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Abstract
Background: Asthma is a chronic airway disorder associated 
with variable airflow limitation that is triggered by different 
stimuli. We aim to determine the treatment outcomes 
(improvement of FEV1 and number of asthma 
exacerbations) associated with the presence of airflow 
reversibility.

Methods: We conducted a retrospective cohort study, 
which included all adults diagnosed with asthma and 
performed a Pulmonary Function Test (PFT) at a tertiary 
care center in Saudi Arabia from January 2015 to December 
2018. Smokers and patients with comorbidities that might 
affect the PFT were excluded. Exacerbations were defined 
as the need to use oral corticosteroids. A comparative 
analysis was done using the chi-square test.

Results: 154 subjects were included, of which 42 subjects 
had reversibility and 112 did not. Asthmatics with baseline 
reversible airflow limitations had significant worsening of 
FEV1 during follow-up, compared to those with no 
reversibility, with a mean difference of 19.96mL (P-value = 
0.0206). There was no significant association between 
having reversibility and experiencing an asthma 
exacerbation (P-value 0.23).

Conclusion: Reversibility of airflow was associated with 
significant worsening of FEV1, without significant effect on 
exacerbations, during follow-up of asthmatic patients.

Keywords: Asthma; Reversibility; Forced Expiratory 
volume 1; Exacerbations; Pulmonary Function Test.

Introduction
Asthma can be defined as a chronic respiratory disorder

characterized by recurrent episodes of wheezing, shortness of
breath, chest tightness, and/or cough along with expiratory
airflow limitation that vary over time and in intensity (1–3).
Although these classical symptoms are usually associated with
asthma, they are still not definitive (1,2,4). Therefore, a
thorough history accompanied by accurate diagnostic
approaches such as peak expiratory flow, flow-volume
relationships, and bronchodilator responses, which can be

measured through spirometry, can result in a definitive diagnosis
of asthma (1–5). Moreover, the clinical evaluation alone is not
sufficient to establish the diagnosis, since it can also lead to the
use of unrecognized terms to describe asthma such as reactive
airway disease (6,7). This term may be appropriate for use in the
pediatric population since it refers to transient cough and
wheeze; however, in adults, it is considered unreliable and
should be replaced with the term asthma (2,6,7). The use of
spirometry is important to measure the reversibility of airflow
limitation, which is the response of patients to bronchodilator
medication and improvement in airflow (2,4).

WHO estimates that 235 million people currently suffer from
asthma, and it is considered the most common non-
communicable disease among children (5). Asthma is a public
health problem in all countries regardless of the level of
development (5). According to the Center for Disease Control
and Prevention, asthma affects 25.7 million people in the United
States (8). The Saudi Ministry of Health reports that the
prevalence of asthma among the Saudi population is
approximately 15-25%, including adults and children (9). A 2013
national study among adults in Saudi Arabia, determined that
the prevalence of diagnosed asthma is 4.05% (95% Confidence
Interval: 3.54-4.62%), a relatively low prevalence (10).

For centuries, clinicians have been trying to classify asthma
into different phenotypes, as some phenotypes have a better
response to treatment than others (11). Apart from allergic
asthma, aspirin-exacerbated asthma, nonallergic asthma,
infection-related asthma, and childhood pre-asthma phenotype,
according to a review article, other phenotypes in the literature
are categorized into “biomarker-based phenotypes”, “symptom-
based phenotypes”, and “trigger-induced phenotypes” (11).
Variability in airflow limitation post-bronchodilator use can be
utilized to identify a phenotype of asthma with a particular
response to certain medications. After conducting a review of
the literature and to the best of our knowledge, no such studies
have been conducted relating those two factors.

Materials and Methods

Population
All patients diagnosed with asthma and performed full

Pulmonary Function Test (PFT) at King Abdulaziz Medical City,
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Jeddah between January 1st, 2014 to May 31st, 2019 were
evaluated. Patients at least 18 years of age and followed-up for
at least 6 months were included. Patients were diagnosed as
asthmatics when having typical clinical feature and improving
with bronchodilator and/or inhaled steroid treatments. We
dichotomized our patients into two groups based on
reversibility. Patients were labeled to have reversible airflow
limitation when they had shown an increase in the FEV1 results
by 12% and 200 mL spontaneously or after using a
bronchodilator. Patients who did not meet these criteria were
labeled to be without reversible airflow limitation. Moreover,
Two PFT results were collected, a baseline and a follow-up which
are at least 12 months apart to assess changes in the variables.

Patients who are smokers, diagnosed with lung diseases that
affect respiratory function, chest wall deformities,
neuromuscular disorders affecting the chest wall, pulmonary
congestion, cardiovascular diseases, and significant anemia
(Hb<10mg/dL) were all excluded. Finally, ex-smokers who quit
smoking in the past 10 years on the baseline PFT were excluded.

Study Design and Evaluation
Retrospective cohort study in which subjects were included

using a consecutive sampling technique. Collected variables
included demographic data such as age, gender and Body Mass
Index (BMI). Moreover, baseline pre- and post-bronchodilator
results of the following values, FEV1, FVC, FEV1/FVC ratio,
percent change in FEV1, and percent change in FVC were
collected and compared to follow up PFT which is at least 12
months apart. Following a standardized procedure,
bronchodilator used is salbutamol (200mg). Other collected data
include the presence of cardinal symptoms of asthma (cough,
wheeze, and dyspnea), the frequency of exacerbations per year,
defined by the use of oral or inhaled corticosteroids due to
worsening symptoms of asthma, the frequency of emergency
department visits due to asthma or asthma symptoms, and the
treatment regimen prescribed.

Statistical Analysis
All analyses were performed using SPSS. The proportion and

means for continuous variables were measured to describe
subjects' characteristics. Outcomes were compared between
subjects with and without reversible airflow limitation using chi-
square test, Student's t-test and logistic regression analysis.
Statistical significance will be determined using a 95%
confidence interval and a P-value of 0.05. Results are expressed.

Ethical Considerations
Ethical approval was obtained from King Abdullah

International Medical Research Center's (KAIMRC) ethical
committee. Confidentiality was ensured during data collection
and processing.

Declaration of Interest
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Results
154 subjects were included, of which 42 had reversibility and

112 did not. The mean age for asthmatics with and without
reversibility were 48.57 and 52.2 respectively. Other baseline
demographic and PFT characteristics are shown in (Table 1).

Characteristics Reversibility (n=42) No Reversibility
(n=112)

Mean age (years) 48.57 [43.86-53.28] 52.27 [49.33-55.2]

Male (%) 12 (28.57%) [15.72% -
44.58%]

14 (12.50%) [7.01%
-20.01%]

Body Mass Index
(kg/m2)

31.71 [29.71-33.66] 32.35 [31.10-33.60]

Diabetes Mellitus 16 (38.10%) 38 (33.93%)

Hypertension 16 (38.10%) 34 (30.36)

Renal Disease 2 (4.76%) 7 (6.25%)

Baseline Pre FVC 2.54 [2.29-2.79] 2.38 [2.24-2.53]

Baseline Post FVC 2.79 [2.54-3.04] 2.40 [2.25-2.54]

Baseline Pre FEV1 1.78 [1.59-1.97] 1.90 [1.77-2.03]

Baseline Post FEV1 2.13 [1.91-2.34] 1.96 [1.83-2.09]

Baseline Pre FEV1% 62.90% [58.48% -
67.33%]

75.17% [71.16% -
78.72%]

Baseline Post FEV1% 75.71% [71.02% -
80.41%]

76.72% [73.04% -
80.41%]

FEV1/FVC ratio (Pre) 0.7 0.79

Baseline Pre FVC 2.54 [2.29-2.79] 2.38 [2.24-2.53]

Table 1: Baseline characteristics of subjects (demographic and 
PFT)

The presenting symptoms and treatment regimens among 
asthmatics with and without reversibility are illustrated in Table 
2 and Table 3.

Symptoms Reversibility (n=42) No Reversibility
(n=112)

Cough 24 (57.14%) [0.42-0.73] 66 (58.93%) [0.54-0.73]

SOB 23 (54.76%) [0.39-0.71] 54 (48.21%) [0.42-0.62]

Wheeze 21 (50.00%) [0.35-0.67] 37 (33.04%) [0.26-0.45]

Table 2: Presenting symptoms of asthmatics with and without 
reversibility.

Medications Reversibility (n=42) No Reversibility
(n=112)

SABA 33 (78.57%) 90 (80.36%)

LABA 30 (71.43%) 77 (68.75%)

LAMA 11 (26.19) 16 (14.29)

ICS 39 (92.86%) 104 (67.53%)
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Low Dose ICS 9 (21.43%) 34 (30.36%)

Moderate Dose ICS 21 (50.00%) 40 (35.71%)

High Dose ICS 9 (21.43%) 30 (26.79%)

Table 3: Treatment regimens used among asthmatics with and 
without reversibility.

Patients with reversibility had more significant worsening of 
FEV1 than those without reversibility (20 ± 17.69 mL versus 0.11
± 8.13 mL, p= 0.02) during follow-up (Figure 1).

Figure 1: This is a graphic illustration of the mean change in 
actual FEV1 in mL between those with reversibility and those 
without.

Patients with reversible airflow limitation experienced more 
frequent exacerbations than patients without reversibility (74%
versus 36%. p= 0.23), however the difference did not reach 
statistical significance (Figure 2).

Figure 2: This graph illustrates a comparison between 
asthmatics with and without reversibility in terms of having an 
exacerbation in the last year.

Discussion
Our study findings indicate that asthmatics with reversibility 

have more worsening of their lung function during follow up, as 
compared to asthmatics without reversibility. A possible 
explanation is that these dynamic changes may indicate more

airway inflammation that predispose to airway remodeling. In
contrast to our findings, however, Boskabady et al. reported a
significant correlation between reversibility of FEV1 (defined as
an increase in FEV1 10 minutes post-bronchodilator) and
improvement in FEV1 after a three months course of treatment
(12). Furthermore, Boulet LP et al. found mean baseline FEV1 for
those without reversibility to be significantly lower than that of
patients with reversibility (13).

Our study also demonstrated no difference in the rates of
exacerbation between asthmatics with and without reversibility.
On the contrary, Denlinger et al. found that there is a linear
relationship between the degree of reversibility and risk of
exacerbations only in populations that have one or two
exacerbations per year (14). It has been hypothesized that
patients with Exacerbation prone asthma (EPA), defined as three
or more exacerbations per year, have a distinguished phenotype
in comparison to other subjects with similar FEV results because
they could possibly demonstrate increased capacity of airway
closure due to remodeling such as hypertrophy of smooth
muscle and thickening of the basement membrane (14).
Furthermore, Matsunaga K et al. found that the exacerbation
rate was significantly correlated with the decline in FEV1 (15).

We also did not find any relation between reversibility and
asthma related ER-visits. This is in contrast to studies that have
been conducted on children and adolescents which
demonstrated that the greater the degree of reversibility the
higher the likelihood of having asthma-related ER visits and the
highest risk for developing exacerbations in the future (16).
Another study assessing dose-responsiveness to bronchodilation
among children and adolescents found that those with poor
bronchodilator response had a 2-fold increase in ER visits as well
as a 2-fold increased odds of a subsequent ER visit compared to
those who had better responsiveness to bronchodilators (17).

Limitations of the study include the small sample size due to
the fact that many patients did not have a follow-up PFT at our
center. Moreover, it is only a single-center study and
retrospective in design.

Conclusion
Asthmatics with reversibility had a greater decline of FEV1

during follow-up compared to those without reversibility.
However, the presence of reversibility did not influence the risk
of exacerbation in our population.
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