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ABSTRACT

Introduction: Patients with asthma typically
increase short-acting p,-agonists (SABA) use
with worsening symptoms. Excessive SABA use
may lead to a higher risk of adverse outcomes.
We evaluated, in a large population cohort, an
association between SABA inhaler use and
asthma exacerbations and healthcare
utilization.
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Methods: As part of the SABINA (SABA use IN
Asthma) global program, we conducted a ret-
rospective longitudinal observational study
(SABINA I) using UK primary care electronic
healthcare records (Clinical Practice Research
Datalink; 2007-2017) from asthma patients
aged > 12 years. SABA inhaler use was classified
as ‘high use’, > 3 canisters/year versus ‘low use’,
0-2 canisters/year. Taking into consideration all
their asthma prescriptions, patients were cate-
gorized into a treatment step according to 2016
British Thoracic Society (BTS) asthma manage-
ment guidelines. Multivariable regression
assessed the association of SABA inhaler use by
BTS treatment steps (grouped as BTS steps 1/2
and 3-5), separately, and with outcomes of
exacerbations or asthma-related healthcare uti-
lization (primary care and hospital outpatient
consultations); only patients with linked hos-
pital data were included in this analysis.

Results: Of the 574,913 patients included,
218,365 (38%) had high SABA inhaler use.
Overall, 336,412 patients had linked hospital
data. High SABA inhaler use was significantly
associated with an increased risk of exacerba-
tions [adjusted hazard ratio, 95% confidence
interval (CI): BTS steps 1/2 = 1.20, 1.16-1.24;
BTS steps 3-5 = 1.24, 1.20-1.28], asthma-related
primary care consultations [adjusted incidence
rate ratio (IRR), 95% CI: BTS steps 1/2 = 1.24,
1.23-1.26; BTS steps 3-5 = 1.13, 1.11-1.15], and
asthma-related hospital outpatient consulta-
tions (adjusted IRR, 95% CI: BTS steps
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1/2=1.19, 1.12-1.27; BTS steps 3-5=1.19,
1.13-1.26).

Conclusion: High SABA inhaler use was fre-
quent across BTS steps and was associated with a
significant increase in exacerbations and
asthma-related healthcare utilization.

Keywords: Asthma; Asthma-related hospitali-
zation; Emergency department visits; Exacer-
bations; Short-acting beta-2 agonists

Key Summary Points

Why carry out this study?

In the United Kingdom (UK), asthma
exacerbations lead to increased
hospitalizations and even death.

Despite the availability of inhaled
corticosteroids, which reduce airway
inflammation in asthma, patients tend to
overuse short-acting f,-agonists (SABA),
which do not address inflammation but
only offer immediate symptom relief.

As part of the SABINA (SABA use IN
Asthma) program, this study (SABINA I)
was conducted to better understand the
extent of SABA inhaler use and any
associated impact on asthma-related
exacerbations and healthcare utilization
in the UK.

What was learned from the study?

High SABA use (> 3 SABA canisters/year)
was observed in over one-third of UK
asthma patients (n = 574,913).

High SABA use was associated with a
significant increase in exacerbations and
healthcare utilization (primary care and
hospital outpatient visits), regardless of
treatment step or asthma severity and
after adjusting for multiple known
exacerbation risk factors.

The Global Initiative for Asthma no longer
recommends treating adolescents and
adults with as-needed SABA alone for
symptom relief. As these findings reveal
high SABA use and associated burden even
in patients with mild asthma, there is a
need to align SABA prescription practices
with current treatment recommendations.

INTRODUCTION

Asthma is a fluctuating disease, with day-to-day
variability in inflammation and correspond-
ingly, lung function and symptoms. In the
United Kingdom (UK), approximately 7% of the
population have active, physician-diagnosed
asthma [1]. Asthma management guidelines
recommend a stepwise approach to treatment
in order to control symptoms and reduce the
risk of exacerbations [2, 3]. For decades, the use
of short-acting p,-agonists (SABA) has been
recommended both as the first treatment step
and for symptomatic relief in patients across the
spectrum of asthma. A post hoc analysis of the
3-year inhaled Steroid Treatment As Regular
Therapy (START) study has shown that treat-
ment with inhaled corticosteroids (ICS) reduced
the risk of an asthma-related hospital admission
or emergency department visit or death in mild
asthma patients compared with placebo [4].
Additionally, two recent randomized controlled
trials demonstrated that symptom-driven use of
ICS-containing reliever medication reduced the
risk of exacerbations in patients with mild
asthma as compared with as-needed SABA [5],
and was noninferior to daily ICS medication [6].
These studies, alongside earlier evidence and
safety concerns since the 1990s regarding the
use of SABA [7, 8], led to a landmark change in
the 2019 Global Initiative for Asthma (GINA)
report, which no longer recommended treat-
ment with SABA alone and instead recommends
low-dose ICS-containing medication as the
preferred reliever at GINA steps 1 and 2, and, in
steps 3-5, for patients prescribed ICS-formoterol
maintenance and reliever therapy [2, 9]. Since
the GINA update, multiple studies conducted in
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clinical practice settings have demonstrated the
validity of using ICS-formoterol reliever therapy
to lower the risk of exacerbations compared
with use of SABA as needed [10, 11].

While poor ICS adherence is a concern,
regardless of the use of controller medication,
high SABA use has been found to be associated
with poorer clinical outcomes, including exac-
erbations and mortality, in addition to
increased healthcare utilization [12-18]. There
is a growing view that worsening inflammation
contributes toward symptomatic episodes, and
that the first-line treatment of worsening
symptoms should be with an anti-inflammatory
medication (such as ICS-containing medica-
tion) rather than purely symptom management
with SABA alone [19, 20].

To better understand the impact of SABA
inhaler use, the SABINA (SABA use IN Asthma)
global program was initiated to describe asthma
treatment patterns, the extent of SABA inhaler
use, and its subsequent impact on asthma-re-
lated clinical outcomes [21]. This study (SABINA
I) examined prescription patterns and the
impact of SABA inhaler use on asthma-related
health outcomes in the UK.

METHODS

Data Sources

The Clinical Practice Research Datalink (CPRD-
GOLD) currently encompasses primary care
data for over 40 million patients across the UK
[22], and is representative of the population
with respect to age, sex, and body mass index
(BMI) [23]. Hospital admissions and outpatient
consultation data were obtained from the
Hospital Episode Statistics (HES) database. HES
only covers hospitals in England; therefore,
only around 60% of CPRD practices have
patient-level linkage to HES, the Office for
National Statistics mortality data, and the Index
of Multiple Deprivation (IMD) socioeconomic
data.

Study Design and Population

We conducted a retrospective, longitudinal,
open-cohort study; asthma patients were iden-
tified using validated diagnostic codes [24].
Patients had to have an asthma diagnostic code
within 3 years of index date and could either be
a new diagnosis (first code occurred in the
baseline year, which was 12 months prior to
index date) or prevalent disease (> 2 validated
asthma codes or asthma medication prescrip-
tions > 1 year apart). Index date was set as the
latest date of any of the following: asthma
diagnosis, 12th birthday, start of study period
(April 1, 2007), 1 year after the general practi-
tioner (GP) practice began recording research
quality data (CPRD quality control), or 1 year
after their continuous CPRD practice registra-
tion date (Fig. S1). Patients were censored at the
earliest date of death, the end of study period
(December 31, 2017), the last CPRD data col-
lection date, or the date transferred out of a
CPRD practice. Patients managed on the high-
est treatment step [continuous or frequent oral
corticosteroid (OCS) use] were excluded as these
patients are often managed in both primary and
secondary care, and their CPRD records may not
be complete. Moreover, these patients are
unique and regularly use OCS as part of their
management; they also constitute approxi-
mately < 1% of the cohort. All patients who
met the eligibility criteria were included in the
prescription analysis. Only patients with
CPRD-HES-linked records contributed to the
analysis of asthma outcomes (as the outcome
measurements required hospital data).

Outcomes and Covariates

Exacerbations were defined as previously
described [1, 25, 26], as asthma worsening that
necessitated a short course of OCS (GP-managed
exacerbation), an Accident and Emergency
(A&E) department visit for asthma, a hospital
admission or death secondary to asthma. A
course of OCS was defined as a prescription [not
during an annual asthma review or on days
treated for other steroid responsive diseases (see
Appendix for list of other steroid responsive
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diseases)] of a total amount < 300 mg. Primary
care consultations for asthma were identified in
CPRD as the date of a consultation that occur-
red on the same day as an asthma diagnostic
code. Hospital consultations were identified in
HES as the date of a respiratory outpatient
clinic. Of note, mortality events in this asthma
cohort were too few to be analyzed separately.

The following variables were recorded in the
baseline year (12 months before the study entry
date): ‘SABA inhaler use’ (number of canisters
prescribed), ‘ICS use’ (maximum ICS dose pre-
scribed), proportion of days covered (PDC) by
ICS prescriptions, number of exacerbations, and
treatment step. SABA inhaler use was catego-
rized as ‘low use’ (0-2 SABA canisters/year) or
‘high use’ (> 3 SABA canisters/year). Guideline
recommendations for mild asthma in the UK
are such that > 3 puffs per week is considered
inadequate control [27]. In the UK, SABA can-
isters contain 100 or 200 puffs and some
patients keep a ‘spare’ SABA inhaler; therefore, a
cut-off of > 3 canisters was set. SABA inhaler
use was also used as a categorical variable
(canisters per baseline year: 0-1, 2, 3-6, 7-12,
and > 13). PDC was used as a measure of
adherence [28] and was calculated as the pro-
portion of the baseline year that had days cov-
ered by ICS prescriptions. Treatment step was
assigned based on correlation between pre-
scriptions recorded and treatment proposed in
the 2016 Scottish Intercollegiate Guidelines
Network/British Thoracic Society (SIGN/BTS)
guidelines [27]; patients were thus classified
into steps 1-5 according to their highest ICS
prescription dose in the baseline year [step
1 =no ICS, step 2 = low-dose ICS (400-799 pg,
beclomethasone dipropionate equivalent), step
3 = low-dose ICS + long-acting B,-agonist, step
4 = medium-dose ICS (800-1599 ng) + addi-
tional therapies, step S =high-dose ICS
(> 1600 pg) + additional therapies] [25]. A his-
tory of atopy, gastroesophageal reflux, smoking,
pneumonia, anxiety, and depression was recor-
ded using appropriate diagnostic codes (avail-
able upon request). Chronic obstructive
pulmonary disease (COPD) was identified by
validated diagnostic codes, a smoking history,
and age > 35 years, while non-smokers with

COPD were identified using validated diagnos-
tic codes and age > 35 years [29, 30].

Statistical Analysis

Prescription analysis described the number and
proportion of patients in each SABA category in
the baseline year by treatment step. Outcomes
analysis addressed the association between
SABA inhaler use and exacerbations, primary
care consultations, and hospital consultations.
The mean number of exacerbations during the
first year of follow-up and the incidence rate of
exacerbations during total study follow-up were
estimated according to asthma severity desig-
nated by treatment step (grouped as BTS steps
1/2 for mild asthma and steps 3-5 for moderate-
to-severe asthma) and SABA inhaler use. To
estimate the association between SABA inhaler
use and exacerbations, the Cox proportional
hazard regression model was used with Ander-
sen-Gill extension to account for repeat out-
comes. To estimate the association between
SABA inhaler use and primary care consulta-
tions, a mixed-effects negative binomial regres-
sion model was used; random effects accounted
for clustering by patient. To estimate the asso-
ciation between SABA inhaler use and hospital
consultations, zero-inflated negative binomial
regression, with age as the zero-inflated vari-
able, was used. All regression models used
complete case analysis, were stratified by BTS
step, and adjusted for age, gender, socioeco-
nomic status (defined using the 2015 Index of
Multiple Deprivation [31]), BMI, smoking his-
tory, exacerbation history, ICS use, PDC, and
comorbidities. Sensitivity analyses were con-
ducted including SABA inhaler use as a cate-
gorical variable, excluding patients with a
COPD co-diagnosis and excluding patients who
were not prescribed a SABA inhaler in the
baseline year, and for BTS step 2 patients using
ICS. All analyses were performed using STATA
14.2.

Ethical Approval

The protocol for this research was approved by
the Independent Scientific Advisory Committee
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(ISAC) for the Medicines and Healthcare prod-
ucts Regulatory Agency (MHRA) Database
Research (protocol number 18_080R) and the
approved protocol was made available to the
journal and reviewers during peer review. Gen-
eric ethical approval for observational research
using CPRD with approval from ISAC was
granted by a Health Research Authority (HRA)
Research  Ethics Committee (East Mid-
lands-Derby, REC Reference No. 05/MRE04/87).
Linked pseudonymized data were provided for
this study by CPRD. Data were linked by
National Health Service (NHS) Digital, the
statutory trusted third party for linking data,
using identifiable data held only by NHS Digi-
tal. Select practices consent to this process at a
practice level, with individual patients having
the right to opt-out.

RESULTS

SABA Inhaler Use Patterns by Asthma
Treatment Steps

Of the 709,268 asthma patients identified in the
CPRD from April 1, 2007 to December 31, 2017,
a total of 574,913 patients were eligible for the
prescription analysis (Fig. S1). Of the 134,355
patients excluded, 26,627 belonged to BTS step
6 or were not following BTS guidelines. In step
1, 12% of the patients were high SABA users
(Fig. 1). However, the proportion of high SABA
users increased with increasing treatment step

Eligible patients
574,913

(step 2 = 44%, step 3 = 54%, step 4 = 57%); over
two-thirds of the patients in step 5 were high
SABA users (68%). Of note, across BTS steps, a
proportion of asthma patients did not receive
any SABA inhaler prescriptions in the baseline
year (step 1 = 56%, step 2 = 9.6%, step 3 = 14%,
step 4 = 13%, step 5 = 9.8%) (Fig. S2). Of those
in step 1 not prescribed a SABA inhaler in the
baseline year (n=151,760), 91% in the year
before or after the baseline year had either been
prescribed asthma medication (n = 105,741) or
had attended a GP asthma consultation
(n =31,710). Thus, only 7.3% (n=14,309) of
patients in BTS step 1 did not have any asthma
treatment in the year before or after the baseline
year.

Patient Characteristics of the Outcomes
Cohort

A total of 336,412 patients were eligible for the
outcomes cohort (Fig. S1); 222,135 (66%) were
receiving BTS steps 1/2 treatment, and 114,277
(34%) received steps 3-5 treatment (Table 1).
Approximately 60% were female across BTS
steps; the majority of patients were aged
18-55 years, 59% in the BTS steps 1/2 cohort
and 51% in the BTS steps 3-5 cohort. Among all
asthma patients, only 61,428 (18%) had > 75%
of days covered with ICS prescriptions, while
118,237 (53%) had no ICS prescriptions. High
SABA use occurred among 26% and 57% of BTS
steps 1/2 and 3-5 asthma patients, respectively.

171,000 24,311 100,432 77,513 29,133
{B8%) {12%) {56%) {44%) {46%)

Low SABA use |High SABA use| Low SABA use |(High SABA use| Low SABA use |[High SABA use| Low SABA use|High SABA use| Low SABA use|High SABA use|

33,764 45,538 60,129 10,445 22,648
(54%) (43%) (57%) (32%) (68%)

Fig. 1 Description of SABA inhaler use according to BTS
treatment step (prescription analysis). BTS British Tho-
racic Society, ICS inhaled corticosteroids, SABA short-
acting Bz—agonists. Low use: 0-2 SABA canisters/year;
high use: > 3 SABA canisters/year. Step I = no ICS; step

2 = low-dose ICS; step 3 = low-dose ICS + long-acting
B,-agonist; szep 4 = medium-dose ICS =+ additional ther-
apies; szep S = high-dose ICS =+ additional therapies

A\ Adis



Adv Ther (2020) 37:4190-4208

4195

Table 1 Demographics and characteristics of patients at

BTS steps 1/2 and 3-5 at baseline (outcomes cohort)

Characteristic BTS steps 1/2 BTS steps
n (%) 3-5 2 (%)
Total 222,135 (100) 114,277 (100)

Sex (female) 123,710 (55.7)

Age group (years)

12-17 43,614 (19.6)
18-55 131,445 (59.2)
> 55 47,076 (21.2)

Body mass index (kg/m?)

Normal (18.5-25) 72,815 (32.8)
Underweight (< 18.5) 12,047 (5.4)
58,684 (26.4)
50,117 (22.6)

Overweight (25-30)
Obese (> 30)

Missing 28,472 (12.8)
Socioeconomic status (IMD)

1 (least deprived) 36,338 (16.4)

2 43,873 (19.8)

3 44208 (19.9)

4 45,947 (20.7)

5 51,769 (23.3)
Smoking history

Never 105,123 (47.3)

Current smoker 43,801 (19.7)
69,716 (31.4)

3,495 (1.6)

Ex-smoker
Missing

BTS treatment step®

Step 1 118,237 (53.2)
Step 2 103,898 (46.8)
Step 3 N/A
Step 4 N/A
Step S N/A

66,149 (57.9)

7,980 (7.0)
58,010 (50.8)
48,287 (42.3)

32,551 (28.5)
3,548 (3.1)
34,657 (30.3)
35,590 (31.1)
7,931 (6.9)

17,751 (15.5)
22,537 (19.7)
21,064 (18.4)
23,996 (21.0)
28,929 (25.3)

40,087 (35.1)
23,246 (20.3)
50,459 (44.2)
485 (0.4)

N/A
N/A
37,129 (32.5)
59,018 (51.6)
18,130 (15.9)

Table 1 continued

Characteristic BTS steps 1/2 BTS steps
n (%) 3-5 n (%)
ICS use (BDP equivalent)
None 118,237 (53.2) N/A
Low dose 103,898 (46.8) 28,736 (25.1)

(400-799 pg/day)

Medium dose N/A
(800-1599 pg/day)
High dose N/A
(> 1600 pg/day)
PDC
No ICS 118,237 (53.2)

59,422 (26.8)
30,752 (13.8)
13,724 (6.2)

Ist quantile
2nd quantile
3rd quantile
SABA inhaler use (canisters/year)

0 77,469 (34.9)
1 56,332 (25.4)
2 30,981 (13.9)
3-6 41,033 (18.5)
7-12 13,197 (5.9)
> 13 3,123 (14)

60,790 (53.2)

24,751 (21.7)

N/A

27,094 (23.7)
39,479 (34.5)
47,704 (41.7)

14,819 (13.0)
18,798 (16.4)
15,860 (13.9)
36,649 (32.1)
20,626 (18.0)
7,525 (6.6)

Number of exacerbations (in the year before the study)

None 205,669 (92.6)

1 13,155 (5.9)

2 2,002 (0.9)

3 455 (0.2)

> 4 854 (0.4)
Atopy 97,496 (43.9)
Depression 41,455 (18.7)
Anxiety 34,594 (15.6)
Reflux disease 16,346 (7.4)

86,969 (76.1)
17,086 (15.0)
5,619 (4.9)
2,204 (1.9)
2,399 (2.1)
49,643 (43.4)
28,791 (25.2)
22,793 (19.9)
14,349 (12.6)
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Table 1 continued

Characteristic BTS steps 1/2 BTS steps

n (%) 3-5 2 (%)
Pneumonia 6,527 (2.9) 5,583 (4.9)
COPD 5,439 (2.4) 16,033 (14.0)

BDP beclomethasone dipropionate, BTS British Thoracic
Society, COPD chronic obstructive pulmonary disease, /CS
inhaled corticosteroids, IMD Index of Multiple Depriva-
tion, N/A not applicable, PDC proportion of days covered,
SABA short-acting ,-agonists

* Step 1 no ICS; step 2 low-dose ICS; step 3 low-dose
ICS + long-acting [,-agonist; step 4 medium-dose
ICS + additional therapies; szgp 5 high-dose ICS + ad-

ditional therapies

The proportions of asthma patients at BTS steps
1/2 and 3-5 who experienced > 1 exacerbation
during the baseline year were 7% and 24%,
respectively.

SABA Inhaler Use and Exacerbations

The mean number of exacerbations during the
first year of follow-up was 1.7-2.2 times higher
among high SABA users than among low SABA
users across treatment steps (Fig.2). In all
patients, the rate of exacerbations was almost
double in high SABA users compared with low
SABA users [BTS steps 1/2: low SABA use = 1.66
exacerbations per 10 person-years, 95% confi-
dence interval (CI) 1.62-1.69 and high SABA
use = 2.96 exacerbations per 10 person-years,
95% CI 2.87-3.05; BTS steps 3-5: low SABA
use = 4.15 exacerbations per 10 person-years,
95% CI 4.04-4.26 and high SABA use = 7.83
exacerbations per 10 person-years, 95% CI
7.70-7.96; Table 2]. The increase in exacerba-
tion rates in high SABA users compared with
low SABA users remained regardless of where
the exacerbation was treated (by a GP, in an
A&E department, or in a hospital; Table 3).
Patients at BTS steps 1/2 with high SABA use
had a 20% increased rate of exacerbations
compared with low SABA users, even after
adjusting for ICS wuse, age, gender, BMI,

socioeconomic status, smoking, recent exacer-
bations and history of pneumonia, atopy,
reflux, COPD, anxiety, and depression [adjusted
hazard ratio (HR) = 1.20, 95% CI 1.16-1.24].
Patients at BTS steps 3-5 with high SABA use
had a 24% increased rate of exacerbations (ad-
justed HR = 1.24, 95% CI 1.20-1.28) (Table 4).

For BTS steps 1/2 patients, a significant
dose-response effect of increased exacerbation
risk was found with increasing SABA inhaler use
once patients used > 3 SABA canisters/year
[SABA canisters/year, HR (95% CI) 2 =1.00
(0.96-1.05); 3-6 = 1.14 (1.09-1.19); 7-12 = 1.26
(1.18-1.33); = 13 = 1.52 (1.37-1.68); Table 5].
In BTS steps 3-5 patients, the dose-response
effect occurred at > 2 SABA canisters/year
[SABA canisters/year, HR (95% CI) 2 =1.09
(1.04-1.14); 3-6 = 1.19 (1.14-1.23); 7-12 = 1.37
(1.31-1.43); > 13 = 1.55 (1.47-1.64); Table 5].

Estimates were not significantly affected by
the exclusion of patients with COPD or zero-
SABA inhaler users in the sensitivity analyses
(Tables S1-S3). Similar results were seen among
patients at BTS steps 1/2 who were prescribed
ICS (Table S4). Notably, exacerbation risk was
strongly associated with the highest adherence
tertile in this subset of patients.

SABA Inhaler Use and Primary Care
and Hospital Consultations

The adjusted incidence rate ratio (IRR) for pri-
mary care consultations comparing high SABA
users with low SABA users was 1.24 (95% CI
1.23-1.26) among BTS step 1/2 patients and
1.13 (95% CI 1.11-1.15) among patients at BTS
steps 3-5 (Table 6). For hospital consultations,
the adjusted IRR was 1.19 (95% CI 1.12-1.27)
among BTS steps 1/2 patients and 1.19 (95% CI
1.13-1.26) among BTS steps 3-S5 patients,
respectively (Table 7).

DISCUSSION

In this real-world, observational study, high
SABA inhaler use was prevalent in over one-
third of UK patients with asthma. High SABA
users were significantly more likely to have
exacerbations than low SABA users, even after

A\ Adis



Adv Ther (2020) 37:4190-4208

4197

0.90

0604 0.79
2
H 0.70 H
= 0.61
2 060
@
o
%
X 050
5 0.41
g 040+ 0.37
'E 0.29
2 030 .
§ 0.20 0.21 0.22

0.20 H
= 0.12

0.09
vl ]
0.00 =
Low High Low High Low High Low High Low High
SABA use SABAuse | SABAuse SABAuse | SABAuse SABAuse | SABAuse SABAuse | SABAuse SABA use
(n=92,510) (n=12,417)|(n=54,523) (n=40,320) | (n=15,304) (n=17,220) | (n=23,187) (n=29,402) | (n=5,365) (n=10,844)
BTS step 1 BTS step 2 BTS step 3 BTS step 4 BTS step 5

Fig. 2 Mean number of exacerbations in the first year of
follow-up, by BTS treatment step and SABA inhaler use
frequency (outcomes cohort). BTS British Thoracic Soci-
ety, ICS inhaled corticosteroids, SABA short-acting [3,-
agonists. Step 1 no ICS; step 2 low-dose ICS; step 3 low-

Table 2 Rate of exacerbations by BTS treatment step and
SABA inhaler use

BTS SABA Exacerbation rate ~ 95% CI

treatment inhaler  (per 10 person-

step use” years)

BTS steps  Low use  1.66 1.62-1.69
1/2 High use  2.96 2.87-3.05

BTS steps  Low use  4.15 4.04-4.26
3-5 High use 7.83 7.70-7.96

BTS British Thoracic Society, CI confidence interval,
SABA short-acting B,-agonists

* Low use: 02 SABA canisters/year; high use: > 3 SABA
canisters/year

considering multiple known exacerbation risk
factors, in patients across BTS steps. High SABA
users were also significantly more likely to
attend primary care consultations and consul-
tations with a specialist, regardless of asthma
severity.

Consistent with previous UK data [25], the
majority of patients (65%) received BTS steps
1/2 treatment and may be considered to have
mild asthma. Notably, over half of the patients
were managed on BTS step 1 treatment. While

dose ICS + long-acting PB,-agonist; szep 4 medium-dose
ICS =+ additional therapies; sz¢p S high-dose ICS £ addi-
tional therapies. Low use: 0-2 SABA canisters/year; high
use: > 3 SABA canisters/year

the BTS guidelines are used across the UK, both
BTS and GINA recommend a stepwise approach
to the pharmacological treatment of asthma
and until recently [9], GINA recommended a
similar management approach for patients with
mild asthma [32]. However, the 2019 GINA
report saw a fundamental change, recom-
mending that step 1 treatment is no longer
SABA alone but includes low-dose ICS-for-
moterol as a preferred reliever [2]. Our study
found that even mild asthma patients experi-
enced exacerbations, in keeping with previous
findings [5, 6, 26, 33-35], and that this risk
appeared to be further elevated with high SABA
use. This analysis points to an association but
not a causal relationship between over-reliance
on SABA inhalers and poor clinical outcomes in
patients with mild asthma. This evidence of an
association even while adjusting for confound-
ing factors, such as exacerbation history (po-
tentially indicating poor control), ICS dose, and
PDC (in BTS step 2 patients), indicates that high
use of SABA inhalers, in part, may contribute to
poor clinical outcomes in this subset of
patients. These real-world findings therefore
appear to support the concept of treating mild
asthma patients with anti-inflammatory medi-
cations and not just a short-acting bron-
chodilator alone.
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Table 3 Rate of exacerbations by BTS treatment step, exacerbation management, and SABA inhaler use

BTS treatment Exacerbation SABA inhaler Exacerbation rate (per 10 person- 95% CI
step management use” years)
BTS steps 1/2 Low use 1.59 1.56-1.63
GP visit High use 2.85 2.76-2.93
BTS steps 3-5 Low use 4.06 3.95-4.17
High use 7.56 7.43-7.70
BTS steps 1/2 Low use 0.04 0.04-0.04
A&E visit High use 0.06 0.06-0.06
BTS steps 3-5 Low use 0.05 0.05-0.06
High use 0.14 0.14-0.14
BTS steps 1/2 Low use 0.04 0.03-0.04
Hospital admission High use 0.06 0.06-0.07
BTS steps 3-5 Low use 0.07 0.06-0.08
High use 0.22 0.20-0.24

AeE Accident and Emergency, BTS British Thoracic Society, CI confidence interval, GP general practitioner, SABA

short-acting B,-agonists

* Low use: 0-2 SABA canisters/year; high use: > 3 SABA canisters/year

A significant dose-response effect of
increased exacerbation risk with increasing
SABA inhaler use was seen across severities.
SABA inhaler use, from as few as 2 canisters/year
in patients receiving BTS steps 3-S5 treatment
(and thus potentially having moderate-to-sev-
ere asthma), was a significant risk factor for
exacerbations even after considering disease
severity and multiple other known risk factors.
Earlier observational studies addressing con-
cerns related to SABA use have reported similar
results, but the studies have only focused on
hospitalized exacerbations [15-17, 36]. In con-
trast, our study addressed exacerbations man-
aged within primary and secondary care.

The largest study preceding this one was
carried out in a Canadian population, which
used administrative data to evaluate the risk of
SABA use on hospitalizations [12]. They found
an increase in hospitalizations, but the question
remained whether the increases observed were
related to the financial barriers faced by some
Canadian patients due to incomplete publicly

administered medication coverage. Similarly, a
previous study conducted in the United States,
which also used administrative data, found
considerable increments in total healthcare
costs with increasing SABA use, posing the same
question about the impact of financial barriers
[16]. This UK study, evaluating the impact in a
population with complete medication coverage,
has shown that the association between high
SABA use and adverse asthma outcomes and
healthcare utilization is not related to financial
barriers.

Notably, these results highlight high SABA
use and associated burden even in patients with
mild asthma. Whether the healthcare utiliza-
tion burden associated with high SABA use is
due to patients having poor asthma control, or
whether this represents actual burden associ-
ated with high SABA use itself, will require fur-
ther investigation. It is possible that increased
SABA inhaler use is preceded by the deteriora-
tion of asthma control and is reflected by an
increase in patient’s symptoms. Asthma control
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Table 4 Association between exacerbations and demographic and clinical characteristics in BTS treatment steps 1/2 and

3-5 asthma cohorts

Characteristic

BTS steps 1/2

BTS steps 3-5

Adjusted® HR 95% CI Adjusted® HR _ 95% CI

SABA inhaler use”

Low use Reference

High use 1.20 1.16-1.24 1.24 1.20-1.28
Sex

Male Reference

Female 1.32 1.27-1.36 1.16 1.12-1.19
Age group (years)

12-17 Reference

18-55 1.45 1.38-1.53 1.10 1.03-1.18

> 55 2.59 2.44-2.75 1.58 1.47-1.69
Body mass index (kg/m?)

Normal (18.5-25) Reference

Underweight (< 18.5) 1.21 1.10-1.34 1.09 1.01-1.19

Overweight (25-30) 1.08 1.04-1.13 1.01 0.97-1.04

Obese (> 30) 124 1.19-1.29 1.03 1.00-1.07
Socioeconomic status (IMD)

1 Reference

2 1.12 1.06-1.18 1.05 1.00-1.09

3 1.18 1.12-1.24 1.11 1.06-1.16

4 1.18 1.12-1.24 1.07 1.03-1.12

5 1.22 1.16-1.28 1.10 1.05-1.14
Smoking history

Never Reference

Current smoker 1.44 1.38-1.50 1.18 1.14-1.23

Ex-smoker 1.12 1.08-1.17 1.10 1.06-1.13
ICS use (BDP equivalent)

No ICS Reference

Low dose (400-799 pg/day) 1.06 1.03-1.10 Reference

Medium dose (800-1599 pg/day) N/A N/A 1.16 1.12-1.20

High dose (> 1600 pg/day) N/A N/A 1.40 1.35-1.46
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Table 4 continued

Characteristic BTS steps 1/2 BTS steps 3-5
Adjusted® HR 95% CI Adjusted® HR _ 95% CI

PDC

Lowest tertile (0.3-17%) N/A N/A Reference

Middle tertile (17-42%) N/A N/A 1.05 1.00-1.09

Highest tertile (42-100%) N/A N/A 118 1.13-1.23
Exacerbations

None Reference

1 2.85 2.72-2.98 2.12 2.05-2.19

2 5.09 4.69-5.52 3.15 3.03-3.28

>3 20.50 18.92-21.73 6.54 6.34-6.68
Atopy 1.00 0.97-1.04 1.02 1.00-1.05
Depression 1.15 1.11-1.20 1.08 1.05-1.11
Anxiety 1.07 1.03-1.12 1.03 1.00-1.07
Reflux disease 1.24 1.18-1.31 1.08 1.04-1.11
Pneumonia 1.26 1.16-1.37 1.17 1.11-1.23
COPD 1.50 1.39-1.61 1.48 1.43-1.53

BDP beclomethasone dipropionate, BTS British Thoracic Society, CI confidence interval, COPD chronic obstructive
pulmonary disease, HR hazard ratio, ICS inhaled corticosteroids, JMD Index of Multiple Deprivation, N/A not applicable,
PDC proportion of days covered, SABA short-acting B,-agonists

* The model was adjusted by all the variables shown in the table

> Low use: 0-2 SABA canisters/year; high use: > 3 SABA canisters/year

Table S Association between exacerbations and SABA inhaler use as a categorical variable in patients with asthma at BTS
treatment steps 1/2 and 3-5

SABA inhaler use (canisters/year) BTS steps 1/2 BTS steps 3-5

Adjusted®* HR 95% CI Adjusted®* HR 95% CI
0-1 Reference Reference
2 1.00 0.96-1.05 1.09 1.04-1.14
3-6 1.14 1.09-1.19 1.19 1.14-1.23
7-12 1.26 1.18-1.33 1.37 1.31-1.43
> 13 1.52 1.37-1.68 1.55 1.47-1.64

BTS British Thoracic Society, CI confidence interval, HR hazard ratio, SABA short-acting [3,-agonists
* Adjusted for inhaled corticosteroid use, age, gender, body mass index, socioeconomic status, smoking, exacerbations in the
previous year, pneumonia, atopy, gastroesophageal reflux, chronic obstructive pulmonary disease, anxiety, and depression
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Table 6 Association between primary care consultations and demographic and clinical characteristics in BTS treatment

steps 1/2 and 3-5 asthma cohorts

Characteristics

BTS steps 1/2

BTS steps 3-5

Adjusted® IRR 95% CI Adjusted® IRR ~ 95% CI

SABA inhaler use”

Low use Reference

High use 1.24 1.23-1.26 1.13 1.11-1.15
Sex

Male Reference

Female 1.02 1.01-1.03 1.08 1.07-1.09
Age group (years)

12-17 Reference

18-55 0.78 0.77-0.80 0.74 0.72-0.76

> 55 0.93 0.91-0.94 0.84 0.81-0.86
Body mass index (kg/m?)

Normal (18.5-25) Reference

Underweight (< 18.5) 1.02 1.00-1.05 0.92 0.89-0.96

Overweight (25-30) 1.02 1.01-1.03 1.02 1.01-1.04

Obese (> 30) 1.04 1.02-1.05 1.02 1.01-1.04
Socioeconomic status (IMD)

1 Reference

2 0.97 0.96-0.99 0.98 0.96-1.00

3 0.97 0.96-0.99 0.99 0.97-1.01

4 1.08 1.06-1.09 1.11 1.09-1.13

5 1.09 1.07-1.10 1.02 1.00-1.04
Smoking history

Never Reference

Current smoker 0.99 0.98-1.01 0.96 0.95-0.98

Ex-smoker 1.17 1.16-1.18 1.16 1.15-1.18
ICS use (BDP equivalent)

No ICS Reference N/A N/A

Low dose (400-799 pg/day) 1.36 1.34-1.37 Reference

Medium dose (800-1599 pg/day)  N/A N/A 1.02 1.01-1.04

High dose (> 1600 pg/day) N/A N/A 1.09 1.07-1.11
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Table 6 continued

Characteristics BTS steps 1/2 BTS steps 3-5
Adjusted® IRR 95% CI Adjusted® IRR _ 95% CI

PDC

Lowest tertile (0.3-17%) N/A N/A Reference

Middle tertile (17-42%) N/A N/A 1.16 1.14-1.18

Highest tertile (42-100%) N/A N/A 123 121-125
Exacerbations

None Reference

1 1.04 1.02-1.06 1.09 1.08-1.11

2 1.07 1.02-1.12 1.18 1.15-1.22

3 1.08 0.98-1.18 1.22 1.17-1.28

>4 1.12 1.04-1.20 1.24 1.19-1.29
Atopy 1.31 1.30-1.32 1.38 1.36-1.39
Depression 1.02 1.01-1.03 1.02 1.01-1.04
Anxiety 1.04 1.03-1.05 1.08 1.06-1.09
Reflux disease 1.08 1.06-1.10 1.11 1.09-1.13
Pneumonia 1.13 1.10-1.16 1.11 1.08-1.14
COPD 0.73 0.71-0.75 0.69 0.68-0.70

BDP beclomethasone dipropionate, BTS British Thoracic Society, CI confidence interval, COPD chronic obstructive
pulmonary disease, PDC proportion of days covered, ICS inhaled corticosteroids, IMD Index of Multiple Deprivation,
IRR incident rate ratio, N/A not applicable, SABA short-acting B,-agonists

* The model was adjusted by all the variables shown in the table

b Tow use: 0-2 SABA canisters/year; high use: > 3 SABA canisters/year

was not specifically adjusted for in this analysis;
however, exacerbation history was one of the
confounding factors, which may indirectly
reflect asthma control. Of note, assessment of
qualitative research focusing on patient-cen-
tered drivers of poor medication adherence
suggests that SABA overuse may not always be
related to the severity of the disease. It may also
be due to factors including ICS underuse driven
by suboptimal patient knowledge about the
difference between maintenance and reliever
medication, the patient’s need for immediate
symptom relief, concerns about the side-effects
of steroids, and poor communication between
patients and physicians [37]. Additionally,

previous analysis of the same patient cohort
revealed that, over an 8-year period, SABA pre-
scriptions at the population-level have
remained stable [38]. However, there was
greater variability year to year in prescriptions
of SABA compared with ICS, suggesting that
SABA use, rather than ICS use, may be altered in
response to changes in asthma control [38].
Overall, these findings indicate a need for out-
reach strategies involving medical education
targeted at patients, healthcare providers, and
policymakers, and digital health initiatives (e.g.,
digital inhalers) [39, 40], in order to align SABA
prescription behavior with current treatment
recommendations.
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Table 7 Association between hospital consultations and demographic and clinical characteristics in BTS treatment

steps 1/2 and 3-5 asthma cohorts

Characteristics

BTS steps 1/2

BTS steps 3-5

Adjusted® IRR 95% CI Adjusted® IRR 95% CI

SABA inhaler use”

Low use Reference

High use 1.19 1.12-1.27 1.19 1.13-1.26
Sex

Male Reference

Female 0.82 0.77-0.87 0.93 0.89-0.98
Body mass index (kg/m?)

Normal (18.5-25) Reference

Underweight (< 18.5) 1.54 130-1.82 1.59 135-1.89

Overweight (25-30) 0.95 0.89-1.02 0.84 0.79-0.89

Obese (> 30) 1.47 137-158 1.06 1.00-1.13
Socioeconomic status (IMD)

1 Reference

2 0.95 0.87-1.04 0.99 0.91-1.08

3 1.02 0.93-1.11 1.06 0.98-1.15

4 1.08 0.98-1.18 0.94 0.86-1.02

5 1.03 0.94-1.12 0.88 0.82-0.96
Smoking history

Never Reference

Current smoker 1.15 1.06-1.24 0.73 0.68-0.79

Ex-smoker 1.04 0.98-1.11 0.83 0.78-0.88
ICS use (BDP equivalent)

No dose Reference N/A N/A

Low dose (400-799 pg/day) 0.83 0.78-0.88 Reference

Medium dose (800-1599 pg/day) N/A N/A 1.30 1.23-1.38

High dose (> 1600 pg/day) N/A N/A 242 2.26-2.59
PDC

Lowest tertile (0.3-17%) N/A N/A Reference

Middle tertile (17-429%) N/A N/A L12 1.04-121

Highest tertile (42-100%) N/A N/A 1.38 1.28-1.49
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Table 7 continued

Characteristics BTS steps 1/2 BTS steps 3-5
Adjusted® IRR 95% CI Adjusted® IRR 95% CI

Exacerbations

None Reference

1 1.53 1.38-1.70 1.61 1.51-1.72

2 191 1.50-2.42 2.09 1.90-2.31

3 221 1.41-3.46 2.74 2.37-3.17

> 4 2.96 2.20-3.99 3.56 3.10-4.08
Atopy 1.01 0.95-1.07 1.03 0.98-1.08
Depression 1.27 1.19-1.36 1.16 1.09-1.23
Anxiety 1.11 1.03-1.19 1.00 0.94-1.07
Reflux disease 1.29 1.19-1.40 1.29 1.21-1.38
Pneumonia 1.93 1.67-2.22 1.64 1.48-1.82
COPD 2.02 1.79-2.28 1.68 1.58-1.79

BDP beclomethasone dipropionate, BTS British Thoracic Society, CI confidence interval, COPD chronic obstructive
pulmonary disease, PDC proportion of days covered, ICS inhaled corticosteroids, IMD Index of Multiple Deprivation,
IRR incident rate ratio, N/A not applicable, SABA short-acting B,-agonists

* The model was adjusted by all the variables shown in the table

® Low use: 0-2 SABA canisters/year; high use: > 3 SABA canisters/ycar

The use of the CPRD has several limitations.
Prescriptions recorded in the database did not
necessarily represent dispensed or used inhalers,
potentially leading to an overestimation of
actual SABA inhaler use. The baseline BTS step
was used to represent severity throughout fol-
low-up, and it is possible that this changed over
time. Additionally, many patients on step 1
treatment did not receive a SABA prescription in
the baseline year and therefore potentially did
not have active asthma. However, sensitivity
analyses excluding these patients did not yield a
change in effect estimates (Table S3), and 91%
received asthma management in the year before
or after the baseline year. It is possible that the
remaining 9% were in remission, misdiagnosed,
or did not wish to receive treatment for their
asthma during the 3-year period. The outcomes
cohort (requiring patients only with HES link-
age) constituted approximately 60% of the total
asthma patients eligible for the prescription
analysis; this could lead to a selection bias,

although HES has universal coverage of English
hospitals, thus providing an unselected sample
[41]. In most countries including the UK, SABA
inhalers contain 100 or 200 puffs. However, in
order to standardize the threshold for high
SABA use across countries in the SABINA pro-
gram, a SABA inhaler was considered to contain
an assumed average of 150 puffs. Nebulized
SABA use was not analyzed separately; however,
it is not commonly prescribed in the UK, except
for more severe asthma patients [42], and is
recommended for the treatment of acute severe
asthma attacks in children by paramedics or in
the A&E [27].

Limited data on the burden of high SABA use
and considerable variability in the definition of
SABA ‘overuse’ [17, 43-45] have made compar-
isons with previous studies and regions chal-
lenging. In the SABINA program [21], the
definition of high SABA use has been standard-
ized across studies, enabling comparison and
harmonization of results across geographies.
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Emerging data from more than 1 million
patients in the SABINA program reveal that
high SABA use is also prevalent in other Euro-
pean countries, such as Sweden (30%), Ger-
many (16%), Spain (29%), and Italy (9%), and is
found across asthma severities [46]. Moreover,
the HERA study, conducted in a Swedish asthma
cohort as part of the SABINA program, showed
similar results: among high SABA users, consti-
tuting one-third of all asthma patients, the risk
of exacerbations and asthma-related mortality
significantly increased with use of > 3 SABA
canisters/year [47]. The current study describes
SABA inhaler use in more than half a million
asthma patients, allowing for characterization
of exacerbation rates and healthcare utilization
across all asthma severities. Furthermore,
patients in CPRD are nationally representative
in terms of age, sex, and BMI [23], ensuring that
the results of this study are generalizable to the
national population. Additionally, in the UK
healthcare system, all patients are assigned to a
GP and most prescriptions are undertaken in
primary care, as GPs are in a good position to
provide continuing care. Thus, these findings
on SABA inhaler prescription patterns are rep-
resentative of the entire UK asthma patient
population.

CONCLUSIONS

Our findings in SABINA I, part of the SABINA
program, show that a large proportion of
asthma patients in the UK have high SABA
inhaler use. Across all asthma severities, an
association was found between high SABA use,
namely use of >3 canisters/year, and an
increase in exacerbation rates and healthcare
utilization.
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