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ABSTRACT )

Background: Long-acting beta-2 agonists (LABA) are recommended for regular use to control chronic lower respiratory
symptoms (LRS). However, LABAs may have the potency to modulate the lung pathology by suppressing the ongoing
bronchial inflammation, leaving such patients at greater risk of severe complications. Aims and Objectives: The aim of this
study was to evaluate the effect of inhaled LABA medications on small airways in patients with chronic LRS by spirometric
screening at a tertiary hospital. Materials and Methods: A total of 240 urban patients (aged 25-50 years; both genders)
with LRS referred from outdoor patients for spirometric screening were included in this study. After obtaining detailed
clinical profile, patients were divided into two groups based on inhaled medications history: Lone LABA users (n = 130)
and combined bronchodilator (BDRs) regimen (LABA + inhaled corticosteroids) users group (n = 110). Spirometry was
carried out following recommendations of the American Thoracic Society/European Respiratory Society (2005). Patients
were categorized based on forced vital capacity (FVC), forced expiratory volume in 1 s (FEV)), FEV /FVC, FEF,, ., ,
and peak expiratory flow rate values. Results: A study revealed that those patients were treated with lone LABA inhalers
chronically, persistence of small airways obstruction was significantly higher in them compared to combined BDRs regimen
user group. Conclusion: The present study explores better efficacy of combined usage of combined BDRs regimen and
potential masking effect of lone LABA in small airway diseases with respect to clinicospirometry study.
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INTRODUCTION individual, these are the major site for several chronic

obstructive airway diseases which present with a number of

The small airway means bronchioles with <2 mm in internal
diameters without cartilage which includes airways from the
4t to 16" generations of branching and offers little resistance
to airflow that is laminar (and not turbulent). Although
small airways contribute little to airway resistance in normal
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lower respiratory symptoms (LRS) such as wheeze, cough,
and shortness of breath (SOB).!"' Small airway wall thickening
caused by neutrophilic and CD4 lymphocytic infiltration
is strongly associated with subsequent emphysematous
destruction. Despite their importance, small airways related
lung pathology have proven difficult to diagnose.”? Small
airway obstruction (SAO) can be identified by simple
spirometry screening.’! The forced expiratory flow at
25-75% of FVC (FEF25-75%) is the spirometric variable
most commonly cited as an indicator of small airways
obstruction.!’ Sensitivity of the spirometry procedure for
diagnosing SAO will be increased further after reversibility
test with bronchodilator.”! There is limited data available on
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small airway pathology in uncontrolled as well as milder and/
or in well-controlled bronchial asthmatics. Whether all or
certain particular patients with complaining of LRS will have
small airways involvement remains largely unknown till date.
Researchers named this type of patient population having
small airways involvement as “small airways phenotype.”™

The use of long-acting beta-2 agonist (LABA) medications
through inhalational route is very much popular age-old
practice to treat LRS, either as monotherapy or in combination
to other drugs such as corticosteroids as they offer quick
symptomatic relief. However, in spite of a successful and
optimistic introduction in early nineties (1990), LABAs were
soon mired with controversy. In reviewing the history, it is
worth to mention in this article that in the 1960s and 70s, the
more potent short-acting beta-2 agonists were isoproterenol
and fenoterol which were found to be associated with high
asthmatic mortality. Subsequently, they were withdrawn from
the market. With this background, there is always a concern
about the safety measure of commonly used LABAs such as
salmeterol and formoterol in India.>) In general, LABAs have
an acceptable safety profile in spite of having some adverse
effects such as tachycardia, palpitations, transient decrease
in PaO,, and tremor;' based on clinical finding of the
occurrences of severe asthma exacerbations in some patients
with asthma, with some associated deaths among patients
receiving these drugs chronically, Pulmonary-Allergy Drugs
Advisory Committee of the Food and Drug Administration,
USA, considered “Black Box” levels for LABAs."V However,
there is unavailability of data to the investigators till date
which can undoubtedly prove whether these drugs may
have the potency to greatly increase the risk of asthma
mortality or not.l! Truly speaking very few long-term Indian
studies® as well as in other parts of the world®'? have been
conducted till date to evaluate the rationality of using LABA,
particularly for SAO in spite of having the knowledge about
the involvement of small airways among patients with acute
and chronic LRS as well as mild-to-severe diseases.

As the detailed picture about the actual therapeutic efficacy
of LABA for LRS patients is yet to establish!®! and correct
answer to the management of drugs with “black box”
warnings still unclear, there is, therefore, an urgent need
not only to understand whether treating this airway region
impacts on patient symptoms but also to establish a proper
treatment protocol for better control of the disease state.

The objective of the study was to evaluate the effect of
inhaled LABA medications on small airways in patients with
chronic LRS at a tertiary health-care setup.

MATERIALS AND METHODS

An observation and cross-sectional study was conducted
between July and October 2016 on 240 patients aged
25-50 years (both gender) including smokers who were

using LABA inhalers either alone or in combination with
corticosteroids for chronic LRS for >3 months duration. All
study subjects were legal residents of the state of West Bengal.
Therefore, they could be assigned as Bengali by ethnicity.
They were referred from different outpatient departments
to the pulmonary function testing laboratory at physiology
department of a tertiary hospital, Kolkata, for the 1* time for
spirometric evaluation. In this study period, 240 patients were
selected using complete enumeration sampling technique and
of course maintaining proper inclusion and exclusion criteria.
Ethical permission was obtained from the Institutional Ethics
Committee, R G Kar Medical College and Hospital, Kolkata,
before study and written consent was taken from each of the
subject before the testing procedure. Inclusion criteria have
already been mentioned. Exclusion criteria for the present
study were asymptomatic patients coming for follow-up
spirometry study, for pre anaesthetic check-up, patients
having LRS less than three months duration, those who have
been treated with oral medications and/or inhalers other than
above mentioned drugs, patients below 25 years and above
50 years of age, debilitated patients, active haemoptysis
and tuberculosis, patients with known cardiovascular, sub-
diaphragmatic diseases and known Otorhinolaryngological
diseases. However, patients with allergic-rhinitis or rhino-
sinusitis were included in the study as sino-nasal symptoms
in COPD may persist due to inflammatory condition and/or
pathological neurogenic reflexes or even directly by products
of smoking.!'"¥ On the other side, allergens, dust, microbes,
and non-specific respiratory irritants typically narrow the
airways by excessive mucus production, thereby exacerbating
COPD symptoms.[>16]

The selected patients were at first asked to respond to a
standardized respiratory symptoms questionnaire (American
Thoracic Society [ATS]/Division of Lung Disease-
78questionnaire),!'” and subsequently, a detailed history of
the disease and treating medications were obtained from
their prescription slip. The names and duration of the usage
of different medications for at least 90 days as well as clinical
profile including general survey and systemic examination of
respiratory and cardiovascular system were documented at
hospital outdoor patient (OPD) tickets. Afterward, patients
were divided into two groups based on their medication
history of >3 months duration documented from the OPD
prescriptions: Inhaled lone LABA user group (n = 130) and
combined BDRs regimen (LABA + inhaled corticosteroids
[ICS]) users group users (n=110). LABAs such as salmeterol
and formoterol were included in the first group, whereas
combined BDRs such as salmeterol/fluticasone propionate
and formoterol/budesonide. Drugs were chosen for other
groups in this study. Smoking history was obtained separately
and subjects were categorized as per US Centers for Disease
Control and Prevention definition of “never smokers” - adults
who have never smoked a cigarette or who smoked fewer than
100 cigarettes in their entire lifetime. Rests of the subjects
were marked as smokers. Spirometry was carried out using
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a non-heated spirometer (RMS HELIOS 702) following the
American Thoracic Society/European Respiratory Society
(ATS/ERS) guidelines." The instrument was properly
calibrated as per the ATS/ERS protocol before the procedure
at each time. The largest observed values of forced expiratory
volume in 1 s (FEV)) and FVC available from at least three
acceptable and reproducible tests were taken as the key
parameters for interpretation. Then, the subject was asked
to inhale short-acting BDRs such as levosalbutamol or
ipratropium bromide in the pre-prescribed doses.!"8! After 10
min of taking the inhaler, the subject was asked to perform
the spirometry once again and thus the reversibility test
done.I"" The highest values of FVC and FEV, were selected.
Spirometric parameters recorded were FVC, FEV , FEV /
FVC, FEF ., ,and peak expiratory flow rate (PEFR) and
percent predicted values were used to categorize all the
study subjects as per existing standard criteria - (i) normal
spirometric finding, (ii)) COPD, (iii) restrictive pattern; (iv)
mixed ventilatory defect, and (v) SAO.”” The sentence
was deleted due to irrelevent in this context. As the present
study was of observation and cross-sectional nature, so no
confounding variable such as age and smoking could be
ascertained. However, these were important variables which
influenced the overall outcome. Therefore, in this study,
patients were categorized based on these spirometric indices
and compared the different groups to deduce the study results.

Statistical Analysis

Descriptive analyses were performed using Fisher’s exact
test (for categorical variables) and two-sided unpaired t-tests
(for continuous variables) to compare groups. As all the data
were collected at a point of time (cross-sectional data) with no
known confounding variable, so unpaired #-test was applied
to compare these two groups. All data of spirometric variables
were expressed in percent predicted form. Statistical analyses
were done using GraphPad Quickcalcs Software, California,
USA. P <0.05 was considered statistically significant.

RESULTS

Characteristics of the study population are presented in
Table 1. Subjects treated with combined BDRs regimen users
were significantly more likely to be smokers, having high
persistence of LRS like wheeze and more number of prior
physician-diagnosed cases of asthma, allergic rhinitis, and
COPD compared to other population in this study. Strikingly
post-medication reversibility test results mean values of FVC,
FEV,, FEV /FVC, and PEFR were significantly much less
among combined drug users than that of lone LABA using
patients. Moreover, there were no significant differences
regarding mean age, weight, height, body mass index (BMI),
gender, and LRS other than wheeze such as dyspnea, dry
cough, wet cough, as well as spirometric mean value of

Table 2 had shown that occurrence of spirometry diagnosed
COPD and mixed ventilator defect was significantly more in
combined BDRs using population compared to lone LABA
using population, whereas small airways obstruction (SAO)
was significantly much higher among lone LABA users than
that of the other groups in this study. Moreover, exactly half of
the combined drug’s users and nearly two-fifth of lone LABA
users were having normal spirometry result (Figure 1).

DISCUSSION

This present study was conducted to evaluate the effect of
inhaled LABA medications on small airways in patients
with chronic LRS by spirometry. The result of this study
observed higher prevalence of persistent SAO with lesser
clinical finding like wheeze among patients using LABA
as monotherapy for at least 3-month duration compared to
combined BDRs regimen user group, whereas testing results
revealed significantly higher number of COPD and mixed
ventilatory defects among combined regimen users than the
other groups in this study. Over and above a large of subjects
in this study population were reported normal test results
in spite of having ongoing symptoms for which they were
treated with the inhaled medications.

At first, this study was chosen those patients having LRS
and received treatment from their physician with above-
mentioned inhaled drugs for at least 3 months. A 90-day
period was chosen because respiratory medications for
chronic LRS among patients such as asthma and COPD are
usually prescribed for 3 months at a time.?!)

Previously, Lazarus et al. were conducted a study on
LABA monotherapy versus continued therapy with ICS
and observed that ICSs were more effective than inhaled
LABA as far as relief of persistent symptoms asthma was
concerned, though there were no significant differences in
spirometric parameters.”*? However, researchers had already
shown the better efficacy using combination therapy of ICSs
and LABA than monotherapy with either agent alone!%
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FEF,; ..., also between these two populations. Figure 1: Spirometric analysis of obstructive airway diseases
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Table 1: Overall demographic, anthropometric, clinical, and spirometric profile of the study population

Variable Lone LABA users (n=130) Combined BDRs regimen users (n=110) 4
Gender Male: 50 (38.46) Male: 50 (45.45) 0.295
(n [%]) Female: 80 (61.54) Female: 60 (54.55)

Age (years) (MeantSD) 40.38+10.92 42.54+14.16 0.1834
Weight (kg) (Mean+SD) 55.61+8.86 57.86+14.96 0.1506
Height (cm) (Mean+SD) 154.65+7.69 156.31+£10.57 0.1614
BMI (kg/m?) (Mean+SD) 23.42+4.26 23.63+5.44 0.7378
Smoking statusa Ever smoker: 25 (19.23) Ever smoker: 40 (36.36) 0.0035%*
(n[%]) Never smoker: 105 (80.77) Never smoker: 70 (63.64)

Dyspnea (SOB)® Yes: 130 (100.00) Yes: 110 (100.00) 1.00
(n [%]) No: 00 (0.00) No: 00 (0.00)

Dry cough® Yes: 40 (30.76) Yes: 40 (36.36) 0.4102
(n [%]) No: 90 (69.24) No: 70 (63.64)

Wet cough Yes: 50 (38.46) Yes: 35 (31.81) 0.3422
(n [%]) No: 80 (61.54) No: 75 (68.19)

Wheeze Yes: 5 (3.84) Yes: 15 (13.63) 0.0088*
(n [%]) No: 125 (96.16) No: 95 (86.37)

Physician-diagnosed asthma? Yes: 0 (0.00) Yes: 25 (22.7) <0.0001*
(n [%]) No: 130 (100.00) No: 85 (77.28)

Physician-diagnosed COPD¢ Yes: 5 (3.84) Yes: 25 (22.72) <0.0001*
(n [%]) No: 125 (96.16) No: 85 (77.28)

Physician-diagnosed allergic rhinitis® Yes: 40 (30.77) Yes: 75 (68.18) <0.0001*
(n [%]) No: 90 (69.23) No: 35 (31.82)

FVC¢ (MeantSD) 123+42.09 105.5+26.95 0.0002*
FEV1" (Mean+SD) 97.96+38.09 78.31+49.29 0.0006*
FEV /FVC (Mean+SD) 87+22.58 78.81+34.54 0.0285*
FEF*7*%1 (Mean+SD) 62.5+28.31 63.22+40.04 0.871
PEFR! (Mean+SD) 65.46+28.47 54.54+33.94 0.0072*

SD: Standard deviation, BMI: Body mass index. (a). Smoking status defined as ever/never smoker of cigarette, beerie, or hugqa. (b). Patients
were asked: Do you have to walk slower than people of your age on the level due to breathlessness? Shortness of breath (SOB) (Grade 11):

To evaluate SOB NYHA standard guidelines were followed. (c). Chronic cough defined as cough on most days of month, for 3 consecutive
months or more in a year. (d). Physician-diagnosed asthma defined as asthma confirmed by a doctor. (e). Physician-diagnosed COPD defined
as COPD confirmed by a doctor. (f). Physician-diagnosed allergic rhinitis defined as allergic rhinitis confirmed by a doctor which is clinically
most reliable factor in detection of allergy. (g). Forced vital capacity. (h). Forced expiratory volume in 1 s. (i). Forced expiratory flow
25-75%. (j). Peak expiratory flow rate, BDR: Bronchodilator

Table 2: Categorization of post-medication reversibility test results

Spirometric finding Lone LABA users (n=130) Combined BDRs regimen users (n=110) P
Normal* Yes: 55 (42.30) Yes: 55 (50.00) 0.2447
(n [%]) No: 75 (57.7) No: 55 (50.00)

SAO! Yes: 60 (46.15) Yes: 15 (13.64) <0.0001*
(n [%]) No: 70 (53.85) No: 95 (86.36)

COPD™ Yes: 10 (7.70) Yes: 25 (22.72) 0.0015*
(n [%]) No: 120 (92.3) No: 85(77.28)

Mixed ventilatory defectn Yes: 00 (0.00) Yes: 15 (13.64) <0.0001*
(n [%]) No: 130 (100.00) No: 95 (86.36)

Restrictive pattern® Yes: 5 (3.85) Yes: 00 (0.00) 0.0642
(n [%]) No: 125 (96.15) No: 110 (100.00)

(k). FVC: 80%-120% predicted; FEV : 80%—120% predicted; FEV /FVC: 70%-85%; FEF,, _.: Values ranging from 50% to 60% and up to 130%

25-75°
of the average, PEFR: >60% predicted value. (). FEF ; _.<50% predicted mainly. (m). FEV1/FVC<70% and FEV value<100% predicted: Mild

COPD or higher. (n). FEV1/FVC<0.7 and FVC<80% of predicted. (0). FVC<80%, FEV1<80% (normal/decreased) and FEV1/FVC>0.7

before that study. Although this present study was observed =~ COPD and allergic rhinitis as well as spirometric finding
significantly more number of physician diagnosed asthma, = of COPD cases among combined BDRs regimen using
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population compared to the other group. At a glance, these
findings were not similar to the previous research works.
However, further analysis of data revealed that these findings
were not at all surprising because in this study combined
BDRs regimen users group had significantly more number
of smokers than lone LABA using population. Previously,
Eisner et al.® had shown the fact that by far the single
most important as well as the novel cause for developing
COPD was smoking. There was no significant difference
regarding mean age, weight, height, BMI, gender, and LRS
such as dyspnea, dry cough, wet cough, and post-BDRs
mean value of FEF, . between these two populations.
This implies that smokers were having a subjective feeling
of worsening symptoms than non-smokers while suffering
from similar type of active lung disease and, therefore, were
prescribed more intensively with drugs. Furthermore, all of
the medicines were prescribed without spirometry screening,
which is basically a malpractice by physicians as documented
in a pilot study by the same authors®®® and other researchers
as well?"! before conducting this present study. Therefore,
although the diagnostic algorithm starts with a thorough
history and physical examination (including a discussion
of family history, risk factors for respiratory and cardiac
diseases, and occupational history), these clinical data are
insufficient to diagnose patients having LRS appropriately
leading to undiagnosed, misdiagnosed, and under or over
diagnosed could be resulted.?*?” Similarly, this present study
also documented normal spirometry results among a good
number of study population in spite of using medications
continuously which could again be a supportive evidence of
the malpractice in the community.

On the other part of this present study, it was observed that
not only significantly higher prevalence of persistent SAO
as shown in spirometric analysis but also less persistence of
LRS like wheezing was noted among LABA monotherapy
users compared to the other group. In the 1990s, Spitzer et
al. first observed that the usage of beta-2 agonists was linked
to excess asthma-related mortality mainly due to a limitation
in small airways of respiratory tract.?®! In many articles from
time to time, the authors tried to analyze the molecular basis
of the above findings. Conventionally, LABAs act on beta-
2-adrenoceptors on airway smooth muscle (ASM), which
initiates a signaling cascade and as a result of chemical
events relaxation of ASM will be achieved.[®) However, it
has become increasingly clear that the chemical pathway
is considerably more complex and sophisticated than was
previously considered, although most of the picture is still
unclear till date.” Some researchers thought that tolerance to
BDR and bronchoprotective effect to LABA using chronically
might be due to reduction in both number and affinity of
peripheral beta-2-adrenoceptors pointed toward deregulation
and desensitization and receptor gene expression at terminal
airways.’%3 Moreover, chronic beta-2 agonists usage had
been linked to heightened airway responsiveness to allergen
exposure and produced tolerance to relieving effect from

methacholine and allergen-induced bronchoconstriction.
Postulated primary mechanisms ofairway hyperresponsiveness
were abnormalities of ASM such as increased ASM bulk,
aberrant autonomic control, hyperactive reflex pathways,
and physical damage to the airway epithelium as documented
by the researchers.”®! These findings might be possibly
explained the link between LABA use as monotherapy and
loss of asthma control. Beasley et al. hypothesized that
this could be due to the pro-inflammatory effect of LABA
resulting from augmentation of allergic inflammation and
T-Helper-2 responses specifically through the activation of
signal transducer and activator of transcription 6. Some
studies were also documented the fact that chirality of LABA
may also contribute SAO as R-enantiomer of these drugs has
therapeutic importance, whereas S-enantiomer of racemes
of beta-2 agonists appears to be responsible for rebound
bronchial hyperresponsiveness.’334 In recent years, attention
has been drawn to beta-2 agonist polymorphisms also. Studies
have shown that asthmatics that are homozygous for arginine
(Arg-16) have an impaired therapeutic response to salmeterol
in spite of using ICSs concomitantly.’) However, these
polymorphisms may be more common in patients of different
ethnic backgrounds and potentially alter clinical effects; it
warrants further study for complete evaluation of this fact to
abolish all contradictory findings.4

Furthermore, previously few small studies were observed
the fact that actual lung function parameters worsen strongly
with prolongation of treatment with lone LABA. Researchers
commented that this might be due to potential masking effects
of salmeterol in airway inflammation in asthmatic population
with LRS, i.e., by simple BDRs beta-2 agonists relieve
symptoms without arresting the principal inflammation
causing COPD.B%3] Similarly less persistence of wheezing,
a conventional clinical marker for obstruction (blockage)
or narrowing of the small bronchial tubes in the periphery
of respiratory airways,*® might be supportive evidence for
potential masking effect of underlying lung pathology like
SAO in the population using LABA as monotherapy. This
could lead to delay in developing awareness about worsening
of LRS and airway inflammation in this population.
Researchers had shown that even a single dose of LABA can
also mask the clinical symptoms and airway inflammation
cell influx following challenge.’*3"*1 According to Cates
et al.,’”! reducing the use of these drugs ultimately solved
this problem, but whether the enhanced mortality was due to
cardiovascular toxicity, masking of chronic LRS or another
cause remained to be established.*”

Limitations of the Study

This study had few limitations that need to be considered.
Due to cross-sectional nature of the study, it was difficult to
establish causal association between impaired lung function
and LRS. Moreover, reason for the existence of significantly
higher proportion of mixed ventilatory defect among
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combined BDRs using patients compared with lone LABA
users could not be discussed here as further investigations
(plethysmography) will be required to clarify the reason for
the diminished vital capacity. Due to cross-sectional nature,
the diagnostic variations of individual pharmacological agent
(including formoterol, salmeterol, and their combination with
corticosteroids) in spirometric analysis as well as therapeutic
significance in drug regimen (like single use or multiple uses
atatime orinaday) could not be analyzed in this present study.
Over and above this study had beyond the scope to analyze
the effect of drug delivery systems to periphery of airways
like whether the subjects were using dry powder inhalers or
puffed metered dose inhalers with or without valve holding
chambers or spacers as these data could not be retrieved from
the OPD prescriptions of the hospital. Although researchers
had shown that not only particle size of the drug but also
the drug delivery system influences the efficiency of inhaled
medications to heal lung pathology."! Finally, as this was a
small, observational study performed in a single center with
a homogeneous population, the results may vary in studies
with larger and relatively heterogeneous population. Despite
these limitations, we believe that our observations will
provide valuable clue on future modifications of the ongoing
therapeutic guidelines in treating patients suffering from
LRS.

CONCLUSION

The present study points toward the better efficacy of
combined BDRs regimen in patients with chronic LRS.
Regular usage of lone LABA was associated with potential
masking effect in patients with LRS and enhanced SAO.
Future large-scale clinical trials are required for serial
assessments of drug response and/or disease progression, to
design appropriate drug combination and to customize drug
protocol according to the age, sex, and BMI to improve small
airways function.
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