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ABSTRACT

Introduction: In Australia, short-acting b2-ago-
nists (SABA) are available both over the counter
(OTC) and on prescription. This ease of access

may impact SABA use in the Australian popu-
lation. Our aim was to assess patterns and out-
come associations of prescribed, acquired OTC
and reported use of SABA by Australians with
asthma.
Methods: This was a cross-sectional study,
using data derived from primary care electronic
medical records (EMRs) and patient completed
questionnaires within Optimum Patient Care
Research Database Australia (OPCRDA). A total
of 720 individuals aged C 12 years with an
asthma diagnosis in their EMRs and receiving
asthma therapy were included. The annual
number of SABA inhalers authorised on pre-
scription, acquired OTC and reported, and the
association with self-reported exacerbations and
asthma control were investigated.
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Results: 92.9% (n = 380/409) of individuals
issued with SABA prescription were autho-
rised C 3 inhalers annually, although this dif-
fered from self-reported usage. Of individuals
reporting SABA use (n = 546) in the last
12 months, 37.0% reported using C 3 inhalers.
These patients who reported SABA overuse
experienced 2.52 (95% confidence interval [CI]
1.73–3.70) times more severe exacerbations and
were 4.51 times (95% CI 3.13–6.55) more likely
to have poor asthma control than those who
reported using 1–2 SABA inhalers. Patients who
did not receive SABA on prescription (43.2%;
n = 311/720) also experienced 2.71 (95% CI
1.07–7.26) times more severe exacerbations
than those prescribed 1–2 inhalers. Of these
patients, 38.9% reported using OTC SABA and

other prescription medications, 26.4% reported
using SABA OTC as their only asthma medica-
tion, 13.2% were prescribed other therapies but
not SABA OTC and 14.5% were not using any
medication.
Conclusion: Both self-reported SABA overuse
and zero SABA prescriptions were associated
with poor asthma outcomes. The disconnect
between prescribing authorisation, OTC avail-
ability and actual use, make it difficult for
clinicians to quantify SABA use.
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Key Summary Points

Why carry out this study

In Australia short-acting b2-agonists
(SABAs) are available both over the
counter (OTC) and on prescription. This
ease of access may impact SABA use in the
Australian population.

We assessed SABA inhaler prescription,
acquisition and usage patterns, the
prevalence of SABA overuse (C 3 inhalers/
year), both prescription and self-reported,
and its relationship with asthma
outcomes in persons aged 12 years and
older, living with asthma in Australia.

What was learned from the study

The potential for SABA overuse was
apparent from electronic medical records
in many cases (92.9% of patients) but
could also be hidden from medical view;
SABA was over acquired OTC and over-
used, by 37.5% and 37.0% of patients,
respectively.

Patients who self-reported overusing SABA
and those who received zero SABA
prescriptions in the last year experienced
2.52 (95% confidence interval [CI]
1.73–3.70) and 2.71 times (95% CI
1.07–7.26) more severe exacerbations
respectively, than those prescribed or who
used 1–2 SABA inhalers.

Both zero SABA prescriptions and patient-
reported overuse of SABA serve as a marker
of higher exacerbation risk and should
prompt a review of treatment needs.

INTRODUCTION

Short-acting b2-agonists (SABAs) are the most
widely prescribed asthma treatment today [1].
They provide effective relief from bronchocon-
striction and its associated symptoms [2],
engendering a strong emotional attachment by
patients [3]. It is for this reason that patients
often preferentially use SABAs when asthma
symptom control begins to deteriorate [2], an
approach which increases the potential for
SABA overuse (defined as use of C 3 inhalers/
year), and risk of adverse outcomes [4–11]. High
prescribing of SABAs has been identified as a key
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factor in over 40% of asthma deaths [12]. An
increased risk of exacerbations with SABA over-
use and associated systemic corticosteroid use
also exposes patients to the risk of medication
side-effects [13], further deteriorating asthma
control and potential lung function decline [14].
The Australian Asthma Handbook (AAH) advises
that regular low-dose ICS plus as needed SABA or
as needed ICS/formoterol are suitable replace-
ments for stand-alone SABA [15].

The SABA use IN Asthma (SABINA) studies
have explored asthma treatment prescription
patterns from around the world, and reported a
global trend for over-prescribing SABA inhalers
(defined as prescription of C 3 SABA inhalers/
year) [4–6], ranging from a low of 7.6% in South
Korea, 52.6% in Australia, and up to[70% in
Kenya and South Africa [4–6]. Australia provides
a unique perspective to investigate SABA use as
it is available both over the counter (OTC) and
authorised on prescription; a maximum of two
inhalers may be issued on the initial prescrip-
tion and an additional 10 inhalers on five
automated prescription repeats can be issued by
pharmacists without medical review in every
6-month period (i.e. potentially 24 inhalers in a
12 month prescription).

Although patterns of SABA use in Australia
have previously been investigated, these studies
have not captured the full picture, as they col-
lected data from either electronic medical
records (EMRs) or patient completed question-
naires, but not both, and the definition of SABA
overuse varied [6, 8, 16]. Whilst EMRs record the
intended medical treatments prescribed by pri-
mary care physicians, the Australian system
does not capture the number of prescriptions
dispensed at pharmacies or inhalers purchased
OTC and thus do not necessarily equate to the
number of inhalers a patient uses. Question-
naires are also susceptible to responder and
recall bias. Thus, the combined use of EMRs and
patient completed questionnaires permits a
more comprehensive assessment of SABA pre-
scription, acquisition, and usage patterns in the
Australian population; allowing for a more in-
depth assessment of the SABA treatment land-
scape, considering SABA accessibility in real life
and true self-management behaviours which
may be over-estimated using prescription data

alone. It is anticipated that this multi-modal
data collection could identify factors relevant to
Australian patients and the wider healthcare
sector contributing to SABA usage patterns in
this population.

Our aims were to assess SABA inhaler pre-
scription, acquisition and usage patterns (over-
all and by health card status), the prevalence of
SABA overuse (both prescription and self-re-
ported) and its relationship with self-reported
asthma control and severe exacerbations in
persons aged C 12 years, living with asthma in
Australia.

METHODS

Study Design

This was an observational, cross-sectional study,
using data derived from primary care EMRs and
patient completed questionnaires contained
within Optimum Patient Care Research Data-
base Australia (OPCRDA). The dataset used for
the present investigation comprised EMR data
from the OPCRDA included in the SABINA III
study which was conducted between March
2019 until January 2020 [6], plus additional
OPCRDA EMR patient data (collected up to
September 2021), and supplemented with
patient-completed questionnaire data collected
through Optimum Patient Care Australia’s
(OPCA) primary care clinical audits delivered as
part of quality improvement (https://
optimumpatientcare.org.au/asthma/) (Fig. 1).
The reference date for inclusion of a patient’s
EMR and questionnaire was 12 months prior to
the receipt of completed patient questionnaires.
Information on regulatory and ethical approval
is provided in the Supplementary Material.

Data Sources

Electronic Medical Records
Patient EMR data was obtained from OPCRDA, a
non-for-profit research database, established
and maintained by OPCA. Specifically, OPCRDA
contains patient data from primary care prac-
tices and respiratory and allergy specialists

Adv Ther (2024) 41:1262–1283 1265

https://optimumpatientcare.org.au/asthma/
https://optimumpatientcare.org.au/asthma/


across Australia, who have agreed to contribute
de-identified patient data, and provides anon-
ymised datasets for ethically approved studies.
Individuals have the right to opt out of data
sharing. OPCRDA currently contains data from
880,943 patients. The median retrospective
period of medical records is 13 years.

Patient-Completed Questionnaires
Patients with asthma included in the OPCRDA
were also asked to complete a questionnaire
(available in Supplementary Material). These
were sent via mail and could also be completed
online.

Variables Collected

Table 1 provides a description of each study
variable and the data source (either EMR or
patient-completed questionnaire) used for their
collection. The maximum number of SABA
inhalers authorized on prescription annually,
including any authorised repeats provided, was
obtained from patient EMRs. As EMR prescrip-
tion data is not linked to pharmacy dispensing
software, this information provided the maxi-
mum of SABA inhalers which could be obtained

on prescription, but not the actual number
acquired or used. The patient-completed ques-
tionnaires captured information on the annual
number of SABA inhalers acquired OTC, as well
as self-reported SABA use (prescription or OTC),
number of severe exacerbations in the last
12 months and asthma control status. In this
manuscript the term prescription refers to SABA
inhalers authorised on prescription by a clini-
cian, including any authorised repeats; acquisi-
tion refers to SABA inhalers purchased by
patients OTC without a prescription; and usage
refers to patient-reported SABA inhaler use. A
severe exacerbation was defined as the need for
a course of acute OCS (C 20 mg/day), the need
for emergency medical services for asthma or a
hospital admission for asthma. The level of
asthma symptom control was categorized using
GINA control criteria [17].

Fig. 1 Position of study within the SABINA framework.
EMR electronic medication record, HERA Humanities in
the European Research Area, IMIS integrated measuring
and information system, IQVIA IMIS, Quntiles, VIA,
OPCRD Optimum Patient Care Research Database
Australia, SABINA SABA use IN Asthma

Table 1 Study variables collected and their source

EMR data Questionnaire data

Age Section 1: Number of severe

exacerbations in the last

12 months

Sex Section 2: Level of asthma

symptom control defined

using GINA control

criteria [17]

AAH treatment intensity

(steps 1–4) [32]

Section 3: Number of

SABA inhalers used

annually

Presence of comorbidities Section 4: Smoking status

Maximum number of

SABA inhalers prescribed

annually

Section 5: Presence of

allergic rhinitis

Section 6: Socio-

demographic information

BMI

Education level

Healthcare or concession

card status

AAH Australian Asthma Handbook, BMI body mass
index, EMR electronic medical record; GINA: Global
Initiative for asthma; SABA: short-acting b2-agonist
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Study Population

The study cohort consisted of male and female
individuals (aged C 12 years-old) with a docu-
mented diagnosis of asthma in their EMRs and
who received asthma therapy at least once since
the data of diagnosis. Individuals with a diag-
nosis of any chronic respiratory disease other
than asthma (e.g. chronic obstructive pul-
monary disease, cystic fibrosis) were excluded
from the current study.

Study Outcomes

Primary outcomes included the assessment of
SABA inhaler prescription, acquisition (OTC)
and self-reported usage patterns in the last
12 months, and quantification of the propor-
tion of patients who were over-prescribed, over-
acquired, or over-used SABA (defined as C 3
inhalers/year for each category). This limit was
established using previously published assump-
tions [4, 6]. Secondary outcomes included the
mean number of SABA inhalers prescribed and
used according to health card status, and the
association of SABA use (prescribed or patient-
reported use) with self-reported severe asthma
exacerbations and uncontrolled asthma
symptoms.

Statistical Analysis

Demographic and clinical features were
descriptively summarised and overall popula-
tion and by asthma severity, categorised as AAH
treatment steps. The proportion of patients
with a SABA prescription, who acquired SABA
OTC and who used SABA in the last 12 months
were described categorically, overall and by
AAH severity and compared within group using
Chi squared test. The proportion of patients
who were over-prescribed, over-acquired or over
used SABA, and the mean number of SABA
prescribed or used/year according to health card
status were summarized using descriptive
statistics. The number of SABA inhalers autho-
rised on prescription were checked against self-
reported rates of SABA use using a matrix table.
Ordered logistic regression was used to examine

the association of SABA authorised on pre-
scription (as per EMR) and used (as self-reported
by patients) on the level of self-reported asthma
symptom control (odds ratio). Negative bino-
mial regression was used to examine the effect
of SABA authorised on prescription (as per EMR)
and used (as self-reported by patients) on self-
reported severe exacerbations (incident rate
ratio). Data were adjusted for age, gender, edu-
cation level, smoking status, AAH treatment
intensity, health insurance, BMI and number of
comorbidities.

The association of SABA inhalers acquired
OTC among patients with 0 SABA inhalers
authorized on prescription on self-reported
severe exacerbations and asthma control was
assessed post-hoc, and asthma medications used
by patients with 0 SABA prescriptions stratified
by OTC SABA acquisition. General demographic
information and asthma medications used by
patients with 0 SABA prescriptions, stratified by
occurrence of self-reported severe asthma exac-
erbations, were also described post-hoc. All sta-
tistical analyses were performed using R
statistical software (version 3.6.0), with all tests
2-sided and significance defined as 5%.

RESULTS

Subject Disposition

Of 880,943 patients included in the OPCRDA,
53,050 had evidence in their EMR of asthma or
COPD by diagnosis or treatment, and 21,319
were aged C 12 with active asthma. Of these,
720 completed the patient questionnaire as part
of a primary care clinical audit and were inclu-
ded in this study (Fig. 2).

Patient Demographics and Clinical
Characteristics

The study population had a mean age of 53.1
(SD: 19) years and was predominantly female
(69.3%), overweight/obese (72.2%), educated to
university level (49.3%), did not hold a health-
care or concession card (62.6%) and had never
smoked (66.6%) (Table 2). Most patients were at
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AAH treatment steps 3 or 4 (62.2%) and had 1–2
co-morbidities (42.2%).

Allergic rhinitis was the most common co-
morbidity (84.4%), followed by obesity (52.4%)
(Table 2). Of the co-morbidities mimicking or
exacerbating asthma, depression and anxiety
was the most common (38.8%) (Table 2). Co-
morbidity prevalence patterns were similar in
those with less severe (AAH steps 1–2) and with
more severe disease (AAH steps 3–4). On aver-
age, patients experienced 0.8 exacerbations/
year (SD 1.9) and 59.4% had partly- or un-con-
trolled symptoms (Table 2).

EMR Recorded SABA Prescribing Patterns
and Add-on Therapies

In the last 12 months, 56.8% (n = 409/720) of
the study cohort received a prescription for
SABA inhalers (Table 3). Of these individuals,
92.9% (n = 380/409) were issued with a pre-
scription that permitted dispensing of C 3
inhalers in the next 12 months and 87.5%
(n = 358/409) were issued with prescriptions
that permitted dispensing of C 10 inhalers in

the next 12 months (Table 3; Fig. 3). SABA
authorization patterns were similar for males
and females (S-Table 1). Individuals on AAH
treatment steps 3–4, were more likely to have
received a prescription for C 3 SABA inhalers
(97.5%, n = 268/275) than those at steps 1–2
(83.6%, n = 112/134, p\0.001) (Table 3).

In relation to the 43.2% (n = 311/720) of
individuals who were not prescribed SABA,
26.4% (n = 82/311) reported using OTC SABA as
their only asthma medication, 13.2% (n = 41/
311) were prescribed other therapies and did
not use OTC SABA, 38.9% (n = 121/311) repor-
ted using OTC SABA and other prescription
medications and 14.5% (n = 45/311) reported
that they were not using any pharmacological
interventions (Table 4). In the subset of indi-
viduals who did not receive a SABA prescription
but were using other medications to control
their asthma, ICS/LABA combinations used in
isolation were most commonly prescribed
(86.4%, n = 152/176) (Table 4).

Self-reported OTC SABA Acquisition
Patterns

Thirty two percent of the total cohort (n = 208/
650) reported acquiring SABA OTC in the last
12 months (Table 3). Whilst the majority of
these individuals acquired 1–2 inhalers (62.5%,
n = 130/208), more than one third (37.5%,
n = 78/208) of people purchasing OTC SABA
acquired C 3 inhalers annually (Table 3; Fig. 3).
Rates of self-reported OTC SABA acquisition
were not statistically different (p = 0.075) across
the asthma severity spectrum (Table 3), and
were similar for males and females (S-Table 1).

Most individuals (70.2%, n = 203/289) who
reported acquiring SABA OTC did not have an
authorised prescription (Table 3). Among indi-
viduals who were not prescribed SABA but
reported acquiring C 1 inhalers/year OTC, the
majority (59.6%, n = 121/203) were using both
OTC SABA and other prescription medications
to manage their condition. ICS/LABA combi-
nations used alone were the most commonly
prescribed medications (85.1%, n = 103/121)
issued to this subpopulation (Table 4).

Fig. 2 Subject deposition. COPD chronic obstructive
pulmonary disease, Dx diagnosis, EMR electronic medical
record, OPCRDA Optimum Patient Care Research
Database Australia, Tx treatment
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Table 2 Sociodemographic and clinical characteristics of Australians living with asthma and managed in primary care,
presented by AAH treatment intensity

Variable All patients
(N = 720)

AAH treatment steps 1–2
(N = 272)

AAH treatment steps 3–4
(N = 448)

EMR variables

Age, years

Mean (SD) 53.1 (19.0) 48.6 (20.0) 55.82 (17.9)

12–18, n (%) 50 (6.9) 33 (12.1) 17 (3.8)

[ 18–54, n (%) 284 (39.4) 117 (43) 167 (37.3)

C 55, n (%) 386 (53.6) 122 (44.9) 264 (58.9)

Sex

Female, n (%) 499 (69.3) 190 (70.0) 309 (69.0)

AAH treatment step

classification

AAH 1, n (%) 209 (29) 209 (76.8) 0 (0)

AAH 2, n (%) 63 (8.8) 63 (23.2) 0 (0)

AAH 3, n (%) 158 (21.9) 0 (0) 158 (35.3)

AAH 4, n (%) 290 (40.3) 0 (0) 290 (64.7)

Number of co-morbidities

0 comorbidities, n (%) 124 (17.2) 66 (24.3) 58 (12.9)

1–2 comorbidities, n (%) 304 (42.2) 123 (45.2) 181 (40.4)

3–4 comorbidities, n (%) 232 (32.2) 73 (26.8) 159 (35.5)

C 5 comorbidities, n (%) 60 (8.3) 10 (3.7) 50 (11.2)

Type of co-morbidities

Potentially T2-related

Allergic rhinitis, n (%) 608 (84.4) 227 (83.5) 381 (85)

Nasal polyposis, n (%) 16 (2.2) 4 (1.5) 12 (2.7)

Allergies or allergic asthma,

n (%)

194 (26.9) 73 (26.8) 121 (27)

Eczema/atopic dermatitis,

n (%)

243 (33.8) 101 (37.1) 142 (31.7)

Potentially OCS-related

Hypertension, n (%) 172 (23.9) 50 (18.4) 122 (27.2)

Sleep apnea, n (%) 74 (10.3) 23 (8.5) 51 (11.4)

Diabetes, n (%) 92 (12.8) 32 (11.8) 60 (13.4)

Osteoporosis, n (%) 52 (7.2) 19 (7) 33 (7.4)
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Table 2 continued

Variable All patients
(N = 720)

AAH treatment steps 1–2
(N = 272)

AAH treatment steps 3–4
(N = 448)

Heart disease, n (%) 44 (6.1) 12 (4.4) 32 (7.1)

Mimicking/exacerbating asthma

Gastro-esophageal reflux

disease, n (%)

199 (27.6) 66 (24.3) 133 (29.7)

Depression/anxiety, n (%) 279 (38.8) 99 (36.4) 180 (40.2)

Other

Obesity (BMI C 30), n (%) 377 (52.4) 158 (58.1) 219 (48.9)

Questionnaire variables

BMI, kg/m2 N = 658 N = 250 N = 408

Mean (SD) 29.5 (7.8) 29.3 (8.9) 29.6 (7.1)

Underweight,\ 18.5, n (%) 12 (1.8) 8 (3.2) 4 (1.0)

Normal, C 18.5–24.9, n (%) 171 (26.0) 63 (25.2) 108 (26.5)

Overweight, C 25–29.9, n (%) 211 (32.1) 81 (32.4) 130 (31.9)

Obese, C 30, n (%) 264 (40.1) 98 (39.2) 166 (40.7)

Education level N = 678 N = 254 N = 424

Secondary school, n (%) 154 (22.7) 40 (15.7) 114 (26.9)

High school, n (%) 190 (28.0) 79 (31.1) 111 (26.2)

University and post-university,

n (%)

334 (49.3) 135 (53.1) 199 (46.9)

Healthcare/concession card

status

N = 692 N = 261 N = 431

No healthcare or concession

card, n (%)

433 (62.6) 171 (65.5) 262 (60.8)

Healthcare or concession card,

n (%)

259 (37.4) 90 (34.5) 169 (39.2)

Smoking status N = 719 N = 271 N = 448

Active smoker, n (%) 32 (4.5) 12 (4.4) 20 (4.5)

Former smoker, n (%) 211 (29.3) 68 (25.1) 143 (31.9)

Never smoked, n (%) 479 (66.6) 194 (71.6) 285 (63.6)

Severe exacerbations in last

12 monthsa

Mean (SD) 0.8 (1.9) 0.5 (2.0) 1.0 (1.8)

0 exacerbations, n (%) 472 (65.6) 208 (76.5) 264 (58.9)
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For patients who reported acquiring SABA by
both means, OTC and authorised on prescrip-
tion (n = 5), all were at AAH treatment intensity
steps 3–4 and acquired C 3 inhalers/year
(Table 3).

Self-reported SABA Usage Patterns

Three quarters of the total study cohort (75.8%,
n = 546/720) reported using SABA in the last
12 months. Of these individuals, the majority
(63.0%, n = 344/546) reported using 1–2 inha-
lers, whilst the remainder (37.0%, n = 202/546)
reported using C 3 inhalers/year (Table 3;
Fig. 3). Self-reported SABA usage patterns were
similar for males and females (S-Table 1), but
was statistically more likely to occur in indi-
viduals with more severe disease; 43.0%
(n = 150/349) of patients at AAH steps 3–4 who
obtained a SABA reported using C 3 SABA
inhalers/year compared to 26.4% (n = 52/197)
of those at AAH steps 1–2 (p = 0.001) (Table 3).

Alignment of EMR Recorded SABA
Prescribing Patterns with Self-reported
SABA Usage Patterns

The number of EMR recorded SABA inhalers
authorised on prescription in the last
12 months did not align with annual self-re-
ported SABA usage (S-Table 2). For example,
94.6% of individuals (n = 331/350) who were
authorised a maximum of 12 inhalers on pre-
scription reported using less, with 66.0%
(n = 231/350) reporting use of\3 inhalers/
year. Likewise, 69.5% of individuals (n = 216/
311) who were NOT issued with an authorisa-
tion for SABA reported using C 1 inhalers in the
last 12 months, which had been acquired OTC,
and 22.5% (n = 70/311) reporting use of C 3
OTC SABA inhalers/year (S-Table 2).

SABA Prescription and Self-reported SABA
Use According to Healthcare
or Concession Card Status

Individuals with a healthcare or concession card
received a higher number of SABA prescrip-
tions/year compared to those without a health
card irrespective of AAH treatment intensity

Table 2 continued

Variable All patients
(N = 720)

AAH treatment steps 1–2
(N = 272)

AAH treatment steps 3–4
(N = 448)

1 exacerbation, n (%) 127 (17.6) 40 (14.7) 87 (19.4)

2 exacerbations, n (%) 49 (6.8) 13 (4.8) 36 (8.0)

3 exacerbations, n (%) 34 (4.7) 6 (2.2) 28 (6.2)

[ 3 exacerbations, n (%) 38 (5.3) 5 (1.8) 33 (7.4)

Level of asthma symptom

controlb
N = 712 N = 267 N = 445

Well-controlled, n (%) 289 (40.6) 131 (49.1) 158 (35.5)

Partly controlled, n (%) 229 (32.2) 87 (32.6) 142 (31.9)

Uncontrolled, n (%) 194 (27.2) 79 (18.6) 145 (32.6)

AAH Australian Asthma Handbook, BMI body mass index, OCS oral corticosteroid, SD standard deviation
aNeed for acute OCS (C 20 mg/day), the need to seek emergency medical services for asthma and/or hospital admission for
asthma
bDefined according to GINA criteria [17]
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Table 3 Annual number of SABA inhalers prescribed, acquired OTC, and used by Australians living with asthma and
managed in primary care in the last 12-months

All patients
(N = 720)

AAH treatment
steps 1–2
(N = 272)

AAH treatment
steps 3–4
(N = 448)

Chi squared
test p value

PRESCRIBED SABA(EMR data)

Maximum number of SABA inhalers prescribed

annually, n (%)

N = 720 N = 272 N = 448 \ 0.001

0 311 (43.2) 138 (50.7) 173 (38.6)

1–2 29 (4.0) 22 (8.1) 7 (1.6)

3–5 12 (1.7) 6 (2.2) 6 (1.3)

6–9 10 (1.4) 3 (1.1) 7 (1.6)

10–12 314 (43.6) 92 (33.8) 222 (49.6)

C 13 44 (6.1) 11 (4) 33 (7.4)

ACQUIRED SABA inhalers OTC (questionnaire data)

Number of SABA inhalers acquired OTC

annually, n (%)

N = 650 N = 237 N = 413 0.075

0 442 (68.0) 155 (65.4) 287 (69.5)

1–2 130 (20.0) 59 (24.9) 71 (17.2)

3–5 47 (7.2) 16 (6.8) 31 (7.5)

6–9 11 (1.7) 1 (0.4) 10 (2.4)

10–12 13 (2.0) 5 (2.1) 8 (1.9)

C 13 7 (1.1) 1 (0.4) 6 (1.5)

Number of patients acquiring SABA on

prescription and OTC, n (%)

N = 361 N = 108 N = 253 N/A

Yes 5 (1.4) 0 (0) 5 (2.0)

Number of inhalers acquired

1–2 0 (0) 0 (0) 0 (0)

C 3 5 (1.4) 0 (0) 5 (2.0)

Number of patients who did not receive SABA

prescription and acquired SABA OTC, n (%)

N = 289 N = 129 N = 160 N/A

Yes 203 (70.2) 82 (63.6) 121 (75.6)

Number of inhalers acquired

1–2 130 (45) 59 (45.7) 71 (44.4)

C 3 73 (25.3) 23 (17.8) 50 (31.2)
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(Fig. 4A). This pattern was not so apparent for
SABA self-reported usage. Although individuals
at AAH treatment step 2 with a health card
reported using twice as many inhalers/year
compared to patients at the same AAH step who
did not hold a health card, individuals at AAH
treatment step 4 without a health card, used
more SABA inhalers than those with a health
card (Fig. 4B).

Association of EMR Recorded SABA
Prescribing Patterns and Asthma
Outcomes

Compared to recommended SABA prescription
(1–2 inhalers/year), prescription of C 3 SABA
inhalers/year was not associated with an
increase in self-reported severe exacerbations
(IRR 2.12; 95% CI 0.83–5.72) or lack of asthma
symptom control (OR 1.68; 95% CI 0.82–3.6)
(Fig. 5A, B). However, individuals prescribed
zero SABA inhalers/year experienced 2.71 times
(95% CI 1.07–7.26; p = 0.037) more self-re-
ported severe exacerbations than those pre-
scribed 1–2 inhalers (Fig. 5A).

To better understand this observation, indi-
viduals who were prescribed zero SABA inhalers

were classified into one of two groups based on
the occurrence of self-reported severe exacer-
bations post-hoc (Table 5). Individuals who
were prescribed zero SABA inhalers and experi-
enced one or more self-reported severe exacer-
bations appeared more likely to be using an
ICS/long acting b2-agonist combination as their
maintenance therapy (63.1% vs 41.8%), pur-
chase SABA OTC (81.6% vs 57.2%), and when
doing so acquire C 3 inhalers annually (44.7%
vs 13.0%), than those prescribed zero SABA
inhalers and who experienced 0 exacerbations
in the last 12 months (Table 5).

Association of SABA OTC Acquisition
and Asthma Outcomes

Individuals who reported acquiring C 3 SABA
inhalers/year OTC (and who had 0 SABA inha-
lers authorized on prescription; n = 73/289,
25.3%) experienced 3.05 more self-reported
exacerbations (95% CI 1.63, 5.71; p\ 0.001)
and were 4.75 times (95% CI 2.61, 8.80;
p\0.001) more likely to have uncontrolled
asthma, than those who acquired 1–2 inhalers
(S-Table 3).

Table 3 continued

All patients
(N = 720)

AAH treatment
steps 1–2
(N = 272)

AAH treatment
steps 3–4
(N = 448)

Chi squared
test p value

USE of SABA use (questionnaire data)

Number of SABA inhalers used annually

(acquired either on prescription or OTC),

n (%)

N = 720 N = 272 N = 448 0.001

0 174 (24.2) 75 (27.6) 99 (22.1)

1–2 344 (47.8) 145 (53.3) 199 (44.4)

3–5 117 (16.3) 35 (12.9) 82 (18.3)

6–9 39 (5.4) 7 (2.6) 32 (7.1)

10–12 28 (3.9) 7 (2.6) 21 (4.7)

C 13 18 (2.5) 3 (1.1) 15 (3.3)

AAH Australian asthma handbook, N/A not applicable, OTC over the counter, SABA short-acting b2-agonist

Adv Ther (2024) 41:1262–1283 1273



Association of Self-reported SABA use
with Asthma Outcomes

Individuals who self-reported using C 3 SABA
inhalers/year experienced more than twice as
many self-reported severe exacerbations (IRR
2.52; 95% CI 1.73–3.70; p\0.001) and were
over four times more likely to have uncon-
trolled asthma symptoms (OR 4.51; 95% CI
3.13–6.55; p\ 0.001) than those who used 1–2
inhalers annually (Fig. 5A, B). Conversely,
individuals who reported using zero SABA
inhalers/year were less likely to have uncon-
trolled asthma symptoms (OR 0.42; 95% CI
0.28–0.62; p\0.001) than those using 1–2
inhalers (Fig. 5B).

DISCUSSION

Ours is the first study to use both EMR and
patient completed questionnaire data to exam-
ine SABA prescription, acquisition, and usage
patterns in Australia, enabling a comprehensive
view of the Australian SABA landscape from
both the physician and patient perspectives.
Collecting data from both sources allowed us to:
assess the mis-alignment between SABA pre-
scription and usage; explore the impact of
healthcare and concession card status on SABA
prescribing patterns; investigate how patients
acquire OTC SABA and use it in real life; and
quantify the association between asthma out-
comes when SABA is both prescribed appropri-
ately and over-prescribed and used. We found
that SABA was over-prescribed (92.9% of

Fig. 3 Pattern of short-acting b2-agonist use (SABA) use and overuse according to SABA source (Rx or OTC) and actual
patient-reported use. OTC over the counter, Rx prescription
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patients); over acquired OTC (37.5%) and over-
used (37.0%) by many Australian patients living
with asthma. The potential for SABA overuse
was apparent from EMR records in many cases
but could also be hidden from medical view;
43.2% of patients had zero SABA prescriptions
in their EMR records, but 76% of patients
reported using SABA. There was a strong asso-
ciation between both patient-reported SABA
OTC acquisition and SABA overuse on poor
asthma outcomes. A zero SABA prescription was
also a red flag; these patients experienced more

than twice as many severe exacerbations than
those authorised a prescription for 1–2 inhalers
and may be mostly hidden from clinical view.
Even in patients receiving maintenance ICS-
LABAs, OTC SABA purchases served as a marker
of higher exacerbation risk and should prompt a
review of treatment needs.

In agreement with previous studies we found
a link between SABA over-prescription and poor
asthma outcomes [4–6, 18], with SABA overuse
likely the result of chronic poor asthma control
rather than its cause. Assessment of SABA use

Table 4 Asthma medications used by patients with zero SABA inhalers authorised on prescription and stratified by OTC
SABA acquisition

All
patients
(N = 720)

Patients with 0 SABA inhalers authorised on prescription

All patients
with 0
SABA
prescribed
(N = 311)

Patients with 0
SABA prescribed
and 0 OTC SABA
acquired (N = 86)

Patients with 0
SABA prescribed
and ‡ 1 OTC
SABA acquired
(N = 203)

Patients with 0
SABA prescribed
and ‡ 3 OTC
SABA acquired
(N = 73)

Background therapy

None, n (%) 224 (31.1) 135 (43.4) 45 (52.3) 82 (40.4) 20 (27.4)

ICS only, n (%) 85 (11.8) 14 (4.5) 2 (2.3) 11 (5.4) 4 (5.5)

ICS/LABA alone,

n (%)

385 (53.5) 152 (48.9) 36 (41.9) 103 (50.7) 45 (61.6)

Budesonide/formoterol 188 (26.1) 82 (26.4) 23 (26.7) 50 (24.6) 21 (28.8)

Fluticasone propionate

/salmeterol

164 (22.8) 50 (16.1) 6 (7) 40 (19.7) 18 (24.7)

ICS/LABA ? other

maintenance (ICS or

long-term OCS),

n (%)

26 (3.6) 10 (3.2) 3 (3.5) 7 (3.4) 4 (5.5)

OCS use

No OCS use, n (%) 621 (86.2) 279 (89.7) 77 (89.5) 181 (89.2) 62 (84.9)

Short-term OCS, n (%) 90 (12.5) 29 (9.3) 7 (8.1 21 (10.3) 11 (15.1)

Long-term OCS, n (%) 9 (1.2) 3 (1.0) 2 (2.3) 1 (0.5) 0 (0)

Short- and long-term

OCS, n (%)

0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

OTC information not available for 22 patients
ICS inhaled corticosteroids, LABA long acting b2-agonists, OCS oral corticosteroids, OTC over the counter, SABA short
acting b2-agonists
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represents an important tool for measuring the
success of asthma management, informing
treatment modification decisions [19], may
encourage physicians and pharmacists to more
carefully consider SABA prescription and rec-
ommendation practices, and prompt investiga-
tions of asthma control, adherence and inhaler
technique. Importantly, we found that the rate
of SABA authorisations did not agree with
acquisition or usage; for example, 22.5% of
patients did not have a SABA prescription, but
reported acquiring 3 SABA inhalers/year OTC,
and are essentially hidden from healthcare
provider view. This may be unique to the
availability of OTC SABA in Australia, as rates of
self-reported SABA acquisition and usage (re-
ported by just over one-third of the study
cohort) were more indicative of consumer
behaviour. This rate of SABA overuse is lower
than previously published (70.1–73.9%), most
likely due to differences in definition of high
SABA usage (i.e. defined as[ 2 occasions/week
in the past 4 weeks in prior studies) [8, 16] and
rigour of asthma diagnosis (i.e. previous

investigations did not require participants to
have a clinician-confirmed diagnosis of
asthma).

The over-prescribing and overuse of SABA in
Australia is likely a consequence of numerous
factors including patient expectations, knowl-
edge and behaviour, as well as patient-physician
communications and physician resources and
time [16, 20, 21]. In other countries, physician
over-prescribing behaviours have been attrib-
uted to variability in thresholds for accept-
able SABA use, questioning of the risk of
morbidity and mortality with high SABA use,
and a consideration that asthma guidelines are
too ‘stringent’ [12]. Overuse of SABA by patients
has been linked to a lack of knowledge that
frequent usage would worsen asthma control,
and strong psychological links to use of SABA,
due to immediate relieving effects [22]. SABA
overuse in Australia may also reflect specific
peculiarities of the healthcare system and
reimbursement practices [23, 24]. For example,
the primary care prescription software used in
Australian practices currently defaults to
authorising a maximum of 12 inhalers on one
prescription. A higher number of SABA pre-
scriptions was also noted in those with a
healthcare or concession card (irrespective of
AAH treatment intensity) and in individuals in
the general population classified as AAH treat-
ment step 4. In these subsets of patients addi-
tional SABA authorisations and usage,
respectively, may be viewed as a way to min-
imise the cost of repeat consultations and is a
cheaper alternative to anti-inflammatory
therapies.

OTC availability of SABA was established in
Australia in the 1990’s to help curb mortality
rates by ensuring patients could access relievers
in an emergency [25, 26]. The message to
patients of having constant access to relievers
has since continued, particularly so after the
epidemic thunderstorm asthma event that
occurred in 2016 [27]. In the present investiga-
tion, acquisition patterns for OTC SABA were
particularly worrisome in patients without a
prescription and who self-reported experienc-
ing C 1 severe exacerbation. These individuals
were more likely to purchase C 3 SABA inhalers/
year (44.7%), compared to patients with no

Fig. 4 Short acting b2-agonist (SABA) A inhalers autho-
rised on prescription as per EMR and B self reported use
by healthcare card/concession card status. AAH Australian
asthma handbook, EMR electronic medical record
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SABA prescription and no self-reported exacer-
bations (13.0%). Again, it is possible these
individuals view OTC SABA as a cheaper alter-
native than attending a medical consultation,
but as a result may never had had their asthma
fully assessed or received education on what to
do in the event of deterioration of asthma
symptom control.

In terms of clinical implications arising from
this study, there is clearly a need to improve
guideline directed treatment, and to align with
recent evidence-based changes in both the AAH
and GINA report [15, 28, 29]. GINA states
clearly that ‘‘reducing and, ideally, eliminating
the need for SABA reliever is both an important
goal in asthma management and a measure of
the success of asthma treatment’’ [28]. Several

different strategies will be needed to achieve
this—for example reducing maximum number
of repeat prescriptions and the number of
inhalers dispensed at any one time, and incen-
tivizing regular review and treatment follow up
(potentially in the form of remuneration for
completion and review of asthma plans for
primary care practitioners and respiratory
medication reviews for pharmacists). Reducing
the maximum number of inhalers allowed on
any one prescription might have minimal
impact on patients with asthma, but could help
clinicians to more reliably estimate usage. This
would create an opportunity for clinical review
and patient education [16]. The recently pub-
lished manifesto on SABA overuse also advo-
cates for widespread education of health care

Fig. 5 Association of short-acting b2-agonist (SABA)
inhalers authorised on prescription annually and self-
reported SABA used (acquired either OTC or on
prescription) on A self-reported severe exacerbations and
B uncontrolled asthma symptoms. Data are adjusted for

age, gender, education level, smoking status, AAH treat-
ment intensity, health insurance, BMI and number of
comorbidities. AAH Australian asthma handbook, BMI
body mass index, CI confidence interval, IRR incident rate
ratio, OR odds ratio
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Table 5 General demographics and asthma medications used by patients with zero SABA inhalers authorised on pre-
scription and stratified by occurrence of self-reported severe exacerbations

All
patients
(N = 720)

Patients with 0 SABA inhalers authorised on prescription

All patients
with 0 SABA
prescribed
(N = 311)

Patients with 0 SABA
prescribed and 0 self-
reported severe
exacerbations (N = 208)

Patients with 0 SABA
prescribed and ‡ 1 self-
reported severe
exacerbations (N = 103)

General demographics

Age, years

Mean (SD) 53.1

(19.0)

50.3 (18.0) 50.8 (17.7) 49.3 (18.5)

12–18, n (%) 50 (6.9) 19 (6.1) 11 (5.3) 8 (7.8)

[ 18–54, n (%) 284 (39.4) 156 (50.2) 112 (53.8) 44 (42.7)

C 55, n (%) 386 (53.6) 136 (43.7) 85 (40.9) 51 (49.5)

Sex

Female, n (%) 499 (69.3) 214 (68.8) 141 (67.8) 73 (70.9)

Education level N = 678 N = 288 N = 192 N = 96

Secondary school, n (%) 154 (22.7) 53 (18.4) 26 (13.5) 27 (28.1)

High school, n (%) 190 (28) 76 (26.4) 49 (25.5) 27 (28.1)

University and post-

university, n (%)

334 (49.3) 159 (55.2) 117 (60.9) 42 (43.8)

Healthcare/concession

card status

N = 692 N = 294 N = 196 N = 98

No healthcare or

concession card, n (%)

433 (62.6) 212 (72.1) 147 (75) 65 (66.3)

Healthcare or

concession card, n (%)

259 (37.4) 82 (27.9) 49 (25) 33 (33.7)

Number of co-

morbidities

0 comorbidities, n (%) 124 (17.2) 69 (22.2) 53 (25.5) 16 (15.5)

1–2 comorbidities,

n (%)

304 (42.2) 131 (42.1) 94 (45.2) 37 (35.9)

3–4 comorbidities,

n (%)

232 (32.2) 95 (30.5) 56 (26.9) 39 (37.9)

C 5 comorbidities,

n (%)

60 (8.3) 16 (5.1) 5 (2.4) 11 (10.7)
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providers on the revised GINA guidelines,
appropriate patient education to stop self-med-
ication and a transition to ICS/formoterol to
reduce risk of exacerbations, mortality and
hospitalizations [29]. Reducing OTC SABA
acquisition could also be addressed at the
pharmacy through the implementation of (1)
pharmacist-led discussions around preventing
high risk outcomes and behaviours to encour-
age change [30, 31], (2) education on the
importance of ICS medications in managing

asthma symptoms [30, 31], (3) implementation
of programs to monitor acquisition patterns,
potentially through an online system such as
‘‘My Health Record’’ which would overcome the
challenge of individuals using multiple
pharmacies.

A key strength of the current study was the
dual data collection modalities (EMR and
questionnaires), affording us the opportunity to
identify how delivery of care can be improved
for these patients. Collecting data on patient-

Table 5 continued

All
patients
(N = 720)

Patients with 0 SABA inhalers authorised on prescription

All patients
with 0 SABA
prescribed
(N = 311)

Patients with 0 SABA
prescribed and 0 self-
reported severe
exacerbations (N = 208)

Patients with 0 SABA
prescribed and ‡ 1 self-
reported severe
exacerbations (N = 103)

Asthma medications used

Background therapy

None, n (%) 224 (31.1) 135 (43.4) 104 (50) 31 (30.1)

ICS only, n (%) 85 (11.8) 14 (4.5) 10 (4.8) 4 (3.9)

ICS/LABA alone, n (%) 385 (53.5) 152 (48.9) 87 (41.8) 65 (63.1)

Budesonide/formoterol 188 (26.1) 82 (26.4) 50 (24) 32 (31.1)

Fluticasone

propionate/salmeterol

164 (22.8) 50 (16.1) 22 (10.6) 28 (27.2)

ICS/LABA ? other

maintenance (ICS or

long-term OCS), n (%)

26 (3.6) 10 (3.2) 7 (3.4) 3 (2.9)

Other asthma medication

Number of patients

acquiring OTC SABA

inhalers, n (%)

208 (28.9) 203 (65.3) 119 (57.2) 84 (81.6)

Number of patients

acquiring C 3 SABA

inhalers OTC, n (%)

78 (10.8) 73 (23.5) 27 (13.0) 46 (44.7)

Number of patients

requiring acute course

of OCS, n (%)

179 (24.9) 57 (18.3) 12 (5.8) 45 (43.7)

ICS inhaled corticosteroids, LABA long acting b2-agonists, OCS oral corticosteroids, OTC over the counter, SABA short
acting b2-agonists, SD standard deviation
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reported OTC SABA acquisition and use has
provided insight into patient behaviours not
available via EMRs alone. Limitations include
those associated with observational studies and
patient reported data collection (e.g. recall bias,
selection bias and missing data). Those with
poorer asthma control may have been more
motivated to complete our asthma question-
naire. The relatively small size of the study
cohort may also have limited generalizability to
the wider asthmatic population. In relation to
the latter, despite having[ 21,000 patients in
the OPCRDA with a diagnosis of asthma and no
other respiratory tract condition, only 3.4% of
this population completed the questionnaire
making them eligible for inclusion in the pre-
sent study. This may have skewed our findings
and should be considered when interpretating
the data. The COVID-19 pandemic may have
contributed to lower responder rate and may
also have altered SABA usage patterns. Sec-
ondly, whilst a clinician’s diagnosis of asthma
was required for inclusion in the present
investigation, confirmation via spirometry was
not mandated and there was no upper age limit
for inclusion so there is potential for misdiag-
nosis in the study cohort. Finally, it should be
noted that environmental factors at the time of
the study may have contributed to the reported
rates of SABA acquisition and usage. Data was
collected during the 2019–2020 Australian
bushfire season and individuals may have
acquired and used or just acquired spare inha-
lers but not necessarily used more SABA com-
pared to previous years.

CONCLUSION

In conclusion, despite the fact that GINA iden-
tifies the elimination of SABA reliever as a
measure of treatment success, over prescription
and overuse of SABA to treat asthma continues
to be a problem in Australia. It is seen across the
severity spectrum and is associated with worse
asthma outcomes. Due to OTC availability of
SABA in Australia, doctors may be unaware of
the true extent of overuse in their patients.
Removal of the default settings for repeat SABA
prescriptions and limiting repeats enabling high

numbers of canisters, monitoring OTC pur-
chases, promotion of clinician and pharmacist
review and patient education could be used to
address excessive SABA use in Australia. It’s time
to end the reign of SABA in Australia.
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