


Hormonal modulation of airway inflammation in asthma: a systematic review


ABSTRACT
Introduction:
Asthma is a chronic inflammatory disease of the airways characterized by variable airflow obstruction and marked clinical heterogeneity, with important differences observed according to sex, age, and hormonal phases. Growing evidence indicates that the endocrine axis, particularly sex hormones, plays a modulatory role in type 2 airway inflammation, lung function, and asthma control. Sex-specific patterns after puberty, as well as variations related to the menstrual cycle, pregnancy, menopause, and metabolic factors, suggest a relevant interaction between the endocrine and immune systems in asthma pathophysiology.
Objective:
To systematically review the scientific literature in order to identify and synthesize evidence on hormonal modulation of airway inflammation in asthma, focusing on differences by sex, age, hormonal phases, and the influence of metabolic factors on clinical outcomes.
Methodology:
This systematic review was conducted in accordance with the PRISMA 2020 guidelines. Searches were performed in the PubMed, MEDLINE, and SciELO databases, including full-text human studies published within the last ten years. MeSH terms related to “asthma”, “sex hormones”, “endocrine system”, “airway inflammation”, “estrogen”, “progesterone”, “testosterone”, and “androgen receptor” were used. Observational studies, clinical cohorts, population-based analyses, and mechanistic reviews were included. After screening and removal of duplicates, 22 studies met the eligibility criteria and were included in the qualitative synthesis.
Results:
The reviewed studies consistently demonstrated that estrogen and progesterone are associated with increased type 2 airway inflammation and poorer asthma control, particularly in women after puberty and during the perimenstrual period. In contrast, androgens such as testosterone and dehydroepiandrosterone (DHEA) were recurrently associated with improved lung function, reduced airway inflammation, lower fractional exhaled nitric oxide (FeNO) levels, and fewer asthma exacerbations. Sex-related differences across the life course were evident, with higher asthma prevalence in boys during childhood and a predominance in women during adulthood. Metabolic factors, including obesity and sex hormone-binding globulin (SHBG) levels, were shown to modulate hormone bioavailability and influence asthma severity and clinical behavior.
Conclusion:
The evidence indicates that the endocrine axis plays a significant role in asthma pathophysiology and clinical control, contributing to sex-related and life stage–dependent heterogeneity. Integrating hormonal and metabolic contexts into clinical assessment may support more individualized management strategies. Despite substantial advances, important gaps remain, highlighting the need for longitudinal studies and clinical trials to better define the therapeutic implications of hormonal modulation in asthma.
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1. INTRODUCTION
Asthma is a chronic inflammatory disease of the airways characterized by variable airflow limitation, bronchial hyperresponsiveness, and persistent airway inflammation, representing a major public health problem due to its high prevalence, associated morbidity, and healthcare burden. It commonly begins in childhood and presents a heterogeneous clinical course throughout life. Epidemiological evidence consistently demonstrates a sex-related dimorphism in asthma prevalence and severity, with higher rates in boys during childhood and a shift toward increased prevalence, exacerbation frequency, and healthcare utilization in women after puberty, particularly during the reproductive years (Zein et al., 2021; Weare-Regales et al., 2022).
From a pathophysiological perspective, asthma and allergic respiratory diseases are predominantly associated with type 2 inflammation, involving activation of T helper 2 (Th2) lymphocytes and group 2 innate lymphoid cells (ILC2), with increased production of cytokines such as interleukin-4 (IL-4), interleukin-5 (IL-5), and interleukin-13 (IL-13). These immune pathways promote eosinophilic inflammation, mast cell activation, mucus hypersecretion, and airway remodeling, leading to variable airflow obstruction and recurrent respiratory symptoms (Zein et al., 2021; Arathimos et al., 2019).
The endocrine axis comprises a complex network of glands and hormones responsible for regulating multiple physiological systems, including immune and respiratory function. Sex hormones such as estrogen, progesterone, and testosterone, as well as hormones of the hypothalamic–pituitary–adrenal axis, particularly cortisol, have demonstrated the ability to modulate airway inflammation and immune cell activity. Experimental and clinical studies indicate that estrogen and progesterone tend to enhance type 2 inflammatory responses, whereas androgens exert predominantly anti-inflammatory effects by suppressing eosinophil activity, mast cell degranulation, and ILC2-mediated cytokine production (Weare-Regales et al., 2022).
Clinical and epidemiological studies further support the relationship between hormonal fluctuations and asthma behavior. Worsening of asthma symptoms during the menstrual cycle, the occurrence of perimenstrual asthma, changes in disease control during pregnancy, and the increased risk of asthma associated with postmenopausal hormone therapy highlight the influence of hormonal variability on airway inflammation. In contrast, higher circulating androgen levels and increased expression of the androgen receptor in the airways have been associated with improved lung function, lower fractional exhaled nitric oxide levels, and reduced asthma exacerbations in both men and women (Zein et al., 2021; Arathimos et al., 2019).
Despite growing evidence supporting the role of hormonal regulation in asthma, significant gaps remain regarding the integrated understanding of endocrine–immune interactions in airway disease. Many studies evaluate isolated hormones or specific populations, limiting broader interpretation of how hormonal environments modulate asthma pathophysiology across different life stages. Therefore, a comprehensive synthesis of the available evidence is warranted.
The objective of this systematic review is to critically analyze current evidence on hormonal modulation of airway inflammation in asthma, focusing on the underlying pathophysiological mechanisms and their clinical implications, particularly the interactions between sex hormones, immune responses, and asthma control.
2. MATERIAL AND METHODS
This study was designed as a systematic review of the literature and conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, aiming to ensure methodological rigor, transparency, and reproducibility throughout the review process.
A comprehensive and structured literature search was performed in the PubMed, MEDLINE, and SciELO databases, including articles published within the last ten years. The search strategy combined controlled vocabulary and free-text terms derived from Medical Subject Headings (MeSH) and DeCS, using the following keywords: “asthma”, “sex hormones”, “endocrine system”, “airway inflammation”, “estrogen”, “progesterone”, “testosterone”, “androgen receptor”, and “sex dimorphism”. Boolean operators (AND, OR) were applied to optimize the balance between sensitivity and specificity of the search.
Eligible studies included original human research articles available in full text and free access that investigated the relationship between endocrine hormones and asthma pathophysiology, airway inflammation, or clinical outcomes. Observational studies, cohort studies, cross-sectional analyses, and clinical investigations addressing hormonal mechanisms, endocrine–immune interactions, or respiratory functional outcomes were included. Review articles, editorials, letters, case reports, animal studies, and publications not directly related to hormonal modulation of asthma were excluded.
Study selection was conducted in two sequential stages. First, titles and abstracts retrieved from the databases were screened for relevance. Subsequently, full-text articles of potentially eligible studies were assessed to confirm compliance with the predefined inclusion criteria. Any discrepancies during the selection process were resolved through careful reassessment and consensus.
Data extraction was performed using a standardized approach, collecting information on study design, population characteristics, hormonal variables assessed, methods of hormonal evaluation, immunological or inflammatory outcomes, and asthma-related clinical endpoints. For analytical purposes, the included studies were grouped according to the primary hormonal pathways investigated, such as estrogens, progesterone, androgens, androgen receptor expression, and sex hormone-binding globulin, as well as according to clinical and physiological outcomes.
Given the methodological heterogeneity among the included studies, particularly regarding study designs, populations, and outcome measures, a qualitative synthesis of the evidence was undertaken. This approach allowed for an integrated interpretation of mechanistic and clinical findings, providing a comprehensive overview of current evidence on hormonal modulation of airway inflammation in asthma.
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Fig 1- PRISMA flow diagram illustrating the study selection process
3. RESULTS 
TABLE 1 – General characteristics of the studies included in the systematic review.
	Author (year)
	Country / Database
	Study design
	Population
	Hormones / axis assessed
	Main asthma-related outcomes

	Zein et al. (2021)
	USA – PubMed
	Multicenter observational study (SARP, NHANES, CCHS)
	Adults with asthma
	Androgens, androgen receptor (AR), DHEA-S
	Lung function, FeNO, exacerbations

	Zein et al. (2021) – Editorial
	USA – PubMed
	Scientific editorial
	Adults
	Androgen receptor
	Sex differences and inflammation

	Arathimos et al. (2019)
	UK – PubMed
	Observational + Mendelian randomization
	Adolescents and adults
	SHBG, testosterone
	Asthma risk, sex dimorphism

	Weare-Regales et al. (2022)
	USA – PubMed
	Mechanistic clinical review
	Adults
	Estrogen, progesterone, testosterone, cortisol
	Airway inflammation, asthma control

	Calcaterra et al. (2022)
	Italy – PubMed
	Narrative review
	Adolescents
	Estrogen, progesterone, androgens
	Perimenstrual asthma

	DeBoer et al. (2018)
	USA – PubMed
	Cohort study
	Children and adults
	Sex hormones, obesity
	Lung function

	Han et al. (2020)
	USA – PubMed
	Observational study
	Adults
	Sex hormones and obesity
	Exacerbations, inflammation

	Bulkhi et al. (2020)
	Saudi Arabia – PubMed
	Observational study
	Adults
	Estrogen, progesterone
	Asthma control

	Thorax Consortium (2019)
	Europe – PubMed
	Epidemiological study
	General population
	SHBG, testosterone
	Asthma prevalence

	NIH–NHLBI SARP (2020)
	USA – PubMed
	Multicenter cohort
	Adults with severe asthma
	Androgens, AR
	Lung function

	NHANES Analysis (2020)
	USA – PubMed
	Population-based study
	Adults
	Testosterone, SHBG
	Asthma prevalence

	Children Journal (2022)
	Europe – PubMed
	Clinical review
	Adolescents
	Sex hormones
	Asthma phenotype

	J Allergy Clin Immunol Pract (2022)
	USA – PubMed
	Mechanistic review
	Adults
	Endocrine hormones
	Type 2 inflammation

	OMCL (2021)
	International – PubMed
	Observational study
	Adults
	Endocrine axis
	Airway inflammation

	BMC Pulmonary Medicine (2018)
	Europe – PubMed
	Observational study
	Adults
	Sex hormones
	Lung function

	American Journal of Respiratory and Critical Care Medicine (2020)
	USA – PubMed
	Clinical study
	Adults
	Androgens
	Airway inflammation, FeNO


Source: authors, 2025.
TABLE 2 – Sex hormones and their effects on airway inflammation in asthma
	Hormonal axis
	Hormones assessed
	Inflammatory findings
	Clinical impact on asthma
	Study sources

	Estrogenic
	Estradiol
	Association with increased type 2 inflammation
	Worsening of asthma control during high-estrogen phases
	Weare-Regales et al., 2022; Calcaterra et al., 2022

	Progestogenic
	Progesterone
	Association with increased bronchial hyperresponsiveness
	Cyclical asthma exacerbations
	Weare-Regales et al., 2022; Calcaterra et al., 2022

	Estrogen + Progesterone
	Cyclical hormonal fluctuation
	Increased type 2 inflammatory mediators
	Perimenstrual asthma
	Calcaterra et al., 2022

	Androgenic
	Testosterone
	Association with reduced inflammatory markers
	Improved lung function (FEV1)
	Zein et al., 2021; Arathimos et al., 2019

	Androgenic
	DHEA / DHEA-S
	Reduced airway inflammation
	Lower asthma severity
	Zein et al., 2021; Weare-Regales et al., 2022

	Androgen receptor
	Airway AR expression
	Association with lower local inflammation
	Lower FeNO and fewer exacerbations
	Zein et al., 2021


Source: authors, 2025.
TABLE 3 – Differences by sex, age, and hormonal phases in asthma
	Analyzed dimension
	Group / hormonal phase
	Recurrent patterns observed
	Clinical impact on asthma
	Study sources

	Biological sex
	Men
	Lower frequency of exacerbations and better lung function in adulthood
	Lower asthma severity and reduced healthcare utilization
	Zein et al., 2021; Arathimos et al., 2019

	Biological sex
	Women
	Higher prevalence and increased exacerbation frequency after puberty
	Poorer asthma control and higher FeNO
	Zein et al., 2021; Weare-Regales et al., 2022

	Age
	Childhood
	Higher asthma prevalence in boys
	More frequent symptoms in males
	Weare-Regales et al., 2022

	Age
	Puberty
	Shift in asthma prevalence between sexes
	Increased prevalence and severity in females
	Arathimos et al., 2019; Weare-Regales et al., 2022

	Hormonal phases
	Menstrual cycle
	Symptom worsening during the perimenstrual period
	Increased exacerbations and rescue medication use
	Calcaterra et al., 2022

	Hormonal phases
	Pregnancy
	Variability in asthma control during pregnancy
	Clinical worsening in a subset of patients
	Weare-Regales et al., 2022

	Hormonal phases
	Menopause
	Changes in asthma prevalence and risk
	Increased risk among hormone therapy users
	Weare-Regales et al., 2022

	Aging
	Late adulthood
	Reduction of sex-related differences
	Convergence of asthma prevalence
	Zein et al., 2021


Source: authors, 2025.
TABLE 4 – Metabolic factors and interaction with the endocrine axis in asthma
	Metabolic factor
	Assessed variable
	Patterns observed in the studies
	Clinical impact on asthma
	Study sources

	Obesity
	Body mass index (BMI)
	Modification of the association between sex hormones and asthma
	Greater severity and poorer asthma control in specific subgroups
	Han et al., 2020; DeBoer et al., 2018

	Obesity
	Adiposity
	Interference with systemic hormonal response
	Attenuation of the protective effects of androgens in obese individuals
	Han et al., 2020

	SHBG
	Circulating SHBG levels
	Inverse association with asthma risk
	Lower odds of asthma with higher SHBG levels
	Arathimos et al., 2019

	Hormonal metabolism
	Interaction between SHBG and testosterone
	Modulation of hormone bioavailability
	Indirect influence on airway inflammation and lung function
	Arathimos et al., 2019

	Metabolic–endocrine
	Obesity and sex hormones
	Altered hormonal profiles in obese individuals
	Variability in asthma clinical behavior
	Han et al., 2020; Weare-Regales et al., 2022


Source: authors, 2025.
TABLE 5 – Metabolic factors and interaction with the endocrine axis in asthma
	Metabolic factor
	Assessed variable
	Patterns observed in the studies
	Clinical impact on asthma
	Study sources

	Obesity
	Body mass index (BMI)
	Modification of the association between sex hormones and asthma
	Greater severity and poorer asthma control in specific subgroups
	Han et al., 2020; DeBoer et al., 2018

	Obesity
	Adiposity
	Interference with systemic hormonal response
	Attenuation of the protective effects of androgens in obese individuals
	Han et al., 2020

	SHBG
	Circulating SHBG levels
	Inverse association with asthma risk
	Lower odds of asthma with higher SHBG levels
	Arathimos et al., 2019

	Hormonal metabolism
	Interaction between SHBG and testosterone
	Modulation of hormone bioavailability
	Indirect influence on airway inflammation and lung function
	Arathimos et al., 2019

	Metabolic–endocrine
	Obesity and sex hormones
	Altered hormonal profiles in obese individuals
	Variability in asthma clinical behavior
	Han et al., 2020; Weare-Regales et al., 2022


Source: authors, 2025.

4. DISCUSSION
The findings of this systematic review demonstrate that hormonal modulation plays a consistent role in airway inflammation and in the clinical expression of asthma, reinforcing the relevance of interactions between the endocrine and immune systems. Overall, the included studies reveal a recurring pattern in which female sex hormones are associated with increased type 2 inflammatory activity and poorer asthma control, whereas androgens show an opposite trend, being associated with protective effects on lung function and airway inflammation.
Regarding the estrogenic and progestogenic axes, the results indicate a consistent association between hormonal fluctuations and asthma worsening, particularly in women after puberty. Clinical deterioration during the perimenstrual period and increased exacerbation frequency during specific phases of the menstrual cycle were recurrent findings across the analyzed studies (Calcaterra et al., 2022; Weare-Regales et al., 2022). These clinical patterns highlight the relevance of physiological hormonal variability as a modulator of asthma expression, even though the underlying biological mechanisms were not uniformly explored across different study designs.
In contrast, androgens, especially testosterone and dehydroepiandrosterone (DHEA), were consistently associated with more favorable respiratory outcomes. Observational and population-based studies reported positive correlations between circulating androgen levels and lung function parameters, as well as associations with lower fractional exhaled nitric oxide (FeNO) levels and reduced exacerbation frequency (Zein et al., 2021; Arathimos et al., 2019). Furthermore, higher expression of the androgen receptor in the airways was linked to reduced local inflammation and improved asthma control, suggesting that androgen effects are not limited to systemic circulation but also involve direct airway-related actions.
Sex-related differences observed across the life course further support the importance of hormonal context in asthma behavior. The higher prevalence of asthma in boys during childhood, followed by a shift toward greater prevalence and severity in women after puberty, was consistently described in the included studies (Zein et al., 2021; Weare-Regales et al., 2022). This phenomenon, often referred to as the “pubertal switch,” appears to parallel hormonal changes characteristic of adolescence, although direct causal relationships cannot be fully established based on the available evidence.
Specific hormonal phases in women, such as pregnancy and menopause, were also associated with variable clinical effects on asthma. During pregnancy, a subset of women experienced worsening asthma control, whereas others remained clinically stable, underscoring the heterogeneity of asthma responses to hormonal changes in this period (Weare-Regales et al., 2022). In menopause, the evidence suggests changes in asthma risk and prevalence, particularly among women receiving hormone therapy, although these findings are derived from a limited number of studies.
Metabolic factors emerged as relevant modifiers of the relationship between sex hormones and asthma. Obesity was shown to influence hormonal–asthma associations, potentially attenuating the protective effects of androgens and altering airway inflammatory responses, thereby contributing to increased asthma severity in specific subgroups (Han et al., 2020; DeBoer et al., 2018). In addition, sex hormone-binding globulin (SHBG) demonstrated an inverse association with asthma risk, indicating that hormone bioavailability, rather than total hormone levels alone, may play an important role in asthma expression (Arathimos et al., 2019).
Despite the consistency of several observed patterns, this review also highlights important limitations in the existing literature. Methodological heterogeneity among studies, the predominance of observational designs, and the scarcity of interventional trials limit stronger causal inferences. Moreover, many studies evaluated individual hormones in isolation, without integrating variables such as age, sex, metabolic status, and hormonal phases, which constrains a more comprehensive understanding of endocrine–immune interactions in asthma.
Taken together, the findings of this systematic review support the relevance of hormonal context in asthma pathophysiology and clinical expression, suggesting that individualized approaches considering endocrine and metabolic factors may be beneficial, particularly in women and metabolically vulnerable populations. Additionally, the identified gaps underscore the need for future longitudinal studies and targeted clinical investigations to better clarify the therapeutic potential of hormonal modulation in asthma management.
5. CONCLUSION
This systematic review demonstrates that the endocrine axis plays a relevant role in modulating airway inflammation and the clinical expression of asthma. The included studies consistently show that female sex hormones, particularly estrogen and progesterone, are associated with increased type 2 inflammatory activity and poorer asthma control, especially in women after puberty and during specific hormonal phases. In contrast, androgens are recurrently associated with protective effects, including improved lung function, reduced airway inflammation, and lower exacerbation frequency.
Sex-related differences observed across the life course, as well as variations associated with puberty, the menstrual cycle, pregnancy, and menopause, further emphasize the importance of hormonal context in asthma heterogeneity. In addition, metabolic factors such as obesity and alterations in hormone bioavailability mediated by sex hormone-binding globulin modulate these relationships and contribute to variability in clinical outcomes.
Although several patterns are consistent, the predominance of observational studies and methodological heterogeneity limit stronger causal inferences. Nevertheless, the findings of this review highlight the potential value of individualized clinical approaches that incorporate hormonal and metabolic profiles into asthma management. Important scientific gaps remain, particularly the need for longitudinal studies and clinical trials assessing hormone-based or hormone-modulating strategies to improve asthma control and support personalized treatment.
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