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Abstract

Nearly 5 to 10% of asthmatics show a problematic drug tachyphylaxis, featuring the need for

new therapies. Bitter taste receptors (TAS2Rs) are expressed in the airway tract, and their

activation leads to multiple antiasthma effects. Azelastine, an antihistaminic drug with a

strong bitter taste, is used to treat allergic rhinitis but is frequently prescribed for asthma. The

present study aims to evaluate the bronchodilator effect of azelastine in asthmatic patients.

We searched PubMed, the Cochrane Library, and Scopus databases from inception to April

1, 2026. Studies investigating the effect of azelastine on baseline forced expiratory volume in

one second (FEV1) of asthmatic patients, compared to a placebo, were included. Mean

differences between the two arms were calculated using a random effects model. The

systematic search retrieved 145 articles, of which 8 met the inclusion criteria. Azelastine

improved FEV1 by 7.57% compared to placebo (p<0.001). The heterogeneity was low

(I2=0%), and the overall methodological quality of the selected studies was high, except in

four studies, where a risk of bias was observed due to deviations from the intended

intervention. Meta-regression analysis showed no significant impact of age, sex ratio, and

baseline FEV1 on the global effect size (p>0.05). Azelastine treatment improves FEV1 in

asthmatic patients. These results support the previously reported bronchodilator benefits of

azelastine through TAS2Rs activation. However, more clinical studies are still needed to

explore the therapeutic potential of TAS2R-targeted treatments in asthma.
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Introduction

Asthma is a prevalent airway disease characterized by chronic inflammation, airway

remodeling, and episodic reversible airway obstruction [1]. The standard treatment regimen

for asthma consists of inhaled glucocorticoids (GC) to manage inflammation, and short or

long-acting β2-agonists (SABA and LABA respectively) to relieve bronchospasm [2]. While

these medications control symptoms and improve the quality of life for most asthmatics,

there is growing evidence of the need for alternative therapies. Indeed, many asthmatics

develop resistance to current treatments, necessitating higher dosage to maintain the control

of their symptoms [3]. This may lead to several drug side-effects, including recurrent airway

infections and growth impairment in children with glucocorticoid use [4], and cardiovascular

abnormalities associated with β2-agonists [5]. As a consequence, recent reports from the

Global Initiative for Asthma (GINA), no longer recommend using SABA alone as a reliever

[6].

In recent years, studies have shown the expression and function of bitter taste receptors

(TAS2Rs) in airway tissues, including the airway smooth muscle (ASM) [7]. Their activation

by TAS2R agonists have been shown to induce a potent relaxation of the ASM both in vitro

and in vivo, making the TAS2R as a candidate for a new class of bronchodilators [8].

However, clinical evidence supporting such bronchodilator effect remains weak, as of today

no clinical study have assessed whether these findings remain consistent at the clinical level.

Azelastine, a potent histamine H1-receptor antagonist mainly used in the treatment of

allergic disorders, including rhinitis and conjunctivitis [9,10] is known for its strong bitter

taste as a side effect. Interestingly, Ekstedt et al. demonstrated that azelastine relaxes pre-

contracted airways in mice by activating TAS2R, independently of its H1-receptor

antagonism [11].

The present systematic review and meta-analysis aims to evaluate the effect of azelastine on

baseline forced expiratory volume in one second (FEV1) in patients with asthma.

Methods

This systematic review and meta-analysis was conducted in accordance with the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. The study

protocol was registered on the PROSPERO database (registration number:

CRD420251048517). The full checklist and protocol for this study are provided in the

supplementary data.



Search strategy and study selection

PubMed, the Cochrane Library and Scopus databases were searched from inception to April

01, 2026, to identify clinical studies investigating the effect of azelastine on baseline FEV1 in

patients with asthma, using the following search strategy:

- (azelastine) AND (asthma OR bronchoconstriction) AND (FEV1 OR lung function OR

pulmonary function)

The search was limited to English-language, placebo controlled clinical trials (randomized or

non-randomized), with no restriction on participant age, gender or year of publication. For

studies reporting time-course or dose-response data, the time-dose combination associated

with the maximum FEV₁ improvement was selected for analysis.
We excluded studies that 1) were observational, reviews, conference abstracts, or letters, 2)

limited their investigation to the effect of azelastine on airway resistance, or to the protective

effect on broncho-provocation, and 3) were limited to the assessment of the effect of

azelastine’s chronic treatment.

The selection process involved a systematic review of titles, abstracts, and full texts based on

pre-defined inclusion/exclusion criteria. Disagreements were resolved by consensus and

through discussion. Zotero software was used for reference management.

Outcomes and measures

The primary outcome was the effect of azelastine on baseline FEV₁ expressed as the

percentage of the predicted value. The outcome was quantified as the mean difference in

change of FEV₁ between the azelastine and placebo groups.

Data extraction

Two reviewers (IR and BB) independently extracted the characteristics and data from the

eligible studies. Extracted information included:

Study characteristics: authors, year of publication, study location, sample size, and study

design.

Participant characteristics: age range, sex distribution, asthma severity, comorbidities, and

concurrent medications.

Intervention details: route of administration, dosage, timing of FEV₁ measurement, and

measured outcomes.

Outcome results: mean change in FEV₁ for both groups and associated p-values.



Assessment of risk of bias

The Cochrane risk of bias tool (RoB)-2 tool was used to assess the methodological quality of

the included studies. Studies were evaluated for the following domains:

- Bias arising from the randomization process

- Bias due to deviations from the intended interventions

- Bias due to missing outcome data

- Bias in measurement of the outcome

- Bias in the selection of the reported result.

Each domain was rated as having "low risk," "some concerns," or "high risk" of bias.

Data synthesis and analysis

Meta-analyses were conducted using Comprehensive Meta-Analysis software, version 3.3.

Mean differences in FEV₁ change between the azelastine and placebo groups were

calculated using a random-effects model. Heterogeneity was calculated by the I² statistic,

with I² > 50% considered indicative of substantial heterogeneity. Funnel plots and the

modified Egger’s test were used to evaluate potential publication bias. Sensitivity analysis

was performed to assess the robustness of the meta-analysis, based on different criteria,

including the effect model, the methodology strength, azelastine dosage, and asthma stage in

the studied population.

Results

Study selection

The database search retrieved 145 records. After removing duplicates and screening titles

and abstracts, 24 articles were selected for full-text review based on eligibility criteria. Of

these, 8 studies were included in the quantitative analysis. A flow diagram summarizing the

study selection process is presented in Figure 1.

Characteristics of the selected studies

All eight studies included in the quantitative analysis were randomized controlled trials

(RCTs), incorporating a total of 582 patients, of which 290 received azelastine. The trials

were conducted in high-income countries, including the United States, England, and

Scotland. In all selected studies, azelastine hydrochloride was administered orally in tablet

form, and no RCTs evaluating the effect of inhaled azelastine were found in the literature.



However, the RCTs varied in terms of dosage, timing of FEV₁ measurement, and sample size,

which ranged from 10 to 232 participants. It should be noted that all the selected studies are

somewhat dated (published between 1986 and 1996), which may limit the generalizability of

the results. Table 1 summarizes the characteristics of the included trials.

Quality evaluation

The included trials were subjected to risk of bias evaluation. Four studies were assessed as

having a low risk of bias across all five domains [12-15]. The remaining four studies showed

a high risk of attrition bias, primarily due to patient withdrawals and small sample sizes [16-

19]. Figure 2 summarizes the methodological quality and risk of bias across the included

studies.

The effect of azelastine on FEV1

All the included studies reported a positive effect of azelastine on FEV1 compared to

placebo. The mean difference in FEV1 improvement between azelastine and placebo groups

ranged from 5.5% in the study by the Azelastine-Asthma Study Group [15] to 19% in the

study by Kemp et al. [12].

When taking the mean change in FEV1 from baseline in the intervention arm alone (pre- to

post-intervention), azelastine showed a clinically relevant improvement in four studies

[12,14-16], varying from 12.6% to 28.7%, where baseline FEV1 was below 80% of

predicted. In the remaining studies, the mean change in FEV1 ranged from 4.8% to 9.6%,

and the mean baseline FEV1 was above 80%.

As shown in Figure 3, the random-effects model revealed a significant mean difference of

7.57% in favor of azelastine compared to placebo (95% CI = [5.31-9.82], P < 0.001). No

heterogeneity was observed through the included RCTs (I2 = 0%). However, the funnel plot

(Figure 4) and Egger’s test (two tailed, P = 0.011), suggested a potential publication bias,

mainly driven by the study conducted by Azelastine-Asthma study group [15]. When this

study was excluded from the analysis, the global effect size increased to 9.23%, and Egger’s

test no longer suggested publication bias (two tailed, P = 0.067).

Meta-regression analysis

Meta regression analysis showed that baseline characteristics, including age (Z = -0.12, P =

0.901), male sex ratio (Z = 0.37, P = 0.710), and baseline FEV1 (Z = -0.18, P = 0.857), had



no effect on azelastine efficacy. These findings further support the absence of heterogeneity

among the included studies. The meta-regression analysis was summarized in Supplementary

Figure 1.

Sensitivity analysis

The robustness and reliability of the results were evaluated according to different possible

confounding factors, including the model, the methodology strength of studies, azelastine

dosage, and asthma stage. In addition, the leave-one out analysis was conducted to

determine the impact of each individual study on the overall result.

Interestingly, the results of the primary meta-analysis remain consistent after the sensitivity

analysis. Indeed, no variable has decreased the pooled results by more than 0.5%.

Supplementary Table 1 and Supplementary Figure 2 summarize the sensitivity analysis.

Discussion

Bitter taste receptors (TAS2Rs) have emerged as potential targets for asthma treatment. Many

TAS2R agonists have demonstrated anti-asthma effects, including bronchodilator, anti-

inflammatory, and anti-remodeling effects in vitro. However, clinical evidence of these

effects remains limited.

In this study, we evaluated the effect of azelastine, a known TAS2R agonist, on baseline FEV1

in asthmatics. Interestingly, azelastine improved FEV1 by more than 7% compared to the

placebo; this result, though modest, remains significant. Meta-regression analysis revealed

that this effect was independent of patient age, sex, and baseline FEV₁, suggesting a

consistent therapeutic benefit across different subgroups. Moreover, the results remain

consistent through the different subgroups in the sensitivity analysis.

Our results were consistent with those from a previous meta-analysis investigating caffeine,

another TAS2R agonist, which also reported positive effects on FEV₁ [20]. Moreover, the

included studies reported additional benefits of azelastine, including significant

improvements in other lung function parameters such as forced vital capacity, peak

expiratory flow rate, and forced expiratory flow at 25-75% [12,14,16], as well as reductions

in asthma symptoms and medication use [15]. The statistical heterogeneity was found to be

low (0%), suggesting minimal variability in treatment effects across the selected studies. This

consistency may be attributed to the relative homogeneity of the study populations (Western,

English-speaking cohorts) and the methodological similarities across studies, all of which



were RCTs. Hence, this strengthens our findings, but it limits their generalizability,

particularly given the small number of studies (n = 8) and participants (n = 582) included in

the analysis.

In four of the eight included studies, the mean FEV₁ improvement in the azelastine group met

or exceeded the widely accepted 12% threshold for assessing the reversibility, reaching up to

28.7% in the study by Chervinsky et al. [14]. Interestingly, the mean baseline FEV1 in these

four studies was found to be under 80% of the predicted value, whereas it was above 80% in

the four studies where FEV1 improvement was below 12%. However, this should be

cautiously interpreted, as the numerical change in FEV1 depends on the degree of airflow

obstruction; a lower baseline value inflate the improvement (which also contains the placebo

effect) [21,22].

Moreover, in the Azelastine-Asthma Group study, azelastine demonstrated a superior effect

to albuterol in some patients [15] underlying an important inter-individual difference of the

response to azelastine. This variability between studies could not be explained by

sociodemographic factors, as confirmed by meta-regression, but reflects a pattern also seen

in in vitro studies. Indeed, previous experimental work has shown inconsistent

bronchodilator responses to TAS2R agonists, with some reporting stronger effects than β₂-
agonists, and others observing weaker responses [8,23]. According to the literature, many

TAS2R agonists have demonstrated potent bronchodilation effect, however, the molecular

mechanisms were still unknown. Much of the clinical evidence comes from small-scale trials

repurposing existing medications with TAS2R activity, such as chloroquine [24] and

colchicine [25], for asthma treatment. Recent research has begun to uncover key pathways

by which TAS2R activation may exert anti-asthmatic effects, including membrane

hyperpolarization [8], inhibition of the myosin light chain 20 phosphorylation [26], or cofilin

activation and F-actin severing [27].

Azelastine has long been used as an H₁-receptor antagonist in the treatment of allergic

rhinitis, a common comorbidity in asthma [28]. However, a study by Ekstedt et al. [11]

demonstrated that its bronchodilator effect is mediated through TAS2R activation rather than

H₁ antagonism, cAMP or cGMP pathways, supporting its potential as a TAS2R-targeted

therapy. However, this study only hypothesized the involvement of TAS2R by mimicking the

bronchodilator effect of chloroquine, and the authors recognized that mice have a weak

histamine system, which limits the anti-H1 activity of azelastine.



At the clinical level, azelastine exerts multiple effects, including H1-receptor antagonism and

anti-leukotriene C4 activity, both of which are known to be beneficial in asthma management

[29]. In fact, azelastine reduces airway hyperresponsiveness through its H1-receptor

antagonism [30]. Moreover, its anti-leukotriene C4 activity may reduce systemic

inflammation, contributing to the long-term benefit of azelastine (up to 28 weeks in some

studies) [29,31]. TAS2R activation may contribute as an add-on effect, as the involved

pathways are thought to be independent.

On the other hand, TAS2R-induced bronchodilation is independent of the β-adrenergic
receptor pathway, suggesting a complementary mechanism. Moreover, TAS2R agonists have

shown sustained bronchodilator effects even in the presence of β₂-agonist tachyphylaxis
[32], highlighting their potential role in treating drug-resistant asthma. However, systemic

delivery of TAS2R agonists could lead to side effects, as TAS2Rs are expressed in various

tissues throughout the body [33]. For this reason, future formulations should prioritize

pulmonary delivery via inhalers or nebulizers to maximize efficacy and minimize systemic

side effects.

This systematic review and meta-analysis has strengths, particularly, the inclusion of only

RCTs and a low level of between-study heterogeneity. Moreover, our study offers the first

comprehensive evaluation of the effect of azelastine, a known TAS2R agonist, on baseline

FEV1 in patients with asthma, an effect that was validated by the sensitivity analysis.

However, our study has also limitations. First, the small number of studies and participants

limits statistical power and may introduce publication bias, especially since the search was

restricted to three major databases (PubMed, Scopus and the Cochrane Library). Second, the

analysis was limited to English-language publications, potentially omitting relevant studies in

other languages. Third, the scope was restricted to the effect of a single dose of azelastine,

excluding studies on its chronic effects, since our focus remained on the acute

bronchodilator effect of azelastine in asthmatics. Finally, variability in the timing of FEV₁
measurement across studies complicates the interpretation and generalizability of results.

Nonetheless, all included trials adhered to robust methodological standards, consistent with

CONSORT guidelines.

Conclusions

The present systematic review and meta-analysis identified eight RCTs comparing the effect

of azelastine to placebo on FEV₁ in patients with asthma. The pooled results showed a



statistically significant, though modest, bronchodilator effect of azelastine. As a TAS2R

agonist, azelastine improved baseline FEV₁ in asthmatic patients compared to placebo.

While the overall effect did not meet the threshold for clinical significance, individual studies

demonstrated clinically relevant improvements, some even exceeding the effects of albuterol.

Our study provides preliminary clinical evidence supporting the bronchodilator potential of

TAS2R agonists. Further RCTs are justified to confirm these results and explore the use of

TAS2R-targeted therapies, ideally formulated for pulmonary delivery, to reduce systemic side

effects and offer new therapeutic options for patients with difficult-to-treat asthma.
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Supplementary Figure 1. Meta-regression analysis of the mean difference in FEV1 by (A) sex,

(B) median age, and (C) baseline FEV1.

Supplementary Figure 2. Leave-one-out sensitivity analysis.

Supplementary Table 1. Summary of the sensitivity analysis.



Table 1. Characteristics of the studies included in the meta-analysis.

Study Country Sample size
Asthma
severity

Selected
dose

Mode of
administration

Age range % male Outcomes measure

Kemp et al. (1987) USA 150 Moderate to severe 4 mg Oral tablets 12-60 86% FEV1, FVC, FEF25-75, PEFR
Azelastine-Asthma Study
Group (1996)

USA 232 Not clear 4 mg Oral tablets 12-74 43%
FEV1, decrease in medication use,

symptom score
Chervinsky et al. (1995) England 120 Not clear 4 mg Oral tablets 12-71 43% FEV1, FVC, FEF25-75, PEFR
Albezzaz et al. (1988) Scotland 10 Mild 8.8 mg Oral tablets 22-40 50% FEV1
Tinkelman et al. (1990) USA 99 Moderate to severe 4 mg Oral tablets 12-61 73% FEV1, FVC, FEF25-75, PEFR
Ollier et al. (1986) England 17 Mild 4.4 mg Oral tablets 20-33 65% FEV1
Rafferty et al. (1989) England 11 Not clear 8.8 mg Oral tablets 19-57 54% FEV1
Raffarty et al. (1988) England 10 Mild 17.6 mg Oral tablets 34-53 / FEV1
FEV1, forced expiratory volume in one second; FVC, forced vital capacity. FEF, forced expiratory flow; PEFR, peak expiratory flow rate.



Figure 1. PRISMA flow chart of the study selection process.



Figure 2. Quality evaluation of the selected studies.



Figure 3. Forest plot of the pooled effect of azelastine on baseline FEV1.

Figure 4. Funnel plot assessing the publication bias.


