risk factors were analyzed by
logistic regression in univariate and multivariate
analyses and were adjusted by smoking status. Potential
risk factors from univariate tests with p-value <0.25
were analyzed by multivariate logistic regression
analysis"™®, Results were displayed as odds ratio (OR)
with a 95% confidence interval (CI), p-value <0.05
was considered to be statistically significant. All
analyses were carried out with the SPSS statistical
package, version 16 for Windows (SPSS Inc. IL,
USA).

Results

One hundred twenty patients from 142 eligible
patients were enrolled, 40 patients with asthma with
fixed airflow limitation, and 80 with usual chronic
asthma. The schematic diagram of enrollment and
reasons for exclusion at each step were shown in
Fig. 1. Demographic characteristics and spirometric
results were compared between groups (Table 1). There
was no significant difference between the mean age
of patients with asthma with fixed airflow limitation
and usual chronic asthma, as well as between sex,
body mass index (BMI), and smoking status between
the two groups. However, age of asthma onset and
asthma duration of asthma with fixed airflow limitation
patients were significantly lower and longer than usual
chronic asthma (p-value = 0.021 and p-value = 0.001,
respectively). The prevalence of rhinitis in patients
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236
asthmatic patients
(age 40-80 years)

94 excludedpatients
Reason

142
eligible patients

- 18 smoker> 6 pack-years
- 54 post-BD were not performed
- 22irregular or loss follow-up

22
Reason

PFTwerenot p

- 4 acute exacerbation
- 18 poor compliance with treatment

120
enrolled patients.

40 patients with
asthma with fixed airflow limitation
(ratio of post-BD FEV,/FVC < 0.7)

(ratio of post-BD FEV,/FVC >0.7)

80 patients with
usual chronic asthma

Fig. 1
study.

Flow-chart showing participation throughout the

with asthma with fixed airflow limitation was
significantly higher than those with usual chronic
asthma (p-value = 0.011). Furthermore, asthma with

fixed airflow limitation patients had significantly lower
pulmonary function than usual chronic asthma in
terms of percentage of predicted FEV, and ratio of
FEV /FVC (p-value <0.001 and p-value <0.001,
respectively). The use of combination of inhaled
corticosteroid (ICS) plus long-acting beta-2 agonist
(LABA) in a single device and theophylline in asthma
with fixed airflow limitation patients was significantly
higher than patients with usual chronic asthma (p-value
=0.020 and p-value = 0.026, respectively). In contrast,
the use of ICS alone in asthma with fixed airflow
limitation patients was significantly lower than usual
chronic asthma patients (p-value = 0.038). However,
the use of rhinitis medication was not statistically
significant between the two groups.

Potential risk factors of with asthma fixed airflow
limitation

In Table 2, univariate analysis showed that
risk factors of asthma with fixed airflow limitation

Table 1. Baseline characteristics of asthma with fixed airflow limitation and usual chronic asthma

Clinical characteristics All patients (n = 120) p-value
Asthma with fixed airflow limitation (n =40)  Usual chronic asthma (n = 80)
Gender
Male 18 (45.0) 24 (30.0) 0.111
Female 22 (55.0) 56 (70.0)
Age (year) 60.3+9.9 58.1+£10.2 0.262
Age of asthma onset (year) 34.6+19.6 43.1+16.9 0.021
Asthma duration (year) 25.0£17.7 14.0+13.6 0.001
Body mass index (BMI) 24.6+4.5 23.9+3.4 0.336
Smoking status
Non-smoker 32 (80.0) 63 (68.7) 0.596
Smoker 8(20.0) 17 (21.3)
Smoking pack-years 0.5+1.1 2.5¢7.9 0.763
Chronic rhinitis 39 (97.5) 64 (80.0) 0.011
Post-BD spirometry
Percentage of predicted FEV 61.6£16.8 80.3£14.9 <0.001
Ratio of FEV /FVC 0.60+0.10 0.77+0.50 <0.001
Asthma medications
ICS 0(0.0) 8 (10.0) 0.038
ICS + LABA 40 (100) 70 (87.5) 0.020
Theophylline 13 (32.5) 12 (15.0) 0.026
Antileukotriene 16 (40.0) 20 (25.0) 0.091
Rhinitis medications
Intranasal steroid 15 (37.5) 26 (32.5) 0.586
Antihistamine 27 (67.5) 4(52.5) 0.117
Decongestant 3(7.5) 2(2.5) 0.332

BD = bronchodilator; FEV = forced expiratory volume in first second; FVC = forced vital capacity; ICS = inhaled corticosteroid;

LABA = long-acting beta-2 agoni

sts

Data were presented as mean + SD and n (%)
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Table 2. Univariable and multivariable logistic regression analysis for potential risk factors of asthma with fixed airflow

limitation

Clinical characteristics Crude odds ratio (95% CI) p-value Adjusted odds ratio* (95% CI) p-value
Gender

Female (ref. male) 0.5(0.2-1.2) 0.107 0.4 (0.1-1.5) 0.198
Age of asthma onset (year)

<15 5.2 (1.7-16.5) 0.003 3.9(1.9-8.3) <0.001

16-30 (ref.) 1 1

>30 1.0 (0.3-3.2) 0.985 0.7 (0.2-2.6) 0.585
Asthma duration (year)

<10 (ref.) 1 1

10-20 1.9 (0.6-5.6) 0.261 2.4 (0.6-9.3) 0.195

20-30 3.7 (1.0-14.2) 0.052 8.4 (4.5-15.4) <0.001

>30 6.3 (2.0-19.9) 0.002 8.4 (4.6-15.4) <0.001
BMI (kg/m?)

Low (<18.50) 1.8 (0.4-8.6) 0.484

Normal (18.50-24.99) (ref.) 1 NA

Overweight (25.00-29.99) 1.1 (0.5-2.7) 0.875

Obesity (30.00-34.99) 2.9(0.7-12.1) 0.136
Smoking status

Smoker (ref. non-smoker) 0.9 (0.4-2.4) 0.874 NA
Chronic rhinitis 9.8 (1.2-76.4) 0.030 7.5 (0.8-83.1) 0.057

ref. = reference; BMI = body mass index; CI = confidence interval; NA = not available

* Adjusted by smoking status

were younger age onset of disease (age <15 years).
Disease duration of more than 10 year was an
independent risk factor and the risk was increasing
every decade of the disease duration. Co-morbidity
with chronic rhinitis was also the risk factors.
Multivariate analysis revealed that the only two risk
factors of asthma with fixed airflow limitation were
younger age of disease onset and longer disease
duration.

Level of asthma control

During the 15-month treatment period, the
percentage of patients with asthma with fixed airflow
limitation had significantly lower ACT scores and level
of asthma control (every 3-month visit between
November 2009 and January 2011, p-value <0.05,
Table 3, 4). Patients with asthma with fixed airflow
limitation had higher usage of chronic rhinitis and
asthma medications (every 3-month visit between
November 2009 and January 2011, p-value <0.05,
Table 4), except rhinitis medication only in one
trimester (May to July 2010, p-value = 0.075).
Patients with asthma with fixed airflow limitation
revealed statistically significant higher numbers of
exacerbation, emergency visits, and hospitalization
per patient-year (Table 5).
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Discussion

Our study demonstrated that younger age of
onset and disease duration were potential risk factors
for asthma remodeling. A disease duration of more
than 10 year is one of the independent risk factors and
the risk is higher every decade of the disease duration.
Asthma with fixed airflow limitation associated with
a younger age of onset and longer disease duration
was previously reported to correlate with ongoing
inflammation and sputum eosinophilia and neutrophilia
despite high doses of inhaled/oral corticosteroids!'?.
Airway smooth muscle mass is known to be increased
in asthmatic subjects with longer disease duration®”,
and in subjects with fatal asthma®" or persistent severe
asthma®. Chronic rhinitis is usually found in asthma
with fixed airflow limitation. However, in our study it
was determined to be a potential risk factor only by
univariate analysis. Both lung function (FEV) and
clinical course in asthma with fixed airflow limitation
were significantly more impaired than usual chronic
asthma at baseline during the 15-month treatment
period. Outcomes were generally less favorable in
asthma with fixed airflow limitation than usual chronic
asthma in several major clinical aspects, poorer level
of asthma control, and higher rates of exacerbation,
emergency visits, and hospitalization despite more
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Table 3. Level of asthma control between asthma with fixed airflow limitation and usual chronic asthma

Follow-up time Group of patients Level of asthma control (%) p-value
Well controlled Partially controlled Un-controlled

Nov 2009 to Jan 2010  Asthma with fixed airflow limitation 57.5 30.0 12.5 0.001
Usual chronic asthma 83.8 16.2 0.0

Feb 2010 to Apr 2010  Asthma with fixed airflow limitation 66.7 15.4 17.9 0.012
Usual chronic asthma 86.3 7.6 6.3

May 2010 to Jul 2010 Asthma with fixed airflow limitation 67.6 18.9 13.5 0.001
Usual chronic asthma 91.3 7.5 1.2

Aug 2010 to Oct 2010  Asthma with fixed airflow limitation 66.5 31.6 7.9 <0.001
Usual chronic asthma 92.5 7.5 0.0

Nov 2010 to Jan 2011  Asthma with fixed airflow limitation 67.6 11.6 10.8 <0.001
Usual chronic asthma 97.3 2.7 0.0

Total 15 months Asthma with fixed airflow limitation 67.6 11.6 10.8 <0.001
Usual chronic asthma 97.3 2.7 0.0

Table 4. Asthma control test score, number of asthma and rhinitis medications between asthma with fixed airflow limitation

and usual chronic asthma

Follow-up time Group of patients ACT score  No. of asthma medication No. of AR medication
Nov 2009 to Jan 2010  Asthma with fixed airflow limitation ~ 19.4+4 2%** 1.8+0.9%* 1.6£1.2*
Usual chronic asthma 22.1+£3.3 1.4+0.6 1.2£1.1
Feb 2010 to Apr 2010  Asthma with fixed airflow limitation 19.7+£5.3%* 1.94+0.9% 1.741.0%
Usual chronic asthma 22.1+£3.3 1.4+0.6 1.2+1.1
May 2010 to Jul 2010  Asthma with fixed airflow limitation 20.144.5%** 1.9+1.1% 1.7+1.1
Usual chronic asthma 22.9+2.6 1.4+0.7 1.3£1.1
Aug 2010 to Oct 2010  Asthma with fixed airflow limitation ~19.9+4.3%*** 2.1+1.6* 1.9+1.1%*
Usual chronic asthma 23.1£2.1 1.5+£0.7 1.4£1.2
Nov 2010 to Jan 2011  Asthma with fixed airflow limitation 20.1+4.4%** 2.0£1.1%* 2. 1+1.1%*
Usual chronic asthma 23.4+1.6 1.4+0.7 1.5£1.3
Total 15 months Asthma with fixed airflow limitation 20.1+4.5%** 10.1£5.6%* 8.7+5.3*
Usual chronic asthma 22.9+2.6 7.0£3.1 6.4+5.4

ACT = asthma control test; AR = allergic rhinitis

Data were presented as mean + SD, comparison between groups; * p<0.05, ** p<0.01, and *** p<0.001

Table 5. Number of asthma exacerbations, emergency visits, and hospitalization between asthma with fixed airflow limitation

and usual chronic asthma

Times (per patient-year) Asthma with fixed airflow limitation Usual chronic asthma p-value
Exacerbation 1.8+0.8 0.2+0.5 0.008
Emergency visit 0.8+1.3 0.1£0.4 0.025
Hospitalization 0.3+0.8 0.0£0.0 0.001

Data were presented as mean = SD

vigorous rhinitis and asthma medications. Recent
studies have reported that specific genetic variants are
associated with childhood-onset asthma and poor
asthma control®2¥. Physicians caring for usual chronic
asthma should be aware of these potential risks (age
onset <15 years old, disease duration >20 years, and
presence of chronic rhinitis) for long-term remodeling

J Med Assoc Thai Vol. 99 No. 7 2016

of asthma with fixed airflow limitation and should
consider that asthma with fixed airflow limitation
patients are more difficult to control despite aggressive
treatment with asthma and rhinitis medications.
Although lung function measurement is
considered an indirect measurement of airway
remodeling, a low post-BD FEV /FVC ratio was
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proven to be a useful marker®. Bronchial biopsy to
verify airway remodeling and oral corticosteroid trials
to assess reversibility would have been preferable,
however, for obvious reasons these measurements
were not possible in an epidemiologic study. Our
observations supported previous findings that
progressive loss of lung function through childhood
with less reversible airway narrowing progressed
toward irreversible damage®®. The present study had
been conducted to evaluate the efficacy of pulmonary
function test as an airway remodeling assessment
method. A longitudinal population study of asthma
from childhood to adulthood demonstrated that a low
post-BD ratio of FEV /FVC was useful as an airway
remodeling marker, which, in turn, was associated
with an accelerated decline in lung function and
reversibility®.

Our study was limited as it was conducted at
a single academic center and the risks identified in the
present study might not be generalized to other centers.
However, every asthma clinic, whether supervised by
a pulmonologist or general practitioner, should raise
awareness on asthma with fixed airflow limitation and
improving quality of care. Furthermore, the number of
hospitalizations due to asthma exacerbation in the
present study was rather low, probably due to the strict
study inclusion criteria, which only enrolled patients
that complied with every scheduled visit. Finally, other
potential risk factors that could impair lung function
were not explored in the present study, including
exposure to air pollution, inflammatory biomarkers,
level of education, socioeconomic status, and personal
psychosocial factors.

Conclusion

Our study identified two major potential
risk factors of asthma with fixed airflow limitation
phenotype: younger disease onset and longer disease
duration. This asthma phenotype had a higher
prevalence of chronic rhinitis and poorer asthma
control, higher use of asthma and rhinitis medications,
and higher rates of exacerbation and hospitalization
than usual chronic asthma.

What is already known on this topic?

The asthma patient with fixed airflow
obstruction often associated with more frequent
exacerbations®, increased asthma-related mortality?,
and overall mortality"”. The causes of fixed airflow
obstruction in asthma are unknown but may be related
to the presence of airway wall remodeling, which is
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characterized by increased airway smooth muscle
mass and airway wall fibrosis('?,

What this study adds?

This study adds the information that two
major potential risk factors of asthma with fixed
airflow limitation phenotype: younger disease onset
and longer disease duration. This asthma phenotype
had a higher prevalence of chronic rhinitis and poorer
asthma control, higher use of asthma and rhinitis
medications, and higher rates of exacerbation and
hospitalization than usual chronic asthma.
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