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can be administered separately, inhalers combin­
ing both medications have been a promising al­
ternative for the past several years.1-3

There are strong biological, economic, and prac­
tical reasons for using combined inhalers rather 
than the individual components alone. First of all, 
a combination of LABAs and ICSs shows syner­
gistic activity.4 Glucocorticoids influence the β2­
‑adrenoceptor expression and inhibit its func­
tional desensitization, while β2‑agonists induce 

INTRODUCTION  Bronchial asthma is a common 
chronic airway disease with a complex pathophys­
iology consisting of chronic airway inflammation 
and hyperreactivity leading to paroxysmal bron­
chospasm. The pathophysiological mechanism of 
asthma is reflected in the therapeutic approaches 
used to manage the disease, consisting broadly of 
bronchodilators such as inhaled long‑acting β2­
‑agonists (LABAs) and anti‑inflammatory drugs 
such as inhaled corticosteroids (ICSs). While they 
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ABSTRACT

INTRODUCTION  Asthma is a highly prevalent disease that often requires maintenance therapy. Com-
bined inhaled corticosteroid (ICS) and long‑acting β2‑agonist (LABA) inhalers are one of the available 
maintenance treatment options.
OBJECTIVES  This prospective observational study aimed to assess asthma control in patients treated 
with ICS/LABA inhalers and to identify factors related to optimal asthma control.
PATIENTS AND METHODS  The study included 5789 asthmatic patients from Poland, treated with one of 
the following ICS/LABA inhalers at clinically appropriate doses: beclomethasone/formoterol, fluticasone/
salmeterol, or budesonide/formoterol. The follow‑up lasted 6 months (4 visits in total). The outcomes 
were physician-reported and patient‑reported asthma control and occurrence of adverse drug reactions. 
A retrospective logistic regression analysis was performed to identify a potential association between 
age, obesity, and smoking and the level of disease control.
RESULTS  A total of 4469 patients completed the study. Throughout the study period, the rate of patient
‑reported control of asthma increased from 24.8% to 67.7%, while physician‑reported control increased 
from 22.6% to 66.4%. The incidence of exacerbations decreased from 23.4% to 1.9%. Less than 0.1% 
of the patients reported adverse drug reactions. Age, obesity (body mass index ≥30 kg/m2), and smok-
ing were confirmed as factors negatively affecting disease control, with combined ICS/LABA inhalers 
potentially reducing their effect.
CONCLUSIONS  Our results confirm the efficacy and safety of combined ICS/LABA inhalers in a real‑life 
clinical setting. They also corroborate the finding that obesity, older age, and smoking are risk factors 
for poor asthma control.
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in primary care, allergy, and respiratory medicine 
clinics throughout Poland. The study involved 
886 physicians and 11 270 patients. The 5789 pa­
tients included in the subcohort described here 
were adults (over 18 years of age) who had been 
diagnosed with asthma at least 6 months prior 
to inclusion and had been treated with a com­
bined ICS/LABA inhaler for at least 1 month pri­
or to inclusion. The subcohort was selected from 
the original study based on completeness of col­
lected surveys, some of which could not be as­
sessed. Only patients with completed surveys 
were included in the subcohort. Pregnant patients, 
those with unstable chronic comorbidities, and 
those deemed unlikely to cooperate were exclud­
ed from the original cohort.

Participants gave informed consent before en­
tering the study. The choice of treatment was 
based on clinical need, as per the decision of 
the prescribing physician, in accordance with rel­
evant guidelines and marketing authorizations. 
Consequently, the inclusion into the study did 
not affect the choice of the prescribed drugs for 
any of the patients. The methodology fully com­
plied with the provisions of the European Clini­
cal Trials Directive 2001/20/EC.19

Patients entering the study had been treat­
ed with 1 of 3 combined ICS/LABA formula­
tions commercially available in Poland in 2013, 
namely, beclomethasone/formoterol (Fostex®, 
Chiesi), fluticasone/salmeterol (Seretide®, Glaxo­
SmithKline), or budesonide/formoterol (Symbi­
cort®, AstraZeneca), all prescribed at a clinically 
appropriate dose at least 1 month before enter­
ing the study. Switching between drugs was per­
mitted throughout the study based on the clini­
cal decisions of the prescriber.

Patients were followed for 6 months. The 
follow‑up consisted of 4 total visits at 2‑month 
intervals. During the first visit, information was 
obtained about age, body weight, height, smok­
ing status, and the number of exacerbations re­
quiring emergency interventions. This informa­
tion was later analyzed to identify a potential as­
sociation between these parameters and subop­
timal asthma control. Clinical progress was as­
sessed using the following data collected at each 
visit: current pharmacological therapy, includ­
ing the dosage and number of inhalations per 
day; occurrence and timing of exacerbations; cur­
rent level of asthma control based on the GINA 
2011 criteria1; and current FEV1 values. Accord­
ing to local regulations, any adverse drug reac­
tions were required to be immediately reported 
by physicians. The Asthma Control Questionnaire 
(ACQ)20 was used to obtain patient‑reported data. 
The ACQ assesses the following 7 domains on 
a semiquantitative 6‑point scale: nighttime symp­
toms, symptom severity immediately upon awak­
ing, limitation of activity, shortness of breath, 
wheeze, number of puffs of bronchodilator used, 
and FEV1. The final score was added up and di­
vided by 7, yielding a number between 0 and 6. 
Optimal patient‑reported asthma control was 

translocation of the activated glucocorticoid re­
ceptor complex to the cell nucleus, thereby in­
creasing steroid‑induced transcriptional activi­
ty.1,2,4 This finding proves the usefulness of com­
bining ICS and LABA treatments. There is also 
some compelling evidence that it is even more 
useful to combine these treatments in a single 
inhaler, as discussed below.

Economically speaking, combined ICS/LABA 
inhalers have been reported to be more cost­
‑effective than other maintenance treatment op­
tions (eg, ICS therapy alone).5,6 Patients are more 
likely to comply with LABA than with ICS mono­
therapy, but LABA monotherapy is not recom­
mended in the current guidelines of the Global 
Initiative for Asthma (GINA)1 and the US Food 
and Drug Administration.7 Therefore, the use of 
a combined inhaler allows patients to avoid out­
dated treatment and to improve compliance.8

ICS/LABA inhalers enable the emerging sin­
gle inhaler maintenance and reliever therapy 
(MART) model, which allows combining sepa­
rate controller and reliever inhalers in a single, 
all‑purpose device. While there is ongoing debate 
regarding the efficacy and safety of MART, com­
bined ICS/LABA devices are already widely avail­
able, including Symbicort® SMART (AstraZeneca, 
Cambridge, United Kingdom) and Fostair® MART 
(Chiesi Pharmaceutici Sp.A, Parma, Italy).1,3-5,9

Broadly speaking, the GINA guidelines recom­
mend asthma treatment to aim at clinical control 
of symptoms such as wheeze, shortness of breath, 
and cough. Common benchmarks used to evalu­
ate therapy include the number of exacerbations, 
number of emergency admissions, reliever med­
ication use, participation in daily life activities, 
lung function tests (forced expiratory volume in 
1 second [FEV1]), and adverse drug reactions.1,10

While disease control is usually very good in de­
veloped countries, asthma remains an important 
cause of morbidity and mortality, the latter large­
ly due to exacerbations. Despite huge progress in 
asthma management over the last decades, sat­
isfactory levels of asthma control are not univer­
sal.11,12 Apart from the few truly refractory cases, 
failure to achieve or maintain optimal control has 
been attributed to inappropriate dosing or drug 
selection, patient noncompliance, or deficient in­
haler technique.12-15 It remains an important is­
sue because suboptimal levels of asthma control 
are a risk factor for asthma exacerbations.16-18

The current prospective, observational study 
was conducted in a large population of asthmat­
ic patients in Poland. The study objectives were 
to assess the level of asthma control in patients 
treated with 3 different combined ICS/LABA in­
halers in routine clinical practice, and to iden­
tify factors affecting the lack of or suboptimal 
asthma control.

PATIENTS AND METHODS  The study group was 
a subcohort of a prospective, multicenter, nonin­
terventional, observational study conducted be­
tween January 2, 2012, and November 16, 2012, 
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Statistical analysis  The Pearson χ2 test was used 
to determine the statistical significance of differ­
ences between categorical variables at subsequent 
study visits, with a P value of less than 0.05 con­
sidered to be statistically significant. An odds ra­
tio (OR) was calculated to visualize the concor­
dance of patient- and physician‑reported asthma 
control. Before this analysis, both variables were 
dichotomized according to the following rule: op­
timal vs nonoptimal asthma control.

Logistic regression analyses (univariate and 
multivariate) were used to evaluate the associ­
ation between patient‑reported asthma control 
(a 2‑state dependent variable) and demograph­
ic and clinical factors (age, sex, obesity, current 
and previous smoking, duration of asthma). Obe­
sity was defined as a body mass index (BMI) of 
30 kg/m2 or higher. Again, a P value of less than 
0.05 was considered significant. Variability aris­
ing from the multicenter design of the study was 
accounted for in the multivariate analyses.

RESULTS  Out of the 5789 patients, 4469 com­
pleted the study by attending all 4 visits. The clin­
ical characteristics of the study population are 
shown in TABLE 1.

At  the first visit, patient‑reported asthma 
control (ACQ <0.75) was observed in 24.8% of 
the patients. This proportion gradually increased 
throughout the follow‑up period, with asthma con­
trol noted in 41.4% at the second visit, 55.2% at the 
third visit, and 67.7% at the fourth visit. All differ­
ences in asthma control between visits were signif­
icant (P <0.001). Physician‑reported asthma con­
trol was observed in 22.6% of the patients at the 
first visit, 39.5% at the second visit, 53.6% at the 
third visit, and 66.4% at the fourth visit (FIGURE 1). 
All differences were significant (P <0.001). Patient­
‑reported and physician‑reported assessments of 
asthma control were concordant (OR, 18.9; 95% 
confidence interval [CI], 16.1–22.3; P <0.001).

Asthma exacerbations were reported retrospec­
tively by 23.4% of the patients at the first visit, 
by 6.2% at the second visit (2 months), by 2.8% 
at the third visit (4 months), and by 1.9% at the 
fourth visit (6 months). Differences between sub­
sequent visits were significant (P <0.0001). Less 
than 0.1% of the patients reported adverse drug 
reactions (burning sensation in the mouth and 
throat and sporadic coughing fits).

The drug administered to each individual pa­
tient was not necessarily the same throughout 
the study period. A detailed breakdown of pre­
scribed ICS/LABA inhalers throughout the study 
period is presented in TABLE 2.

The univariate logistic regression analysis re­
vealed that older age, obesity, and smoking were 
positively correlated with a lower probability of 
optimal asthma control at the first visit (FIGURE 2). 
These results were confirmed by the multivariate 
logistic regression analysis (TABLE 3), in which, in­
dependent of the ICS/LABA formulation, older 
age yielded an OR for patient‑reported asthma 
control of 0.979 per year of age added. For obese 

TABLE 1  Clinical characteristics of the study population

Descriptive variable Value

age, y, mean (SD) 45.7 (15.4)

sex, male, n (%) 2732 (47.7)

BMI, kg/m2, mean (SD) 26.1 (4.3)

BMI ≥30 kg/m2, n (%) 907 (15.7)

asthma duration, y, mean (SD) 12 (9.3)

smoking status, n (%) active 636 (11.0)

former 1096 (18.9)

FEV1, %, n (%) >95 440 (10.9)

95–90 568 (14.0)

89–80 937 (23.2)

79–70 890 (22.0)

69–60 715 (17.7)

59–50 608 (9.0)

<50 377 (5.6)

Abbreviations: BMI, body mass index; FEV1, forced expiratory volume in 1 second

FIGURE 1  Frequency of optimal asthma control at subsequent follow‑up visits. Data 
are presented as percentage of observations.
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TABLE 2  Drug regimens prescribed in the study population at subsequent follow‑up 
visits

Follow‑up 
visit

Beclomethasone/
formoterol

Fluticasone/ 
salmeterol

Budesonide/ 
formoterol

visit 1 4077 (70.4) 998 (17.2) 714 (12.3)

visit 2 5122 (89.8) 355 (6.2) 228 (4.0)

visit 3 3968 (88.8) 300 (6.7) 200 (4.5)

visit 4 3994 (89.4) 282 (6.3) 193 (4.3)

Data are presented as number (percentage) of patients.

defined as an ACQ score of less than 0.75, while 
the physician‑reported counterpart corresponded 
to the absence of daytime or nighttime symptoms, 
normal exercise tolerance, normal lung function 
tests, and absence of exacerbations.
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well‑controlled asthma only in 30% of study par­
ticipants.12 While these data may not be repre­
sentative of general asthma control levels in Po­
land, they provided an excellent background for 
a meaningful observational study.

ICS/LABA therapy was shown to progressive­
ly improve asthma control in our study group. By 
the last visit, 67.7% of patients achieved ACQ­
‑defined asthma control, and 66.4% had optimal 
physician‑reported control. The current study 
thus supports the concept that ICS/LABA thera­
py, combined with systematic clinical care, regu­
lar doctor office visits, and education in terms of 
proper inhalation technique, leads to improve­
ment in asthma control both in terms of subjec­
tive and objective measures of disease activity.

Our results are in line with the observations of 
Kuna et al,21 who demonstrated a long‑lasting ef­
ficacy of a fixed‑dose combination of beclometh­
asone and formoterol in the control of uncon­
trolled asthma in a real‑life setting. The study 
included as many as 16 000 patients with asth­
ma. Its findings were discussed in an editorial 
article by Jassem and Niedoszytko,22 who em­
phasized that among several factors determin­
ing appropriate asthma control also the patient’s 

individuals (BMI ≥30 kg/m2), the OR was 0.521 
compared with nonobese individuals, while smok­
ers had an OR of 0.358 compared with nonsmok­
ers. Factors affecting the likelihood of achieving 
optimal asthma control were similar irrespec­
tive of the ICS/LABA formulation. The only ex­
ception was the effect of age on achieving asth­
ma control in patients treated with beclometha­
sone/formoterol; an OR of 1.003 indicated a bet­
ter chance of controlling asthma with advanced 
age (TABLE 3).

DISCUSSION  Participants in this study were 
deemed to be a representative sample of asth­
matic patients in Poland with a well‑established 
diagnosis. The cohort demonstrated varying de­
grees of asthma control at baseline, with less than 
a quarter of the cohort showing patient-report­
ed and physician‑reported asthma control. Pro­
vided that these patients had been diagnosed 
with asthma at least 6 months prior to the study, 
these levels of control should be regarded as poor. 
Similar values are seen in different geographic re­
gions generally inadequate asthma control. An ep­
idemiological study of 3079 adult asthma pa­
tients from New England, United States, reported 

TABLE 3  Interactions between factors affecting the likelihood of achieving optimal asthma control and the type of control drug in the logistic 
regression model

Effect of risk factors Risk factors of suboptimal asthma control

age (continuous variable) obesity smoking

ORa (95% CI) ORa (95% CI) ORa (95% CI)

depending on the 
formulation used 
(interactions)

beclomethasone/formoterol (n = 4090) 1.003 (1.001–1.006) 0.568 (0.436–0.739) 0.363 (0.245–0.538)

fluticasone/salmeterol (n = 998) 0.988 (0.984–0.993) 0.598 (0.363–0.983) 0.255 (0.129–0.506)

budesonide/formoterol (n = 714) 0.984 (0.978–0.990) 0.351 (0.168–0.733) 0.754 (0.376–1.514)

irrespective of the formulation used 0.979 (0.974–0.984) 0.521 (0.415–0.655) 0.358 0.263–0.488)

a  dependent variable: optimal asthma control defined as the Asthma Control Questionnaire score of less than 0.75.

Abbreviations: CI, confidence interval; OR, odds ratio

FIGURE 2  Analysis of 
the relationship between 
optimal asthma control 
reported by physicians 
(absence of asthma 
symptoms during the day 
and at night, no 
limitations in physical 
activity, no functional 
pulmonary disorders, no 
asthma exacerbations) 
and patients (Asthma 
Control Questionnaire 
score <0.75), and 
the group of independent 
variables in a logistic 
regression model; data 
presented as odds ratio 
(OR) and 95% confidence 
interval (CI) in 
a logarithmic scale
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the administration of a drug offering better pen­
etration of the bronchial tree and enhanced pul­
monary deposition could lead to symptomatic 
improvement without necessarily affecting ob­
jective parameters. Since the goal of this non­
interventional study was to corroborate the ef­
ficacy of combined ICS/LABA inhalers in gener­
al, the study design did not allow for a formal as­
sessment of the superiority of any of the prepa­
rations investigated. As argued before, however, 
the visit‑to‑visit increase in the use of Modulite® 
HFA beclomethasone/formoterol pMDI relative 
to the other studied formulations in itself con­
stitutes evidence for its clinical usefulness, al­
though circumstantial.

The current study confirms that obesity, smok­
ing, and advanced age as important risk factors 
for poor asthma control. Nevertheless, the prep­
arations investigated demonstrated some poten­
tial to offset the detrimental effects of these risk 
factors. Age was the only one of these factors to 
be beneficially affected by all the formulations. 
However, these results should be interpreted with 
caution. Firstly, the CIs for ORs for obesity and 
smoking are very wide and demonstrate signif­
icant overlap with the baseline OR CIs, limiting 
the potential validity of the resulting conclusions. 
Secondly, age was analyzed as a continuous vari­
able, with ORs being calculated “per year”. This 
implies that the potential to offset the increased 
risk of poor asthma control with increasing age 
(ie, the risk associated with being 1 year older) 
does not change with age itself, which needs not 
be the case. Suboptimal treatment outcomes in 
patients with risk factors for poor asthma control 
have been suggested to be associated with insuf­
ficient drug deposition in the small airways.32,33 
It is important because the small airways seem 
to be particularly affected both in smoking and 
obese asthmatics. Apart from the disturbances in 
ventilatory function of the lungs in this group of 
patients, the tendency of the small airways to clo­
sure has been also emphasized. It could explain 
the greater efficacy of extrafine particle ICS for­
mulations with high deposition rate in the pe­
ripheral airways in achievement and maintenance 
of asthma control compared with other formu­
lations.34,35 Nevertheless, some authors question 
that or go even further arguing for the absence 
of a correlation between smoking and the effica­
cy of combined ICS/LABA treatment.36

The study limitations are those inherent in the 
design of observational studies, namely, selection 
bias, potential confounding factors, and the lack 
of randomization. Hence, the reported efficacy of 
ICS/LABA inhalers could not be compared with 
a control group (eg, patients not using combined 
ICS/LABA inhalers). Due to the lack of random­
ization, the demographic and clinical characteris­
tics of this group could have been markedly differ­
ent. For similar reasons and some others already 
mentioned above, a formal comparison between 
the different preparations was not undertaken. Fi­
nally, the limitations of the risk factors have been 

preference in the choice of an inhaler should be 
taken into account.

In our study, it was allowed to change the ad­
ministered drugs from visit to visit; therefore, 
a systematic comparison of the 3 ICS/LABA in­
halers was not undertaken. Nevertheless, the pro­
portion of patients taking beclomethasone/for­
moterol increased from 70.4% at the first visit to 
89.4% at 6 months.

Both beclomethasone and formoterol are well­
‑established, efficient, and safe therapeutics, con­
sidered to be reference drugs in their respective 
classes. Using them in a single inhaler should 
logically provide at least all of their individu­
al benefits. As discussed earlier, the biological 
synergy and improved compliance when using 
an ICS/LABA combination should further en­
hance clinical results.

According to O’Byrne and Jaeschke,23 the dra­
matic improvement in asthma treatment has been 
due to the increased use of ICSs. The authors un­
derlined that an ICS together with a LABA in 
the same device allows a good management of 
the vast majority of patients. They also point­
ed out that these drugs should be used regular­
ly also when patients feel good. It was the case 
with our patients.

The beclomethasone/formoterol combination 
used in this study is characterized by an idiosyn­
cratic feature that sets it apart from the other in­
halers. The Modulite® technology (Chiesi Pharma­
ceutuci Sp.A, Parma, Italy) used in its production 
process yields a hydroxyfluoroalkane (HFA)-pro­
pelled pressurized metered‑dose inhaler (pMDI) 
formulation characterized by extrafine particle 
sizes. Clinical evidence, including the results of 
a phase III clinical trial, demonstrated noninferi­
ority in terms of the safety and efficacy of a com­
bined Modulite® HFA beclomethasone/formoter­
ol pMDI compared with other single ICS/LABA 
inhaler combinations.24,25 The Modulite® HFA be­
clomethasone/formoterol pMDI offered rapid on­
set of bronchodilation due to the presence of for­
moterol,26 opening up the possibility for its use as 
part of the MART strategy, likely as budesonide/
formoterol (SMART strategy). Finally, theoretical­
ly, inhaler technique may be of lesser significance 
if an extrafine inhaler is used, as the drug may po­
tentially be effectively delivered without high in­
spiratory flow rates. However, this hypothesis re­
mains to be confirmed by experimental data.27,28

The primary outcome of the previously men­
tioned phase III trial was postdose morning peak 
expiratory flow.24,25 However, objective lung func­
tion parameters are thought not to reflect small 
airway function.28-30 The nature and severity of 
symptoms reported by patients offer much more 
clinical information than the usual ventilatory pa­
rameters. Symptomatic differences between pa­
tients with similar respiratory test results can be 
attributed to differences in airflow as well as in­
flammation in the small bronchi and associated 
air trapping. These changes in the small airways 
translate into poorer asthma control.31 Therefore, 
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