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ABSTRACT

Concerns regarding the safety of beta-2 agonists have led to revisions of the major asthma 
guidelines to better address these issues. Although these updates allow for a combination of 
previous and current strategies, they may confuse clinical practitioners. Beta-2 agonists are 
vital for alleviating asthma symptoms by relaxing smooth muscles; however, they also pose 
significant risks by inducing pro-inflammatory mediators both in vitro and in vivo. In addition 
to the risks of overuse and symptom masking, the use of beta-agonists alone at therapeutic 
doses can worsen airway inflammation and enhance virus-induced inflammation during 
asthma exacerbation. Inhaled corticosteroids (ICS) can effectively prevent these adverse 
effects. With new insights into the mechanisms of these adverse events, reserving short-
acting beta-agonists for acute symptom relief during exacerbations and only for those who 
are already on ICS or oral steroids represents a careful approach to using beta-agonists with 
least adverse effects in patients with asthma. However, a major drawback of this approach 
is the potential non-compliance with ICS, leading to beta-agonist use without the necessary 
counteraction by ICS. An optimal strategy, both during and outside exacerbations, would 
integrate beta-agonists into an anti-inflammatory regimen that includes ICS, ideally 
combined with the same inhaler to ensure their concurrent use where finances allow. This 
would maintain the beneficial effects of beta-agonists, such as bronchodilation, while 
preventing the adverse effects from the induction of inflammatory mediators. This method is 
aligned with diverse clinical settings, maximizes the safe use of beta-agonists, and supports a 
comprehensive guideline-compliant management strategy.

Keywords: Asthma; adrenergic beta-2 receptor agonist; corticosteroids; inflammatory mediators; 
airway inflammation; adverse reactions; risk factors; safety; adherence

INTRODUCTION

Beta-adrenergic receptors are widely distributed throughout the body, with various subtypes 
known, from beta-1 to beta-3.1-3 Among these receptors, beta-2 receptors hold special 
significance because they are closely associated with the respiratory system. Beta-2 receptors 
are primarily distributed in smooth muscles throughout the body and their stimulation 
plays a crucial role in smooth muscle relaxation. Specifically, beta-2 receptors are found in 
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the airway smooth muscle, intestine, bladder, vascular smooth muscle, liver, and pancreas.3 
These receptors contribute to the fight-or-flight response and various physiological 
processes. The expression of beta-2 receptors in airway smooth muscle makes them essential 
for bronchodilation, a process that is vital for proper respiratory function. Owing to their role 
in bronchodilation, beta-agonists, together with anti-inflammatory inhaled corticosteroids 
(ICS), have long been central to the management of patients with asthma.1,3

For the last several decades, concerns regarding the safety of beta-agonists have persisted,4-7 
leading to revisions of major asthma guidelines aimed at addressing these issues. Despite 
these updates, previous strategies are still permitted to be intermixed with the updated 
strategies, which may confuse clinical practitioners.8-13 In this review, we aim to explore 
background issues regarding the usage and side effects of beta-2 agonists by summarizing 
their indications in asthma management and presenting various adverse outcomes of using 
beta-agonists along with their possible mechanisms. Finally, we suggest practical strategies 
for the safer use of beta-2 agonists in real-world practice.

CURRENT RECOMMENDATIONS FOR USING BETA-2  
AGONISTS IN VARIOUS ASTHMA MANAGEMENT 
GUIDELINES

The effectiveness of beta-2 agonists as bronchodilators is widely recognized in asthma 
guidelines, particularly in cases of acute exacerbation, owing to their rapid action and 
significant impact. The concurrent use of beta-2 agonists with ICS is advised to attain 
sustained asthma control and symptom relief. Moreover, the integrated approach of 
combining beta-2 agonists with ICS addresses both immediate symptoms and long-term 
aspects, offering a comprehensive and effective treatment strategy.

Global INitiative for Asthma (GINA) up to 2023
Within the GINA guidelines, beta-2 agonists, when used in conjunction with steroids, are 
recommended as pivotal medications for managing asthma symptoms and reducing risks in 
the long-term care of patients with asthma.8 However, the frequent recent revisions of these 
guidelines have resulted in an increasing demand for a clear understanding of the underlying 
principles governing the strategies for their utilization. In this context, Table provides a 
comprehensive overview of the use of beta-agonists in asthma management over the course 
of the past 6 years.8,14-18 To enhance the comprehension of reliever usage, Table also presents 
the controller (or maintenance medication) usage in patients with mild asthma, specifically 
focusing on steps 1 and 2 of maintenance strategies.

Until 2018, the approach to managing mild asthma primarily involved utilizing low-dose 
(LD) ICS as controllers and short-acting beta-agonists (SABA) as relievers on an as-needed 
basis.14 In this approach, if symptom control was achieved, it was possible to discontinue LD 
ICS as a controller, relying solely on SABA as needed. However, this transition sometimes 
leads to the overuse of SABA alone, eventually resulting in repeated exacerbations and even 
life-threatening episodes. Moreover, if asthma failed to be well controlled despite LD ICS 
maintenance inhalation, a combination of ICS and a long-acting beta-agonist (LABA) was 
recommended, with the option of choosing either salmeterol or formoterol as the LABA 
component. For individuals opting for rapid-acting formoterol as their preferred LABA in a 
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combination inhaler, a maintenance and reliever therapy (MART) strategy was suggested, 
which allowed the use of maintenance medication as a reliever during exacerbations. Starting 
in 2019, SABA alone was no longer recommended for asthma management.15 The approach 
for managing mild asthma shifted towards employing a fixed ICS and LABA combination 
(ICS-LABA) of budesonide and formoterol, the only approved ICS-LABA preparation 
for as-needed use. The previous strategy was repositioned as an ‘alternative’ method of 
maintenance, advocating SABA usage alongside simultaneous ICS inhalation for individuals 
at Step 1, a stage in which controller drugs were not initially indicated. Furthermore, for 
the short-term prevention of exercise-induced bronchoconstriction (EIB) in patients with 
asthma, the conventional practice of SABA inhalation was replaced by the inhalation of 
LD ICS-formoterol. In 2021, a comprehensive two-track system was formally proposed, 
recommending both budesonide-formoterol and beclomethasone-formoterol as equally 
preferred options.17,18 Additionally, the approach to controlling medication became simpler. 
The use of combined ICS-LABA is recommended for all mild asthma cases, with adjustments 
to the corticosteroid content from the combination inhaler for more severe cases.

In the recent 2023 guideline, several terminology revisions have been made to minimize 
confusion.8 For instance, the term ‘maintenance medication’ has been suggested in place 
of the conventional ‘controller medication.’ Additionally, by introducing the term ‘anti-
inflammatory reliever (AIR),’ the solitary use of SABA inhalers is challenged, and AIR 
or MART is recommended across all tracks of asthma management. This change also 
addresses the introduction of a fixed combination of budesonide and salbutamol in Track 2 
management, in which the reliever medication differs from that in Track 1.

Furthermore, GINA recommends a sequential approach to manage asthma exacerbations, 
with beta-agonists playing an essential role. According to the 2018 report, for individuals 
experiencing acute asthma exacerbations, the approach is outlined through self-
management, primary care, and in-hospital steps.14 During the self-management phase, 
it is highly recommended to increase the frequency of using relievers, primarily SABAs, 
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Table. Changes in the beta-agonist usage recommendations in the GINA guideline
Year 2018 2019 2020 2021 2022 2023
Comment • ‘Preferred’ and ‘Options’ concept 

applied
• ‘Two track’ concept applied • ‘Anti-inflammatory relievers’ 

concept applied
• SABA only not permitted • Emergence of the ICS-SABA 

combination
Preferred/track 1, Controller/maintenance, STEPS 1–2

STEP 1 (None) • As-needed LD ICS-Form* • As-needed LD ICS-Form • As-needed LD ICS-Form
STEP 2 LD ICS • LD ICS or as-needed LD ICS-Form*

Preferred/track 1, Reliever
STEPS 1–2 As-needed SABA • As-needed LD ICS-Form* • As-needed LD ICS-form • As-needed LD ICS-Form
STEPS 3–5 As-needed SABA, 

or as-needed LD 
ICS-Form (MART) 
where applicable

• As-needed LD ICS-Form†

(MART) where applicable

Alternative/track 2, Controller/Maintenance, STEPS 1–2
STEP 1 • LD ICS whenever SABA is taken • Take ICS whenever SABA is taken • Take ICS whenever SABA is taken
STEP 2 • Daily LTRA or LD ICS whenever 

SABA is taken
• LD ICS • LD ICS

Alternative/track 2, Reliever
STEPS 1–2 • As-needed SABA • As-needed SABA • As-needed SABA, or as-

neededICS-SABASTEPS 3–5
GINA, Global INitiative for Asthma; SABA, short-acting beta agonist; ICS, inhaled corticosteroid; LD, low-dose; Form, formoterol; MART, maintenance and reliever 
treatment; LTRA, leukotriene receptor antagonist.
*Budesonide-formoterol only. †Both budesonide-formoterol and beclomethasone-formoterol.



alongside a recommendation to consider also increasing the ICS. For patients prescribed 
LD ICS-formoterol as a rescue medication, the inhalation frequency can be increased to 
a maximum of 12 times per day, followed by an earlier medical review in the subsequent 
primary care step.14 SABA is suggested to be administered with four to ten puffs every 20 
minutes during the initial hour, with no recommendation regarding ICS use or simultaneous 
administration of systemic steroids for this first hour, although in our view, administering 
40 puffs of SABA in the absence of ICS/oral corticosteroid is dangerous. Adjustments to 
the dosing interval should be made based on the patient response. If the patient responds 
well to initial treatment, additional inhalation is unnecessary; however, if the response is 
inadequate, SABA should be administered repeatedly during transfer to the hospital for acute 
exacerbations, ensuring the simultaneous administration of early systemic steroids and 
controlled-flow oxygen supplementation.14

In a hospital setting, SABA inhalation via a pressurized metered-dose inhaler frequently 
or via nebluizer continuously is initially suggested, followed by intermittent on-demand 
inhalation.14 Once symptoms improve and discharge with outpatient follow-up is 
considered appropriate, the SABA inhalation regimen should transition to an as-needed 
basis. Throughout this transition, the guidelines emphasize the importance of consistently 
administering controller medications. Thereafter, minor adjustments were subsequently 
made. In 2020, the self-management plan for patients prescribed beclomethasone-
formoterol as their reliever recommended a maximum usage of eight times per day.16 In 
2023, a limit of six times per day was advised for the budesonide-salbutamol combination 
inhaler, with immediate medical attention recommended for those exceeding this limit.8 
Additionally, during the COVID-19 pandemic, the guidelines discouraged the use of 
nebulizers in emergency settings due to concerns about infection transmission.16

National Asthma Education and Prevention Program (NAEPP), UK, Korea, and 
Japanese guidelines
Tailored asthma management guidelines are being developed in various countries to align 
with medication availability and each nation’s unique medical practices.9-13,19 Variations 
in the use of beta-agonists are also evident across different countries. While the NAEPP 
guideline was updated in 2020, it has not yet endorsed the approach emphasized by GINA, 
which suggests ‘taking ICS whenever SABA is used.’20 Moreover, the NAEPP guideline only 
conditionally recommend that children aged 0–4 years with recurrent wheezing should start 
a short course of daily ICS with as-needed SABA at the onset of a respiratory tract infection 
for quick-relief.9 The NAEPP maintains the categorization of asthma into intermittent and 
persistent types, permitting the use of SABAs for monotherapy in intermittent asthma and 
as a pretreatment for EIB. For patients with persistent asthma, Step 2 recommends daily LD 
ICS use alongside as-needed SABA or concurrent on-demand ICS-LABA therapy. For higher 
stages, such as Step 3 and beyond, the NAEPP advocates the daily use of a combination of 
ICS-formoterol along with on-demand SABA inhalation as a reliever in conjunction with the 
existing medication regimen.

The British guidelines for asthma management, including the National Institute for Health 
and Care Excellence (NICE) guideline9 and the Scottish Intercollegiate Guidelines Network 
(SIGN),10 have not yet been fully aligned with GINA. The most recent 2021 NICE guideline 
(NG80) is closer to GINA’s Track 2, particularly in terms of beta-agonist usage.11 Symptom-based 
use of SABA is advised in the initial treatment of new asthma cases and those with infrequent 
wheezing and normal lung function. Similar to other guidelines, maintenance involves the 
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proactive use of leukotriene receptor antagonists (LTRA), and like other guidelines, LABA 
is recommended alongside ICS. In uncontrolled asthma, options include escalating ICS 
dosing, increasing steroid doses within the MART approach, or raising fixed ICS dosing 
while using SABA as a reliever. The SIGN guideline (SIGN 158) also recommends short-
acting bronchodilators, encompassing beta-agonists, theophylline, and inhaled ipratropium 
bromide, for managing infrequent and short-lived wheezing episodes.10 LABA is advised 
as an add-on therapy, co-administered with ICS. LABA is the first-choice treatment for 
adults and is equivalent to LTRA as an add-on treatment for children. Inhaled LABA is 
preferably administered using a single combination inhaler in a MART regimen. For acute 
exacerbations, SIGN 158 suggests immediate inhalation of beta-agonists as first-line agents, 
with SABA as the sole short-term reliever, while ICS co-administration is not explicitly 
recommended. Moreover, a pressurized metered-dose inhaler connected to a spacer is 
suggested for children. The use of intravenous (IV) beta-agonists is discouraged or reserved 
for severe cases, with IV use requiring lactate-level monitoring. Both SABA and LABAs are 
beneficial for EIB prophylaxis. However, SABA is recommended as the drug of choice for 
immediate administration before exercise.10

The asthma guidelines in South Korea and Japan exhibit distinct pathways. The updated 
2022 asthma guideline by the Korean Academy of Tuberculosis and Respiratory Diseases 
predominantly incorporates the principles of the 2021 GINA guidelines.12 It delineates two 
distinct tracks: Track 1 advocates the use of low-dose ICS-formoterol as a reliever, designating 
it as the preferred approach, while Track 2 presents an alternative approach employing 
as-needed SABA as the reliever. Notably, Track 1 permits the omission of regular inhalation 
up to Step 2, whereas Track 2 recommends starting ICS at Step 1, even when using SABA as 
needed. Consistent with GINA 2021,17 the management of acute exacerbations entails the 
rapid and repeated inhalation of beta-2 agonists. Specifically, the recommendation entails 
inhaling 4 to 10 puffs of SABA every 20 minutes within the first hour to gauge the response. 
In contrast, the most recent revision of the Japanese asthma management guidelines adheres 
to a traditional Japan-specific approach.13 Asthma is stratified into four stages: mildly 
intermittent, mildly persistent, moderately persistent, and severely persistent. Throughout 
all stages, the guidelines advocate the use of SABA to relieve exacerbations. In Step 1, 
controllers are not recommended if asthma symptoms are rare.13 If symptoms worsen, LD 
ICS is introduced as a controller along with SABA. In Steps 2 and 3, the guidelines propose a 
MART regimen for controllers delivered through budesonide-formoterol, while recommending 
as-needed SABA for other cases. Intriguingly, certain medications developed in Japan, though 
lacking Food and Drug Administration (FDA) approval and international recognition, are 
utilized equivalently in long-term asthma management.13 The usage of MART for symptom 
relief during acute exacerbations is limited to a maximum of 12 inhalations per day, up to a 
duration of 3 days, with the necessity for prompt medical review if surpassing this limit.13

ADVERSE EFFECTS FROM USING BETA-AGONISTS

The use of beta-agonists can lead to multiple side effects due to the widespread distribution 
of their receptors in airway/lung cells beyond just airway smooth muscle and indeed 
throughout the entire body.1 Binding of beta-agonists to receptors in cells beyond and 
including airway smooth muscle may result in adverse effects, as well as their beneficial 
effects in relaxing airway smooth muscle. Initially, these adverse effects were found to be 
primarily associated with the inappropriate or excessive use of SABA in the absence of ICS. 
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However, because all beta-agonists share the same mechanism of action, these adverse 
effects should theoretically occur with any beta-agonist.1,3 Indeed, similar adverse effects have 
been extensively reported with the use of LABAs in the absence of ICS.

Increased mortality
In the 1960s, 6 countries saw a surge in asthma-related deaths, which was suspected to be 
linked to the widespread use of a high-dose, non-selective beta agonist medication known 
as isoprenaline forte.21,22 Subsequently, another upsurge in asthma fatalities was observed in 
New Zealand, which coincided with the launch of a high-dose form of fenoterol.23,24 From the 
1970s onwards, a gradual and consistent increase in asthma deaths was noticed in countries 
where fenoterol was frequently prescribed to patients with mild to moderate asthma.25 
A review of asthma-related deaths in the UK showed that SABA overuse in the absence 
of ICS use is still a significant risk factor for asthma mortality.6,26 Even more concerning, 
the SABINA studies revealed a general overuse of SABA, which elevates the risk of asthma 
exacerbation and mortality.7 Even though no widespread increase in deaths has been 
reported, LABAs are reported to elevate the risk of asthma-related deaths, especially when 
salmeterol is prescribed regularly (and very likely overused at times of exacerbation) without 
accompanying ICS.27,28

Systemic adverse effects
Although beta-2 agonists exhibit receptor selectivity, this selectivity is not 100%. Given that 
most tissues express multiple subtypes of beta receptors, with one subtype usually being 
more predominant than the others, off-target effects are possible, especially with higher or 
more frequent dosing.29 Noteworthy side effects include palpitations, chest pain, tachycardia, 
and tremors, while headaches, nervousness, and muscle cramping are also commonly linked. 
These effects are most common with oral intake, followed by patches and inhaled agents,13 
possibly intensified by excessive SABA inhaler use. Intravenous beta-agonist administration 
can induce serious outcomes such as hypokalemia, demanding vigilant monitoring, while 
high doses may lead to lactic acidosis.30,31 Therefore, caution is advised, especially in 
patients with conditions such as ischemic heart disease, hyperthyroidism, and diabetes, 
all of which can worsen by excessive beta-agonist use. Cardiac side effects, which have 
been previously implicated in increased asthma mortality,32 can be more dangerous under 
hypoxemic conditions.33 However, reductions in hospitalizations for asthma exacerbations 
(along with a reduction in asthma mortality) following the withdrawal of fenoterol in New 
Zealand indicated that the reduction in asthma mortality was not wholly due to a reduction 
in cardiac side effects, but at least partly due to a reduction in respiratory adverse effects. 
This is because if the reduction in mortality was only due to reduced cardiac side effects, 
hospitalization for asthma exacerbations should have remained unchanged.34

Poor asthma control and severe exacerbation
While beta-2 agonists aim to improve airway obstruction and alleviate asthma symptoms, 
the regular or excessive use of these agents is paradoxically associated with the exacerbation 
of airway hyperresponsiveness (AHR), loss of asthma control, prolonged asthma attacks, 
and declining lung function.35-39 These adverse effects, which were initially attributed to 
the overuse of SABAs in the absence of ICS, are observed across a broad spectrum of beta-
agonists. Even in the routine utilization of LABAs in the absence of ICS, including salmeterol, 
formoterol, and the ultra-LABA indacaterol, there is a risk of asthma deterioration leading 
to hospitalization, intubation, and mortality.5,40-42 Conversely, employing SABAs/LABAs in 
conjunction with ICS in the same inhaler (so that the SABA/LABA cannot be used without 
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ICS) has shown no additional risk of adverse events.43-48 For the as-needed and MART 
regimens of ICS-LABA, the risk of serious adverse events are not increased.49,50 In the case of 
salmeterol, although not explicitly approved as a MART regimen, the adverse effect profiles 
were comparable to those of formoterol when co-administered with ICS.51 Recent evidence 
indicates that even in patients who use beta-agonists judiciously, adverse events can arise 
if they are not accompanied by ICS.52 This underscores the fundamental rationale against 
recommending stand-alone beta-agonist use in patients with asthma and provides significant 
support for the evolving guidelines in this domain.

MECHANISMS UNDERLYING ADVERSE EVENTS FROM 
USING BETA-AGONISTS
Various hypotheses have been proposed to explain the mechanisms underlying the adverse 
effects associated with the use of beta-agonists. These include the issue of masking effects 
from temporary beta-stimulation effects,36 suboptimal utilization of anti-inflammatory 
agents,53 and problems such as induction of AHR, airway inflammation, and mucus secretion 
from beta-agonist usage in the absence of ICS.

Behavioral and psychosocial aspects
The increased frequency of severe asthma exacerbations requiring hospitalization and 
mortality is, in part, associated with patient behavior or psychosocial issues. As asthma 
symptoms can be almost immediately relieved by beta-2 agonists, patients may believe that 
using beta-2 agonists is sufficient to resolve their symptoms, and that ICS (which have no 
immediate symptom-relieving activity) are unnecessary and expensive.54,55 Moreover, some 
patients with asthma may regard ICS as being risky, although some of the long-term adverse 
effects of systemic steroids, including the exacerbation of diabetes mellitus, osteoporosis, 
and adrenal insufficiency, can be exaggerated.56,57 These issues can lead to the overuse 
of SABA and underuse of ICS, resulting in inadequate treatment of inflammation, which 
may cause a decline in lung function, worsened asthma control, an increased risk of 
exacerbation, and airway remodeling.53,58 Moreover, a previous experience of overcoming 
asthma exacerbation mainly with first-aid beta-agonists could make patients less sensitive 
in seeking medical review.59 As a result, patients with asthma, even mild asthma, frequently 
overuse SABA during asthma exacerbation, and unless appropriate personalized action plans 
including ICS use are given to them, their exacerbations become refractory to treatment 
when the patients come to an emergency room.6

Beta agonists induce inflammatory mediators and mucus secretion
The use of beta-agonists without ICS does not only result in the absence of the well known 
beneficial anti-inflammatory effects of ICS treatment. It also results in the loss of the 
protective benefits that ICS also have in directly protecting against the adverse effects of 
beta-agonists.

Evidence indicates that beta-2 agonists directly influence various airway cells, intensifying 
mucosal inflammation. Bronchial epithelial cells (BECs) are the cell type in the lower airways 
that are most directly exposed to inhalation therapy and they secrete interleukin (IL)-6 upon 
beta-2 agonist treatment, a phenomenon observed in both the human BEAS-2B cell line and 
primary normal human BECs.60 This induction of IL-6 in BECs can also be triggered by cyclic 
adenosine monophosphate (cAMP) or forskolin, providing evidence of the involvement of 
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cAMP in the adverse effects of beta-2 agonists.60 Furthermore, during rhinovirus (RV) infection 
of BECs (simulating a virus-induced exacerbation), salmeterol was found to potently enhance 
IL-6 induction through the cAMP response element (CRE) in the IL-6 promoter, indicating a 
shared (cAMP-mediated) mechanism between the adverse effect in BECs of beta-2 agonist-
induced IL-6 and cAMP-mediated relaxation effects in airway smooth muscle.60,61

Beta-2 agonists exert their influence on other mediators of asthma exacerbation. Two weeks 
of standard-dose salmeterol monotherapy increased AHR with elevated brain-derived 
neurotrophic factor (BDNF) in the serum and platelets of patients with asthma; the increased 
BDNF concentrations in serum and platelets correlated with the deterioration of AHR.62 
Salmeterol has also been shown to increase BDNF release from mononuclear cells. As BDNF 
is known to enhance AHR63 and given that its regulation is mediated by the binding of 
CRE-binding protein (CREB) to the CRE in its gene promoter,64 similar to what is observed 
with IL-6, AHR aggravation could be attributed to the release of BDNF via the elevation of 
cAMP induced by salmeterol.61 In addition to inducing IL-6 and BDNF, salmeterol has been 
shown to significantly upregulate IL-11 and seven other genes that are less well-studied in 
asthma in BECs compared to control media. Among these genes, the addition of salmeterol 
to RV-infected cells resulted in further upregulation of all but one gene compared to cells 
infected with RV alone.65 Moreover, intravenous administration of SABA has been shown to 
elevate matrix metalloproteinase (MMP)-9 levels and activity in bronchoalveolar lavage fluid 
in patients.66 MMP-9 is also regulated by CREB binding to CRE in the MMP-9 gene promoter 
region in response to cAMP.67

Collectively, these findings suggest that the induction of beta-2 agonist-induced mediators 
through cAMP and CREs in humans likely mediates the adverse respiratory effects of 
beta-2 agonists. Factors such as IL-17, IL-33, cyclooxygenase (COX)-2, amphiregulin, 
thrombospondin (TSP)-1, vascular endothelial growth factor (VEGF)-A, MMP-1, MMP-2, 
MMP-10, mucin 2 (MUC2), MUC5AC, MUC5B, MUC7, and MUC8, all implicated in asthma 
exacerbation, may be induced by beta-2 agonists through cAMP induction, as they all have 
CREs in their promoter regions.68-77 However, evidence on their beta-2 agonist-induced 
expression in lung cells or patients with asthma remains limited. Theoretically, over 
5,000 genes in humans can be regulated by CREs in their promoters, and 233 genes have 
been shown to be induced by cAMP-inducing agents in human cells,78 but relatively little 
information is available on respiratory cell types, such as airway macrophages and BECs. 
According to a recent study, beta-2 adrenoceptor signaling, mediated by beta-2 receptor 
expression on BECs, exacerbated IL-13-induced AHR, eosinophilic inflammation, and mucus-
production.79

ICS protect against beta agonist induction of inflammatory mediators
Considering the impact of steroids on cell signaling and gene expression,80 the induction of 
CRE-regulated asthma-related mediators induced by increased cAMP due to beta-2 agonists 
might be suppressed by ICS. Studies have demonstrated the attenuation of salmeterol-
induced IL-6 and the reduction in salmeterol augmentation of RV-induced IL-6 with the use 
of ICS in BECs in vitro.60 This was confirmed in a subsequent study, which also reported the 
attenuation of salmeterol-induced BDNF and the reduction in salmeterol augmentation 
of RV-induced BDNF with the use of ICS in BECs.65 Moreover, it has been confirmed that 
fluticasone inhibits the production of BDNF induced by salmeterol in serum and platelets in 
vivo, as well as its induction in mononuclear cells in vitro.62 Furthermore, evidence indicates 
that inhaled steroids and other corticosteroids suppress other exacerbating factors of 
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asthma, including amphiregulin, TSP-1, VEGF A,73 IL-17,81 COX-2 transcription,82 the mRNA 
expression of MMP-2 and MMP-9,83,84 and the gene expression of MUC2 and MUC5AC.85 
Clinical guidelines now advocate for the concurrent use of LABA and ICS, introducing ICS-
containing AIRs in the 2023 GINA guidelines.8 Therefore, it becomes crucial to investigate 
whether beta-2 agonist-induced asthma exacerbation mediators, including IL-6, IL-11, IL-17, 
BDNF, COX-2, MMPs, mucins, and others, are effectively reduced by ICS treatment through 
in vitro and in vivo studies. The confirmation of these findings would provide compelling 
evidence for the use of AIRs.

Beta agonist induces a vicious cycle of worsening airway inflammation and 
refractory exacerbation
By combining the aforementioned factors, a possible mechanism underlying the exacerbation 
of asthma through unprotected (by ICS) beta-agonist use is illustrated in Figure. Airway 
obstruction is driven by increased inflammation, mucin secretion, and smooth muscle 
contraction. Administration of high-dose beta-agonists without ICS initially leads to 
temporary relief due to airway smooth muscle relaxation, but augments airway inflammation 
and mucus production through the induction of cAMP-regulated inflammatory mediators in 
BECs and other airway cells exposed to beta-agonists. Relief from smooth muscle relaxation 
wanes and requires escalated SABA doses owing to worsening airway inflammation and 
mucus secretion. Persistently escalated unprotected beta-agonist inhalation further elevates 
cAMP levels, inducing further airway inflammation and mucin secretion in BECs, lung 
macrophages, and other cell types. This cascade further exacerbates inflammation and mucin 
secretion, culminating in severe airway constriction and exacerbation that is refractory to, 
and indeed exacerbated by, further unprotected (by ICS) SABA use.
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Using beta-agonist without inhaled corticosteroids:
temporal cAMP-mediated smooth muscle relaxation
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Figure. Putative mechanism of progressive luminal narrowing in the asthmatic airways due to beta-agonist inhalation unopposed by inhaled corticosteroids. 
Although patients inhale beta-agonists more frequently, which dampens the degree of ASM contraction, they worsen the degree of airway inflammation and 
mucus secretion. 
ASM, airway smooth muscle; cAMP, cyclic adenosine monophosphate.



In contrast, high-dose beta-agonist use with ICS (preferably in the same inhaler so that the 
beta-agonist cannot be taken without the ICS) results in the adverse effects of the beta-agonist 
being blocked by the ICS, leaving only the beneficial beta-agonist effect of smooth muscle 
relaxation. Additionally, beyond the important property of blocking the adverse effects of 
beta-agonists, ICS also has the beneficial effect of dampening allergic (and likely virus-induced) 
airway inflammation.

PRACTICAL APPROACH WITH RELEVANCE TO THE 
REAL-WORLD SETTING
For the general, stable asthma patient with occasional aggravation
In clinical practice, the side effects that truly matter should be prioritized. Given that severe 
systemic adverse effects are uncommon in individuals with asthma, the primary concern of 
physicians should be minimizing asthma exacerbations. To achieve and maintain optimal 
asthma control, the recommended strategy involves combining ICS with beta-agonists, 
utilizing the most effective dosage with a maintenance and reliever plan.8,86 Indeed, using a 
budesonide-formoterol combination inhaler on an as-needed basis has shown comparable 
efficacy to twice-daily low-dose budesonide maintenance therapy combined with SABA 
used as-needed.87,88 The budesonide-formoterol combination inhaler effectively maintains 
asthma control while significantly reducing overall corticosteroid exposure compared to 
regular ICS use. Similarly, the beclomethasone-albuterol combination was successful in 
maintaining asthma control with minimal exposure to ICS.47 Moreover, the risk of severe 
asthma exacerbation has been shown to be effectively reduced by an as-needed use of the 
budesonide-albuterol combination rather than by the albuterol-only inhalation.48 Therefore, 
transitioning to the as-needed, fixed combination of ICS-beta-agonists is advisable when 
asthma management is successful and exacerbations are infrequent.8

Although guidelines correctly explicitly discourage the standalone use of LABA for patients 
with asthma,8-10,12 the stance on SABA monotherapy remains uncertain.86,89 Consequently, 
some experts advocate discontinuing standalone SABA inhalers from the market—a concept 
dubbed ‘banning blue inhalers’—to underscore this perspective.90 The recent introduction of 
the fixed-dose budesonide-albuterol combination inhaler, as a part of AIR medication, could 
facilitate this strategy.8,89 When prescribing as-needed SABA for intermittent or mild asthma, 
especially during exacerbations, it is crucial to consistently emphasize concurrent regular 
ICS use for control.88 Conversely, for those experiencing adverse effects from beta-agonist 
itself or in specific populations requiring caution, utilizing a fixed-dose steroid with a SABA 
reliever, in accordance with GINA Track 2, appears appropriate.8-13 Even though SABA needs 
to be utilized, it is crucial to inhale it in conjunction with ICS for control, rather than relying 
on beta-agonists alone.88

The most fundamental approach to avoid beta-agonist overusage is to reduce the risk of 
exacerbation, which involves the proficient management of non-pharmacological therapeutic 
factors. Reassessing triggers, evaluating adherence, assessing inhaler technique, and 
addressing untreated comorbidities, namely, rhinitis, polyps, gastroesophageal reflux 
disease, and obstructive sleep apnea, cannot be emphasized enough as being key factors 
to decrease unnecessary medication use.8 In cases where exacerbation occurs despite 
proper management, beyond combined ICS/SABA or ICS/LABA use, considering alternative 
strategies involving different bronchodilators other than beta-agonists could be beneficial. 
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One of the first alternatives is muscarinic antagonists,10,91 which do not induce the same pro-
inflammatory mediators as beta-agonists.92

Beta-agonist plus ICS in virus-induced asthma exacerbation
The chronic use of ICS is known to increase the risk of pneumonia in patients with 
obstructive respiratory diseases.93,94 ICS can also dampen innate immune responses to 
infectious agents, including RVs.95,96 However, in asthma, it is likely that ICS aid in restoring 
deficient innate antiviral defenses by mitigating type 2 cytokine responses, which are 
known to weaken innate antiviral immunity.97 ICS use is known to dramatically reduce the 
frequency of asthma exacerbation. Epidemiological data on hospital admissions for asthma 
exacerbations have indicated that non-users of ICS were more prevalent in the RV-positive 
group than in the RV-negative group.98 Thus, for patients with asthma, the benefits of using 
ICS outweigh the risks, as they help reduce hospitalizations due to virus-induced asthma 
exacerbations. This favorable outcome may be partially attributed to the role of ICS in 
reducing conditions that are prone to exacerbation,99 where inhaled beta-agonists enhance 
virus-induced inflammation.65

According to the existing literature, both in vitro and in vivo studies have shown that RV 
infection, the primary cause of the common cold, triggers the expression of a diverse array 
of cytokines (e.g., IL-1, IL-6, IL-11), growth factors (e.g., G-CSF, GM-CSF), and chemokines 
(e.g., CXCL8, CXCL5, CXCL10, and RANTES).100,101 This cascade leads to the activation and 
recruitment of inflammatory cells to the airways. In asthmatic individuals with RV infection, 
there is an increase in the epithelial alarmin IL-33, as well as IL-4, IL-5, and IL-13, along with 
airway eosinophils.70 Furthermore, the clinical severity of asthma exacerbation is closely 
correlated with the levels of IL-5 and IL-13. Another study involving human cell lines and 
primary human BECs demonstrated that RV reduced beta-agonist-induced cAMP levels, 
resulting in reduced beta-2 receptor agonist functionality.102 This reduction necessitates 
higher doses of beta-agonists, potentially leading to the induction of more inflammatory 
cytokines and chemokines if the beta-agonists are not countered by ICS.103

Considering that type 2 cytokines weaken the antiviral response in the respiratory epithelia97 
and cannot be controlled (or may even be worsened) by beta-agonists alone,65,101 virus-
induced asthma exacerbation can be effectively managed by an AIR strategy employing the 
combined use of beta-agonists and ICS, rather than relying solely on beta-agonist treatment. 
Consequently, the general approach of combining beta-agonists with ICS can also be applied 
to situations of asthma exacerbation triggered primarily by viral infections, particularly those 
caused by RV infections.104,105

Occasions where fixed combination preparation is unavailable
Although budesonide-formoterol is approved worldwide, such fixed combination treatments 
have not been approved for use in all countries for patients with asthma. The beclomethasone-
formoterol combination has been sanctioned for use in the UK and Australia but is still 
pending approval from the US FDA, whereas the preparation of budesonide-salbutamol 
was approved in 2023. However, as of April 2024, this ICS-SABA combination has not yet 
garnered approval in other countries. In terms of age groups, for children aged ≥ 12 years, 
similar to adults, the ICS-LABA combination is authorized for maintenance, as-needed, or 
MART regimen use. However, for children between 6 and 11 years of age, recent approvals 
have been granted exclusively for maintenance and MART use, while as-needed inhalation of 
combination preparations still awaits FDA approval. Furthermore, LABA inhalers have not 
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been approved for use in children under 6 years of age. Hence, it is reasonable to explore the 
optimal alternatives within the approved scope, considering factors such as country and age 
group, although this may seem complex at first glance.

Nevertheless, when we reviewed the recommendations of GINA 2023 and other guidelines, 
several common principles regarding the use of beta-agonists emerged. First, SABA should 
not be used as a controller in any asthma severity; rather, it should focus solely on short-term 
use for symptom relief, as use in the absence of smooth muscle contraction would result in 
no beneficial effects and only adverse effects. This should be applied regardless of the current 
treatment status, whether the patient is using an ICS as a controller or concurrently using 
LTRA or LAMA. Second, beta-agonists must be administered alongside corticosteroids.106 
While employing fixed combinations in the same inhaler is preferable,8,86,89 SABA and ICS as 
separate inhalers are currently suggested as an alternative option. Furthermore, for patients 
employing the ICS-LABA combination as their maintenance, the MART regimen should be 
considered.49,107

Alternative, newly-emerging medications outside the US and Europe
In countries such as Japan, domestically developed medications play an active role in asthma 
management.13,19 These medications have not been introduced in the US or Europe, lack 
FDA approval, and are not endorsed by other guidelines. Representative forms include 
the tulobuterol transdermal patch, a dermal formulation of LABA designed to sustain 
bronchodilator effects for 24 hours.108 Owing to its unique crystal reservoir system, 
the therapeutic effect of the tulobuterol patch can be sustained for a prolonged period, 
positioning it as a LABA. According to the Japanese Pediatric Guideline for the treatment 
and management of asthma, tulobuterol is highly effective for asthma management when 
used alongside ICS.19 Beta-agonists in oral form are also recommended as valuable treatment 
options. Drugs such as procaterol, clenbuterol, and mabuterol function similarly to LABAs.13 
Although the latest Japanese asthma treatment guidelines still advocate the use of SABA 
without concurrent ICS for asthma with rare symptoms, we advocate that all beta-agonists 
should only be used with concomitant ICS as stand alone beta-agonist use is clearly unsafe, 
resulting in completely preventable fatalities.

Time to move on: shifting from regular ICS plus as-needed SABA to MART/AIR 
strategies in asthma management
Some may still argue that while recent evidence supports the use of combination therapy, it 
would be premature to abandon the traditional approach of regular ICS plus SABA reliever 
to replace all SABA usage with ICS-LABA or ICS-SABA fixed combinations. However, we 
advocate transitioning to the AIR or MART strategy, as the traditional approach of regular 
ICS plus a SABA reliever still leaves poorly compliant individuals at risk of dying from SABA 
(and more rarely LABA) overuse in the absence of ICS.

For symptom relief outside of exacerbations and to prevent EIB, a fixed combination of 
formoterol and ICS could replace SABA. Additionally, a combination of budesonide and 
albuterol has recently been reported to be effective in the management of EIB. Furthermore, 
patients who consistently use ICS are likely to adhere well to MART. Recent studies indicate 
that the AIR strategy is quite effective compared to the traditional ICS plus SABA reliever, 
particularly under specific conditions. While SYGMA 1 and 2, as well as the BEST trial, 
showed similar rates of exacerbation for both treatments, regular ICS and SABA relievers 
required significantly higher doses of corticosteroids, up to four- to six-fold increases, to 
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achieve better control.47,48,87,109 Moreover, AIR has shown clear benefits in reducing severe 
exacerbations at half the ICS dose in the Novel START and PRACTICAL studies, with fewer 
severe exacerbations and a longer duration before the first severe exacerbation than regular 
ICS and SABA relievers.110,111 These findings suggest that AIR is a superior option, offering 
effective asthma management with lower corticosteroid doses, especially in reducing severe 
symptoms.

To date, there is no evidence to suggest that as-needed ICS-formoterol is more effective than 
as-needed SABA for mild asthma in GINA Step 1, as research on as-needed ICS-formoterol 
has primarily focused on GINA Step 2.106 In contrast, 70% of participants in the BEST study 
were in GINA Step 1, which strongly supports the AIR regimen over SABA alone.47,48

Finally, a small subset of patients may exhibit minimal symptoms despite clear evidence of 
ongoing active allergic airway inflammation. In such cases, some clinicians may recommend 
regular ICS plus SABA over ‘as-needed’ AIR to prevent undertreatment of the active disease, 
which could lead to airway remodeling. For these individuals, adopting a MART strategy 
instead of regular ICS plus SABA as a reliever may mitigate this concern. Therefore, it is 
crucial to monitor how these considerations can be incorporated into upcoming asthma 
treatment guidelines.

CONCLUSION

Beta-agonists are essential medications for relieving asthma symptoms; however, they 
induce significant adverse events when used regularly or at high doses intermittently, 
both in the absence of ICS. This concern extends beyond overuse and the risk of symptom 
masking. Stand-alone administration of beta-agonists can exacerbate airway inflammation 
and increase mucus secretion, potentially rendering asthma more hazardous. As our 
understanding of the mechanisms behind adverse effects improves, a prudent strategy for 
beta-agonist use in patients with asthma involves maintaining ICS with as-needed SABA, 
where cost dictates, but preferably employing fixed-dose combinations of ICS with SABA/
LABA in the same inhaler so that SABA/LABAs cannot be taken in the absence of ICS. In the 
context of the current understanding and various guidelines, a rational strategy involves 
the use of ICS-SABA or ICS-LABA as an AIR regimen or MART. This approach aligns with 
complex clinical scenarios and embraces a comprehensive guideline-compliance scheme.
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