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Introduction
Asthma in older adults is increasingly recognized as a 
distinct clinical and immunological entity rather than 
a simple extension of the disease observed in younger 
populations. While the volume of published research on 
asthma pathogenesis and immune regulation continues 
to grow at an unprecedented pace, particularly in the 
fields of aging biology and systems immunology, the 
integration of these findings into a coherent framework 
specific to elderly asthma remains incomplete. 
Academic studies from leading research institutions 
have consistently demonstrated that aging profoundly 
reshapes innate immune responses, airway structure, and 
inflammatory regulation, resulting in phenotypes that are 
frequently non-atopic, neutrophilic, and less responsive 
to corticosteroids.1 In this context, periodic synthesis 
of evolving evidence is essential. Summarizing and 

contextualizing emerging data allow for identification of 
consistent patterns, clinically relevant biomarkers, and 
unresolved knowledge gaps. This review, therefore, focuses 
on consolidating current high-quality evidence on innate 
immune system alterations in asthma among older adults, 
with particular emphasis on biomarkers that may inform 
diagnosis, phenotyping, and therapeutic decision-making 
in this expanding patient population.2 Age-related changes 
in lung function, alongside infectious comorbidities, 
increase the overall burden of asthma on the health and 
quality of life for older adults. This necessitates a holistic 
approach integrating geriatric principles in managing 
asthma.3 The presentation, diagnosis, and management of 
asthma become more complicated with age.4,5 Structural 
changes in the aging lung, compounded by asthma-
related alterations, can worsen disease severity and impair 
lung function.6 Aging also affects cellular composition 
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Abstract
Asthma in older adults represents a growing and underrecognized clinical challenge, characterized by increased morbidity, mortality, 
and complex immunological alterations associated with aging. Although the global literature on asthma immunopathogenesis 
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synthesis of innate immune mechanisms specific to older populations remains limited. Epidemiological data indicate that asthma 
prevalence in individuals aged ≥ 60 years ranges from 4% to 13%, yet this group accounts for a disproportionate share of asthma-
related mortality. Age-associated physiological changes, comorbidities, and frequent underdiagnosis contribute to poorer outcomes.
Emerging evidence from academic research centers highlights profound age-related alterations in epithelial integrity, neutrophil 
and macrophage function, cytokine regulation, and innate immune receptor signaling, resulting in asthma phenotypes that differ 
fundamentally from those seen in younger patients. In parallel, advances in biomarker research (including inflammatory mediators, 
cellular signatures, and epigenetic markers) offer new opportunities for improved phenotyping and precision management in 
elderly asthma.
This mini-review synthesizes contemporary findings from reputable academic studies to summarize key innate immune alterations 
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review aims to provide a clinically meaningful framework for researchers and clinicians seeking to better understand immune aging 
in asthma and to guide future investigation and targeted therapeutic strategies.
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and immune function in the airways, processes that 
are less understood than their counterparts in younger 
individuals.7 Aging is accompanied by a multifaceted 
remodeling of the immune system, broadly encompassed 
under the term immunosenescence. This encompasses 
a decline in the efficacy of both innate and adaptive 
immune responses. This immunological milieu, marked 
by senescence, is characterized by decline in naïve T cell 
production, contraction of the T cell receptor repertoire, 
and accumulation of memory and senescent T cells.8 This 
process impairs antigen-specific adaptive immunity. 
Concurrently, the innate immune system emerges as a 
pivotal protagonist, manifesting maladaptations such 
as diminished mucociliary clearance, altered function 
of airway neutrophils and macrophages, and skewed 
cytokine production with a pronounced chronic low-
grade inflammatory state termed “inflamm-aging.” This 
chronic inflammatory process is characterized by elevated 
systemic and airway levels of pro-inflammatory cytokines, 
including interleukin IL-6, tumor necrosis factor-alpha 
(TNF-α), and IL-8, which contribute to persistent airway 
inflammation distinct from classical allergic asthma. The 
specific phenotypes of asthma in the aging population 
are not clearly defined. However, the age of onset and 
the overlap with chronic obstructive pulmonary disease 
(COPD) may influence disease characteristics.4 Diagnostic 
tests for asthma in older adults generally utilize the same 
methods as younger patients, though modifications may 
be necessary to account for comorbidities, cognitive 
impairments, and the adverse effects of medications.9 
Future research should prioritize developing age-specific 
methods for diagnosing, monitoring, and treating asthma 
in older populations. This review explores innate immune 
system biomarkers in asthma, focusing on the importance 
of shared decision-making in optimizing care for older 
adults. In addition to immune and structural changes in the 
lung with aging, epigenetics (including DNA-methylation 
changes, histone modifications, and noncoding RNAs) 
plays an important role in regulating the innate immune 
response and inflammatory patterns in asthma in the 
elderly. Recent evidence suggests a correlation between 
methylation profiles and epigenetic markers of aging 
with asthma severity and inflammatory markers. This 
correlation may support the proposal of these biomarkers 
as a means of diagnosis and as therapeutic targets.

Summary of Key Points 
	• The relationship between phenotypes, genotypes, and 

endotypes in the elderly population: The interplay 
among phenotypes, genotypes, and endotypes in 
elderly individuals illuminates the manner in which 
observable symptoms, genetic composition, and 
underlying biological mechanisms converge to give 
rise to disease patterns associated with the aging 
process.

	• Chronic Low-Grade Inflammation: Characterized 
by “inflamm-aging,” leading to increased pro-
inflammatory cytokines (e.g. TNF-α, IL-6).

	• Impaired Epithelial Barrier Function: Decline 
in integrity and regenerative capacity of airway 
epithelium, increasing vulnerability to allergens and 
pathogens.

	• Senescence-Associated Secretory Phenotype 
(SASP): Senescent cells secrete pro-inflammatory 
cytokines and chemokines, contributing to chronic 
inflammation.

	• Altered Complement System: Changes in 
complement factors affect inflammatory processes 
and immune responses.

	• Changes in Pattern Recognition Receptors (PRRs): 
Alterations in TLRs and NLRs affect allergen 
recognition and immune responses, increasing 
susceptibility to exacerbations.

	• Dysregulated Cytokine Production: Variations 
in cytokines like IL-6 and IL-8 impact airway 
inflammation and asthma control.

Asthma Phenotypes, Genotypes, and Endotypes in the 
Elderly Population
Asthma is now widely recognized as a heterogeneous 
disorder, characterized by variation in clinical expression 
(phenotypes), genetic susceptibilities (genotypes), and 
underlying mechanistic pathways (endotypes).10 Across 
the lifespan, these dimensions diverge substantially: 
childhood- and early-onset asthma is typically 
atopy-driven, associated with eosinophilic T2-high 
inflammation and strong genetic predisposition, whereas 
late-onset and elderly asthma frequently manifests non-
atopic, neutrophilic T2-low pathways with diminished 
IgE and reduced corticosteroid responsiveness.11

The process of aging profoundly influences asthma 
biology through immunosenescence and inflammaging, 
which alter epithelial integrity, impair mucociliary 
clearance, and disrupt cytokine homeostasis, thereby 
enhancing susceptibility to infection and chronic airway 
inflammation.9,12,13 Neutrophilic airway inflammation 
is more prevalent in elderly asthmatics. Increased 
sputum neutrophil counts and elevated levels of 
neutrophil-derived biomarkers, such as IL-8, have 
been found to correlate with greater disease severity 
and steroid resistance in this group.14 Furthermore, 
there is evidence of dysregulated activation of innate 
immune receptors, such as toll-like receptors (TLRs), 
and enhanced interferon pathway signaling, particularly 
in neutrophilic asthma. This suggests the potential for 
persistent innate immune activation, possibly driven by 
the presence of subclinical infections or alterations to 
the microbiome.15 Furthermore, the process of aging has 
been linked to immunosenescence, a term denoting the 
functional impairment of innate immune cells, including 
macrophages, dendritic cells, and natural killer cells. This 
impairment is characterized by a reduction in phagocytic 
activity, alterations in cytokine profiles, and a decrease in 
antigen presentation capacity.16 These changes contribute 
to persistent neutrophilic airway inflammation, elevated 
neutrophil-derived biomarkers such as IL-8, and 
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steroid resistance in elderly asthma.17 Dysregulated 
innate immunity (including aberrant toll-like receptor 
signaling and heightened interferon pathway activity) 
likely sustains this phenotype, with evidence implicating 
subclinical infection and microbiome alterations as 
additional drivers.18

Clinically, elderly asthma patients display a lower 
prevalence of atopy, reduced eosinophilia, diminished 
IgE, more pronounced fixed airflow limitation, and 
a higher prevalence of comorbid chronic obstructive 
pulmonary disease (COPD).19 Latent class and cluster 
analyses confirm multiple phenotypic subsets in this 
population, including neutrophilic versus eosinophilic 
inflammatory profiles, as well as obesity- or smoking-
related clusters.20 Importantly, biomarker studies indicate 
that severe elderly asthma is associated with elevated 
eotaxin-2 and transforming growth factor-β1 (TGF-β1), 
which contribute to airway remodeling and fibrosis, 
underscoring their relevance as both markers of disease 
activity and potential therapeutic targets.6

Recent advancements in multi-omics and biomarker 
discovery are beginning to clarify these complex 
relationships by delineating molecular signatures that 
distinguish endotypes, enabling more precise stratification 
and paving the way toward personalized, phenotype–
genotype–endotype-based therapeutic strategies.21,22 Such 
integration of genotypic and phenotypic data is consistent 
with global precision medicine initiatives and remains 
essential for advancing effective and individualized 
asthma management in the elderly.

Chronic Low-grade Inflammation
The innate immune system is vital for maintaining 
pulmonary homeostasis, but aging leads to immune 
changes that influence inflammation. “Inflamm-aging” 
describes the increased levels of pro-inflammatory 
cytokines like TNF-α and IL-6, observed even without 
systemic inflammatory disorders or infections.2 Such 
changes manifest in the lungs with increased neutrophils 
and elevated IL-6 in the bronchoalveolar lavage fluid 
(BALF), often in the absence of apparent airway 
disease. This chronic low-grade inflammation is closely 
associated with immune senescence, evidenced by the 
accumulation of senescent cells and irregularities in 
cytokine production. Such immune-related changes can 
facilitate airway inflammation and contribute to asthma 
pathophysiology. Reliable biomarkers like C-reactive 
protein (CRP), IL-6, and TNF-α serve as indicators of 
inflammation severity in older adults with asthma.6,23 
Notably, disparities in inflammatory profiles between 
younger and older individuals with asthma relate 
directly to elevated sputum neutrophils, eosinophils, 
and cytokines linked to neutrophil recruitment. These 
differences in airway inflammation can significantly 
impact asthma management for aging.2,24 Certain 
inflammatory markers have clinical implications; 
elevated levels of sputum IL-6 and MIP-3α/CCL20 in 
older patients correlate with reduced asthma control. 

In contrast, increased sputum neutrophils, IL-1β, IL-
6, and MIP-3α/CCL20 are associated with elevated 
hospitalization risk. This suggests that specific age-related 
inflammatory markers provide critical insights into the 
clinical features of asthma.25 Cytokines such as IL-6 and 
IL-8 also interact intricately with TH17 cells, which may 
contribute to age-related disparities in sputum neutrophil 
values and clinical control of asthma. For example, IL-6 
influences the differentiation of naive T cells into TH17 
rather than Treg cells.26 Through multiple mechanisms, 
TH17 cells facilitate neutrophilia, particularly in younger 
asthmatics who exhibit reduced responsiveness to inhaled 
corticosteroids.2

Senescence-associated Secretory Phenotype (SASP)
Accumulating senescent cells exhibit a senescence-
associated secretory phenotype (SASP), involving pro-
inflammatory cytokine and chemokine secretion. SASP 
components in the airways of aging individuals with 
asthma may contribute to chronic inflammation and 
airway remodeling.3,6 The literature highlights the impact 
of cellular senescence, SASP, and their connection to 
asthma in older adults.

Complement System
The complement system, integral to the innate immune 
response, involves various components implicated in 
inflammatory processes, metabolism, and apoptosis. 
In the lungs, these components are synthesized locally, 
allowing for quick activation and inflammation onset.27 
Aging correlates with a decline in immune efficacy, 
increasing susceptibility to respiratory infections.28

Complement factors are potential therapeutic targets in 
asthma, particularly given the Th2-skewed inflammation 
associated with elevated pulmonary IL-4, IL-5, and IL-13 
levels.27 

Fractional Exhaled Nitric Oxide (FeNO)
Fractional exhaled nitric oxide (FeNO) is a non-invasive 
biomarker reflecting airway inflammation. Changes 
in FeNO levels warrant careful interpretation in older 
people with asthma. Elevated FeNO levels correlate with 
exacerbation risk and treatment response, suggesting 
significant implications for disease management in aging 
populations.29 Research indicates that while FeNO levels 
in stable older asthmatics are not consistently elevated, 
their interpretation may differ based on individual health 
factors, including atopy.30 Routine FeNO measurements 
may thus require additional context for clinical usefulness 
in geriatric asthma management.

Impaired Epithelial Barrier Function
Cellular senescence in airway epithelial cells contributes to 
impaired respiratory function in asthma.31 Aging results 
in reduced epithelial integrity and regenerative capability, 
which can be worsened by chronic inflammation and 
oxidative stress.6,32 This compromised barrier function 
heightens susceptibility to allergens and pathogens, 
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increasing asthma exacerbations and respiratory 
infection risks in older adults. Research indicates that 
genes regulating epithelial barrier function, such as 
CDH1, are downregulated with age, reflecting significant 
implications for respiratory health.33

Additionally, diminished levels of E-cadherin, another 
crucial protein involved in barrier function, have been 
observed in the airway epithelium of individuals with 
chronic obstructive pulmonary disease (COPD), likely 
contributing to documented epithelial barrier dysfunction 
in COPD and other airway diseases such as exacerbated 
asthma and respiratory infections.34,35

Studies conducted on mice demonstrate that the 
ciliary beat frequency within the airway epithelium, vital 
for maintaining proper airway clearance, diminishes 
with age. This finding highlights age-related changes 
in the respiratory system. The loss of physical barrier 
function also increases susceptibility to bacterial and viral 
infections by facilitating their entry into deeper layers of 
the airway.36 

The loss of physical barrier function can contribute to 
heightened susceptibility to bacterial and viral infections, 
facilitating their access to submucosal layers. This 
increases an individual’s vulnerability to asthma.37 It is 
essential to highlight that respiratory tract infections 
in aging individuals significantly trigger asthma; for 
example, 90% of fatal cases of C. difficile colitis occur in 
individuals aged 65 years and older. Treatments for nasal 
polyps, including antibiotics, steroids, and surgery, are 
often inadequate, resulting in diagnoses of recalcitrant 
chronic rhinosinusitis (CRS) and nasal polyps. Such 
CRS and nasal polyps are associated with severe and 
uncontrolled asthma, representing another concern for 
the aging population.37

Factors of the Innate Immune System 
Acute Phase of Innate Immunity
Aging alters the lung’s innate immune response, 
specifically through pattern recognition receptors (PRRs), 
which recognize pathogen-associated and damage-
associated molecular patterns. Age-related changes in 
PRRs impact asthma, promoting airway inflammation 
and remodeling.38,39

Research shows that dysregulated expression and 
function of PRRs, particularly Toll-like receptors 
(TLRs) and Nod-like receptors (NLRs), impair immune 
responses, increasing exacerbation risks in older 
asthmatics.40 Studies indicate that the response of 
TLR4, a key Toll-like receptor, to LPS is diminished in 
the peripheral blood monocytes of older individuals, 
leading to reduced interleukin-6 (IL-6) production. In 
older individuals with asthma, decreased expression 
of NLRP3, a member of the NLR family, in bronchial 
epithelial cells may hinder inflammasome activation, 
resulting in defective cytokine secretion and abnormal 
immune responses.41 Furthermore, human rhinovirus 
(hRV) infection in chronically inflamed nasal mucosa is 
associated with epithelial mucus hyperproduction via the 

major airway epithelial mucin (MUC5AC) production 
axis. The NLRP3 inflammasome pathway suppresses hRV 
replication in the airway epithelium.42

RIG-I-like receptors, involved in recognizing viral RNA 
and activating antiviral responses, also exhibit age-related 
changes linked to altered immune responses against viral 
infections in asthma. Specifically, a decrease in RIG-I 
expression in airway epithelial cells of older individuals 
with asthma indicates impaired viral recognition and 
compromised antiviral defense mechanisms. This 
deficiency may increase susceptibility to viral-induced 
asthma exacerbations in older individuals.43,44

C-type lectin receptors (CLRs) are crucial for the 
innate immune response against respiratory pathogens. 
Reduced expression of Dectin-1, a specific CLR, in the 
dendritic cells of older individuals with asthma may 
impair fungal pathogen recognition and clearance, 
leading to dysregulated immune responses and increased 
vulnerability to fungal-induced asthma exacerbations in 
elderly individuals.45 There is significant cross-regulation 
between CLRs and TLRs. The C-type lectin DC-SIGN 
modulates TLR signaling via Raf-1 kinase-dependent 
acetylation of the transcription factor nuclear factor-κB 
(NF-κB), influencing the polarization activity of naive T 
cells towards a Th2 cytokine response.36,46

Innate Immune Cells
The field of personalized medicine in asthma care has 
benefited from recognizing that “asthma” encompasses 
different clinical presentations. The goal is to link 
clinical phenotype to molecular mechanisms, defining 
an “endotype” that predicts therapy response.47 Earlier 
phenotyping methods focused on assessing sputum 
cellularity as an indirect measure of airway inflammation, 
identifying four subgroups of adult asthmatics: 
eosinophilic asthma, neutrophilic asthma, mixed 
granulocytic asthma, and paucigranulocytic asthma. 
Numerous studies report that eosinophilic (40-50%) 
and paucigranulocytic (30-50%) airway inflammation is 
prevalent among asthmatics, with neutrophilic asthma 
occurring in a smaller percentage (10-20%).48,49

Neutrophils
In response to priming agents such as endotoxin, 
granulocyte-macrophage colony-stimulating factor 
(GM-CSF), platelet-activating factor (PAF), and pro-
inflammatory cytokines including tumor necrosis factor-
alpha (TNFα), the neutrophils’ lifespan increases, thereby 
enhancing their bactericidal capacity.50

The literature consistently indicates that the total 
number of circulating neutrophils does not change with 
age. Additionally, bone marrow cells from both young and 
aged subjects respond similarly to stem cell stimulants such 
as GM-CSF and interleukin IL-3. However, chemotaxis of 
neutrophils primed with GM-CSF towards the formylated 
tripeptide N-formyl-methionyl-leucyl-phenylalanine 
(fMLP) is reduced in cells from healthy aged volunteers 
compared to younger counterparts.51 Data suggest that 
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changes in membrane fluidity associated with aging could 
provide a mechanism for many dysfunctional signaling 
pathways in neutrophils from aged individuals.52,53

Generally, the aging process is linked with heightened 
lung inflammation even in the absence of lung disease. 
Bronchoalveolar lavage fluid (BALF) from individuals 
aged 19 to 83 years without allergies, pulmonary disease, 
or gastroesophageal reflux shows an increase in BALF 
neutrophils and CD4 + T cells with age, differing from 
alterations observed in peripheral blood (e.g. CD4 + T-cell 
counts may decrease with age). Individuals over 55 years 
with asthma, who exhibit spirometry reversibility and have 
less than 5 pack-years of smoking history, demonstrate 
higher sputum neutrophil counts compared to younger 
individuals with asthma. Among 14 older people with 
asthma studied, 13 were atopic, as defined by at least one 
positive skin prick test response to an aeroallergen.54

Elevated airway neutrophilia correlates with heightened 
levels of sputum neutrophil mediators such as matrix 
metalloproteinase, neutrophil elastase, and IL-8 in older 
individuals with asthma, similar to changes observed in 
severe asthma characterized by neutrophilic dominance. 
This increase in airspace neutrophil counts may exacerbate 
asthma severity in aging populations.55

Macrophage 
Research indicates that aging alters the biological 
properties of macrophages, potentially impacting asthma 
pathogenesis in older individuals. Aged macrophages 
may exhibit decreased chemotaxis and phagocytosis, 
essential functions in the immune response.56 These 
defects in aged macrophages have been linked to 
the effects of sex hormones and reproductive aging. 
Additionally, age-related changes in both the number 
and function of resident macrophages may contribute to 
increased susceptibility to asthma among the elderly.16,57 
Investigations into intracellular signaling pathways reveal 
impairments in aged macrophages compared to their 
younger counterparts. Notably, reductions in MAP kinases 
such as ERK, p38, and JNK have been observed both 
before and after stimulation, potentially affecting immune 
responsiveness. Additionally, alterations in the expression 
and activation of NF-κB pathway members indicate a 
dysregulation of critical signaling pathways, suggesting that 
age-related modifications may favor asthma development. 
Contradictory data exist regarding the effects of aging on 
macrophage function. For instance, aged rodents exhibit 
greater lung and systemic effects following inhalation of 
airborne particulate matter compared to younger ones. A 
study reported reduced COX-2 protein levels in alveolar 
macrophages from aged rats after exposure to ozone 
reaction products, which may explain their increased 
susceptibility to air pollutants. Elevated COX-2 levels are 
associated with increased production of prostaglandin E2 
(PGE2), which can inhibit MHC class II expression and 
IL-12 synthesis in CD8 + T cells.58

Further studies have shown that aged mice display 
reduced levels of MAP kinases ERK, p38, and JNK 

in macrophages before and after lipopolysaccharide 
(LPS) stimulation. Additionally, differences in isoform 
expression between juvenile and senior rats suggest that 
aging affects MAP kinase functionality. For example, 
alveolar macrophages from young rats increase ERK levels 
following exposure to limonene ozone reaction products, 
while aged macrophages show a decrease.58 

Macrophages are crucial for innate immune responses 
within the alveolar compartment. They can either induce 
inflammation (M1 phenotype) or facilitate wound healing 
(M2 phenotype), depending on environmental signals. 
However, during inflammaging (a process characterized 
by chronic low-grade inflammation) macrophages lose 
their plasticity, impairing their ability to switch between 
pro- and anti-inflammatory states. Age-related changes 
include reduced production of pro-inflammatory 
cytokines (e.g. IL-6, IL-1β, TNFα), impaired phagocytosis, 
and decreased expression of Toll-like receptors (TLRs). 
These transformations may sustain inflammaging within 
the aging lung.57,59

Natural Killer Cells and NKT Cells
Natural killer (14) cells and natural killer T (NKT) 
cells are integral components of the immune system, 
particularly in antiviral defense. Research involving 82 
subjects aged 30 to 99 years indicates that while NK cell 
numbers (CD3- CD161 + CD56 + ) increase with age, 
their cytotoxicity, as measured by ^51Cr release, declines 
on a per-cell basis. Conversely, NKT cell numbers 
(CD3 + CD161 + CD56 + ) decrease in older individuals, 
and their proliferation in response to interleukin-2 (IL-
2) and α-GalCer is also diminished. The implications 
of these changes for asthmatic patients remain unclear, 
though there is growing interest in the roles of NK and 
NKT cells in asthma pathogenesis.60 

Previous studies have demonstrated a stark decline in 
NK cell activity with aging. For instance, NK cell activity 
is nearly absent in rodents by 25 months of age compared 
to 8 weeks. Interestingly, centenarians exhibit preserved 
NK cell cytotoxicity alongside increased NK cell numbers, 
although age-related changes have been linked to reduced 
proliferation rates and heightened susceptibility to 
infections and atherosclerosis. Despite the increase in NK 
cell numbers, there is a modest decline in their cytotoxic 
capabilities against NK-sensitive targets; however, their 
antibody-dependent cell-mediated cytotoxicity (ADCC) 
remains intact. Additionally, aged NK cells show impaired 
production of interferon-gamma (IFN-γ) and reduced 
responsiveness to IL-2.61 

NKT cells are characterized by their invariant T-cell 
receptor (TCR) that recognizes lipid antigens. They play 
critical roles in antiviral responses, anti-tumor immunity, 
and immune regulation.62 Although NKT cells influence 
both antigen-presenting cells and T-cell functions, their 
contribution to immunosenescence has been minimally 
studied. The role of invariant NKT (iNKT) cells in asthma 
remains controversial; some studies associate iNKT cells 
with asthma symptoms while others find no significant 
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differences in airway eosinophilia between iNKT-
deficient and wild-type mice. Generally, it is accepted 
that the absolute number of NKT cells increases with age, 
though the mechanisms behind this rise, whether due to 
longer lifespan or active expansion, remain unclear.63

Systemic inhibition of NKT cell activation has 
been shown to prevent age-related declines in T-cell 
responses. NKT cells contribute to increased levels of 
immunosuppressive cytokines such as IL-10 and IL-4 
with age while showing a decrease in IFN-γ production.64 
These alterations suggest that aging negatively impacts 
NKT cell-mediated cytotoxic activity. 

There is increasing interest in the role of NKT cells 
within the context of asthma pathophysiology, particularly 
regarding immune senescence and inflammaging. Some 
studies propose that NKT cells may either exacerbate or 
alleviate asthma symptoms through cytokine production. 
For example, the removal of iNKT cells has been shown to 
prevent airway hyperactivity and pulmonary eosinophilic 
inflammation in murine models. Conversely, iNKT cells 
producing IL-4 and IL-13 are critical for allergen-induced 
airway inflammation. In summary, while NK and NKT 
cells are pivotal in shaping immune responses, aging 
appears to alter their functionality significantly. Further 
investigations are warranted to elucidate their roles in 
asthma development and exacerbation among older 
individuals.63 

Mast Cell
Mast cells constitute a critical component in the 
pathophysiology of allergic asthma, primarily 
by contributing to airway inflammation and 
bronchoconstriction through the release of various pro-
inflammatory mediators. Age-related alterations in 
immune function, particularly those affecting mast cell 
numbers and functionality, may significantly influence 
the severity and persistence of asthma in older adults. 
Notably, studies have indicated that changes in mast cell 
density and activity are tissue-specific and can impact 
the development and severity of asthma among aging 
populations.65

In various asthma phenotypes, mast cells play an integral 
role in the initial phase of bronchoconstriction and the 
subsequent influx of inflammatory cells. Research findings 
illustrate that the effect of aging on mast cell parameters 
varies by tissue type and species. For instance, studies 
demonstrate a reduction in mast cell numbers within 
the brains of older individuals and a similar decline in 
dermal mast cells.66 In contrast, no significant differences 
were found between older and younger subjects in mast 
cell populations in the lamina propria of the jejunum; 
however, increased mast cell counts were observed in vein 
samples from older patients. Additionally, investigations 
involving murine models have revealed variability in mast 
cell profiles across different tissues and age groups.67,68 

Eosinophils 
Eosinophils are pivotal in asthma, particularly in its severe 

manifestations. Age-related modifications in eosinophil 
function may considerably affect the severity and clinical 
expression of asthma in older individuals, underscoring 
the relevance of targeted therapies against eosinophils for 
treating severe eosinophilic asthma.

While research on age-associated changes in eosinophil 
numbers and functions remains limited, evidence 
suggests that eosinophils from older adults may exhibit 
altered effector functions, diminishing their role in 
airway hyperresponsiveness. Specifically, studies indicate 
that antigen-sensitized and -challenged aged mice 
demonstrate greater eosinophilia in the bronchial alveolar 
lavage fluid (BALF) compared to younger counterparts; 
however, the degree of airway hyperresponsiveness 
appears to be reduced in older mice. A study exploring 
eosinophil function in asthmatic adults aged 55-80 
years revealed decreased degranulation in response 
to interleukin-5 (IL-5) stimulation, accompanied by 
a trend toward diminished superoxide production in 
comparison to younger asthmatics aged 20-40 years (6). 
Conversely, in-vitro assessments of eosinophil effector 
functions, particularly leukotriene C4 production, 
indicated no significant differences between older and 
younger asthmatic subjects. Moreover, older asthmatics 
with indicators of atopy continue to demonstrate sputum 
eosinophil counts that are comparable to those observed 
in younger asthmatic individuals.69 

The following key points highlight the role of eosinophils 
in asthma concerning aging:

- Eosinophilia levels in the airway are similar across 
various age groups of asthmatics.

- Significant variations in peripheral blood eosinophil 
effector functions correlate with age-related changes.6,9 
Eosinophils also contribute to airway remodeling and 
the overall inflammatory processes within the airways. 
Eosinophilic airway inflammation is a hallmark of asthma.33 
It is noteworthy that neutrophilic asthma is more prevalent 
than eosinophilic asthma. Adult-onset asthma tends to show 
a higher prevalence among females, whereas eosinophilic 
asthma exhibits a distinctive onset distribution, typically 
occurring between the ages of 25 and 35.

Furthermore, recent advancements in biologics 
targeting eosinophils have been developed, providing safe 
and effective alternatives to oral corticosteroids, thereby 
creating new avenues for treatment in patients with severe 
eosinophilic asthma.70

Innate Iymphoid Cell (ILC)
Since their initial identification in 2010, the field of research 
on innate lymphoid cells (ILCs), particularly ILC2s, has 
seen significant advancements. In mouse models, ILC2s 
have been observed to exhibit both pathological and 
protective roles during allergic immune responses induced 
by pathogens or allergens, primarily through the secretion 
of type 2 cytokines and amphiregulin, respectively.71 
ILC2s interact synergistically with an array of immune 
cells, such as CD4 + T cells, macrophages, eosinophils, 
natural killer T (NKT) cells, and epithelial cells, to 
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promote allergic airway inflammation. However, the role 
of ILC2s in chronic and episodic airway inflammation in 
human asthma, as well as in other allergic conditions such 
as atopic dermatitis and chronic rhinosinusitis with nasal 
polyps, remains an area of active investigation.

A comprehensive understanding of the diverse 
contributions of ILC types and their molecular 
mechanisms in triggering asthma and other atopic diseases 
may facilitate the development of novel therapeutic 
strategies. Ongoing research into the role of ILCs, 
particularly in the context of aging and asthma, remains 
crucial. Evidence suggests that ILCs are implicated in 
asthma pathogenesis and exhibit distinct roles across 
various asthma phenotypes. Although the specific 
impact of ILCs on aging relative to asthma is yet to be 
fully elucidated, it is acknowledged that ILCs, especially 
ILC2s, may play a critical role in the initiation of asthma, 
even in the absence of adaptive immune responses. 
Continuous exploration of the involvement of different 
ILC subsets and the molecular mechanisms underlying 
their activation in asthma and other atopic conditions 
may potentially lead to new therapeutic interventions 
addressing this significant public health issue.72

Epigenetic Mechanisms and Asthma in Older Adults
Emerging evidence indicates that epigenetic regulation 
contributes significantly to asthma pathogenesis in older 
adults, complementing structural and immunological 
changes driven by aging. Epigenetic mechanisms 
(including DNA methylation, histone modifications, and 
non-coding RNAs) modulate gene expression in response 
to environmental and inflammatory stimuli, thereby 
influencing innate and adaptive immunity.

DNA Methylation and Epigenetic Aging
Epigenome-wide studies have identified altered 
methylation profiles in asthmatic patients, many involving 
genes linked to airway inflammation and immune 
regulation. Accelerated “epigenetic aging,” measured 
by DNA methylation clocks, correlates with systemic 
inflammation and reduced lung function, suggesting that 
age-related methylation drift exacerbates asthma severity 
and contributes to corticosteroid resistance in elderly 
phenotypes.73

Histone Modifications and Trained Immunity
Histone modifications alter chromatin accessibility, 
enabling persistent activation of inflammatory pathways. 
In airway macrophages and monocytes, such changes 
underpin trained immunity, a process that enhances 
long-term innate responsiveness. In older adults, this 
reprogramming may amplify IL-6, TNF-α, and IL-8 
production, reinforcing the low-grade inflammation 
characteristic of “inflamm-aging” and shaping non-
allergic asthma phenotypes.74

Non-Coding RNAs
MicroRNAs and other non-coding RNAs regulate post-

transcriptional gene expression and have been linked to 
airway remodeling and cytokine imbalance in asthma. 
Age-associated alterations in miRNA expression provide 
an additional layer of immune dysregulation and hold 
potential as minimally invasive biomarkers of disease 
activity.

Clinical Relevance
These findings highlight epigenetic changes as both 
mechanistic drivers and potential biomarkers of asthma 
in later life. DNA methylation signatures, miRNA 
panels, and histone marks may inform age-specific 
risk stratification and monitoring. Moreover, because 
epigenetic modifications are reversible, therapeutic 
approaches such as histone deacetylase inhibitors, 
metabolic modulators, or lifestyle-based interventions 
merit further exploration.

In sum, asthma in older adults reflects not only 
immunosenescence and structural decline but also 
dynamic epigenetic remodeling. Integrating epigenomic 
profiling into clinical studies will clarify whether these 
changes act as causal factors or consequences of disease 
and may open new avenues for precision management in 
aging populations.

An overview of the interconnected processes discussed 
is illustrated in the flowchart in (Figure 1).

The key factors related to aging and immune system 
changes in asthma among older adults, along with relative 
percentages that reflect their importance are shown in 
Figure 2.

Discussion
The recognition and understanding of late-onset asthma 
in older adults have garnered increasing attention due 
to the distinct pathophysiology, clinical phenotypes, 
comorbidity profiles, and treatment challenges associated 
with this population.75 A multitude of research gaps exist 
in the study of asthma in older adults, including the fact 
that asthma in this population is often underdiagnosed and 
undertreated, highlighting the need for better recognition 
and management strategies. It is also possible that asthma 
in older people has different phenotypes compared 
with younger people, which may affect diagnosis and 
treatment.76

The presence of underlying diseases, the existence 
of concomitant age-related health problems Including 
Perceived Stress Scale (PSS), and the psychosocial effects 
of aging have the potential to complicate the diagnosis 
and clinical manifestations of asthma in the aging 
population. Conversely, the underlying mechanisms 
of asthma in older individuals may differ from those 
observed in younger individuals, which could facilitate 
the development of targeted therapeutic interventions.77,78

A salient feature of elderly asthma patients is the 
predominance of neutrophilic airway inflammation, a 
phenomenon that contrasts with the eosinophilic profiles 
observed in younger cohorts. This shift is accompanied 
by augmented activity of ILC2s and epithelial cytokines 
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such as IL-33 and thymic stromal lymphopoietin (TSLP), 
which influence the burst of type 2 cytokines (IL-5, IL-
13).79 

Comprehensive biomarker profiling studies have 
identified an array of serum markers in elderly 
asthmatics, including IL-6, IL-8, IL-17, TNF-α, YKL-
40, and serum amyloid A, which index the complex 
interplay of inflammation, airway remodeling, and 
immunosenescence. The elderly asthmatic population 
is characterized by a high burden of comorbidities, 
including cardiovascular diseases, diabetes mellitus, 
depression, obesity, gastroesophageal reflux disease 
(GERD), and cognitive impairment. The significance 
of this comorbidity burden is multifaceted and has 
significant implications for healthcare resources and 
outcomes.75

The diagnosis and treatment of asthma in older adults 
poses distinctive challenges due to the considerable 
physiological and immunological alterations that 
accompany the aging process. Late-onset asthma in 
older adults is increasingly acknowledged as a distinct 
clinical entity from early-onset asthma, exhibiting 
varying immunologic, physiologic, and epidemiological 
attributes.33 Late-onset asthma in the elderly population 
is distinct from early-onset asthma, often characterized 
by lower atopy prevalence, reduced eosinophilic 
inflammation, and more pronounced fixed airflow 
obstruction. The immune system in older individuals 
undergoes “immunosenescence,” which includes a decline 

in adaptive immune responses and maladaptations in 
the innate immune system. These include diminished 
mucociliary clearance and skewed cytokine production, 
leading to a phenomenon referred to as “inflamm-aging”. 
This chronic low-grade inflammatory state, typified 
by elevated pro-inflammatory cytokines such as IL-6, 
TNF-α, and IL-8, frequently culminates in neutrophilic 
airway inflammation, contrasting with the eosinophilic 
profiles typically observed in younger patients.80,81

Biomarker profiling has become increasingly 
vital, as elevated serum levels of biomarkers such 
as eotaxin-2, TGF-β1, interleukin-6, interleukin-8, 
interleukin-17, TNF-α, YKL-40, and serum amyloid 
A indicate inflammation, airway remodeling, and 
immunosenescence.82 These biomarkers can facilitate 
the delineation of specific phenotypic subgroups within 
the elderly asthma population, thereby transcending the 
conventional Th2/non-Th2 paradigm and paving the way 
for personalized medicine. The presence of significant 
comorbidities, including cardiovascular diseases, diabetes, 
depression, obesity, and gastroesophageal reflux disease 
(GERD), further complicates diagnosis and management, 
necessitating a comprehensive assessment that considers 
the patient’s overall health status.79,83

Treatment strategies for late-onset asthma in the 
elderly must account for these complex factors, including 
the predisposition to corticosteroid resistance and an 
increased frequency of exacerbations, often triggered 
by viral infections and environmental pollutants. The 
severity of late-onset asthma frequently necessitates 
higher doses of inhaled corticosteroids or alternative 
therapeutic approaches, such as biologics, especially in 
cases with persistent inflammation or specific biomarker 
profiles. The management of asthma in older adults 
necessitates a comprehensive approach that addresses 
the high prevalence of comorbidities. These conditions 
have the potential to exert a substantial influence on 
the effectiveness of treatment regimens and the ensuing 
outcomes for patients. Development of a comprehensive 
and individualized treatment plan is imperative to 
enhance the quality of life and alleviate the healthcare 
burden experienced by elderly individuals afflicted with 
asthma.84

Figure 1. Flowchart of the Impact of Aging on Inflammatory Pathways, 
Barrier Function, and Asthma Outcomes

Figure 2. Relative Importance of Aging-Related Factors in Asthma 
Management for Older Adults

Aging 

↓ 

Chronic Low-Grade Inflammation 

Leads to increased TNF-α and IL-6 

↓ 

Impaired Epithelial Barrier Function 

Increased susceptibility to allergens 

↓ 

Senescence-Associated Secretory Phenotype (SASP) 

Secretion of pro-inflammatory factors 

↓ 

Altered Complement System 

Affects inflammation regulation 

↓ 

Changes in Pattern Recognition Receptors (PRRs) 

Impairs allergen recognition 

↓ 

Dysregulated Cytokine Production 

Affects asthma control 
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Conclusion
Although new data in asthma and immunology emerge 
continuously, synthesizing this evidence remains essential 
to address unresolved questions and guide future researc. 
Asthma in older adults is shaped by immunosenescence, 
chronic low-grade inflammation, epithelial dysfunction, 
and altered innate immune signaling, resulting in 
clinical phenotypes that differ substantially from those 
of younger patients. Biomarkers reflecting neutrophilic 
inflammation, cytokine dysregulation, innate immune 
receptor activity, and epigenetic aging are increasingly 
supported by research from established academic 
centers as tools for refining disease classification and 
management.

Future studies should prioritize longitudinal, age-
stratified, and multi-omics approaches to validate these 
biomarkers and clarify causal mechanisms. Integrating 
innate immune profiling with clinical phenotypes will 
be essential for advancing precision medicine strategies 
in elderly asthma. In summary, while the field continues 
to evolve rapidly, this review provides a concise and 
evidence-based synthesis that may assist clinicians 
and researchers in navigating current knowledge and 
identifying priorities for future investigation.
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