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Summary
Background The stepwise approach to asthma management is a key feature of guidelines, yet knowledge of its 
implementation in clinical practice is limited. Our objective was to evaluate the implementation of an anti- 
inflammatory reliever (AIR) stepwise algorithm.

Methods Between December 2020 and July 2022, we conducted a 52-week, open-label, single-arm trial of 100 adults 
aged 18–75 with asthma, with 25 patients each on Global Initiative for Asthma 2018 treatment steps 1, 2, 3 and 4 at 
baseline. Patients were assigned to an AIR algorithm, with budesonide-formoterol 200/6 μg, one actuation as- 
needed (Step 1), one actuation twice-daily plus as-needed (Step 2), or two actuations twice-daily plus one as- 
needed (Step 3), depending on baseline treatment. Treatment steps were adjusted in response to participant 
reported reliever use and asthma attacks, according to the AIR algorithm. The primary outcome was Treatment 
Satisfaction Questionnaire for Medication (TSQM-II) Global Satisfaction score. Secondary outcomes assessed the 
TSQM-II Global Satisfaction minimal clinically important difference (MCID), efficacy, safety, patterns of 
medication use, and patient flow through treatment steps. The trial was registered with the Australian New 
Zealand Clinical Trials Registry (ACTRN12620001010987).

Findings 100 participants were assigned an AIR treatment step, 68 were female and the mean age was 48 (range 
19–75). There was a significant increase in TSQM-II Global Satisfaction at week 52 compared with baseline, mean 
(SD) 84.3 (18.6) compared to 78.1 (14.7); difference 6.3 (95% CI 1.7–10.9), p = 0.007. The estimated MCID for this 
variable was 3.0 (95% CI 0.2–5.7). There was a transition to lower treatment steps, with 60% (56/94), 31% (29/94), 
and 10% (9/94) on Steps 1, 2, and 3 at week 52 compared with 25% (25/100), 50% (50/100), and 25% (25/100) at 
baseline, respectively. There was a reduction in Asthma Control Questionnaire-5 at week 52 compared with baseline, 
mean (SD) 0.8 (0.7) compared to 1.0 (0.8); difference −0.22 (95% CI −0.39 to −0.05). There were four serious adverse 
events unrelated to treatment, including one death due to an acute cardiac event.

Interpretation The adoption of the AIR Algorithm in adults with asthma was associated with enhanced patient 
satisfaction and asthma control.
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Introduction
The stepwise approach to the pharmacological treat
ment of asthma is a key feature of asthma guidelines.1 

Through this approach, treatment intensity is increased 
in discrete steps to obtain symptom control and reduce 
exacerbation risk, and decreased after periods of pro
longed control. This approach is usually represented by 
algorithms, typically comprising a five-step treatment 
track with guidance on transitioning between steps.

Traditionally, asthma treatment algorithms include 
short-acting beta2-agonist (SABA) reliever therapy at 
each step. However, in 2019, the Global Initiative for 
Asthma (GINA) recommended inhaled corticosteroid 
(ICS)-formoterol as the preferred reliever for adoles
cents and adults across all asthma severities. In 2020, 
the New Zealand asthma guidelines recommended two 
separate 3-step tracks based on ICS-formoterol and 
SABA reliever therapies, with the ICS-formoterol ‘anti- 
inflammatory reliever’ (AIR) therapy track the preferred 
approach.2 In 2021, GINA also adopted two separate 
tracks and currently recommends both a 5-step and 
simplified 3-step AIR ‘Track 1’ algorithm, designated as 
preferred.1

Substantial evidence supports the efficacy and safety 
of treatment at each step of the different tracks. How
ever, there is limited evidence of the risks and benefits 
of implementing specific algorithms. The AIR Algo
rithm is a simple and pragmatic formula for tran
sitioning between the three AIR ‘Track 1’ treatment 
steps, which encourages patient self-management and 

provides clear guidance based on asthma attacks and 
reliever medication use.3

This trial investigates the 3-step AIR Algorithm 
approach to the treatment of asthma in adults across all 
levels of asthma severity. The primary objective was to 
assess patient satisfaction, a key factor in treatment 
adherence and continuation.4,5 We hypothesised that 
the AIR Algorithm would improve patient satisfaction 
compared to pre-trial SABA reliever-based therapies. 
Secondary objectives were to assess transitions between 
treatment steps, patterns of medication use, efficacy, 
and safety.

Methods
Trial design
This investigator-initiated, 52-week, single-site 
(Wellington, New Zealand), open-label, single-arm 
trial assessed patient satisfaction with the AIR Algo
rithm approach to asthma treatment (Fig. 1). The trial 
was prospectively registered with the Australian New 
Zealand Clinical Trials Registry 
(ACTRN12620001010987).

Ethics
The study was approved by the Central Health and 
Disability Ethics Committee (20/CEN/154). Written 
informed consent was obtained from all participants 
before any trial-specific procedures were performed. An 
independent Data Safety Monitoring Committee 

Research in context

Evidence before this study
We searched PubMed on 9th December 2024 for studies of a 
stepwise algorithm approach to asthma in adults using an 
anti-inflammatory reliever treatment regimen. We used the 
search terms (asthma) AND ((step*) OR (track) OR 
(algorithm)). There were no language or date restrictions. We 
also reviewed the recent Global Initiative for Asthma (GINA) 
guidelines to identify reference to studies on which the 
stepwise treatment algorithms were based. We identified 
one single arm feasibility study which utilised a stepwise 
algorithm based on budesonide-formoterol 
reliever ± maintenance therapy in 313 patients with chronic 
respiratory disease, including both asthma and chronic 
obstructive pulmonary disease, in a rural setting in Vietnam. 
Whilst demonstrating the feasibility of the algorithm, and 
the real-world pragmatism of single inhaler budesonide- 
formoterol therapy, the undifferentiated population used in 
this study limits any conclusions that can be drawn for 
patients diagnosed with asthma.

Added value of this study
Whereas there is substantial evidence of the efficacy and 
safety of inhaled corticosteroid (ICS)-formoterol 
reliever ± maintenance therapy in mild, moderate and severe 
asthma, this is the first study to demonstrate that an anti- 
inflammatory reliever (AIR) therapy algorithm is a practical 
stepwise approach to asthma management and quality of life 
across the range of asthma severity.

Implications of all the available evidence
This study shows how ICS-formoterol reliever ± maintenance 
therapy may be implemented in clinical practice, through a 
practical stepwise algorithm, in which treatment steps are 
adjusted in response to reliever use and asthma attacks. 
Further studies are warranted to confirm the efficacy and 
safety of this regimen.
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(DSMC) reviewed monthly reports of all adverse events 
and could recommend termination of the trial if 
deemed necessary. The full trial protocol has been 
published.6

Patients
Eligible patients were aged 18–75 years with a self- 
reported doctor’s diagnosis of asthma and current use 
(within last three months) of either SABA reliever 
monotherapy, ICS maintenance plus SABA reliever 
therapy, or ICS-long-acting beta2-agonist (LABA) 
maintenance plus SABA reliever therapy. Patients were 
required to be willing and able to give informed con
sent, willing to allow their General Practitioner and/or 
consultant to be notified of participation in the trial, and 
in the investigator’s opinion, able and willing to comply 
with all trial requirements. Exclusion criteria were: (1) 
current use (within last three months) of other asthma 
medications including budesonide-formoterol Single 
Maintenance and Reliever Therapy (SMART), leuko
triene receptor antagonists, long-acting muscarinic an
tagonists, theophylline, regular oral corticosteroids, 
sodium cromoglycate or nedocromil sodium, or 
monoclonal antibody therapy; (2) self-reported urgent 
medical review for asthma, or treatment with systemic 
corticosteroids such as oral prednisone, in the two 
weeks before potential study entry; (3) Intensive Care 
Unit (ICU) admission for asthma (ever); (4) self- 
reported diagnosis of chronic obstructive pulmonary 
disease (COPD), bronchiectasis, vocal cord dysfunction 
or interstitial lung disease; (5) self-reported greater than 
20 pack year smoking history, or onset of respiratory 
symptoms after the age of 40 years in current or ex- 
smokers with ≥10 pack year history; (6) self-reported 
current pregnancy or breast feeding at the time of 
enrolment or planned pregnancy within the study 
period; (7) self-reported congestive heart failure, atrial 
fibrillation, unstable coronary artery disease, or other 
clinically significant cardiac disease; (8) patient is un
willing or unable to switch from current asthma treat
ment regimen; (9) self-report of participation in another 
research trial involving an unapproved investigational 
medicinal product, in the past three months; (10) a 
Body Mass Index (BMI) of ≥40; (11) any known or 
suspected contraindications to the medications pre
scribed for the study or their respective excipients; (12) 
any other condition which, at the investigator’s discre
tion, is believed may present a safety risk or impact the 
feasibility of the study or the study results. A total of 25 
patients were recruited from each of the first four GINA 
2018 treatment steps as follows: Step 1: SABA reliever 
alone; Step 2: low dose maintenance ICS plus SABA; 
Step 3: medium or high dose ICS plus SABA or low 
dose ICS-LABA plus SABA; Step 4: medium or high 
dose ICS-LABA plus SABA reliever.

Fig. 1: Flow chart of participants. AIR, Anti-Inflammatory Re
liever; GINA, Global Initiative for Asthma. GINA treatment steps 
were based on the 2018 strategy.1 Patients received budesonide- 
formoterol via dry powder inhaler (Symbicort Turbuhaler, Astra
Zeneca), 200/6 μg; AIR Step 1 patients were assigned one actu
ation as needed for symptom relief; AIR Step 2 patients were 
assigned one actuation twice-daily plus as-needed; AIR Step 3 
patients were assigned two actuations twice-daily plus one as- 
needed. Phase 1 is defined as the period between baseline 
(week 0) to week 26; Phase 2 is the period between week 26 and 
week 52. Baseline is defined as the point of enrolment and 
assignment to trial intervention (week 0).
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Treatment
Based on their pre-enrolment GINA 2018 treatment, 
eligible patients were assigned to one of three AIR 
treatment steps (Fig. 2A; Table S1).

AIR step 1
ICS-LABA reliever: budesonide-formoterol 200/6 μg dry 
powder inhaler (DPI) (Symbicort Turbuhaler, AstraZe
neca) one actuation as required to relieve symptoms.

AIR step 2
Low dose ICS-LABA SMART: budesonide-formoterol 
200/6 μg DPI, one actuation twice daily plus one actu
ation as required.

AIR step 3
Medium dose ICS-LABA SMART: budesonide- 
formoterol 200/6 μg DPI, two actuations twice daily 
plus one actuation as required.

Patients received personalised asthma action plans 
(Figure S1) and used inhalers fitted with electronic 
monitor devices (Turbu+, Adherium, Auckland) to re
cord actuations and timings. From enrolment to week 
26 (Phase 1), investigators re-assessed treatment steps 
at weeks 13 and 26 based on reliever use and asthma 
attacks, defined as a deterioration in asthma symptoms 
severe enough to warrant the use or prescription of 

systemic corticosteroids, such as a course of 
prednisone.

A cut point of ≤2 budesonide-formoterol actuations 
for symptom relief per week and no recent asthma 
attack (<3 months) indicated that the patient should 
step down a level, and a cut point of >7 budesonide- 
formoterol actuations for symptom relief per week or 
an asthma attack indicated a step up in level; 
budesonide-formoterol actuation use between three and 
seven per week and no recent asthma attacks indicated 
no change in the step level of treatment. During weeks 
26–52 (Phase 2), patients were provided with an upda
ted action plan outlining how to self-adjust their treat
ment step using the AIR algorithm (Fig. 2B, Figure S1).

Trial procedures
Patients attended five in-person visits over 52 weeks 
(Table S3). Treatment satisfaction was assessed at each 
visit by the electronically administered Treatment 
Satisfaction Questionnaire for Medication (TSQM-II).4 

The Asthma Control Questionnaire (ACQ-5),7,8 

Asthma Quality of Life Questionnaire (AQLQ-S),9 

Asthma Control Test (ACT),10 as measures of asthma 
control and quality of life. The Beliefs about Medicines 
Questionnaires (BMQ-AIR and BMQ-SABA),11,12 were 
administered at baseline, week 26, and week 52 to 
assess participant beliefs and attitudes on treatment. At 

Fig. 2: The Anti-Inflammatory Reliever (AIR) Algorithm. The AIR Algorithm stepwise treatment track (A) is based on budesonide- 
formoterol via dry powder inhaler (Symbicort Turbuhaler, AstraZeneca), 200/6 μg. Participants were instructed to step down, continue, 
or step up treatment step in response to the frequency of reliever inhaler use (B). An asthma attack was defined as a deterioration in asthma 
symptoms severe enough to warrant the use or prescription of systemic corticosteroids.
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weeks 26 and 52, patients were asked to rate “How did 
you find your study treatment relative to your previous 
treatment?” on a 5-point Likert scale. At baseline, week 
26, and week 52, the Forced Expiratory Volume in 1 s 
(FEV1) and Fractional exhaled Nitric Oxide (FeNO) were 
recorded, key measures of airway function and 
inflammation, respectively. (Full description of trial 
procedures and patient reported outcomes are provided 
in the study Protocol).

Outcome measures
The primary outcome was patient satisfaction, 
measured by the Global Satisfaction score of the 
TSQM-II at week 52. The TSQM-II consists of 11 
questions representing four domains (Effectiveness, 
Side Effects, Convenience, Global Satisfaction), with 
the Global Satisfaction score the most predictive indi
cator of continued use of treatment.4 Each domain is 
scored out of 100; higher scores indicate higher levels of 
patient satisfaction. A secondary analysis of this 
outcome variable was to estimate the minimal clinically 
important difference (MCID) by comparison with the 
ACQ-5 score.

Secondary outcome measures assessed treatment 
preference, patterns of medication use, patient flow 
through the treatment steps, safety, and efficacy, 
including asthma exacerbations, FEV1, FeNO, ACQ-5, 
ACT, AQLQ-S and BMQ scores (Table S4).

A moderate asthma exacerbation was defined by any 
of the following criteria:

a) Worsening asthma resulting in unplanned medical 
review (primary care or ED visit) but not severe 
enough to warrant systemic corticosteroid use, 
such as a course of oral prednisone, and/or hos
pital admission, or,

b) Worsening asthma resulting in the use of systemic 
corticosteroids for fewer than 3 days

A severe asthma exacerbation was defined as based 
on the American Thoracic Society and European Res
piratory Society statement:13

a) The use of systemic corticosteroids for at least 3 
days because of asthma, or,

b) Hospitalisation, emergency department (ED) or 
primary care visit because of asthma, requiring 
systemic corticosteroids.

For an exacerbation to be counted as a separate 
event, it must have been preceded by at least 7 days 
during which neither of the above criteria were fulfilled.

Sample size
Twenty-five patients were recruited from each of the 
first four GINA 2018 steps for a total sample size of 100. 
This provides a 95% confidence interval (CI) for the 

estimation of a mean change from baseline of a 
continuous variable of plus or minus 0.2 standard de
viations (SD), based on the Cohen t size framework 
representing a ‘small’ effect. Patient dropout was ex
pected to be minimal.

Statistics
Categorical data were summarised by counts and pro
portions expressed as percentages. Continuous data 
were summarised by mean, standard deviation, me
dian, interquartile range (IQR), and range (minimum 
to maximum). The proportion of patients on each 
treatment step and the proportion of patients that 
changed treatment step were displayed by alluvial plots, 
including an initial node for GINA 2018 Step at base
line followed by AIR Step at baseline and subsequent 
visits.

The primary outcome, TSQM-II Global Satisfaction 
Score, was analysed by paired t-test, with associated 
confidence interval. The MCID for the TSQM-II Global 
Satisfaction score was estimated in relation to ACQ-5 
using a simple linear regression approach; the pre
dicted mean change in TSQM-II from baseline in 
relation to the MCID of 0.5 units for ACQ-5 was used to 
estimate the equivalent change.7,8 A regression 
approach was used to explore if key baseline variables 
predicted change from baseline TSQM Global Satis
faction Score.

Differences in ACQ-5, ACT, and AQLQ-S scores, 
FEV1, FeNO, and inhaler use between visits were esti
mated using paired t-tests. FeNO was reported on the 
logarithm-transformed scale due to the skewed distri
bution of this variable, and normality assumptions were 
better met on the logarithm-transformed scale. The 
widths of confidence intervals were not adjusted for 
multiplicity and inferences drawn may not be repro
ducible. The proportion of days of no inhaler use was 
analysed by McNemar’s test. Severe exacerbations, and 
moderate and severe exacerbations were analysed by 
Poisson regression with an offset for number of days in 
the trial.

It was anticipated that there would be very little 
missing data, and the planned approach was to only 
report participants with data.

SAS statistical software version 9.4 (SAS Institute 
Inc., Cary, NC, USA) and R version 4.3.3 were used.

Role of funding source
The trial was funded by the Medical Research Institute 
of New Zealand (MRINZ) which receives Independent 
Research Organisation funding from the Health 
Research Council of New Zealand (IRO grant [18/002]). 
The Medical Research Institute of New Zealand 
(MRINZ) takes full responsibility for trial design and 
writing the protocol, data collection, analysis and 
interpretation, and writing the report and decision to 
submit the manuscript for publication. AstraZeneca Ltd 
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provided support through a grant-in-aid, and the supply 
of the trial medication, electronic monitors, and elec
tronic monitor data collection. AstraZeneca had no role 
in designing the trial, writing the protocol, data collec
tion, analysis, interpretation, writing the manuscript, or 
in the decision to submit the manuscript for 
publication.

Results
Between December 2020 and July 2022, 99 patients 
completed the study (Fig. 1). The mean age was 48 
years; 68% were female, and the mean FEV1 was 96% 
predicted, ranging from 39 to 134%. The mean (SD) 
prescribed dose of maintenance ICS at baseline was 
454.5 μg/d (388) budesonide equivalent (Table 1, Table. 
S5A–E). Five patients discontinued the trial interven
tion, and there were four serious adverse events unre
lated to treatment, including one death due to an acute 
cardiac event (Tables S6 and S7).

Overall, there was a transition to lower treatment 
steps during the trial, with 56/94 (59.6%), 29/94 
(30.9%), and 9/94 (9.6%) patients on steps 1, 2, and 
3 at week 52, compared with 25%, 50%, and 25% at 
baseline, respectively (Fig. 3; Tables S8A and B). A 
similar number of treatment step changes were un
dertaken by investigators in Phase 1 and by patients in 
Phase 2 (Table S8C).

Primary outcome
The mean (SD) TSQM-II Global Satisfaction score at 
week 52 was 84.3 (18.6) compared to 78.1 (14.7) at 
baseline; mean difference 6.3 (95% CI 1.7–10.9), 
p = 0.007 (Table 2). The TSQM-II Global Satisfaction 
scores were similar across the treatment step levels 
throughout the trial period (Table S9).

Secondary outcomes
TSQM-II Global Satisfaction score change from base
line per the 0.5 MCID in ACQ-5 score was 3.0 (95% CI 
0.2–5.7) and 4.0 (95% CI −1.4 to 9.3) at weeks 26 and 52, 
respectively.7,8 The receiver operating characteristic 
(ROC) plot for ACQ-5 change from baseline of < −0.5 
versus TSQM-II Global Satisfaction score showed 
modest discriminative ability at weeks 26 and 52, with 
area under the curve (AUC)-ROC of 0.67 and 0.62, 
respectively (Figure S2A–D).

There was no evidence of an association between 
TSQM-II Global Satisfaction score at baseline and: 
ethnicity, sex, exacerbation status, age, BMQ variables, 
FeNO, FEV1, or GINA treatment step at enrolment. 
There was evidence of an association between TSQM-II 
Global Satisfaction score at baseline and ACQ-5, ACT, 
and AQLQ-S scores, although correlation coefficients 
were low for these associations and ranged from 0.19 to 
0.24 (Table S10A and B).

At weeks 26 and 52, mean (SD) scores across all 
TSQM-II domains were higher compared to baseline: 
Global Satisfaction scores increased from 78.1 (14.7) at 
baseline to 81.1 (18.1) at week 26; Effectiveness scores 
rose from 71.4 (16.0) at baseline to 77.0 (19.7) at week 

AIR algorithm 
intervention 
(N = 100)

Age—yr
Mean (SD) 47.6 (16.2)
Range 19–75

Female sex—no. (%) 68 (68)
Ethnicity—no. (%)

Asian 10 (10)
European 83 (83)
MELAA 2 (2)
Māori 4 (4)
Pacific 1 (1)

Mean BMI–kg/m2 (SD) 27.8 (4.9)
Smoking status—no. (%)

Current 0 (0)
Ex-smoker 25 (25)
Never 75 (75)

Mean pack years (among ever smokers) (SD) 3.2 (5.1)
Mean age at asthma diagnosis—yr (SD) 14.5 (13.1)
GINA treatment step at baseline—no. (%)b

1 25 (25)
2 25 (25)
3 25 (25)
4 25 (25)

Pre-trial asthma medication—no. (%)
SABA monotherapy 25 (25)
SABA plus ICS only maintenance therapy 31 (31)
SABA plus ICS-LABA maintenance therapy 44 (44)

Mean pre-trial prescribed ICS dose—μg/d (SD) 455 (388)
Count of severe exacerbations in the past 12 months—no. (%)c

0 93 (93)
1 5 (5)
≥2 2 (2)

Mean ACQ-5 score (SD) 1.0 (0.8)
On-treatment FEV1—% of predicted value (SD)d 96.2 (18.5)
Median FeNO—ppb (IQR)e 25 (13–41.5)

SD, standard deviation; the range refers to the minimum and maximum 
values; IQR, inter-quartile range; AIR, Anti-Inflammatory Reliever; MELAA, 
Middle Eastern/Latin American/African; BMI, body-mass index; Pack years, 
packs of cigarettes smoked per day multiplied by the number of years the 
person has smoked; GINA, Global Initiative for Asthma; SABA, short-acting 
beta2-agonist; ICS, inhaled corticosteroid; LABA; long-acting beta2-agonist; 
ACQ-5, Asthma Control Questionnaire–5; FEV1, forced expiratory volume in 
1 s; FeNO, fractional exhaled nitric oxide; ppb, parts per billion. aBaseline is 
defined as the assessment at enrolment and assignment to trial intervention 
(week 0). bGINA treatment steps based on the 2018 strategy.1 cAsthma 
exacerbations were defined as per the American Thoracic Society (ATS) and 
European Respiratory Society (ERS) statement.13 dPatients received no specific 
instruction to withhold use of their bronchodilator before measurement of 
FEV1. eData on the FeNO at baseline was missing for one patient.

Table 1: Demographic and clinical characteristics of patients at 
baseline.a
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26 and 80.5 (20.8) at week 52; Convenience scores 
improved from 73.8 (14.3) at baseline to 81.8 (16.0) at 
week 26 and 84.2 (17.3) at week 52 and; Side Effects 
scores remained high, increasing slightly from 97.6 
(10.0) at baseline to 98.5 (8.4) at week 26 and 98.2 (9.2) 
at week 52 (Tables S9, S11A–C).

At weeks 26 and 52, 74.7% and 80.8% of patients 
considered that their AIR treatment was somewhat 
better or much better than their previous treatment, 
respectively (Figure S3; Table S12). The change in 
outcome variables from baseline at weeks 26 and 52 are 
shown in Table 2. There was a significant reduction in 

Fig. 3: Alluvial plot of the number of patients on each of the treatment steps at each timepoint, including the initial GINA step at 
baseline, followed by the AIR step at baseline and subsequent visits.*. GINA, Global Initiative for Asthma; AIR, Anti-Inflammatory Reliever. 
*Treatment step at timepoint is defined as the treatment step at the completion of the clinic visit, including any investigator-led treatment 
step changes during the visit. GINA treatment steps were based on the 2018 strategy.1 Baseline is defined as the point of enrolment and 
assignment to trial intervention (week 0). During the trial, patients received budesonide-formoterol via dry powder inhaler (Symbicort 
Turbuhaler, AstraZeneca), 200/6 μg; AIR Step 1 patients were assigned one actuation as needed for symptom relief; AIR Step 2 patients were 
assigned one actuation twice-daily plus as-needed; AIR Step 3 patients were assigned two actuations twice-daily plus one as-needed. Baseline 
to week 26 (Phase 1) includes all investigator-led treatment step changes; week 26 to week 52 (Phase 2) covers self-reported patient-led 
treatment step changes.

Outcome Week 26 Week 52

N Mean difference (SD) 95% CI N Mean difference (SD) 95% CI

TSQM-II Global satisfaction score 99 3.2 (23) −1.4 to 7.8 99 6.3 (22.9) 1.7–10.9
ACQ-5 score 99 −0.21 (0.82) −0.37 to −0.05 99 −0.22 (0.85) −0.39 to −0.05
ACT score 99 0.76 (3.61) −0.04 to 1.48 99 0.35 (3.57) −0.36 to 1.07
AQLQ score 99 0.27 (0.7) 0.13–0.41 99 0.32 (0.69) 0.18–0.45
FEV1–ml 99 20 (240) −29 to 68 97 −15 (200) −54 to 25
Log FeNO–ppbb 98 −0.25 (0.59) −0.37 to −0.13 97 −0.02 (0.62) −0.15 to 0.10

SD, standard deviation; CI, confidence interval; TSQM-II, Treatment Satisfaction Questionnaire for Medication; ACQ-5, Asthma Control Questionnaire-5; AQLQ-S, Asthma 
Quality of Life with Standardised Activities Questionnaire; ACT, Asthma Control Test Questionnaire; FEV1: Forced Expiratory Volume in 1s; FeNO, Fractional exhaled Nitric 
Oxide; ppb, parts per billion. Note a negative change from baseline ACQ-5 and FeNO is ‘better’ and a positive change from baseline is ‘worse’. For the other variables a 
positive change is ‘better’. aBaseline is defined as the point of enrolment and assignment to trial intervention (week 0). bFeNO was reported on the logarithm- 
transformed scale due to the skewed distribution of this variable, and normality assumptions were better met on the logarithm-transformed scale.

Table 2: Change in Treatment Satisfaction with Medication (TSQM-II) Global Satisfaction and secondary outcomes by variable paired comparison 
with baseline.a
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ACQ-5 at week 52 compared with baseline, mean (SD) 
0.8 (0.7) compared to 1.0 (0.8), with a paired mean (SD) 
difference of −0.22 (0.85); estimated difference −0.22 
(95% CI −0.39 to −0.05). The reduction in ACQ-5 was 
similar across the AIR steps, with a mean (SD) of 0.8 
(0.7), 0.9 (0.7), 1.5 (0.8) at baseline and 0.6 (0.6), 0.8 
(0.7), 1.4 (0.8) at week 52 for AIR steps 1, 2 and 3, 
respectively (Figure S4; Table S13); 60/99 (60.6%) pa
tients achieved an ACQ-5 ≤0.75 at week 52. A signifi
cant increase in AQLQ-S was observed at weeks 26 and 
52 (Figure S5; Table S14) and in ACT at week 26 
(Figure S6; Table S15). The FEV1 remained stable 
throughout the trial (Figure S7; Table S16). The median 
(IQR) difference in FeNO from baseline at weeks 26 
and 52 was −3.5 ppb (−12 to 0) and −1.0 ppb (−9.0 to 
5.5), respectively (Figures S8 and S9; Tables S17 and 
S18).

There were nine severe asthma exacerbations during 
the trial, of which five and four occurred in the trial’s 

first and second phases, respectively (Table S19A and 
B). In Phase 1, three severe exacerbations occurred 
during Step 2 treatment, and two during Step 3 treat
ment. One patient had been changed from Step 3 to 
Step 2 prior to the exacerbation. Amongst the four pa
tients who experienced an asthma attack during Phase 
2, in the 14 days before and after the attack, one patient 
stepped up from Step 1 to Step 2; one patient stepped 
up from Step 1 to Step 3, and then stepped down to 
Step 2 and then Step 1; one patient stepped up from 
Step 1 to Step 2 and then to Step 3; and one patient 
remained on Step 3; these four patients enrolled on 
Steps 2, 1, 2, and 3 respectively.

Different patterns of ICS use were observed 
depending on the treatment step (Table 3; Figure S10). 
The mean (SD) daily budesonide dose was 343 μg/ 
d (243) and 267 μg/d (235) in Phase 1 and 2, respec
tively. The mean (SD) daily budesonide dose for the last 
13 weeks leading up to week 52 was 271 μg/d (233). The 

ICS dose per day N Mean (SD) Median (IQR) Range

Overallb 100 307 (227) 280 (128–382) 2–937
AIR Step 1 at visit 1c 25 93 (107) 49 (32–99) 2–389
AIR Step 2 at visit 1 50 290 (125) 291 (227–352) 74–769
AIR Step 3 at visit 1 25 556 (236) 589 (313–732) 177–937

Phase 1d 100 343 (243) 324 (193–455) 5–1004
AIR Step 1 at visit 1 25 90 (108) 38 (22–129) 5–380
AIR Step 2 at visit 1 50 323 (116) 324 (252–369) 61–696
AIR Step 3 at visit 1 25 639 (212) 614 (473–844) 255–1004

Phase 2 97 267 (235) 219 (80–376) 0–1043
AIR Step 1 at visit 3 65 149 (126) 133 (40–224) 0–589
AIR Step 2 at visit 3 21 381 (127) 384 (281–438) 153–689
AIR Step 3 at visit 3 11 753 (136) 758 (645–821) 558–1043

Baseline to week 13e 100 394 (260) 373 (226–518) 0–1036
AIR Step 1 at visit 1 25 93 (110) 49 (22–123) 0–467
AIR Step 2 at visit 1 50 377 (101) 373 (345–410) 87–716
AIR Step 3 at visit 1 25 730 (184) 781 (596–863) 391–1036

Week 13–26 97 295 (255) 253 (76–434) 0–979
AIR Step 1 at visit 2 59 141 (115) 106 (36–250) 0–387
AIR Step 2 at visit 2 27 423 (137) 434 (351–540) 77–642
AIR Step 3 at visit 2 11 806 (156) 866 (697–921) 445–979

Week 26–39 97 263 (252) 187 (56–380) 0–1031
AIR Step 1 at visit 3 65 134 (124) 114 (22–196) 0–586
AIR Step 2 at visit 3 21 392 (149) 387 (295–449) 126–800
AIR Step 3 at visit 3 11 781 (169) 783 (668–943) 518–1031

Week 39–52 95 271 (233) 229 (84–378) 0–1062
AIR Step 1 at visit 4 61 150 (125) 119 (38–236) 0–474
AIR Step 2 at visit 4 25 411 (179) 381 (273–520) 180–989
AIR Step 3 at visit 4 9 699 (219) 726 (596–812) 261–1062

SD, standard deviation; IQR, inter-quartile range; the range refers to the minimum and maximum values; AIR, Anti-Inflammatory Reliever; ICS, inhaled corticosteroid.
aPatients received budesonide-formoterol via dry powder inhaler (Symbicort Turbuhaler, AstraZeneca), 200/6 μg; Step 1 patients were assigned one actuation as needed 
for symptom relief; Step 2 patients were assigned one actuation twice-daily plus as-needed; Step 3 patients were assigned two actuations twice-daily plus one as-needed.
bOverall data covers the entirety of the trial period from week 0 to week 52. cAIR Step at Visit is defined as the treatment step at the completion of the clinic visit, 
including any investigator-led treatment step changes during the visit. dPhase 1 is defined as the period between baseline (week 0) to week 26; Phase 2 is the period 
between week 26 and week 52. eBaseline is defined as the point of enrolment and assignment to trial intervention (week 0).

Table 3: Daily inhaled corticosteroid (ICS) dose (budesonide—μg/d) by Anti-Inflammatory Reliever (AIR) treatment step.a
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longest duration of no inhaler use increased progres
sively during the trial, from 16 days in Phase 1 to 22 
days in Phase 2 (Figure S11; Table S20). The proportion 
of days of no inhaler use increased progressively during 
the trial, from 29% in Phase 1–40% in Phase 2 
(Figure S12; Table S21).

The mean number of days of high inhaler use (>8 
actuations) and marked inhaler overuse (>12 actua
tions) was 0.93 and 0.29 days, respectively. Patients at 
higher steps had a relatively higher number of high 
inhaler use and marked inhaler overuse days 
(Figures S13 and S14; Tables S22 and S23). The num
ber of high inhaler use days without medical review 
within 48 h was 92 (out of a total 93 high inhaler use 
days); in all 29 marked inhaler overuse days, medical 
review was not obtained within 48 h (Tables S24 and 
S25).

In Phase 2, the mean number of actuations 
(including reliever and maintenance doses) in the seven 
days prior to stepping up from Step 1 was seven actu
ations, and 18 actuations in the seven days prior to 
stepping up from Step 2 (Table S26). In Phase 2, pa
tients took, on average, 11 actuations in the seven days 
prior to stepping down from Step 2 and 25 actuations in 
the seven days prior to stepping down from Step 3 
(Table S27).

At baseline, the BMQ showed patients were well- 
aligned with the AIR concept and had significantly 
stronger beliefs in their need for AIR than SABA. 
Concerns were low for both SABA and AIR with no 
significant differences. BMQ-AIR and BMQ-SABA 
Necessity belief scores at weeks 26 and 52 indicate 
that patients’ beliefs in the importance of AIR relative 
to SABA were maintained throughout the trial. Pa
tients’ concerns about AIR diminished with treatment 
experience and were significantly lower than their 
concerns about SABA at weeks 26 and 52 (Table S28).

The findings for the main clinical outcomes in 
subgroups defined by sex and age are shown in 
Table S29.

Discussion
In this trial, the AIR Algorithm was a practical stepwise 
approach to asthma management that resulted in a 
clinically important increase in patient satisfaction. 
There was a transition to lower treatment steps during 
the trial, with 60% of patients on budesonide- 
formoterol reliever therapy alone (Step 1) at the end 
of the trial, compared with 25% who started the trial at 
this step. Despite this down-titration, there was a sig
nificant improvement in asthma symptom control and 
quality of life, though the magnitude of these changes 
did not meet the established cut points for an MCID. 
There was no deterioration in lung function or change 
in FeNO from baseline.

The intervention was based on budesonide- 
formoterol 200/6 μg per actuation Symbicort Tur
buhaler, being the only ICS-formoterol product 
approved and available for use in New Zealand as re
liever therapy alone and in combination with ICS- 
formoterol maintenance therapy. In addition, it is the 
only ICS-formoterol product in which efficacy and 
safety have been established across the range of asthma 
severity.14–16

The trial was designed in two phases, with patients’ 
allocation to treatment steps determined at 3-monthly 
clinic reviews in Phase 1 and then patients self- 
transitioning between the different steps in Phase 2. 
This approach enhanced the generalisability of the 
findings to routine clinical practice in which patients 
may receive clinic-based supervision with the initiation 
of a new treatment strategy and are then responsible for 
their self-management with infrequent reviews. It was 
relevant that the increase in patient satisfaction 
continued during the second phase, with a clinically 
important improvement similar in magnitude to that 
observed in Phase 1.

The TSQM-II was selected for the primary outcome 
due to its validation and use in assessing patient- 
reported satisfaction with inhaled medications across 
respiratory diseases including asthma.5,17 Among its 
domains, the Global Satisfaction score was prioritized 
as the indicator that best predicted medication adher
ence and persistence with treatment.4 A measure of 
asthma control was considered most appropriate for 
calculating the primary outcome MCID, given the 
strong correlation between Satisfaction and Effective
ness (path coefficient of 0.96).4 Of the asthma control 
measures assessed, the ACQ-5 is entirely symptom- 
based and least likely to be influenced by factors 
linked to the AIR Algorithm, such as reliever use.

We also assessed patients’ perceptions of AIR and 
SABA reliever therapy using the BMQ. These findings 
indicate that patients aligned well with the AIR concept 
at baseline and were not overly reliant on SABA. Their 
experience of the AIR Algorithm throughout the trial 
positively affected their perceptions of treatment, with a 
significant increase in their beliefs about the impor
tance of AIR relative to SABA and a significant reduc
tion in concerns about AIR relative to SABA.

The AIR Algorithm incorporated both reliever use 
and asthma attacks as markers of risk to guide treat
ment adjustments.18–20 The threshold of ≤2 budesonide- 
formoterol 200/6 μg actuations for symptom relief per 
week aligns with the GINA criterion of ≤2 occasions of 
reliever use per week to identify well-controlled 
asthma.1 The threshold of >7 actuations per week for 
stepping up treatment was based on the association 
between SABA reliever use and the risk of both severe 
asthma exacerbations and poor asthma control.21,22 The 
use of three to five SABA canisters annually (versus ≤2) 
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increases the risk of an asthma exacerbation by 26%; 
assuming two SABA actuations per use, four SABA 
canisters containing 200 actuations equate to just over 
seven occasions per week.21 It is recognised that inter
pretation of these calculations are limited as increasing 
SABA use is associated with a higher risk of severe 
exacerbations compared to increasing ICS-formoterol 
reliever use.23,24

The progressive reduction in mean ICS dose during 
the trial contrasts with the GOAL trial that investigated 
a prototype GINA ‘Track 2’ stepwise approach in which 
ICS or ICS-LABA maintenance doses are progressively 
increased to achieve optimal control.25 In GOAL, across 
all baseline strata of severity (GINA Step 1–4), 41% and 
28% of patients in the ICS-LABA (fluticasone propio
nate [FP]-salmeterol) and ICS (FP) arms achieved total 
control at the end of 12 months, respectively, despite 
68% and 76% being up-titrated to the highest dose of 
FP (1,000 μg/d). By comparison, we observed that 61% 
of patients achieved well-controlled asthma with a mean 
budesonide dose of 271 μg/d (169 μg/d FP equivalent), 
down from a prescribed dose of 455 μg/d (284 μg/d FP 
equivalent) pre-trial. As ICS doses above 800 μg/ 
d budesonide (500 μg/d FP equivalent) are associated 
with significant risks of adverse systemic effects, such 
as cataracts, adrenal insufficiency, fractures, pneu
monia, and diabetes,26,27 these findings suggest major 
safety benefits with the AIR ‘Track 1’ compared with 
the SABA-based ‘Track 2’. They also support the 
concept that the timing of ICS-formoterol therapy, 
titrated through the vehicle of bronchodilator reliever 
use, may be more important for efficacy than total daily 
maintenance dose.28

Interpreting the alignment of reliever use and 
patient-led step changes was challenging due to the 
inability to distinguish between symptom relief and 
maintenance inhaler use, variable adherence to main
tenance treatment, and potential undocumented step 
changes. As a result, we were unable to analyse in a 
standardised manner the extent to which, during Phase 
2, patients adhered to the algorithm’s instructions to 
step up or step down treatment in response to >7 or ≤2 
reliever actuations per week, respectively. However, 
documented patient-led treatment step changes gener
ally aligned with guidance provided to step up or step 
down the treatment step in accordance with asthma 
attacks and reliever use. On average, patients took seven 
actuations in the seven days prior to stepping up from 
Step 1 and 18 actuations when stepping up from Step 2 
(recommended 14 maintenance doses in a week), and 
patients took 11 actuations in the seven days prior to 
stepping down from Step 2, and 25 actuations stepping 
down from Step 3 (recommended 28 maintenance 
doses in a week). Similarly, in the four patients who 
experienced an asthma attack during Phase 2, three 
stepped up their level of treatment around the time of 
the exacerbation, and one remained at Step 3. However, 

most patients with high or marked inhaler use did not 
record changing their treatment step, indicating poor 
alignment to the guidance provided.

A key finding was that on 92 of 93 days of high 
budesonide-formoterol use (>8 actuations per day, 
including maintenance and reliever doses), patients did 
not seek medical review within the 48-h window rec
ommended in their asthma action plan. This is 
consistent with observations in high-risk asthma, in 
which 93% of days of high budesonide-formoterol use 
(>8 actuations per day in excess of the prescribed 4 
maintenance doses) occurred without medical review 
within 48 h.29 Such behaviour was also observed with 
high salbutamol use in high-risk asthma, in which 92% 
of days of high salbutamol use (>16 actuations in 
addition to maintenance budesonide-formoterol use) 
occurred without medical review within 48 h.29 Simi
larly, in mild asthma, although there were lower rates of 
beta2-agonist overuse days, there were no occasions in 
either the budesonide-formoterol or terbutaline reliever 
groups (>8 and > 16 actuations, respectively) in which 
medical review was sought within 48 h.30 These find
ings indicate that even in the setting of a clinical trial, 
with repeat clinic visits during which an asthma action 
plan is introduced and reinforced, most patients do not 
follow this written advice to obtain medical review 
when beta2-agonist use exceeds predefined levels. This 
behaviour may reflect patient experience that most ep
isodes of worsening asthma requiring high doses of 
beta2-agonist are self-limiting and eventually resolve 
without medical review. Closing this gap between rec
ommended self-management and actual patient 
behaviour should be a key priority for asthma 
education.

Limitations of the current trial include the relatively 
small sample size which limits the extent to which the 
study group can be considered fully representative of 
the wider asthma population. The broad inclusion 
criteria, including patients with mild to severe asthma 
across the adult population, however, helps mitigate 
this effect on generalisability and enhances the external 
validity of the findings. A further limitation is the 
absence of a control group, making causal inference 
and accounting for confounding factors challenging, 
particularly in light of the potential influence of 
COVID-19 restrictions on patient behaviour and 
asthma control. The absence of blinding may also have 
introduced bias for patient-reported outcomes. The pre- 
post analysis however, assessed changes in patient 
satisfaction and asthma outcomes, accounting for 
baseline variability, and providing valuable insights into 
the AIR Algorithm’s impact. The study was also not 
powered to investigate exacerbation rates, although 
their documentation allowed assessment of the step 
changes in the 14 days before and after the exacerba
tion. Large studies comparing the ‘Track 1’ and ‘Track 
2’ algorithms are now needed to validate these findings.
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In conclusion, this single-arm, open-label trial has 
shown that adopting the AIR Algorithm approach to 
asthma management in adults is associated with 
enhanced patient satisfaction at lower treatment steps 
without compromising asthma control, airways 
inflammation, or lung function.

Contributors
Conceptualisation, funding acquisition and methodology: PB, LH, CK, 
MH, JM, AS, IP, TH, AP, RH, RB; Data curation: PB, MH, AE, JM, JS; 
Formal analysis: CB, AE, MW; Investigation/data collection: PB, CH, 
LH, CK, MP; Project administration: PB, CH, MH, JM, JS; Software: 
AA, CB, AE, JM; Supervision: PB, MH, JS, RB; Validation: PB, CH, 
MH, AA, JM, JS have verified the underlying data; Writing—original 
draft: RB, PB; Writing—review & editing: all authors. All authors read 
and approved the final version of the manuscript.

Data sharing statement
Individual participant data for this trial (including data dictionaries) will 
be made available, upon request, one year after publication until a 
minimum of 5 years after publication. Researchers must provide a 
methodologically sound proposal for consideration by the AIR Algo
rithm steering committee.

Declaration of interests
PB, CH, LH, CK, MH, AA, MP, CB, AE, JM, JS, AS and MW have no 
conflicts of interests to declare.

IP reports consulting fees from GlaxoSmithKline, Sanofi/Regen
eron, AstraZeneca, Circassia, Aretriea and Upstream Bio, outside the 
submitted work; payment or honoraria for lectures, presentations, 
speakers bureaus, manuscript writing or educational events from 
GlaxoSmithKline, Sanofi/Regeneron, AstraZeneca and Circasia, 
outside the submitted work; support for attending meetings and/or 
travel from GlaxoSmithKline, Sanofi/Regeneron and AstraZeneca, 
outside the submitted work; and stock or stock options in Upstream Bio 
and Mybiometry.

TH reports grants or contracts from AstraZeneca, outside the 
submitted work; and stock or stock options in AstraZeneca.

AP reports grants or contracts from Chiesi, AstraZeneca, Glax
oSmithKline, and Sanofi, outside the submitted work; consulting fees 
from Chiesi, AstraZeneca, GlaxoSmithKline, Sanofi, Avillion, Moderna, 
and Roche, outside the submitted work; payment or honoraria for lec
tures, presentations, speakers bureaus, manuscript writing or educa
tional events from Chiesi, AstraZeneca, GlaxoSmithKline, Menarini, 
Zambon, Mundipharma, Sanofi, IQVIA, Avillion, and Regeneron, 
outside the submitted work; and participation on a Data Safety Moni
toring Board or Advisory Board for Chiesi, AstraZeneca, Glax
oSmithKline, Sanofi, IQVIA, Avillion, and Moderna, outside the 
submitted work.

RH reports royalties or licences from GSK, AstraZeneca, TEVA, 
Novartis, UCB, EliLilly, Sanofi, Pfizer and Gilead, outside the submitted 
work; consulting fees from AstraZeneca, UCB, Daiichi, Sciencus, Esai 
and Vertex, outside the submitted work; payment or honoraria for 
lectures, presentations, speakers bureaus, manuscript writing or 
educational events from AbbVie, Abbott, Amgen, Astellas, AstraZeneca, 
Boehringer Ingelheim, Biogen, Gilead Sciences, GlaxoSmithKline, 
Janssen, Merck Sharp Dohme, Merck, Novartis, Pfizer, Procter & 
Gamble, Roche, Sanofi, Shire, TEVA and UCB, outside the submitted 
work; participation on advisory boards for AstraZeneca, UCB, Abbott 
and Novartis, outside the submitted work; and stock or stock options as 
Founding Director of a UCL-Business company (Spoonful of Sugar Ltd) 
providing consultancy on treatment engagement and patient support 
programmes to healthcare policy makers, providers and pharmaceutical 
industry.

RB reports support for the present manuscript from HRC (NZ) 
through Independent Research Organisation (IRO) funding; and 
AstraZeneca through a grant-in-aid, and supply of the study medica
tion, electronic monitors, and electronic monitor data collection. RB 

reports research grants from AstraZeneca, Teva, HRC NZ, Curekids 
NZ, and Perpetual Guardian outside the submitted work; consulting 
fees from AstraZeneca, Avillion, and Teva; honoraria for Advisory 
Board membership from AstraZeneca; writing support for unrelated 
NOVELTY study manuscripts from AstraZeneca; medications for other 
clinical trials outside the submitted work from AstraZeneca; Chair of 
the Asthma and Respiratory Foundation NZ adolescent and adult 
asthma guidelines group, reviewer for the GINA guidelines, and ex- 
member of the Board of GOLD.

Acknowledgements
The authors would like to thank all participants in this study, and the 
Data and Safety Monitoring Committee: Andrew Harrison (Chair), and 
Andrew Corin. This work was supported by Medical Research Institute 
of New Zealand (Independent Research Organisation funding from the 
Health Research Council of New Zealand [IRO grant 18/002]) and 
AstraZeneca.

Appendix A. Supplementary data
Supplementary data related to this article can be found at https://doi. 
org/10.1016/j.eclinm.2025.103570.

References
1 Global Initiative for Asthma (GINA). Global strategy for asthma 

management and prevention. https://ginasthma.org/2024-report/; 
2024. Accessed August 20, 2024.

2 Beasley R, Beckert L, Fingleton J, et al. Asthma and respiratory 
foundation NZ adolescent and adult asthma guidelines 2020: a 
quick reference guide. N Z Med J. 2020;133(1517):73–99.

3 Beasley R, Braithwaite I, Semprini A, et al. ICS-Formoterol reliever 
therapy stepwise treatment algorithm for adult asthma. Eur Respir 
J. 2020;55(1):1901407. https://doi.org/10.1183/13993003.01407- 
2019.

4 Atkinson MJ, Kumar R, Cappelleri JC, Hass SL. Hierarchical 
construct validity of the Treatment Satisfaction Questionnaire for 
Medication (TSQM Version II) among outpatient pharmacy con
sumers. Value Health. 2005;8(S1):S9–S24. https://doi.org/10.1111/ 
j.1524-4733.2005.00066.x.

5 Plaza V, Giner J, Calle M, et al. Impact of patient satisfaction with 
his or her inhaler on adherence and asthma control. Allergy Asthma 
Proc. 2018;39(6):437–444. https://doi.org/10.2500/aap.2018.39. 
4183.

6 Bruce P, Hatter L, Houghton C, et al. The Anti-Inflammatory 
Reliever (AIR) algorithm study: a protocol for a single-group 
study of an AIR stepwise approach to the treatment of adult 
asthma. ERJ Open Res. 2023;9(2):239–2023. https://doi.org/10. 
1183/23120541.00239-2023.

7 Juniper EF, Svensson K, Mörk AC, Ståhl E. Measurement prop
erties and interpretation of three shortened versions of the asthma 
control questionnaire. Respir Med. 2005;99(5):553–558. https://doi. 
org/10.1016/j.rmed.2004.10.008.

8 Juniper EF, O’Byrne PM, Guyatt GH, Ferrie PJ, King DR. Devel
opment and validation of a questionnaire to measure asthma 
control. Eur Respir J. 1999;14(4):902–907. https://doi.org/10.1034/j. 
1399-3003.1999.14d29.x.

9 Juniper EF, Buist AS, Cox FM, Ferrie PJ, King DR. Validation of a 
standardized version of the asthma quality of life questionnaire. Chest. 
1999;115(5):1265–1270. https://doi.org/10.1378/chest.115.5.1265.

10 Nathan RA, Sorkness CA, Kosinski M, et al. Development of the 
asthma control test: a survey for assessing asthma control. J Allergy 
Clin Immunol. 2004;113(1):59–65. https://doi.org/10.1016/j.jaci. 
2003.09.008.

11 Horne R, Weinman J, Hankins M. The beliefs about medicines 
questionnaire: the development and evaluation of a new method for 
assessing the cognitive representation of medication. Psychol Health. 
1999;14(1):1–24. https://doi.org/10.1080/08870449908407311.

12 Chan AHY, Katzer CB, Horne R, et al. SABA reliance question
naire (SRQ): identifying patient beliefs underpinning reliever 
overreliance in asthma. J Allergy Clin Immunol Pract. 2020;8 
(10):3482–3489.e1. https://doi.org/10.1016/j.jaip.2020.07.014.

13 Reddel HK, Taylor DR, Bateman ED, et al. An official American 
thoracic society/european respiratory society statement: asthma 
control and exacerbations. Am J Respir Crit Care Med. 2009;180 
(1):59–99. https://doi.org/10.1164/rccm.200801-060ST.

Articles

www.thelancet.com Vol 89 November, 2025 11

https://doi.org/10.1016/j.eclinm.2025.103570
https://doi.org/10.1016/j.eclinm.2025.103570
https://ginasthma.org/2024-report/
http://refhub.elsevier.com/S2589-5370(25)00503-6/sref2
http://refhub.elsevier.com/S2589-5370(25)00503-6/sref2
http://refhub.elsevier.com/S2589-5370(25)00503-6/sref2
https://doi.org/10.1183/13993003.01407%2D2019
https://doi.org/10.1183/13993003.01407%2D2019
https://doi.org/10.1111/j.1524%2D4733.2005.00066.x
https://doi.org/10.1111/j.1524%2D4733.2005.00066.x
https://doi.org/10.2500/aap.2018.39.4183
https://doi.org/10.2500/aap.2018.39.4183
https://doi.org/10.1183/23120541.00239%2D2023
https://doi.org/10.1183/23120541.00239%2D2023
https://doi.org/10.1016/j.rmed.2004.10.008
https://doi.org/10.1016/j.rmed.2004.10.008
https://doi.org/10.1034/j.1399%2D3003.1999.14d29.x
https://doi.org/10.1034/j.1399%2D3003.1999.14d29.x
https://doi.org/10.1378/chest.115.5.1265
https://doi.org/10.1016/j.jaci.2003.09.008
https://doi.org/10.1016/j.jaci.2003.09.008
https://doi.org/10.1080/08870449908407311
https://doi.org/10.1016/j.jaip.2020.07.014
https://doi.org/10.1164/rccm.200801%2D060ST


14 Sobieraj DM, Weeda ER, Nguyen E, et al. Association of inhaled 
corticosteroids and long-acting β-agonists as controller and quick 
relief therapy with exacerbations and symptom control in persis
tent asthma. JAMA. 2018;319(14):1485–1496. https://doi.org/10. 
1001/jama.2018.2769.

15 Crossingham I, Turner S, Ramakrishnan S, et al. Combination 
fixed-dose beta agonist and steroid inhaler as required for adults or 
children with mild asthma. Cochrane Database Syst Rev. 2021;5(5): 
CD013518. https://doi.org/10.1002/14651858.CD013518.pub2.

16 Rogliani P, Ritondo BL, Ora J, Cazzola M, Calzetta L. SMART and 
as-needed therapies in mild-to-severe asthma: a network meta- 
analysis. Eur Respir J. 2020;56(3):2000625. https://doi.org/10.1183/ 
13993003.00625-2020.

17 Aggarwal AN, Kumari R, Grover S. Patient satisfaction with 
inhaled medication for asthma. Respir Care. 2018;63(7):859–864. 
https://doi.org/10.4187/respcare.05544.

18 Patel M, Pilcher J, Reddel HK, et al. Predictors of severe exacer
bations, poor asthma control, and β-agonist overuse for patients 
with asthma. J Allergy Clin Immunol Pract. 2014;2(6):751–758.e1. 
https://doi.org/10.1016/j.jaip.2014.06.001.

19 Blakey JD, Price DB, Pizzichini E, et al. Identifying risk of future 
asthma attacks using UK medical record data: a respiratory 
effectiveness group initiative. J Allergy Clin Immunol Pract. 
2017;5(4):1015–1024.e8. https://doi.org/10.1016/j.jaip.2016.11. 
007.

20 Patel M, Pilcher J, Reddel HK, et al. Metrics of salbutamol use as 
predictors of future adverse outcomes in asthma. Clin Exp Allergy. 
2013;43(10):1144–1151. https://doi.org/10.1111/cea.12166.

21 Nwaru BI, Ekström M, Hasvold P, et al. Overuse of short-acting β2- 
agonists in asthma is associated with increased risk of exacerbation 
and mortality: a nationwide cohort study of the global SABINA 
programme. Eur Respir J. 2020;55(4):1901872. https://doi.org/10. 
1183/13993003.01872-2019.

22 Patel M, Pilcher J, Munro C, et al. Short-acting β-agonist use as a 
marker of current asthma control. J Allergy Clin Immunol Pract. 
2013;1(4):370–377. https://doi.org/10.1016/j.jaip.2013.04.008.

23 O’Byrne PM, FitzGerald JM, Bateman ED, et al. Effect of a single 
day of increased as-needed budesonide-formoterol use on short- 
term risk of severe exacerbations in patients with mild asthma: a 
post-hoc analysis of the SYGMA 1 study. Lancet Respir Med. 2021;9 
(2):149–158. https://doi.org/10.1016/S2213-2600(20)30416-1.

24 Buhl R, Kuna P, Peters MJ, et al. The effect of budesonide/for
moterol maintenance and reliever therapy on the risk of severe 
asthma exacerbations following episodes of high reliever use: an 
exploratory analysis of two randomized, controlled studies with 
comparisons to standard therapy. Respir Res. 2012;13(1):59. https:// 
doi.org/10.1186/1465-9921-13-59.

25 Bateman ED, Boushey HA, Bousquet J, et al. Can guideline- 
defined asthma control be achieved? The gaining optimal asthma 
ControL study. Am J Respir Crit Care Med. 2004;170(8):836–844. 
https://doi.org/10.1164/rccm.200401-033OC.

26 Lipworth BJ. Systemic adverse effects of inhaled corticosteroid 
therapy: a systematic review and meta-analysis. Arch Intern Med. 
1999;159(9):941–955. https://doi.org/10.1001/archinte.159.9.941.

27 Beasley R, Harper J, Bird G, et al. Inhaled corticosteroid therapy in 
adult asthma: time for a new therapeutic dose terminology. Am J 
Respir Crit Care Med. 2019;199(12):1471–1477. https://doi.org/10. 
1164/rccm.201810-1868CI.

28 Beasley R, Bruce P, Houghton C, Hatter L. The ICS/formoterol 
reliever therapy regimen in asthma: a review. J Allergy Clin 
Immunol Pract. 2023;11(3):762–772.e1. https://doi.org/10.1016/j. 
jaip.2023.01.002.

29 Patel M, Pilcher J, Pritchard A, et al. Efficacy and safety of main
tenance and reliever combination budesonide-formoterol inhaler 
in patients with asthma at risk of severe exacerbations: a rando
mised controlled trial. Lancet Respir Med. 2013;1(1):32–42. https:// 
doi.org/10.1016/S2213-2600(13)70007-9.

30 Baggott C, Hardy J, Sparks J, et al. Self-titration of inhaled corti
costeroid and β2-agonist in response to symptoms in mild asthma: 
a pre-specified analysis from the PRACTICAL randomised 
controlled trial. Eur Respir J. 2020;56:2000170. https://doi.org/10. 
1183/13993003.00170-2020.

Articles

12 www.thelancet.com Vol 89 November, 2025

https://doi.org/10.1001/jama.2018.2769
https://doi.org/10.1001/jama.2018.2769
https://doi.org/10.1002/14651858.CD013518.pub2
https://doi.org/10.1183/13993003.00625%2D2020
https://doi.org/10.1183/13993003.00625%2D2020
https://doi.org/10.4187/respcare.05544
https://doi.org/10.1016/j.jaip.2014.06.001
https://doi.org/10.1016/j.jaip.2016.11.007
https://doi.org/10.1016/j.jaip.2016.11.007
https://doi.org/10.1111/cea.12166
https://doi.org/10.1183/13993003.01872%2D2019
https://doi.org/10.1183/13993003.01872%2D2019
https://doi.org/10.1016/j.jaip.2013.04.008
https://doi.org/10.1016/S2213%2D2600%2820%2930416%2D1
https://doi.org/10.1186/1465%2D9921%2D13%2D59
https://doi.org/10.1186/1465%2D9921%2D13%2D59
https://doi.org/10.1164/rccm.200401%2D033OC
https://doi.org/10.1001/archinte.159.9.941
https://doi.org/10.1164/rccm.201810%2D1868CI
https://doi.org/10.1164/rccm.201810%2D1868CI
https://doi.org/10.1016/j.jaip.2023.01.002
https://doi.org/10.1016/j.jaip.2023.01.002
https://doi.org/10.1016/S2213%2D2600%2813%2970007%2D9
https://doi.org/10.1016/S2213%2D2600%2813%2970007%2D9
https://doi.org/10.1183/13993003.00170%2D2020
https://doi.org/10.1183/13993003.00170%2D2020

	An anti-inflammatory reliever algorithm approach to asthma management in adults: an open-label, single-arm trial
	Introduction
	Methods
	Trial design
	Ethics
	Patients
	Treatment
	AIR step 1
	AIR step 2
	AIR step 3

	Trial procedures
	Outcome measures
	Sample size
	Statistics
	Role of funding source

	Results
	Primary outcome
	Secondary outcomes

	Discussion
	ContributorsConceptualisation, funding acquisition and methodology: PB, LH, CK, MH, JM, AS, IP, TH, AP, RH, RB; Data curati ...
	Data sharing statementIndividual participant data for this trial (including data dictionaries) will be made available, upon ...
	Declaration of interests
	Acknowledgements
	Appendix A. Supplementary data
	References


