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Over-the-counter short-acting β2-agonist purchase and asthma-
related health outcomes: a post hoc analysis of the SABINA
III study
David Price1,2, Maarten J. H. I. Beekman3✉, Walter Javier Mattarucco4, Rocio Martina Barriga-Acevedo5, Hao-Chien Wang6, Dina V. Diaz7,
Adel Khattab8, Manuel Pacheco Gallego9, Ashraf Al Zaabi10,11, Hisham Farouk12 and Darush Attar-Zadeh13

This post-hoc analysis of the SABINA III study evaluated the association of short-acting β2-agonist (SABA) prescriptions and self-
reported over-the-counter (OTC) SABA purchase in the previous 12 months with asthma-related outcomes using multivariable
regression models in 4556 patients (mean age, 48.9 years). Of the 2810 patients prescribed ≥3 SABA canisters, 776 (27.6%) also
purchased ≥1 SABA OTC. This subset of 776 patients reported the highest disease burden; 73.2% had ≥1 severe exacerbation and
55.7% had uncontrolled asthma. Asthma-related outcomes worsened with any SABA OTC purchase, regardless of SABA
prescriptions; disease burden was the highest in patients with ≥3 SABA prescriptions and ≥1 SABA OTC purchase vs 1–2 SABA
prescriptions only (86% lower odds of having at least partly controlled asthma and 124% increased incidence of severe asthma
(both P < 0.001). These findings emphasize the need to implement policy changes to restrict SABA purchase without prescriptions
and ensure access to affordable asthma care.
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INTRODUCTION
Asthma, one of the world’s fastest-growing diseases, affects
approximately 339 million people globally, imposing a substantial
burden on patients, healthcare systems, and societies as a
whole1–3. Despite a global consensus on the goals of asthma
management and the availability of a range of effective treatment
options4, asthma remains poorly controlled in a substantial
proportion of patients worldwide5–7. Additionally, avoidable
asthma-related deaths continue to occur, particularly in low- and
lower-middle-income countries, where undertreatment and poor
access to inhaled corticosteroid (ICS) controller medications
remain a challenge1,8,9.
A range of factors contribute to poor asthma control10;

however, overprescription of short-acting β2-agonists (SABAs;
prescription of ≥3 canisters in the previous 12 months)11 and
insufficient provision of ICS-containing medication continue to
remain key reasons for preventable disease worsening9. The high
reliance on reliever inhalers may be attributable, in part, to the
long-held paradox of asthma management, whereby for over 20
years, the Global Initiative for Asthma (GINA) recommended as-
needed SABA as the preferred reliever for patients with mild
asthma12,13. However, following the accumulating evidence that
SABA overuse (≥3 canisters/year) is associated with an increased
risk of exacerbations, hospitalizations, and mortality14–17, GINA has
not recommended as-needed SABA without concomitant ICS for
patients aged 12 years or older since 201913,18. Nevertheless, GINA
updates have not been universally adopted, and even though
SABAs have no inherent anti-inflammatory activity19, many

patients remain psychologically attached to their reliever inhalers
owing to their rapid symptom relief, unaware that frequent SABA
usage could worsen asthma control20,21. While patients often
recognize early signs of asthma worsening, their initial response is
to increase SABA intake rather than adjust the dose of anti-
inflammatory ICS-containing medication, and increase their ICS
dose only at the peak of asthma worsening22,23, thereby
contributing to preventable disease morbidity.
SABAs are relatively inexpensive inhaled medications24 and can

be obtained without a prescription (over-the-counter [OTC]) in
many parts of the world25; therefore, patients may preferentially
rely on relievers instead of prescribed controller medications26,
which further increases the potential for SABA overuse11. Indeed,
findings from the SABA use IN Asthma (SABINA) International III
study, which was conducted in 8351 patients from 24 countries
across 5 continents, reported not only SABA overprescription ( ≥3
canisters in the previous 12 months) in 38% of patients, but that
18% of patients also purchased SABA OTC11, likely without
physicians’ recommendation or knowledge. Furthermore, among
patients who purchased SABA OTC, 76.8% had also received SABA
prescriptions: 69.9% for ≥3 canisters and 35.8% for ≥10 canisters in
the 12 months before the study visit11. Strikingly, purchase of
SABA OTC was a prevalent phenomenon in many SABINA III
countries, including the Philippines27, Russia28, and Australia25,
where 31%, 30%, and 25% of patients purchased SABA OTC from
the pharmacy without a prescription, respectively (Supplementary
Fig. 1). In addition, high levels of SABA OTC purchase were also
observed in many African countries. For instance, 39% of patients
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Table 1. Demographics and baseline clinical characteristics of the SABINA III population included in the analysis (N= 4556) categorized by SABA
prescriptions and SABA OTC purchase.

SABA prescriptions onlya

(n= 3449)
SABA prescriptions+ SABA OTC purchase
(n= 1107)

SABA prescriptions (with and without
SABA OTC purchase) (N= 4556)

Practice type

Primary care 683 (19.9) 160 (14.5) 843 (18.6)

Specialist care 2751 (80.1) 942 (85.5) 3693 (81.4)

Total 3434 1102 4536

Age (years)

Mean (SD) 49.9 (16.3) 45.9 (15.6) 48.9 (16.2)

Median (Min, Max) 51.0 (12.0, 93.0) 45.0 (12.0, 87.0) 50.0 (12.0, 93.0)

25th and 75th percentile 39.0, 62.0 35.0, 57.0 37.0, 61.0

Total 3449 1107 4556

Age groups (years)

12–17 104 (3.0) 31 (2.8) 135 (3.0)

≥18–54 1868 (54.2) 724 (65.4) 2592 (56.9)

≥55 1477 (42.8) 352 (31.8) 1829 (40.1)

Total 3449 1107 4556

Sex

Female 2421 (70.2) 750 (67.8) 3171 (69.6)

Male 1028 (29.8) 357 (32.2) 1385 (30.4)

Total 3449 1107 4556

BMI (kg/m2)

Mean (SD) 28.1 (6.2) 28.7 (6.6) 28.2 (6.3)

Median (Min, Max) 27.1 (11.4, 58.7) 27.7 (13.6, 57.0) 27.3 (11.4, 58.7)

25th and 75th percentile 23.9, 31.2 24.2, 32.2 24.0, 31.6

Total 3449 1107 4556

BMI groups (kg/m2)

<18.5 96 (2.8) 43 (3.9) 139 (3.1)

≥18.5–24.9 1010 (29.3) 283 (25.6) 1293 (28.4)

≥25–29.9 1235 (35.8) 373 (33.7) 1608 (35.3)

≥30 1108 (32.1) 408 (36.9) 1516 (33.3)

Total 3449 1107 4556

Education level

Unknown 126 (3.7) 56 (5.1) 182 (4.0)

Primary school 579 (16.8) 165 (14.9) 744 (16.3)

Secondary school 775 (22.5) 224 (20.2) 999 (21.9)

High school 841 (24.4) 297 (26.8) 1138 (25.0)

University and/or post-
university

1127 (32.7) 365 (33.0) 1492 (32.8)

Total 3448 1107 4555

Healthcare insurance/medication funding

Unknown 76 (2.2) 29 (2.6) 105 (2.3)

Not reimbursed 869 (25.2) 397 (35.9) 1266 (27.8)

Partially reimbursed 663 (19.2) 213 (19.2) 876 (19.2)

Fully reimbursed 1840 (53.3) 467 (42.2) 2307 (50.6)

Total 3448 1106 4554

Tobacco smoking status history

Active smoker 159 (4.6) 92 (8.3) 251 (5.5)

Former smoker 432 (12.5) 146 (13.2) 578 (12.7)

Never smoker 2856 (82.8) 869 (78.5) 3725 (81.8)

Total 3447 1107 4554

Data are presented as n (%) unless otherwise specified.
BMI body mass index, Max maximum, Min minimum, OTC over-the-counter, SABA short-acting β2-agonist, SABINA SABA use IN Asthma, SD standard deviation.
aSABA prescriptions only do not include SABA OTC purchase.
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in Kenya29, 33% in Egypt25, and 27% in South Africa30 purchased
SABA OTC. Notably, results from an Australian study of 720
patients, which analyzed data from SABINA III, the Optimum
Patient Care Research Database Australia, and Optimum Patient
Care Australia, reported that although 92.9% of patients receiving
SABA prescriptions were overprescribed SABAs, 37.5% of those
purchasing SABA OTC acquired ≥3 canisters annually31.
The purchase of SABA OTC may be compounded by systemic

issues in healthcare systems across countries, socioeconomic and
structural barriers that may restrict access to healthcare services,
limited availability of drugs or a lack of access to affordable
medications, inadequate healthcare reimbursement, and high rates
of out-of-pocket expenditure for outpatient services1,26,32. This is of
concern because OTC purchase of SABA is associated with low
rates of consultation with family practitioners and specialists; low
use of prescription-only medication, particularly ICS; and under-
treatment of asthma33–35. With recent data emerging on the high
prevalence of SABA OTC purchase globally11,26,36, an assessment of
the clinical burden associated with this potentially unregulated
access to SABA, which is currently lacking, is urgently required.
Although the SABINA III study showed that SABA overprescription
was associated with decreased odds of having at least partly
controlled asthma (partly controlled plus well-controlled asthma)
and an increased incidence rate of severe exacerbations, the
analysis did not evaluate the clinical burden of unregulated
purchase of SABA OTC11. Therefore, this post hoc analysis of the
SABINA III study was undertaken to evaluate the association of
SABA prescriptions and SABA OTC purchases with asthma-related
health outcomes. As part of this analysis, the incremental impact of
SABA OTC purchase on asthma-related health outcomes was also
evaluated in patients already prescribed SABAs.

RESULTS
Baseline patient and disease characteristics
This analysis included 4556 patients (mean age 48.9 years) from
the SABINA III study who received SABA prescriptions with and
without SABA OTC purchase (Table 1). Of these patients, 3,449
(75.7%) received SABA prescriptions only, with 1,107 (24.3%) both
prescribed and purchased SABA OTC. A majority of patients were
treated by specialists rather than by primary care physicians
(81.4% and 18.6%, respectively). Half of all patients (50.6%)
reported full healthcare reimbursement and 27.8% received no
healthcare reimbursement.
Baseline patient and disease characteristics were comparable

between the two subgroups; however, a few exceptions were
observed (Tables 1 and 2). Compared with patients who were both
prescribed and had purchased SABA OTC, a higher proportion of
patients who received SABA prescriptions only reported full
healthcare reimbursement (53.3% vs 42.2%, respectively) and ≥1
comorbidity (66.5% vs 61.7%, respectively). Additionally, a higher
proportion of patients who were both prescribed and had
purchased SABA OTC were treated in specialist care than those
who received SABA prescriptions only (85.5% vs 80.1%,
respectively).

Asthma-related health outcomes by SABA OTC purchase and
SABA prescription categories
Overall, 2810 patients (61.7%) were prescribed ≥3 SABA canisters;
of these patients, 2034 (72.4%) did not purchase SABA OTC, while
776 (27.6%) also purchased ≥1 SABA canister OTC (Table 3).

Level of asthma control assessed during the study visit. The highest
percentage of patients with well-controlled asthma (53.9%) was
observed in the subset with 1–2 SABA canister prescriptions with

Table 2. Disease characteristics of the SABINA III population included in the analysis (N= 4556) categorized by SABA prescriptions and SABA OTC
purchase.

SABA prescriptions onlya

(n= 3449)
SABA prescriptions+ SABA OTC purchase
(n= 1107)

SABA prescriptions (with and without SABA
OTC purchase) (N= 4556)

Asthma duration (years)

Mean (SD) 17.5 (15.40) 16.6 (13.20) 17.3 (14.90)

Median (Min, Max) 12.0 (1.0, 85.0) 13.0 (1.0, 70.0) 12.0 (1.0, 85.0)

25th and 75th
percentile

6.0, 25.0 6.0, 24.0 6.0, 25.0

Total 3449 1107 4556

GINA classification

Step 1 301 (8.7) 126 (11.4) 427 (9.4)

Step 2 714 (20.7) 212 (19.2) 926 (20.3)

Step 3 781 (22.6) 220 (19.9) 1001 (22.0)

Step 4 1136 (32.9) 351 (31.7) 1487 (32.6)

Step 5 517 (15.0) 198 (17.9) 715 (15.7)

Total 3449 1107 4556

Number of comorbidities

No comorbidities 1157 (33.5) 424 (38.3) 1581 (34.7)

1–2 comorbidities 1643 (47.6) 504 (45.5) 2147 (47.1)

3–4 comorbidities 535 (15.5) 153 (13.8) 688 (15.1)

≥5 comorbidities 114 (3.3) 26 (2.3) 140 (3.1)

Total 3449 1107 4556

Data are presented as n (%) unless otherwise specified.
GINA Global Initiative for Asthma, Max maximum, Min minimum, OTC over-the-counter, SABA short-acting β2-agonist, SABINA SABA use IN Asthma, SD standard
deviation.
aSABA prescriptions only do not include SABA OTC purchase.
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no SABA OTC purchase (Fig. 1). In contrast, the percentage of
patients with uncontrolled asthma was the highest (55.7%) among
those who were prescribed ≥3 SABA canisters and who also
purchased ≥1 SABA canister OTC (Fig. 1). Across both SABA
prescription groups (1–2 and ≥3 prescriptions), the proportion of
patients with uncontrolled asthma increased with ≥1 vs 0 SABA
OTC purchase (from 16.0% to 45.3% and 28.0% to 55.7%,
respectively).

Severe asthma exacerbations during the previous 12 months.
Patients who were prescribed 1–2 SABA canisters and did not
purchase any SABA OTC reported the lowest mean (standard
deviation [SD]) number of severe exacerbations (0.8 [1.8]; Fig. 2a)
and the highest percentage of patients experiencing 0 exacerba-
tions (62.8%; Fig. 2b). In contrast, the subset of patients who were
prescribed ≥3 SABA canisters and who also purchased ≥1 SABA
canister OTC reported the highest mean (SD) number of severe
exacerbations (2.1 [2.7]; Fig. 2a) and the highest percentage of
patients experiencing ≥1 severe exacerbation (73.2%; Fig. 2b).
Regardless of SABA prescription (1–2 or ≥3 prescriptions), the
proportion of patients with ≥1 severe exacerbation increased with
≥1 vs 0 SABA OTC purchase across both SABA prescription groups
(from 37.1% to 62.8% and 53.2% to 73.2%, respectively).

Association of SABA prescriptions and SABA OTC purchase
with asthma-related health outcomes
The disposition of patients included in the association analyses is
shown in Supplementary Figs. 2–5. Findings from the prespecified
association analyses revealed that prescription of ≥3 SABA
canisters in the previous 12 months was consistently associated
with poor asthma-related health outcomes. In patients prescribed
≥3 vs 1–2 SABA canisters, both with and without SABA OTC
purchase, the odds of having at least partly controlled asthma
decreased by 45% (adjusted odds ratio [OR], 0.55; 95% confidence
interval [CI], 0.47–0.63; P < 0.0001), while the incidence of severe

asthma exacerbations increased by 46% (adjusted incidence rate
ratio [IRR], 1.46; 95% CI, 1.33–1.60; P < 0.0001; Fig. 3). Similar
findings were observed when patients with SABA OTC purchase
were excluded from the analyses, with prescription of ≥3 vs 1–2
SABA canisters associated with 45% lower odds of having at least
partly controlled asthma (adjusted OR, 0.55; 95% CI, 0.46–0.67;
P < 0.0001) and a 38% increased incidence of severe asthma
exacerbations (adjusted IRR, 1.38; 95% CI, 1.23–1.55; P < 0.0001;
Fig. 4). Likewise, when patients with ≥1 SABA OTC purchase were
included in the analysis, prescription of ≥3 vs 1–2 SABA canisters
was associated with 37% lower odds of having at least partly
controlled asthma (adjusted OR, 0.63; 95% CI, 0.47–0.85;
P= 0.0002) and a 38% increased incidence of severe asthma
exacerbations (adjusted IRR, 1.38; 95% CI, 1.16–1.63; P= 0.0002;
Fig. 5). However, asthma-related health outcomes were worse in
patients with ≥3 SABA prescriptions and ≥1 SABA OTC purchase
compared with those with only 1–2 SABA canister prescriptions in
the previous 12 months, with 86% lower odds of having at least
partly controlled asthma (adjusted OR, 0.14; 95% CI, 0.11–0.18;
P < 0.0001) and a 124% increased incidence of severe asthma
exacerbations (adjusted IRR, 2.24; 95% CI, 1.96–2.56; P < 0.0001;
Fig. 6).

DISCUSSION
This post hoc analysis of the SABINA III study shows that,
regardless of SABA prescriptions, asthma-related outcomes
worsened with any SABA OTC purchase, rendering patients more
vulnerable to poor disease control and severe exacerbations. Of
concern, approximately two of every three patients were over-
prescribed SABAs in the previous 12 months; of these, approxi-
mately one-fourth also purchased ≥1 SABA canister OTC,
highlighting the potential for overuse by patients receiving SABA
from 2 sources. Unsurprisingly, therefore, asthma-related out-
comes were worse in patients who were overprescribed SABAs

Fig. 1 Level of asthma control for the SABINA III population included in the analysis (N= 4556) by number of SABA prescriptions and
number of SABA canisters purchased OTC. Data missing for 15 patients with 1–2 SABA prescriptions and 0 SABA OTC purchase and 1 patient
with ≥3 SABA prescriptions and ≥1 SABA OTC purchase. OTC over-the-counter, SABA short-acting β2-agonist, SABINA SABA use IN Asthma.

Table 3. OTC purchase of SABA canisters categorized by SABA prescription categories for the SABINA III population included in the analysis
(N= 4556).

SABA prescription → 1–2 canisters (n= 1746) ≥3 canisters (n= 2810)

SABA OTC purchase → 0 canisters ≥1 canisters 0 canisters ≥1 canisters

Number of patients, n (%) 1415 (81.0) 331 (19.0) 2034 (72.4) 776 (27.6)

Number of missing values 0 0 0 0

Total 1415 331 2034 776

OTC over-the-counter, SABA short-acting β2-agonist, SABINA SABA use IN Asthma.
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and had purchased ≥1 SABA OTC, reporting a mean number of
2.1 severe exacerbations in the preceding 12 months, and 55.7%
reporting uncontrolled asthma at baseline.
Overall, these findings provide valuable real-world insights into

how patients with asthma across the globe manage their
condition with SABA therapy. The fact that many patients who
received SABA prescriptions also obtained SABA OTC suggests
that those experiencing symptom flare-ups preferentially rely on
SABAs instead of prescribed controller medications, favor rapid
and easy access to SABAs to manage their asthma symptoms, and
resort to purchasing SABA OTC instead of waiting for prescription
refills21,26. The high prevalence of both SABA overprescription and
SABA OTC purchase observed in this cohort may be explained by
the fact that only half of the study population reported full
healthcare reimbursement; indeed, it has been documented that
patients without adequate healthcare insurance coverage are less

likely to have access to effective treatment options for chronic
illnesses32, which may potentially contribute to out-of-pocket
expenditure on inexpensive treatment options such as SABAs.
In the overall study population, with and without SABA OTC

purchase, ≥3 vs 1–2 SABA canister prescriptions were associated
with 45% lower odds of having at least partly controlled asthma
and a 46% increased incidence of severe asthma exacerbations.
Notably, the association persisted even in patients without SABA
OTC purchase, with prescription of ≥3 vs 1–2 SABA canisters being
associated with 45% lower odds of having at least partly
controlled asthma and a 38% increased incidence of severe
asthma exacerbations. These findings confirm the association
between SABA prescriptions and poor asthma outcomes pre-
viously reported in the SABINA I and II studies (conducted in the
United Kingdom14 and Sweden16, respectively) and the SABINA III
study11, and contribute to the growing evidence that SABA

Fig. 3 Association of 1–2 vs ≥3 SABA prescriptions (both with and without SABA OTC purchase) with the level of asthma control assessed
during the study visit and severe exacerbations in the 12months before the study visit in the SABINA III study population included in
this analysis (N= 4556). CI confidence interval, IRR incidence rate ratio, OR odds ratio, OTC over-the-counter, SABA short-acting β2-agonist,
SABINA SABA use IN Asthma.

Fig. 2 Severe asthma exacerbations in the previous 12 months by number of SABA prescriptions and number of SABA canisters
purchased OTC for the SABINA III population included in the analysis (N= 4556). a Mean (SD) number of severe exacerbations;
b Proportion of patients experiencing ≥1 severe exacerbation. Data missing for 1 patient with ≥3 SABA prescriptions and 0 SABA OTC
purchase. OTC over-the-counter, SABA short-acting β2-agonist, SABINA SABA use IN Asthma, SD standard deviation.
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overuse in asthma needs to be addressed if further reductions in
asthma morbidity and mortality are to be achieved. Owing to the
lower number of patients among those who purchased ≥1 SABA
canister OTC, the strength of association between prescription of
≥3 vs 1–2 SABA canisters and asthma-related outcomes was
comparable to the other analyses in this study; however, patients
who received ≥3 SABA prescriptions and purchased ≥1 SABA
canister OTC reported significantly worse asthma-related out-
comes compared with those who were only prescribed 1–2 SABA
canisters (86% lower odds of having at least partly controlled
asthma and a 124% increased incidence of severe asthma
exacerbations).
Taken together, these findings clearly demonstrate the

increased risk associated with purchase of SABA OTC without a
prescription in patients who are already overprescribed reliever
medication. Consequently, as part of the education process on
reliever use, there is an urgent need to implement policies that
regulate the purchase of SABA without a prescription, including
online pharmacy stores, while ensuring that patients have access
to affordable care and asthma medications and ensuring
adequate provision for maintenance therapy.

Clinical implications
These results have important public health and policy implica-
tions, necessitating the implementation of interventions to break
the cycle of SABA over-reliance. Restricting SABA OTC purchase,
which may be considered an extreme measure37, requires an
understanding of national/regional regulations and factors influ-
encing SABA supply/demand in pharmacies38 and would need to

be supported by a regulatory framework. Thus, a viable alternative
may be the implementation of policies that only permit the
purchase of SABA OTC when dispensed with ICS-containing
medications, which would prevent SABA monotherapy, as also
advised by GINA4.
As well-controlled asthma is associated with minimal reliever

use, both SABA overprescription and SABA OTC purchase should
be considered a sign of poorly controlled disease, potentially
indicative of an impending or ongoing asthma exacerbation, and
should prompt a detailed assessment of the patient39. However,
even patients with 0 SABA prescriptions should undergo asthma
reviews, particularly as results from Australia have reported that
patients with 0 SABA prescriptions experienced 2.71 times more
self-reported severe asthma exacerbations than those prescribed
1–2 SABA canisters, likely because they did not visit their primary
care physician or have their level of asthma control assessed31.
Furthermore, healthcare systems should develop frameworks to
identify patients who are most likely to overuse their inhalers by
implementing a system wherein healthcare practitioners (HCPs),
including pharmacists, receive an “alert” to prescribe or dispense
an ICS whenever a SABA is purchased OTC, thereby reducing
SABA-only treatment. Such an approach could also prompt
physicians to assess asthma control and the requirement for
treatment optimization. Additionally, tools such as the Reliever
Reliance Test40,41 and Asthma Slide Rule42 can help initiate
conversations with patients to better understand their beliefs
underpinning SABA over-reliance and define the acceptable
threshold for SABA use before a detailed review is conducted.
Implementation of stewardship programs may promote appro-

priate reliever use and reduce SABA over-reliance, similar to how

Fig. 5 Association of 1–2 vs ≥3 SABA prescriptions (both with ≥1 SABA OTC purchase) with the level of asthma control assessed during
the study visit and severe exacerbations in the 12 months before the study visit in the SABINA III study population included in this
analysis (N= 4556). CI confidence interval, IRR incidence rate ratio, OR odds ratio, OTC over-the-counter, SABA short-acting β2-agonist, SABINA
SABA use IN Asthma.

Fig. 4 Association of 1–2 vs ≥3 SABA prescriptions (both without SABA OTC purchase) with the level of asthma control assessed during
the study visit and severe exacerbations in the 12 months before the study visit in the SABINA III study population included in this
analysis (N= 4556). CI confidence interval, IRR incidence rate ratio, OR odds ratio, OTC over-the-counter, SABA short-acting β2-agonist,
SABINA SABA use IN Asthma.
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the Pan American Health Organization tackled antimicrobial
resistance in 201843; however, to be truly effective, interventions
will need to be accompanied by pharmacist-led education
campaigns. Owing to their clinical expertise, pharmacists are
uniquely positioned to play the role of a “SABA Guardian”9 and can
educate patients about the potential harms associated with SABA
overuse26, difference between controller and reliever medica-
tions44, and symptom-based use of a fast-acting β2-agonist–ICS
combination instead of SABAs45, which is also recommended by
GINA4. Additionally, suboptimal adherence to controller medica-
tions, which significantly affects disease control, remains common
and affects people of all ages around the world46–49. This issue
may be explained, in part, by patients’ perception about ICS-
containing medications being ineffective, as they do not provide
quick symptom relief compared with SABAs36. Therefore, in
countries where SABAs are available without a prescription,
pharmacists should play an active role in ensuring safe supply
of relievers by reviewing medication utilization, monitoring
adherence to asthma medications, addressing patient concerns
about medications, and overseeing both OTC purchase and
prescription trends50. Notably, the Asthma Right Care (ARC)
program was piloted in four countries (Canada, Portugal, Spain,
and the United Kingdom) by setting up a multi-national delivery
team, including patients, pharmacists, general physicians, and
nurses38,51,52. The ARC program was first introduced in Spain to
encourage community pharmacists to play a proactive role in
educating patients about the potential risks associated with SABA-
only treatment and referring them to their physicians for further
assessment of symptom control instead of dispensing relievers
OTC38. Since its inception, the program has broadened the scope
of community pharmacists, positioning them as integral members
of the healthcare team instead of a retailer; this in turn has led to
increased loyalty toward particular pharmacies and improved the
likelihood of the ICS:SABA ratio being nearly 6:1 rather than 1:638.
This study has a few limitations. SABA OTC purchase data were

based on patient recall and may therefore have been subject to
recall and nonresponse bias53,54. Prescription data served as a
surrogate proxy for medication usage or adherence and may not
always reflect actual medication use; therefore, SABA use may
have been overestimated or underestimated. Additionally, the
study was not designed to assess the association between OTC
SABA purchase and adherence to ICS-containing medications,
which could be a topic of future research. Patients included in this
analysis were predominantly treated under specialist care, thereby
representing a “better case scenario.” Nevertheless, to our knowl-
edge, this is the first analysis to assess the clinical burden
associated with unregulated access to SABA medications, with
results highlighting the key role that pharmacists, as accessible

HCPs, can play in addressing both SABA overprescription and
unregulated purchase of SABA OTC.
In summary, the results from this post hoc analysis of the SABINA III

study in over 4500 patients showed the incremental disease-related
burden linked with any SABA OTC purchase among patients already
prescribed SABAs. Although prescription of SABAs in excess of current
treatment recommendations (≥3 SABA canisters/year) was consis-
tently associated with an increased risk of severe exacerbations and
lower odds of having at least partly controlled asthma, disease-related
burden was the highest in patients who were overprescribed SABAs
and had purchased ≥1 SABA OTC. Overall, these findings highlight
that unregulated access to SABA OTC represents a serious global
health concern, necessitating a concerted effort from all HCPs and
policymakers to reduce SABA over-reliance and prevent avoidable
adverse outcomes in patients with asthma. Therefore, this is a call to
action for HCPs and policymakers to implement evidence-based
interventions supported by policy change, prioritize asthma control,
promptly identify patients at risk of overusing relievers, promote HCP
and patient education, implement SABA stewardship programs, and
further define the role of pharmacists in asthma management.

METHODS
Study design
The methodology for the SABINA III study has been published
previously11. In brief, this was a multi-country, observational, cross-
sectional study conducted in 24 countries, with patients recruited
from March 2019 to January 2020. Retrospective data were
obtained from existing medical records, and patient data,
including prescriptions for asthma medications and an assessment
of current asthma symptom control, were collected by physicians
during a single study visit and entered into an electronic case
report form (eCRF). At the study visit, physicians also enquired and
recorded whether patients had experienced exacerbations that
were not captured in their medical records. Data on SABA OTC
purchases were based on patient recall and were obtained directly
from patients at the study visit, which were subsequently entered
into the eCRF by the investigator. Potential primary and specialist
care study sites were selected using purposive sampling with the
aim of obtaining a sample representative of asthma management
within each participating country by a national coordinator, who
also facilitated the selection of investigators.
The study was conducted in accordance with the study

protocol, the Declaration of Helsinki, and local ethics committee
approvals. The study was approved by the ethics committee and
institutional review board of each participating country. All
patients or their legal guardians provided signed informed
consent in accordance with regulations set by the local ethics
review committee.

Fig. 6 Association of 1–2 SABA prescriptions (without SABA OTC purchase) vs ≥3 SABA prescriptions (with ≥1 SABA OTC purchase) with
the level of asthma control assessed during the study visit and severe exacerbations in the 12 months before the study visit in the
SABINA III study population included in this analysis (N= 4556). CI confidence interval, IRR incidence rate ratio, OR odds ratio, OTC over-the-
counter, SABA short-acting β2-agonist, SABINA SABA use IN Asthma.
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Patient population
At each site, patients aged ≥12 years with a documented
diagnosis of asthma, ≥3 prior consultations with their HCP, and
having medical records containing data for ≥12 months before
the study visit were enrolled. Patients with a diagnosis of other
chronic respiratory diseases, such as chronic obstructive pulmon-
ary disease, or with an acute or chronic condition that, in the
opinion of the investigator, would limit their ability to participate
in the study were excluded. As SABA OTC purchase is prohibited in
South Korea55 and Taiwan56 and strictly regulated in Singapore
and cannot usually be bought without prescription57, patients
from these three countries included in the SABINA III study were
excluded from this analysis. For the purpose of this analysis,
patients were categorized into two groups: SABA prescriptions
only (i.e., no SABA OTC purchase) and those with both SABA
prescriptions and SABA OTC purchases.

Study variables
Patients were categorized by SABA canister prescriptions (1–2 and
≥3 canisters) during the 12months before the study visit, and
overprescription was defined as prescription of ≥3 SABA canisters/
year. For consistency, across the entire SABINA program, one SABA
canister was assumed to contain 150 inhalations58.
Secondary variables included practice type (primary or specialist

care), investigator-classified asthma severity (guided by GINA
2017; treatment steps 1–2: mild asthma; treatment steps 3–5:
moderate-to-severe asthma)59, and asthma duration. Other vari-
ables included healthcare insurance (not reimbursed, partially
reimbursed, or fully reimbursed), education level (primary school,
secondary school, high school, or university and/or post-university
education), body mass index (BMI), number of comorbidities (0,
1–2, 3–4, or ≥5), and tobacco smoking status (active, former, or
never smoker).

Outcomes
Asthma symptom control was evaluated according to the GINA
2017 assessment of asthma control and categorized as well-
controlled, partly controlled, or uncontrolled59. Severe exacerba-
tions in the 12months before the study visit were based on the
American Thoracic Society/European Respiratory Society recom-
mendations60 and defined as a deterioration in asthma resulting
in hospitalization or emergency room treatment, the need for
intravenous corticosteroids or oral corticosteroids for ≥3 days, or a
single intramuscular corticosteroid dose.

Statistical analysis
All analyses were performed at the population level and were
aggregated by countries. The association of SABA prescriptions (1–2
vs ≥3 canisters) and SABA OTC purchases with the odds of achieving
at least partly controlled asthma (uncontrolled asthma as the
reference; expressed as OR) at the study visit and the incidence rate
of severe exacerbations (expressed as IRR) in the previous 12 months
were analyzed using logistic regression and negative binomial
models, respectively. Patients with 0 SABA prescriptions were
excluded from the association analysis as it was not possible to
determine the reliever medication used; this group was highly
heterogeneous and included patients with no prescriptions for
relievers and those with prescriptions for low-dose ICS/formoterol as
reliever or alternative relievers. The regression models were adjusted
for prespecified covariates and potential confounders based on the
literature and modeling data from the SABINA I study14. Covariates
included age (continuous), country, sex, BMI (continuous), education
level, healthcare insurance, practice type, investigator-classified
asthma severity, asthma duration (continuous), number of comorbid-
ities, and tobacco smoking status.
To better understand the association of SABA prescriptions and

SABA OTC purchases with asthma-related health outcomes, four
association analyses were conducted (Fig. 7). All statistical tests

Fig. 7 Description of four analyses to evaluate the association of SABA prescriptions and SABA OTC purchase with asthma-related health
outcomes in the SABINA III population (N= 4556). OTC over-the-counter, SABA short-acting β2-agonist, SABINA SABA use IN Asthma.

D Price et al.

8

npj Primary Care Respiratory Medicine (2024)    34 Published in partnership with Primary Care Respiratory Society UK



were two-sided and at a 5% level of significance and were
performed using the statistical software R (version 3.6.0).

Reporting summary
Further information on research design is available in the Nature
Research Reporting Summary linked to this article.
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