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ABSTRACT 

  

Aims: This study was designed to evaluate the efficacy and safety of montelukast versus long acting β2-

agonists as add on therapy in adult Indian patients with moderate asthma. 

Methods: This prospective, randomized, comparative study was conducted in 120 patients, divided into 3 

groups. Group A was prescribed montelukast plus inhaled corticosteroids (ICS), group B was prescribed 

inhaled salmeterol plus ICS and group C was prescribed inhaled formoterol plus ICS. Efficacy was 

measured on the basis of pulmonary function test (PFT), absolute eosinophil count and quality of life 

questionnaire. Safety profile of the drugs was evaluated using self-reported adverse effects by the 

patients. 

Results: There was an increase in FEV1, FEV1: FVC and PEFR at the end of 3 months. In Group A, the 

mean increase in FEV1:FVC  from baseline of 68.55 was 78.43, in Group B it was from 68.07 to 81.62 

and in Group C it was from 68.52 to 82.03 (p<0.05). PEFR increased from 274.28 to 303.78 in Group A, 

from 284.40 to 333.82 in Group B and from 284.40 to 334 in Group C at the end of 3 months (p<0.05). In 

group A, B and C, mini asthma quality of life questionnaire (mini AQLQ) score increased from baseline 

to 3 months, (p<0.05). No serious adverse events reported.  

Conclusion: The combination of ICS plus formoterol resulted in more improvement in both PFT & mini 

AQLQ. Formoterol add on therapy was associated with significantly improved lung function, quality of 

life and reduced airway inflammation with mild side effects.  
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WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT 

 Inhaled corticosteroids are the mainstay of treatment for asthma. 

 Inhaled corticosteroids/ long acting β2-agonists a fixed dose combination is being developed for 

asthma. 

 An alternative approach is to add a leukotriene receptor antagonist (LTRA)
 

to an inhaled 

corticosteroid. Montelukast is a LTRA that improves asthmatic inflammation and prevents 

bronchoconstriction. 

 

http://www.ijhsr.org/
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WHAT THIS STUDY ADDS 

 This study describes the effect of long acting β2-agonists (LABAs) and  leukotriene receptor 

antagonist  as add on therapy to inhaled corticosteroids (ICS )on pulmonary function tests and quality 

of life.  

 The pattern of response seen is a prompt increase in pulmonary function on starting the leukotriene 

antagonist as add on to ICS, which is maintained for the course of the study. 

 The result shows that combination of ICS plus formoterol resulted in more improvement in both 

pulmonary function test & mini asthma quality of life questionnaire (AQLQ).  

 

INTRODUCTION 

Asthma is the most common chronic 

lung disease in both the developed and 

developing countries. 
[ 1] 

It is a chronic 

inflammatory airway disease, characterized 

by bronchial hyper responsiveness and 

variable airway obstruction. 
[ 2] 

Approximately 300 million people 

worldwide are currently suffering from this 

trivial disease and 180,000 deaths are 

attributed each year. 
[ 3] 

The estimated burden 

in India is more than 15 million. 
[ 4]   

Current treatment strategies advocate 

a stepwise approach to treatment, which 

depends on the severity of the disease. 
[ 5] 

Current guidelines recommend inhaled 

corticosteroids as mainstay of treatment for 

asthma. 
[ 6] 

Anti-inflammatory treatment with 

inhaled corticosteroids improves lung 

function, decreases symptoms & reduces 

asthma exacerbations. 
[ 1, 7] 

However, patients 

who are sub optimally controlled on inhaled 

corticosteroids, there is an option of adding 

second line therapy with inhaled long acting 

Beta-2 (β2) agonists (LABA) or oral 

leukotriene receptor antagonist, since both 

of these act on different parts of the 

inflammatory cascade. 

Cysteinyl leukotrienes are found in 

the airways of asthmatics, indicating that the 

addition of an leukotriene receptor 

antagonists (LTRAs) e.g. montelukast may 

provide more complete attenuation of the 

inflammatory process. 
[ 8]

 Add on therapy 

with β2 agonists (LABA) e.g. formoterol and 

salmeterol to an inhaled corticosteroids is 

more effective in improving lung function 

and reducing asthma symptoms and 

exacerbations. Salmeterol is a partial agonist 

and has a slower onset of action, whereas 

formoterol is a full agonist and demonstrates 

a quicker onset of bronchodilation. 
[ 9] 

Combination treatment is therefore 

recommended in current guidelines to 

achieve additional control. 
[ 10] 

The addition of a long acting β2-

agonists or a leukotriene receptor antagonist 

to inhaled corticosteroids has been shown to 

prevent exacerbations and improve quality 

of life. 
[ 11]

 Addition of LTRAs reduces the 

need of ICS among patients requiring 

moderate to high dosage of corticosteroids 

to maintain asthma control. Currently 

available ICS plus LABA combination 

require twice daily administration whereas 

LTRAs are given once daily orally as add on 

to ICS. Once-daily treatment helps to 

improve patient’s compliance and, therefore, 

disease management of this chronic 

condition. Inhaled LABAs have been 

associated with class related systemic side 

effects such as the potential to raise heart 

rate and cause ventricular arrhythmias.  

Considerable debate has emerged 

concerning the long term use of β2-agonists 

in asthma. A comparative study between 

montelukast and salmeterol as add on to 

ICS, concluded good overall control in 

asthma symptoms. However, very few 

studies are available comparing the long 

term use of these agents.  Hence, we planned 

this study to evaluate the efficacy and safety 

of montelukast versus long acting β2-
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agonists as add on therapy in adult Indian 

patients with moderate asthma. 

 

MATERIALS AND METHODS 

Subjects 

Patients of either gender aged 18 

yrs to 70 yrs, diagnosed to have moderate 

asthma (according to GINA 2008)
1
, with 

FEV1 or PEFR <80% predicted, having 

persistent asthma symptoms (day or night), 

who required at least two puffs per day of 

reliever therapy with their usual short-acting 

β2-agonist were included in the study. 

Patients with tuberculosis, respiratory tract 

infections or acute asthma 

exacerbation(requiring emergency treatment 

or hospitalization within last 4weeks), 

pregnancy and lactation, on oral 

corticosteroids within last 4 weeks, pre-

bronchodilator FEV1 of <60% of predicted 

value, any known allergy to the study drug 

or refusal to give informed consent were 

excluded from the study. 

Study design 

This prospective, randomized, 

comparative clinical study was conducted in 

120 patients. All patients with a diagnosis 

of moderate asthma were enrolled in the 

study if they fulfilled the inclusion criteria. 

Patients were continued on their usual 

maintenance dose of inhaled corticosteroid 

throughout the study. The study was 

approved by institute research committee 

and all patients signed a written informed 

consent before enrolment in the study. 

Patients were randomly divided into three 

groups of 40 patients each, according to 

computer generated random number table. 

Group A (n=40) were given montelukast 

10mg tab orally once a day as add on to 

inhaled corticosteroids. Group B (n=40) 

were given inhaled salmeterol 50-100µg 

twice a day as add on to inhaled 

corticosteroids. Group C (n=40) were given 

inhaled formoterol 12-24µg twice a day as 

add on to inhaled corticosteroids.  

Assessments of pulmonary function tests 

and evaluation of mini AQLQ 

  Each patient underwent a base line 

evaluation (1
st
visit) which included 

complete medical history and pulmonary 

function tests. All patients received 

treatment for a period of 90 days. Patients 

were evaluated again after 30 days (2
nd

 visit) 

and 90 days (3
rd

 visit). Compliance was 

ensured by interviewing patient and by pill 

count method at every visit. Efficacy 

evaluation was based on below mentioned 

pulmonary function parameters: FVC 

(Forced vital capacity), FEV1 (Forced 

expiratory volume in first second), ratio 

of FEV1/ FVC, PEFR (Peak expiratory flow 

rate). All these measurements were 

measured with spirometer (Medical 

international research company: Italy). Each 

spirometry were performed and interpreted 

in accordance with the reproducibility and 

acceptability criteria of the European 

thoracic society. Disposable one valve 

mouth piece was used to reduce the risk of 

cross infection. Patients were instructed to 

sit upright and to breathe in maximally and 

hold the mouth piece between the teeth to 

secure airtight seal. Then to breath out as 

hard and as fast as possible until the lungs 

are empty. Three satisfactory blows were 

performed and best values were taken as 

interpretation. 

Mini asthma quality of life 

questionnaire (Mini AQLQ), medical 

research council (MRC) dyspnea scale and 

absolute eosinophils count was used to 

measure secondary efficacy parameters.  

Safety profile was evaluated on the 

basis of spontaneously reported adverse 

effects and subjective assessment which 

was performed on visits 1, 2 and 3. 

The data was represented as mean ± 

standard error (SE). Data was analysed 

using ANOVA (Analysis of variance) with 

post hoc Bonferroni test, for comparing 

three different groups and a paired ‘t-test’ 
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for comparison within the group. Chi-square 

test was used for non-parametric data. p 

value <0.05 was considered as statistically 

significant.  

 

RESULTS 

Table 1 shows the baseline 

characteristics of all the patients in the three 

groups. The mean age was comparable in 

the three groups. There was a slight female 

predominance in all the three groups. There 

was no statistical significant difference in 

the FVC, FEV1, FEV1: FVC and PEFR of 

the patients done at baseline. However, 

statistically significant differences were 

observed in mean FVC, FEV1, FEV1:FVC 

and PEFR values between Montelukast add 

on to ICS (group A), Salmeterol plus ICS 

(group B) and Formoterol plus ICS (group 

C) as compared to the baseline (p<0.05). 

PFT changes at different time intervals in 

the three groups are shown in table 1. 

There was an increase in FVC in 

patients treated with Group A, B and C and 

it was statistically significant (p<0.05). The 

mean increase in FVC at the end of 3 

months in group C (WMD 0.19) was more 

than group B (WMD 0.18) and group A 

(0.06). Although there was increase in mean 

FVC in all the groups but on intergroup 

comparison it was not statistically 

significant.  

At each visit there was a statistically 

significant (p<0.05) increase in mean FEV1 

as compared to baseline in all three groups. 

Significant improvement was observed in 

FEV1 at 1 month and 3 months as compared 

to baseline, with a mean difference of WMD 

0.19 in Group A, 0.28 in Group B and 0.30 

in Group C and was statistically significant 

(p<0.05). The mean increase in FEV1 in 

between the groups was found to be 

statistically significant only at the end of the 

study (3 months). On intergroup 

comparison, It was observed that the mean 

increase in group B (WMD 0.09) and group 

C (WMD 0.11) were comparable and were 

greater than group A.    

There was an increase in FEV1:FVC 

from baseline to 3 months with mean 

difference of 9.88 in Group A, 13.50 in 

Group B and 13.51 in Group C which was 

statistically significant (p<0.05). On 

intergroup analysis it was seen that when 

group A was compared with group B (WMD 

3.62) and group C (WMD 3.63), the results 

were statistically significant (p<0.05). 

However, when group B was compared with 

group C the values were not statistically 

significant (Figure 1). 

An increase in PEFR was observed 

at 1 month and 3 months as compared to 

baseline with a mean difference of 49.42 and 

was statistically significant (Figure 1and 2). 

The PEFR increased at 1 month and 3 month 

(WMD 50.15), which was statistically 

significant (Figure 1 and 2). There was an 

increase in PEFR from baseline at 1 and 3 

months in all the three groups. Although 

there was an increase in PEFR at 1 month 

and 3 month but it was statistically 

significant only at 3 months (Figure 2). It 

was also observed that statistically 

significant improvement was there in group 

B (WMD 19.92) and C (WMD 20.65) when 

compared to group A (p<0.05). There was 

no statistically significant difference 

between group B and group C.  

The mini AQLQ score was 

comparable at baseline in the three groups. 

In group A, B and C, mini AQLQ score 

increased from baseline to 3 months and was 

statistically significant (p<0.05) in all 

groups. There was significant improvement 

in quality of life of patients in group C at 1 

month as compared to group A and group B. 

At 3 months it was observed that there was 

significant improvement in group B and 

group C as compared to group A (p<0.05). 

The mini AQLQ score was comparable in 

group A and B up till 1 month. Figure 3 
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 Figure 1: Changes in FEV1: FVC at different time intervals in 

different groups.  

 * p<0.05 as compared to group A 

 ¶ p>0.05 as compared to group B 

 

 
Figure 2: Changes in PEFR at different time intervals in 

different groups. 

* p<0.05 as compared to group A 

¶ p>0.05 as compared to group B 

 

 
Figure 3:  Mini asthma Quality of life Questionnaire (Mini 

AQLQ) score at different time intervals 

 # P<0.05 as compared to baseline  

 

 
Figure 4: MRC score (Mean  SE) at different time intervals in 

different groups  

 

The mean AEC in group A, B and C 

decreased from baseline to 3 months and the 

difference was statistically significant in the 

3 groups (p<0.05). Inter-group comparison 

of AEC was done at baseline, 1 month and 3 

month. It was observed that there was 

reduction in AEC in group A, group B and 

group C. However no statistically significant 

difference was found in the three groups. 

The AEC was comparable at baseline and up 

till 1 month.  

The MRC score in group A, B and C 

decreased from baseline and at 3 months and 

the difference was statistically significant in 

the 3 groups (p<0.05). Inter-group 

comparison of AEC was done at baseline, 1 

month and 3 month. It was observed that 

there was reduction in AEC in group A, 

group B and group C. However no 

statistically significant difference was found 

in the three groups. The AEC was 

comparable at baseline and up till 1 month.  

In our study, there were no serious 

adverse events reported. Most of the adverse 

events reported were mild. The mild adverse 

events reported in the 3 groups were 

headache, dizziness, palpitations, nausea, 

tiredness and tremors. Table 2  

The use of rescue medication was 

observed to be more among patients in 

group A (15%) and group B (12%) as 

compared to group C (5%). 
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Table 1: Demographic Profile and Pulmonary function tests of patients at different time intervals 

 Group A(n = 40) 
Mean ± SE 

Group B(n = 40) 
Mean ± SE 

Group C(n = 40) 
Mean ± SE 

Number of patients 40 40 40 

Age (in years) 

(Mean  SE) 

40.222.54 42.882.02 41.822.04 

Sex (M:F) 17:23 18:22 17:23 

Weight (Kg) 61.871.45 63.51.75 62.351.59 

Height (cm) 163.381.23 163.121.40 162.401.36 

Baseline 1.610.06 1.600.03 1.630.05 

2 visit 1.640.06# 1.680.03# 1.710.04# ¶ 

3 visit 1.670.06# 1.790.03# 1.830.04# ¶ 

FEV1 

Baseline 
1.100.04 1.14 0.02 1.160.03 

 

2 visit 1.190.04# 1.22 0.02# 1.240.05# ¶ 

3 visit 1.300.04# 1.430.02# * 1.460.04# * ¶ 

FEV1:FVC 

Baseline 
68.550.83 68.070.80 68.520.88 

 

2 Visit 73.280.86# 73.010.78# 74.430.90# ¶ 

3 Visit 78.430.83# 81.620.81# * 82.030.98# * ¶ 

PEFR 

Baseline 
274.288.40 284.408.36 284.408.84 

2 Visit 288.958.80# 304.188.48# 305.058.91# ¶ 

3 Visit 303.788.46# 333.828.45# * 3348.94# * ¶ 

# p<0.05 as compared to baseline, * p<0.05 as compared to group A, ¶ p>0.05 as compared to B. 

FVC=Forced vital capacity; FEV1= Forced expiratory volume in one second. 

PEFR= Peak expiratory flow rate 
 

Table 2: Adverse drug reaction in different groups 

  Group A 
(n=40)  

Group B 
(n=40) 

Group C  
(n=40) 

Headache 9 8 6 

Drowsiness 2 1 1 

Restlessness 4 6 5 

Oral candidiasis 1 2 1 

Nausea/vomiting 2 4 1 

Palpitations 0 8 5 

Tiredness 4 2 3 

Dizziness 11 0 1 

Tremors 0 1 2 

No significant difference was observed between Groups. 

 

DISCUSSION 

In our study, it was seen that there 

was a significant increase in FEV1 in all the 

three groups as early as one month and 

maximum improvement was seen at 3 

months as compared to baseline. Since all 

the study groups were receiving standard 

treatment in addition to add on therapy, we 

expected an increase in FEV1. The FEV1 

improved in all the three subgroups although 

the maximum improvement was seen with 

formoterol. The mean increase in FEV1 is in 

accordance with one of the previous study 

which has compared the efficacy of 

formoterol (9 µg) and montelukast (10 mg) 

as add-on to low dose budesonide 400 µg 

daily. More significant increase in the FEV1 

was seen in the group treated with 

formoterol add on as compared to 

montelukast add on group. The average 

difference in the improvement from baseline 

in FEV1 between LABAs and montelukast 

was similar to our study. 
[ 12] 

As change of 200ml or more in FEV1 

is considered to be a clinically important 

difference. 
[ 13] 

The mean improvement in 

FEV1 observed with group A was 190 ml, in 

group B 280 ml and in group C it was 290 

ml. Many studies have demonstrated that 

FEV1: FVC reversibility of ≥ 12% can lead 

to clinically significant improvement in 

asthma symptoms. 
[ 14] 

In our study 

reversibility was more with formoterol 

(13.51%) and salmeterol (13.50%) as 

compared to montelukast (9.8%).   

An increase in PEFR was observed 

in montelukast and salmeterol add on groups 

however, greater increase in PEFR was 

observed in formoterol add on group. The 

mean difference of 20.5 L/min was observed 

between montelukast and formoterol. These 

results were also consistent with meta-
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analysis comparing LABAs with 

antileukotrienes as add on to ICS. 

The lung functions showed more 

improvement with formoterol and salmeterol 

add on group as compared to montelukast 

add on group. This is possibly because of 

the synergistic effect of LABA + ICS. 

LABAs enhance intracellular binding of 

corticosteroids and potentiate the anti-

inflammatory action of corticosteroids. 

Moreover, corticosteroids protect against 

down-regulation of β2 receptors with LABA 

therapy.  On the other hand, inhibition of 

cys-LT-induced bronchial smooth muscle 

contraction is likely to be involved in the 

therapeutic effects of LTRA   to improve 

lung functions. LTRA and LABAs affect 

different points in the inflammatory cascade 

that results ultimately in bronchoconstriction 

and bronchial hyper responsiveness. Long-

acting β2-agonists act predominantly at the 

bottom of this cascade at the site of smooth 

muscle, as bronchodilatory agents, although 

it has been suggested they may also possess 

weak anti-inflammatory properties. 

Leukotriene receptor antagonists attenuate 

the proinflammatory effects of leukotrienes, 

such as increased microvascular 

permeability, eosinophil chemotaxis, mucus 

secretion, as well as blocking leukotriene-

induced smooth muscle constriction and 

proliferation. Hence, better control of 

asthma symptoms and improvement in lung 

function favors use of formoterol as add on 

to ICS as compared to salmeterol or 

montelukast add on to ICS. 

Improvement in quality of life was 

observed in all the 3 groups. Although, there 

was an increase in Mini AQLQ score in the 

three add on groups A, B and C 

(montelukast, salmeterol and formoterol), it 

was observed to be more with formoterol 

(group C) add on. 

Our study shows that the 

combination of ICS plus formoterol resulted 

in more improvement in both FEV1, FEV1: 

FVC and PEFR than ICS plus montelukast. 

Lung functions improved with all the study 

drugs although the maximum efficacy was 

seen with formoterol and the least with 

montelukast. Mini AQLQ and MRC also 

support this fact. 

In conclusion, better asthma control 

was observed with formoterol add on, which 

was consistent with the improvement in 

PFT. Formoterol + ICS were found to bring 

significant decrease in symptoms of asthma 

and improve quality of life as compared 

with salmeterol + ICS and montelukast + 

ICS. Slightly, greater improvement in PFT 

measures, symptom control and quality of 

life was observed in formoterol add on 

group as compared to salmeterol group. 

Although few adverse effects were noted in 

the formoterol group but the benefits 

outweighs the risk of adverse effect. Table 2 

Both montelukast and formoterol led 

to improvement in asthma but formoterol 

was associated with significantly improved 

lung function, quality of life, asthma 

symptoms and reduced airway 

inflammation. Hence, in asthmatic patients, 

who are inadequately controlled on ICS 

alone addition of formoterol can be a better 

treatment option compared to montelukast 

and salmeterol.   
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