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قفدتدودحبطبتريءاوهلاىرجميفنمزمبارطضاوهوبرلا:ثحبلافادهأ
قفدتدويقسكعةيناكمإسكعت.ةفلتخمتازفحماهببستيتلاةريغتملاءاوهلا
قفدتيفنسحتلاوةيئاوهلابعشلاتاعسومبجلاعللضيرملاةباجتساءاوهلا
ريفزلامجحيفتانيسحتلا(جلاعلاجئاتنديدحتىلإةساردلاهذهفدهت.ءاوهلا
ساكعنادوجوبةطبترملا)وبرلامقافتتلااحددعوىلولأاةيناثلايفيرسقلا
.ءاوهلاقفدت

)اماع١٨نمربكأ(اغلاب١٥٤يعجررثأبةساردلاهذهتنمضت:ثحبلاقرط
ةجردلانمةياعرزكرميفةئرلافئاظوتارابتخلااوعضخووبرلابنيباصم
مت.٢٠١٩ويام٣١و٢٠١٤رياني١نيبةيدوعسلاةيبرعلاةكلمملايفةثلاثلا
لمعتسينموأةبحاصمضارمأنمنوناعينيذلاىضرملاونينخدملاداعبتسا
مهنأىلعىضرملافينصتمت.ةئرلافئاظوتارابتخاىلعرثؤتدقةيودأ
يرسقلاريفزلامجحةدايزاورهظأامدنعءاوهلاقفدتيفةيسكعدويقنمنوناعي
فيرعتمتامك.لم٢٠٠و٪١٢ةبسنبتابصقلاعيسوتدعبىلولأاةيناثلايف
.مفلاقيرطنعةيرشقلاتاديوريتسلامادختساىلإةجاحلاهنأىلعمقافتلا

يأاضيرم١١٢رهظيمل،لباقملايف.سكعللةيلباقاضيرم٤٢رهظأ:جئاتنلا
ءاوهلاقفدتدويقنمنوناعينيذلاوبرلاىضرمىناع.ةيساكعنلااىلعةملاع
ءانثأىلولأاةيناثلايفيرسقلاريفزلامجحيفريبكروهدتنمساكعنلالةلباقلا
قرفلاطسوتمغلبو،ةيساكعنلالةيلباقمهيدلسيلنيذلاكئلوأعمةنراقم،ةعباتملا

مقافتثودحةيلباقوةيساكعنلاانيبيرابتعاطابتراكانهنكيملو.لم١٩.٩٦
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Abstract

Objectives: Asthma is a chronic airway disorder associ-

ated with variable airflow limitations, which are triggered

by different stimuli. The reversibility of airflow limita-

tions reflects patients’ responses to the therapy with

bronchodilators and improvements in airflow. This study

aims to determine the treatment outcomes (improvements

in forced expiratory volume in the first second (FEV1)

and the number of asthma exacerbations) associated with

the presence of airflow reversibility.

Methods: This retrospective cohort study included 154

adults (>18 years) who were diagnosed with asthma and

had pulmonary function testing (PFT) at a tertiary care

centre in KSA between January 1st, 2014 and May 31st,

2019. Smokers and patients with comorbidities or medi-

cations that could affect PFT were excluded from the

analysis. Patients were classified as having a reversible

airflow limitation when they exhibited a post-

bronchodilator FEV1 increase of 12% and 200 mL. Ex-

acerbations were defined as the need to use oral cortico-

steroids. Chi-square tests were used for comparative

analyses.
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Results: From our cohort, 42 patients exhibited revers-

ibility. In contrast, 112 patients did not show any sign of

reversibility. Asthmatics with baseline reversible airflow

limitations experienced significant worsening of FEV1

during the follow-up period compared with those with no

reversibility, showing a mean difference of 19.96 mL

(p ¼ 0.0206). There was no significant association be-

tween asthma reversibility and exacerbations (p ¼ 0.23).

Conclusion: In our study, during the follow-up of pa-

tients with asthma, we found that the reversibility of

airflow was associated with significantly worse FEV1,

although this did not have a significant effect on exac-

erbations. Therefore, we recommend regular spirometry

follow-ups, particularly for patients with significant

airway reversibility.

Keywords: Asthma; Exacerbations; Forced expiratory vol-

ume 1; Pulmonary function test; Reversibility

� 2021 The Authors.

Production and hosting by Elsevier Ltd on behalf of Taibah

University. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
Introduction

The World Health Organization (WHO) estimates that
235 million people are currently diagnosed with asthma, and
it is considered the most common non-communicable disease
among children.1 Additionally, asthma is a public health

problem in all countries regardless of their level of
development.1 For example, according to the Center for
Disease Control and Prevention, asthma affects 25.7

million people in the United States alone.2 Similarly,
KSA’s Ministry of Health reports that the prevalence of
asthma among the Saudi population (both adults and

children) is approximately 15e25%.3 However, a national
study among adults in KSA found that the prevalence of
diagnosed asthma is 4.05% (95% confidence interval: 3.5e
4.6%), which is relatively low.4

Asthma is a chronic respiratory disorder characterized by
recurrent episodes of wheezing, shortness of breath, chest
tightness, and/or coughing. These episodes vary in duration

and intensity and are accompanied by limitations in expira-
tory airflow.5,6 Although these symptoms are typically
associated with asthma, they are not considered definitive

indications.5e7 Therefore, to achieve a definitive diagnosis
of asthma, a patient’s history should be used in
conjunction with accurate diagnostic values such as peak

expiratory flow, flowevolume relationships, and broncho-
dilator responses.5e7 To this end, spirometry is useful for
measuring the reversibility of airflow limitations, which

reflects the patient’s response to bronchodilator treatments
and improvements in airflow.7,8

For centuries, clinicians have attempted to classify
asthma into different phenotypes, as some phenotypes

exhibit a better response to treatment than others.9 In
addition to allergic asthma, aspirin-exacerbated asthma,
nonallergic asthma, infection-related asthma, and childhood
pre-asthma phenotypes, one review article categorized other

phenotypes as ‘biomarker-based’, ‘symptom-based’, and
‘trigger-induced’.9 Variability in airflow limitations after
bronchodilator use may be useful in identifying a

phenotype of asthma with a particular response to certain
medications. However, few studies have investigated the
association between airflow limitations and treatment

responses. In the present study, we aimed to compare
improvements in forced expiratory volume in the first
second (FEV1) post treatments, as well as the number of
asthma exacerbations between patients with and without

reversible airflow limitations.

Materials and Methods

Population

A total of 154 adults diagnosed with asthma were
included in this study. All patients diagnosed with asthma

who underwent pulmonary function testing (PFT) at King
Abdulaziz Medical City (Jeddah) between January 1st, 2014,
and May 31st, 2019, were evaluated. Subjects were included

in the study if they were at least 18 years old, had been
diagnosed with asthma, underwent PFT during the study
period, followed up for at least 6 months, and underwent
another PFT at least 12 months after the initial PFT. Patients

were diagnosed with asthma when they had typical clinical
features that improved with bronchodilator treatment and/
or inhaled steroid treatment. We categorized the sample of

patients into two groups based on reversibility. Patients were
classified as having reversible airflow limitation when they
exhibited an FEV1 increase of 12% and 200 mL, 10e15
minutes after using a bronchodilator (200e400 mg Salbuta-
mol).10 Patients who did not meet these criteria were not
considered to have reversible airflow limitations. Moreover,

baseline and follow-up PFTs were performed at least 12
months apart to accurately assess any changes in the
variables.

Patients who were smokers, had been diagnosed with lung

diseases that affect respiratory function, used medications
that trigger bronchoconstriction (e.g. beta-blockers or
angiotensin-converting enzyme inhibitors), had chest wall

deformities, had neuromuscular disorders affecting the chest
wall, had pulmonary congestion, or had significant anaemia
(Hb < 10 mg/dL) were excluded from the sample. Patients

with cardiovascular diseases such as aortic stenosis were also
excluded, as instances of shortness of breath could affect the
patient’s performance in the pulmonary function test.
Furthermore, heart failure imposes a significant burden on

the lungs, which may manifest as restrictive patterns on PFT.

Study design and evaluation

This was a retrospective cohort study wherein partici-
pants were included using a consecutive sampling technique.
Collected variables included demographic data such as age,

gender, and body mass index (BMI). The following values
were collected pre -and post-bronchodilator treatment at
both the baseline and follow-up time points (with an interval

of at least 12 months between the two): FEV1, forced vital

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Table 3: Symptoms of asthmatics with and without

reversibility.

Symptoms Reversibility

(n ¼ 42)

No Reversibility

(n ¼ 112)

Cough 24 (57.1%) [0.42

e0.73]
66 (58.9%) [0.54e0.73]

Shortness of

breath

23 (54.8%) [0.39

e0.71]

54 (48.2%) [0.42e0.62]

Wheeze 21 (50%) [0.35

e0.67]
37 (33%) [0.26e0.45]

Airflow reversibility952
capacity (FVC), FEV1/FVC ratio, percentage change in
FEV1, and percentage change in FVC. The bronchodilator

salbutamol (200 mg) was used in accordance with standard
procedures. Other data collected included the presence of
cardinal symptoms of asthma (coughing, wheezing, and

dyspnoea), the frequency of exacerbations per year (defined
based on the use of oral or inhaled corticosteroids due to
worsening symptoms), and the frequency of visits to the

emergency department due to asthma or asthmatic
symptoms.

Statistical analysis

All analyses were performed using Version 23 (IBM
Corp., Armonk, NY) of the Statistical Package for the Social
Sciences (SPSS). For patient characteristics, continuous

variables were reported as proportions and means. The
outcomes were compared between patients with and without
reversible airflow limitations using chi-square test, Student’s

t-test, and logistic regression analysis. Statistical significance
was determined using a 95% confidence interval and a P-
value of 0.05.

Results

Among the 154 patients in the sample, 42 exhibited

reversibility, while 112 did not. The mean ages of patients
with and without reversibility were 48.57 and 52.2 years old,
respectively. Other baseline demographic and PFT charac-

teristics are shown in Tables 1 and 2. The symptoms that
Table 1: Baseline demographic characteristics for patients in

the sample.

Characteristics Reversibility (n ¼ 42) No Reversibility

(n ¼ 112)

Mean age

(years)

48.57 [43.86e53.28] 52.27 [49.33e55.2]

Male (%) 12 (28.6%) [15.7%

e44.6%]

14 (12.5%) [7%

e20%]

Diabetes

Mellitus

16 (38.1%) 38 (33.9%)

Hypertension 16 (38.1%) 34 (30.4)

Renal Disease 2 (4.8%) 7 (6.25%)

Table 2: Pulmonary Function Test results for patients in the sample

Parameters Reversibility

Pre Post

FEV 1 (L) 1.78 [1.59e1.97] 2.13 [1.9

FEV 1 (%) Predicted 62.9% [58.5e67.3] 75.7% [

FVC (L) 2.54 [2.29e2.79] 2.79 [2.5

FVC (%) Predicted 72.48 [41e95] 80.21 [5

FEV1/FVC (%) 0.70 [0.5e0.86] 0.75 [0.5

FEV: Forced Expiratory volume. FVC: Forced Vital Capacity L: in L
were presented in asthmatic people with and without
reversibility are illustrated in Table 3.

Patients with reversibility had significantly worse FEV1

than those without reversibility (20 � 17.69 mL versus
0.11 � 8.13 mL, p ¼ 0.02) during the follow-up period
(Figure 1). Additionally, patients with reversible airflow
limitations experienced more frequent exacerbations than

patients without reversibility (74% versus 36%). P ¼ 0.23);
however, the difference did not reach the threshold of
statistical significance (Figure 2).

In regards to the symptoms of asthma and their relation
to exacerbations, 31 (37.80%) out of the 90 patients who
displayed cough as a symptom had an exacerbation in the

last year. In contrast, out of the 52 patients who did not have
a cough, 10 (19.23%) had an exacerbation. This association
was found to be statistically significant (P-value ¼ 0.023).

Additionally, out of the 58 patients who had wheezing, 24
(43.64%) had an exacerbation in the last year. On the other
hand, only 17 patients (21.25%) out of the 80 who did not
have wheezing experienced an exacerbation in the last year

(P-value ¼ 0.005).
Of the 123 patients (79.87%), who were prescribed short-

acting beta agonists (SABA), 33 (26.83%) had significant

reversibility. Additionally, 107 (69.48%) patients were pre-
scribed long-acting beta agonists (LABA), but only 30 of
them (28.04%) had significant reversibility. Only 27

(17.53%) patients were prescribed long-acting muscarinic
antagonists (LAMA), 11 (40.74%) of which were asthmatics
with significant reversibility; 143 patients (92.86%) were
prescribed inhaled corticosteroids (ICS). In accordance with

the guidelines issued by the Global Initiative for Asthma
(GINA), ICS doses were classified into low, moderate, and
high dose categories.6 Of the 143 patients, 43 (30.07%) were

on low doses of ICS, only 9 (20.93%) of whom had
.

No Reversibility

Pre Post

1e2.34] 1.90 [1.77e2.03] 1.96 [1.83e2.09]

71e80.4] 75.2% [71.2e78.7] 76.7% [73e80.4]

4e3.04] 2.38 [2.24e2.53] 2.40 [2.25e2.54]
9e99] 76.73 [39e104] 76.86 [40e104]

4e0.91] 0.79 [0.52e0.99] 0.81 [0.47e1.30]

itre %: in Percentage.



Figure 1: This is a graphic illustration of the mean change in

actual FEV1 in mL between patients with reversibility and those

without. The blue column represents the magnitude of change in

actual FEV1 among each group, and it shows that patients with

irreversibility had almost no change in actual FEV1. The bold red

line represents the difference in actual FEV1 between both groups.

FEV1: forced expiratory volume in the first second.

Figure 2: This graph illustrates a comparison of the number of

asthma exacerbations over the previous year between asthmatics

with and without reversibility.
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reversibility. 61 (42.66%) patients were on moderate doses of
ICS, 21 (34.43%) of which had reversibility. Finally, 39

patients (27.27%) were prescribed high doses of ICS and
only 9 (23.08) of them had significant reversibility.

Discussion

The present study investigated the association between
treatment outcomes and airflow reversibility in patients with

asthma. Our findings indicate that asthmatic people with
reversibility experienced worse lung function during the
follow-up period compared to those without reversibility.

One potential explanation is that these dynamic changes
indicate more severe airway inflammation, which in turn
predisposes patients to airway remodelling. In contrast to

our findings, another study reported a significant correlation
between the reversibility of FEV1 (defined as an increase in
FEV1 in the 10 minutes after bronchodilator use) and
improvements in FEV1 after a 3-month course of treat-
ment.11 Furthermore, another study found that the mean

baseline FEV1 was significantly lower in patients without
reversibility than in those with reversibility.12 We
compared our results to Graff et al., who defined no

reversibility as FEV1/FVC<0.7 and FEV1<80% of
predicted value in a study where 196 out of 1138 eligible
patients met their irreversibility definition, and found that

72.27% of our patients had no reversibility as opposed to
approximately 17% in their study. They reported that
those with no reversibility were more often males,
therefore, revealed a positive association between gender

and reversibility.13

We also observed no difference in the rate of exacerba-
tion between asthmatics with and without reversibility. In

contrast, recent evidence suggests that there is a linear
relationship between the degree of reversibility and the risk
of exacerbations in people that have one or two exacerba-

tions per year.14 Some researchers have hypothesized that
patients with exacerbation-prone asthma (EPA), which is
defined as having three or more exacerbations per year,
have a distinct phenotype compared to other patients with

similar FEV1 results. This phenotype may be characterized
by increased airway closure due to remodelling via the
hypertrophy of smooth muscle and thickening of the

basement membrane.14 Furthermore, one study reported
that the exacerbation rate was significantly correlated
with decreases in FEV1.14,15

In addition, Graff et al. found a significant positive as-
sociation between exacerbations and asthma without
reversibility.13 Moreover, they hypothesized that smoking

leads to more exacerbations and frequent hospitalization.
This hypothesis is substantiated by data that indicate that
higher doses of ICS and the use of oral corticosteroids in
addition to sputum neutrophils were not associated with

irreversibility and patients who never smoked.13,16 Since
smokers were excluded from this study’s sample, this may
explain why a significant association between lack of

reversibility and exacerbations was not found.13 Hence,
encouraging patients with asthma to stop smoking is of
utmost importance.16

Furthermore, we observed no relationship between
reversibility and asthma-related visits to the emergency room
(ER). This contrasts with the findings of studies which

demonstrated that greater degrees of reversibility are asso-
ciated with a higher likelihood of asthma-related ER visits
and a higher risk of exacerbations in the future.17 Another
study assessing dose-responsiveness to bronchodilation

among children and adolescents found that those with poor
bronchodilator responses had a two-fold increase in ER
visits, as well as in the odds of a subsequent ER visit

compared to those who had better responsiveness to
bronchodilators.18

The presence of comorbidities such as diabetes, hyper-

tension, and renal disease was not significantly associated
with asthma exacerbations in our sample. However, contrary
findings have been reported by other studies that docu-
mented association and pathophysiology of hypertension

with asthma exacerbations. It was reported that exacerba-
tions were not only controlled by type-2 inflammation, but
also that factors of metabolic derangement and increased

comorbidities play a role. Furthermore, the relationship is
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bidirectional, wherein chronic airway inflammation due to
allergen exposure causes an increase in systemic blood

pressure measurements.19e21 Moreover, some studies
indicate that diabetes (similar to other metabolic changes)
affects individuals with asthma rendering them more prone

to exacerbations. This has been attributed to similarities
between both conditions, as the pathogenesis involves the
release of pro-inflammatory cytokines, which may facilitate

airway inflammation and hyperresponsiveness.21,22 For
asthmatic patients with renal diseases, our finding aligns
with the accumulating body of evidence that suggests no
significant relationship between renal diseases and asthma.

Nonetheless, some studies have investigated surrogate
markers related to renal diseases and their association with
exacerbations. Interestingly, higher levels of uric acid, low

serum calcium, and low magnesium levels were associated
with a higher rate of asthma exacerbation, although no
specific underlying pathologies were identified.23,24

The clinical triad of asthma, which includes coughing,
wheezing, and dyspnoea, were individually analysed in rela-
tion to exacerbations. Our data suggest that a significantly
higher proportion of patients who had a cough experienced an

exacerbation compared to those who did not report the
occurrence of cough. This association was also demonstrated
to be statistically significant (P-value ¼ 0.023). However,

another study reported that there was no linear relationship
between the degree of coughing and the exacerbation rate.25

Similar to coughing, wheezing as a symptom of asthma was

found to have a statistically significant relationship with
exacerbations in the last year (P-value ¼ 0.005). In contrast,
conflicting results were reported by another study, which

found that worsening symptoms scores, coughing, and
wheezing were not associated with exacerbation frequency.25

Furthermore, none of the symptoms in the clinical triad of
asthma had a significant relationship with the presence of

reversibility, or lack thereof.
Study subjects were heterogeneous in terms of their

medication profile. Our findings indicated that only LAMA

were associated with the presence of reversibility or an
increased risk of exacerbation (P-value ¼ 0.013).
Conversely, a systematic review and meta-analysis, which

investigated the addition of LAMA to inhaled corticoste-
roids maintenance therapy for the management of persis-
tent uncontrolled asthma in patients 12 years and older

that were taking inhaled corticosteroids alone, showed an
association with lower exacerbation risk and improved
spirometry measures.26 Additionally, another study
showed that LAMA are preferably included in the

treatment regimen of patients with known chronic
obstructive pulmonary disease (COPD), as it effectively
reduced exacerbations.25

Limitations

This study has some limitations including its small sample
size, which is partly due to a lack of follow-up PFT among

patients at the centre. Moreover, our study was retrospective
and was conducted at a single centre, making it difficult to
generalize the results. We recommend prospective multi-

centre studies with larger sample sizes to investigate the
outcome in future studies.
Conclusion

Our findings suggest that asthmatic people with revers-

ibility exhibit greater decreases in FEV1 during a 12-month
follow-up period than those without reversibility. However,
the presence of reversibility did not influence the risk of

exacerbation in our population.

Recommendations

The greater FEV1 decline from the baseline seen in
asthmatics with reversibility should be taken into consider-
ation during monitoring and management. We recommend

regular spirometry follow-ups to this end. This is particularly
relevant for patients with significant airway reversibility.
Future prospective multicentred studies with larger sample

sizes are recommended to verify our findings.
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