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Abst rac t
Introduction: Despite being linked to unfavourable outcomes, short-acting b2-agonists (SABAs) are still overused 
by a substantial proportion of patients with asthma. 
Aim: To analyse the prevalence and predictors of SABA overuse and exacerbations in patients with asthma in 
a nationwide database of prescription purchase records.
Material and methods: The prevalence of excessive SABA use (≥ 12 canisters) and overuse (≥ 3 canisters) was 
analysed among patients aged 18–64 years who purchased asthma medications in 2018. Predictors of excessive 
SABA use and SABA overuse were examined by quasi-Poisson regression. Negative binomial regression was used 
to study the association of excessive SABA use or overuse to the risk of asthma exacerbation defined as a prescrip-
tion for oral corticosteroids.
Results: Of 91,763 patients with asthma, 42,189 (46%) were SABA users (mean age, 47 years; 58% female). Among 
them, 34% purchased ≥ 3 SABA canisters, and 6% purchased ≥ 12 canisters. The risk (risk ratio, 95% CI) of exces-
sive SABA use was lower in patients with concomitant prescriptions for inhaled corticosteroids (0.41, 0.34–0.48) or 
inhaled corticosteroids and long-acting  b

2-agonists (0.52, 0.47–0.56), women (0.63, 0.58–0.68), and those in sec-
ondary care (0.60, 0.44–0.66); older age was associated with a higher risk of excessive SABA use (1.06, 1.03–1.10). 
Excessive SABA use was the strongest predictor of asthma exacerbations among all patients (3.24, 2.84–3.70) and 
in those with ≥ 1 exacerbation (1.60, 1.50–1.71).
Conclusions: Excessive SABA use is highly prevalent in asthma management, is associated with lack of prescriptions 
for inhaled corticosteroids, and substantially increases the exacerbation risk.

Key words: asthma, controller medications, exacerbation, reliever medications, short-acting b
2
-agonists.



Predictors of excessive short-acting b2-agonist use and asthma exacerbations: a retrospective analysis of a Polish  
prescription database

791Advances in Dermatology and Allergology 6, December/2023 Advances in Dermatology and Allergology 6, December/2023

onists (LABA) and long-acting muscarinic antagonists 
(LAMA) in any quarter of 2018 as these patients were 
likely undergoing treatment for chronic obstructive pul-
monary disease (COPD). Thus, we selected subjects in 
whom asthma diagnosis was highly probable. Among 
the patients with asthma, we analysed those with ≥ 1 
prescription purchase of SABA. Additionally, to confirm 
the applicability of our findings to asthma, we performed 
sensitivity analyses in a sub-group of patients aged 18–
35 years in whom COPD was unlikely (reported in the 
Supplementary materials). As this study was a retrospec-
tive analysis of anonymised data, ethics approval was 
not needed.

Variables 

Variables were obtained based on the data available 
from prescription records. Secondary care was defined 
as ≥ 1 prescription from a pulmonologist or allergist. The 
number of SABA puffs per year was calculated as the to-
tal number of individual SABA doses in all canisters pur-
chased by a patient. One canister was defined as 200 
inhalations [15]. To evaluate SABA prescriptions, we ad-
opted two levels of SABA purchase per year: SABA over-
use and excessive SABA use [15, 16]. Excessive SABA use 
was defined as ≥ 12 SABA canisters purchased over a year 
[17]. SABA overuse was defined as ≥ 3 SABA canisters pur-
chased over a year. The number of prescriptions for oral 
corticosteroids (OCS) during the study period was taken as 
a proxy of asthma exacerbations. The dose of OCS was cal-

Introduction

Inhaled corticosteroids (ICS) and bronchodilators are 
the mainstay of treatment for asthma. Regular use of ICS 
controls the underlying airway inflammation and conse-
quently decreases the risks of asthma exacerbation and 
death [1, 2]. In contrast, bronchodilators, such as inhaled 
b

2
-agonists, quickly relieve asthma symptoms, but do 

not alleviate the underlying inflammation [3, 4]. Unfor-
tunately, overreliance on bronchodilators without ICS can 
mask the progression of asthma, thereby increasing the 
risk of serious exacerbations [5, 6]. In particular, frequent 
use of short-acting b

2
-agonists (SABA) has been linked 

with poor outcomes in patients with asthma, including 
increased risks of hospital admission, disease exacerba-
tion, and death [7–11].

Aim

Although current treatment guidelines warn against 
overreliance on SABA in asthma, large studies in North 
America and Europe have shown that SABA are still 
frequently overused [12–15]. However, there is little evi-
dence, on the risk factors for SABA overuse in asthma 
[16]. Identifying these factors could help develop strate-
gies to improve patient outcomes. Within a range of any-
lyses performed within SABINA project [12], we aimed to 
analyse a nationwide database of prescription purchase 
records to investigate the risk factors for SABA overuse 
and asthma exacerbations among patients with asthma 
in Poland.

Material and methods

Study design

We analysed prescription purchase records in the PEX 
PharmaSequence database that includes 5,172 pharma-
cies with a geographic distribution representative for Po-
land. Medication name, quantity, form, and dose; specialty 
of the prescriber; and patient’s sex and age were available 
from the purchase records. In the database, information 
on the prescriber’s specialty was missing at random in 
about 25% of records for blinding reasons in line with lo-
cal law regulations. The records did not include the indica-
tions (diseases) for prescriptions. Patient allocation to the 
predefined cohort was based on a pattern of prescriptions 
for inhaled respiratory medications described below.

Patient selection

We selected patients aged 18–64 years with ≥ 1 
prescription purchase for ICS (excluding nebulized ICS), 
SABA, leukotriene receptor antagonists (LTRA) or short-
acting muscarinic antagonists (SAMA), or combinations 
thereof, in the two following periods: January to June 
2018 and July to December 2018 (Figure 1) [15]. We ex-
cluded patients who only purchased long-acting b2

-ag-

ICS – inhaled corticosteroids, LABA – long-acting b
2
-agonists, LAMA 

– long-acting muscarinic antagonists, LTRA – leukotriene receptor 
antagonists – SABA – short-acting b

2
-agonists.

5,712 pharmacies 

103,980 patients

91,673 patients with 
likely asthma

SABA without ICS
8,425 (20%)

SABA + ICS 
4,759 (11%) 

SABA + ICS + LABA 
29,005 (69%) 

42,189 patients

18–64 years AND ≥ 1 
prescription for ICS, SABA, 

LABA, LTRA, SAMA, OR LAMA

No prescriptions for LABA AND 
LAMA in monotherapy

≥ 1 prescription for SABA

Figure 1. Selection criteria and patient disposition
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culated in prednisone equivalents according to standard 
equations (http://www.medcalc.com/steroid.html). 

Statistical analysis

We used descriptive statistics in accordance with 
data distribution. Quasi-Poisson regression was used to 
study the association of age, sex, type of inhaled treat-
ment (“SABA without steroids” as reference), secondary 
care (primary care as reference), and place of residence  
(< 100,000 inhabitants as reference) to excessive SABA 
use and SABA overuse. Patients with prescriptions for 1–2 
SABA canisters were the reference group. Negative bino-
mial regression was used to analyse the association of 
excessive SABA use and SABA overuse with the number 
of prescriptions for OCS. We analysed the risk of asthma 
exacerbation (OCS prescription) in two negative binomial 
regression models: among all patients and among pa-

tients with ≥ 1 exacerbation. A p < 0.05 was considered 
significant. All calculations were completed in the R soft-
ware (version 3.5.5).

Results

Patient characteristics and SABA use

In total, 91,763 patients met the inclusion criteria for asth-
ma (Figure 1). Of them, 42,189 (46%) had concomitant pre-
scriptions for SABA (SABA users). These patients had a mean 
age of 47 years, and were mostly female (58%). Of the SABA 
users, 20% did not use ICS, 11% used SABA and ICS, and 69% 
used SABA, ICS, and LABA (Figure 1, Table 1).

Of the 42,189 SABA users, 14,145 (34%) purchased  
≥ 3 SABA canisters (SABA overuse), and 2,359 (6%) purchased 
≥ 12 SABA canisters (excessive SABA use). SABA use was 
most frequent among patients who did not use ICS, including 

Table 1. Patient characteristics

Parameter SABA without ICS 
(n = 8,425)

SABA and ICS
(n = 4,759)

SABA, ICS, and LABA
(n = 29,005)

All SABA users
(N = 42,189)

Women, n (%) 4428 (53) 3031 (64) 16933 (58) 24392 (58)

Age, mean ± SD [years] 48 ±13.5 44 ±13.5 48 ±12.7 47 ±13.0

Other medications, n (%):

LABA 2021 (24) 0 (0) 29005 (100) 31026 (74)

LAMA 263 (3) 77 (2) 119 (0) 459 (1)

SAMA 2816 (33) 931 (20) 8518 (29) 12265 (29)

LTRA 1394 (17) 1194 (25) 10178 (35) 12766 (30)

SABA only 3435 (41) n/a n/a 3435 (8)

Number of SABA canisters:

Mean ± SD 5.1±6.9 2.8±4.1 3.4±5.0 3.7±5.4

Median (IQR) 3.0 (4.0) 1.0 (2.0) 2.0 (3.0) 2.0 (3.0)

Excessive SABA use (≥ 12 canisters), n (%) 836 (10) 152 (3) 1371 (5) 2359 (6)

SABA overuse (≥ 3 canisters), n (%) 3749 (44) 1172 (25) 9224 (32) 14145 (34)

Patients with prescriptions for OCS, n (%) 818 (10) 365 (8) 4108 (14) 5291 (13)

Prescriptions for OCS:

Mean ± SD 2.7 ±2.6 2.0 ±2.0 1.9 ±1.8 2.1 ±2.0

Median (IQR) 1.0 (2.0) 1.0 (1.0) 1.0 (1.0) 1.0 (1.0)

Dose of OCS in mg of prednisone:

Mean ± SD 1186 ±1734 782 ±1101 741 ±967 811 ±1139

Median (IQR) 600 (1048) 400 (600) 400 (600) 450 (700)

SABA puffs per year:

Mean ± SD 880 ±1192 505 ±766 594 ±864 641 ±937

Median (IQR) 400 (800) 200 (320) 400 (400) 400 (570)

Secondary care, n (%) 990/5582 (18) 1167/3123 (37) 9311/21229 (44) 11468/29934 (38)

Place of residence with < 100,000 
inhabitants, n (%)

5114 (61) 2587 (54) 16821 (58) 24522 (58)

IQR – interquartile range, LABA – long-acting b
2
-agonist, LAMA – long-acting muscarinic antagonist, LTRA – leukotriene receptor antagonist, OCS – oral cortico-

steroids, SABA – short-acting b
2
-agonist, SAMA – short-acting muscarinic antagonist, SD – standard deviation.
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the largest number of purchased SABA canisters and the per-
centages of excessive SABA use and SABA overuse (Table 1). 

In all study groups, most prescriptions for all medica-
tions, including SABA, were issued by general practitio-
ners (Figure 2).

The percentage of patients with prescriptions for OCS 
was the greatest among patients who used SABA, ICS, 
and LABA, but the number of prescriptions and the total 
dose of OCS were highest among those who did not have 
prescriptions for ICS (Table 1).

 Predictors of excessive SABA use and SABA 
overuse

Older age was associated with a higher risk of exces-
sive SABA use (risk ratio (RR) = 1.06, p < 0.001), where-
as the risk was lower in women (RR = 0.63, p < 0.001), 
patients treated by specialists within secondary care 
(RR = 0.60, p < 0.001), and patients who used ICS without 
LABA (RR = 0.41, p < 0.001) or with LABA (RR = 0.52, p < 
0.001). Place of residence was not significantly related to 
excessive SABA use or SABA overuse. The predictors of 

Figure 2. Prescriptions by specialty for all medications (A) and SABA (B) for patients with different types of inhaled treat-
ment  

N – number of packages, ICS – inhaled corticosteroids, LABA – long-acting b
2
-agonists, SABA – short-acting b

2
-agonists.

SABA without ICS 

SABA and ICS 

SABA, LABA, and ICS

A. All prescriptions B. SABA prescriptions

n = 21133

n = 10625

 65% 13% 7% 15%  69% 10% 6% 16%  

 52% 18% 15% 14%  58% 14% 11% 17%

 56% 20% 12%   12%  56% 20% 12% 12% 

n = 3688

n = 116506 n = 29375

n = 12119

GP       Pulmonologist       Allergist        Other

 RR  p-value RR  p-value

 1.06 < 0.001  1.02 < 0.001

 0.63 < 0.001  0.81 < 0.001

 0.41 < 0.001  0.59 < 0.001

 0.52 < 0.001  0.74 < 0.001

 0.60 < 0.001  0.70 < 0.001

 1.07 0.140  0.99 0.583 

Figure 3. Predictors of excessive SABA use (≥ 12 canisters) and SABA overuse (≥ 3 canisters) by quasi-Poisson regression. 
Patients with prescriptions for < 12 or < 3 SABA canisters were respective reference groups. Predictors: age (per 10 years); 
male sex (vs. female); ICS (vs. SABA only); ICS and LABA (vs. SABA only); secondary care (vs. otherwise); place of residence 
with > 100,000 inhabitants (vs. ≤100,000 inhabitants). Error bars show 95% confidence intervals 

ICS – inhaled corticosteroids, LABA – long-acting b
2
-agonist, RR – risk ratio, SABA – short-acting b

2
-agonist.

Variable 

Age, per 10 years 

Sex, female 

ICS, vs. SABA only 

ICS and LABA, vs. SABA only 

Secondary care 

Residence, < 100k inhabitants 

0.2 0.4 0.6 0.8 1     1.2
Risk ratio

12+ SABA canisters 
3+ SABA canisters 
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SABA overuse were similar to those for excessive SABA 
use (Figure 3).

Predictors of asthma exacerbations

Excessive SABA use was the strongest predictor of 
asthma exacerbations both in the model that included 

all patients (RR = 3.24, p < 0.001) or patients with ≥ 1 
OCS prescription (RR = 1.60, p < 0.001; Figure 4). In the 
entire cohort, the risk of exacerbation was increased in 
older patients (RR = 1.34, p < 0.001), women (RR = 1.14, 
p = 0.001), patients in secondary care (RR = 1.19, p < 
0.001), patients who used ICS with LABA (RR = 1.14, 

 RR  p-value RR  p-value

 1.34 < 0.001 1.09 < 0.001

 1.14 0.001 0.93 0.009

 0.74 < 0.001 0.85 0.006

 1.14 0.009 0.77 < 0.001

 1.19 < 0.001 0.95 0.051

 1.24 < 0.001 1.08 0.007

 3.24 < 0.001  1.60 < 0.001

Variable 

Age, per 10 years 

Sex, female 

ICS, vs. SABA only 

ICS and LABA, vs. SABA only 

Secondary care 

Residence, < 100k inhabitants 

12+ SABA canisters

0.6 1 1.4 1.8 2.2 2.6 3 3.4 3.8
Risk ratio

All patients
1+ OCS prescriptions 

Figure 4. Predictors of asthma exacerbations by negative binomial regression among all patients and patients with ≥ 1 
prescriptions for oral corticosteroids. Model with ≥ 12 SABA canisters. Predictors: age (per 10 years); male sex (vs. female); 
ICS (vs. SABA only); ICS and LABA (vs. SABA only); secondary care (vs. otherwise); place of residence with > 100,000 in-
habitants (vs. ≤ 100,000 inhabitants); ≥ 12 SABA canisters (vs. < 12 canisters). Error bars show 95% confidence intervals 

ICS – inhaled corticosteroids, LABA – long-acting b
2
-agonist, OCS – oral corticosteroids, RR – risk ratio, SABA – short-acting b

2
-agonist.

 RR  p-value RR  p-value

 1.34 < 0.001 1.09 < 0.001

 1.15 < 0.001 0.93 0.008

 0.80 0.007 0.85 0.009

 1.17 0.003 0.76 < 0.001

 1.25 < 0.001 0.97 0.183

 1.25 < 0.001 1.07 0.008

 2.12 < 0.001  1.33 < 0.001

Variable 

Age, per 10 years 

Sex, female 

ICS, vs. SABA only 

ICS and LABA, vs. SABA only 

Secondary care 

Residence, < 100k inhabitants 

3+ SABA canisters

0.6 1 1.4 1.8 2.2 2.6
Risk ratio

All patients
1+ OCS prescriptions 

Figure 5. Predictors of asthma exacerbations by negative binomial regression among all patients and patients with ≥ 1 or 
more prescriptions for oral corticosteroids. Model with ≥ 3 SABA canisters. Predictors: age (per 10 years); male sex (vs. fe-
male); ICS (vs. SABA only); ICS and LABA (vs. SABA only); secondary care (vs. otherwise); place of residence with > 100,000 
inhabitants (vs. ≤ 100,000 inhabitants); ≥ 3 SABA canisters (vs. < 3 canisters). Error bars show 95% confidence intervals 

ICS – inhaled corticosteroids, LABA – long-acting b
2
-agonist, OCS – oral corticosteroids, RR – risk ratio, SABA – short-acting b

2
-agonist.
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p = 0.009), and patients who lived in places with  
< 100,000 inhabitants (RR = 1.24, p < 0.001); the risk of 
exacerbation was lower in patients who used ICS without 
LABA (RR = 0.74, p < 0.001; Figure 4). 

Among patients with ≥ 1 exacerbation, the risk of ex-
acerbation was lower in women (RR = 0.93, p = 0.009), 
patients in secondary care (RR = 0.95, p = 0.051), 
and patients who used ICS without LABA (RR = 0.85, 
p = 0.006) or with LABA (RR = 0.77, p < 0.001; Figure 4); 
the risk of exacerbation was higher among older patients 
(RR = 1.09, p < 0.001) and in patients who lived in places 
with < 100,000 inhabitants (RR = 1.08, p = 0.007; Fig-
ure 4). 

Similar results were found in the models that in-
cluded SABA overuse (i.e., ≥ 3 SABA canisters; Figure 5). 
Sensitivity analyses among patients aged 18–35 years 
(Supplementary materials) showed essentially the same 
findings as the main analysis.

Discussion

We found that 46% of patients with asthma in Poland 
used SABA, of whom 20% used SABA without concomitant 
ICS or ICS/LABA prescriptions. Moreover, 6% of patients used 
SABA excessively, and 34% overused SABA. The risk of exces-
sive SABA use was twice as high in patients who did not 
use ICS. Excessive SABA use was the strongest predictor of 
asthma exacerbation, tripling the risk.

In the study period (i.e., 2018), the use of SABA without 
ICS could be expected in selected patients with very mild 
disease in line with the Global Initiative for Asthma (GINA) 
recommendations at that time (GINA 1). However, we found 
that patients who did not use ICS had the poorest asthma 
control, as indicated by the greatest consumption of SABA 
and OCS (which we used as a proxy of asthma exacerba-
tions). Thus, we hypothesize that this group of patients in-
cluded those with severe disease, who did not receive ad-
equate maintenance treatment.

Our results also showed there is a substantial propor-
tion of patients with asthma who use SABA excessively. The 
percentage of excessive SABAs users in our study (6%) was 
similar to that observed in France (~5%), lower than in the 
United Kingdom (~10%), but higher than in Canada (~1%) 
[13, 16]. Moreover, in our study, about one-third of patients 
could be defined as SABA overusers (≥ 3 canisters), which is 
similar to a recent study from Spain, Sweden, and the United 
Kingdom [15]. In Poland, SABAs are available on prescription 
only; thus, SABA overuse is most likely related to overpre-
scription. Importantly, a survey in a primary care setting in 
Poland showed that physicians tend to prescribe SABA on 
patients’ request (“physician acceptance”, data not pub-
lished).

Although it is well accepted that ICS are currently the 
most effective medications for controlling asthma-related in-
flammation in the airways, data on the association between 
ICS treatment and the risk of excessive SABA use are scarce. 

Indeed, to our knowledge, only one previous study showed 
that “appropriate use of ICS” substantially decreased the risk 
of excessive SABA use [16]. Similarly in our cohort, a lack of 
prescription for ICS was the strongest predictor of excessive 
SABA use, with the risk doubled compared to patients who 
used ICS. These findings strongly support the new GINA rec-
ommendations to use ICS whenever SABAs are used [1]. This 
recommendation should reduce the prevalence of excessive 
SABA use and its consequences such as a lack of asthma 
control, asthma exacerbations, and asthma-related deaths 
[18, 19].

We also found that secondary care provided by an 
asthma specialist was associated with a 40% reduction in 
the risk of excessive SABA use, in line with the published 
work [20]. This indicates that non-specialists, primarily gen-
eral practitioners, may under-prescribe ICS to people with 
asthma. Thus, excessive SABA use could be reduced through 
education of general practitioners or by increasing the avail-
ability of secondary care. In line with reported data, excessive 
SABA use was also associated with older age and male sex, 
which could be due to more severe disease in older people 
and to better adherence to controller medications among 
women [16, 21].

In our study, excessive SABA use best predicted asthma 
exacerbations, tripling the risk in the entire cohort, and in-
creasing it by 60% among the patients with ≥ 1 exacerba-
tion. Similarly, SABA overuse doubled the risk of asthma ex-
acerbation in the entire cohort, and increased it by one-third 
among patients with exacerbations. Our results agree with 
previous studies in which the overuse of SABA was the single 
most important predictor of asthma exacerbations [8, 22]. 
Importantly, the use of ICS was associated with a decreased 
risk of asthma exacerbations independently of excessive 
SABA use (by about 20%). In the entire cohort, the exac-
erbation risk was increased among patients who used ICS 
and LABA, which likely reflects a more severe disease course 
in this group. Indeed, the analysis among patients with  
≥ 1 exacerbation (indicating similar disease severity) showed 
that concomitant ICS and LABA use was associated with an 
even lower risk than the use of ICS alone. This is in line with 
recent findings of four prospective, randomized, controlled 
trials, in which ICS/LABA combination was associated with 
a lower risk of asthma exacerbation (by ~20%) [23]. Similarly, 
secondary care seemed to be an indicator of more severe 
disease in the entire cohort [24], with an increased risk of 
exacerbations. In contrast, secondary care was associated 
with a reduced exacerbation risk among patients with simi-
lar disease severity (≥ 1 exacerbation).

Our results confirm previous findings that the risk of 
asthma exacerbation seems to be greater among older peo-
ple and in women, who tend to have more severe disease 
[22, 25]. Interestingly, among patients with similar disease 
severity (≥ 1 exacerbation), women had a lower risk of ex-
acerbation, which could be due to better adherence to con-
troller medications [21]. We also found that living in a place 
with < 100,000 inhabitants was related to a higher risk of 
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exacerbation, which could reflect reduced access to second-
ary care outside large cites.

The limitations of our study need to be mentioned. First, 
we analysed data from individual prescriptions that did not 
include information on the diagnosis (e.g., asthma, COPD), 
and defined “asthma” based on a typical pattern of prescrip-
tions. Second, we did not have access to the clinical char-
acteristics of patients, such as asthma severity or comor-
bidities. Third, the selection of older patients (45–64 years) 
might be associated with the risk of including patients with 
COPD or the asthma-COPD syndrome; however, sensitivity 
analyses among patients aged 18–35 years (Supplementary 
materials) showed essentially the same findings as the main 
analysis. Fourth, because the data were obtained from phar-
macy records, our analysis was limited to out-patient events. 
Fifth, the asthma exacerbation was defined as a prescrip-
tion for an OCS, which could underestimate the number of 
exacerbations. On the other hand, OCS can be prescribed 
for other reasons than an asthma exacerbation. Finally, in 
contrast to previous studies, we could not analyse other out-
comes such as hospitalizations or deaths [11].

A large cohort of patients is an important strength of our 
study. We also used a database of purchased medications, 
which is a more reliable approach than considering issued 
prescriptions only that may or may not be filled. Therefore, 
estimates of SABA consumption from our study seem to 
accurately reflect the real use of these medications. More-
over, our database allowed for multivariate analyses of study 
predictors of SABA overuse and its relationship to asthma 
exacerbations.

Conclusions

The frequency of SABA overuse was high in Poland, 
as observed previously in other European countries [15]. 
SABA overuse is an important predictor of unfavour-
able asthma outcomes and, therefore, efforts should be 
made to decrease its frequency. SABA overuse should be 
flagged in electronic quality control systems to identify 
patients at risk and physicians who overprescribe SABA. 
Our data add important evidence that ICS-based control-
ler treatment is essential to reduce SABA overuse. Thus, 
our results support the new GINA recommendations to 
use ICS-based controller treatment in all patients with 
asthma [1]. Other ways of reducing excessive SABA use 
should also be considered, such as educating physicians 
on the treatment guidelines, expanding access to sec-
ondary care for patients with asthma, and educating pa-
tients on the risks of SABA overreliance.
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