
    

458  

Current Pharmaceutical Research (CPR) 

 

 

 

 

 

 
Review Article 

Advances in Asthma Management: From Inflammatory Mechanisms to Clinical 

Therapies 
 

1Ritesh Kapil, 2Taranvirinderdeep Singh, 2Achla Sharma* 

 
1Research Scholar, Himachal Pharmacy Colleges, Nalagarh, Himachal Pradesh, India,  
2School of Pharmacy, Desh Bhagat University, Mandi Gobindgarh, Punjab, India 
 

Keywords Abstract  
 

Asthma, Bronchial asthma,  

Airway inflammation, Immune 

dysregulation, T helper cells  

(Th2, Th17),  

Bronchoprovocation test. 

Bronchial asthma is chronic inflammatory disorder of the respiratory tract, characterized by 
increased airway hyperresponsiveness to provocative exposures and episodic airflow obstruction. it 
caused due to bronchial contraction. some internal and external factor affect asthma.it is non 
transmissible disease. Many risks factor like smoking, pollutant, depression, allergy affect the 
asthma disorder. Diagnosis is made with thorough history-taking and physical examination, and the 
condition is characterised by variable airflow obstruction and airway hyper-responsiveness. 
Understanding the severity of the disease is important, and treatment is aimed at symptom control 
and the prevention of future exacerbations. Pharmacologic treatment with beta-agonists for 
intermittent asthma and inhaled corticosteroids and a combination of inhaled corticosteroids and 
long-acting beta-2 agonists for persistent asthma are recommended. Additional and alternative 
treatments with leukotriene modifiers, anticholinergics, biologics, and bronchial thermoplasty are 
also available. However, understanding an individual’s disease phenotype, endotype, and 
comorbidities is necessary for asthma treatment, with appropriate consultation with asthma 
specialists required for those with severe asthma. 
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1. Introduction
Asthma is a chronic inflammatory disorder of the 
airways characterized by wheezing, shortness of 
breath, coughing, and chest tightness. Although the 
precise etiology of asthma remains incompletely 
understood, both genetic predisposition and 
environmental exposures are recognized as key 
contributors to disease development. Allergic and 
autoimmune inflammatory mechanisms play a central 
role in the initiation and progression of asthma [1]. 

Patients with allergic asthma frequently exhibit 
elevated levels of immunoglobulin E, which plays a 
pivotal role in allergic responses by binding to specific 
allergens and triggering the release of inflammatory 
mediators [2]. These mediators induce 
bronchoconstriction and promote airway 
inflammation. Eosinophils are another critical 
component of the immune response in asthma and are 
involved in both parasitic defense and allergic 

inflammation. Increased eosinophil counts are 
commonly detected in blood, sputum, and bronchial 
biopsy specimens from individuals with asthma. 
Activated eosinophils release cytotoxic proteins and 
proinflammatory mediators that contribute to airway 
inflammation, epithelial damage, and structural 
remodeling [3]. 

During airway inflammation, eosinophils and other 
inflammatory cells generate nitric oxide, a gaseous 
signaling molecule associated with inflammatory 
activity in the respiratory tract [4]. Measurement of 
fractional exhaled nitric oxide serves as a noninvasive 
biomarker for assessing airway inflammation, 
particularly eosinophilic inflammation. Fractional 
exhaled nitric oxide levels are therefore useful in 
monitoring disease activity and evaluating therapeutic 
responses in patients with asthma, as illustrated in 
Figure 1 [5]. 
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Figure 1: Asthma: Normal vs. inflamed airways with mucus plugs, muscle tightening, and obstruction. 

 

Fractional exhaled nitric oxide is widely used as a 
noninvasive biomarker of airway inflammation in 
asthma; however, its clinical application has notable 
limitations, particularly with respect to false positive 
results [6]. Elevated fractional exhaled nitric oxide 
levels are not exclusive to asthma and may also be 
observed in other conditions such as eosinophilic 
bronchitis, allergic rhinitis, and atopic disorders. 
Environmental exposures including smoking, air 
pollution, and occupational irritants can further 
influence nitric oxide levels. Consequently, increased 
fractional exhaled nitric oxide does not invariably 
indicate asthma, which may lead to diagnostic 
ambiguity when used in isolation [7]. 

Asthma related immune dysregulation represents a 
disruption of normal immunological homeostasis, 
resulting in an imbalance between proinflammatory 
and regulatory mechanisms. This dysregulation 
frequently manifests as an exaggerated immune 
response characterized by excessive activation of 
airway immune cells, increased release of 
inflammatory cytokines, and overlap between allergic 
and autoimmune features [8]. In some cases, immune 
responses may also be insufficient or inappropriate, 
impairing the resolution of inflammation and 
accelerating disease chronicity. The pathophysiology 
of asthma is therefore driven by a complex interplay of 
immune mechanisms rather than a single 
inflammatory pathway [9]. 

Although asthma is primarily considered a chronic 
inflammatory airway disease, accumulating evidence 
suggests that immune system dysregulation 
contributes significantly to disease initiation and 
progression. In certain individuals, the immune 
system may erroneously target components of the 
respiratory tract [10]. Autoantibodies directed against 
airway self antigens have been identified in subsets of 

patients, supporting an autoimmune component in 
asthma pathogenesis. These immune abnormalities 
perpetuate chronic inflammation, increase disease 
severity, and reduce responsiveness to conventional 
therapies [11]. 

T helper lymphocytes play a central role in 
orchestrating immune responses in asthma. A 
dominant shift toward T helper type two immune 
activity is well documented and is associated with 
enhanced allergic inflammation and airway 
hyperresponsiveness [12]. In parallel, regulatory T 
cells, which are essential for maintaining immune 
tolerance and preventing excessive immune activation, 
are often reduced in number or function in patients 
with asthma. Impaired regulatory T cell activity allows 
exaggerated immune responses to otherwise harmless 
environmental antigens, thereby contributing to 
persistent airway inflammation [13]. 

Cytokine signaling networks are critical mediators of 
immune dysfunction in asthma. Interleukin four 
promotes immunoglobulin E synthesis and amplifies T 
helper type two immune responses. Elevated 
interleukin four levels contribute to increased allergen 
sensitivity, eosinophil recruitment, and airway 
inflammation [14]. Interleukin five is essential for 
eosinophil maturation, activation, and survival and 
facilitates eosinophilic infiltration of the airways, 
leading to epithelial injury and tissue remodeling. 
Interleukin thirteen shares overlapping biological 
functions with interleukin four and plays a key role in 
mucus hypersecretion, airway remodeling, and 
bronchial hyperresponsiveness [15]. 

In addition to T helper type two pathways, T helper 
type seventeen cells and their associated cytokine 
interleukin seventeen contribute to neutrophilic 
airway inflammation in certain asthma phenotypes. 
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Interleukin seventeen promotes neutrophil 
recruitment and activation, leading to persistent 
airway inflammation and tissue damage. Tumor 
necrosis factor alpha is another important 
proinflammatory cytokine involved in asthma 
pathogenesis, enhancing mucus production, airway 
narrowing, and inflammatory cell infiltration [16]. 

Bronchial asthma is clinically characterized by chronic 
airway inflammation, reversible airflow obstruction, 
and airway hyperresponsiveness to various stimuli. 
Symptoms commonly include wheezing, coughing, 
chest tightness, and shortness of breath. Unlike 
chronic obstructive pulmonary disease, in which 
airflow limitation is largely irreversible, airway 
obstruction in asthma is typically reversible either 
spontaneously or with appropriate therapy [17]. 
Asthma is a multifactorial disorder influenced by both 
genetic susceptibility and environmental exposures. 
Despite substantial advances in understanding its 
immunopathogenesis, the precise triggers initiating 
airway inflammation remain incompletely defined 
[18]. Since the late twentieth century, the global 
prevalence and mortality associated with asthma have 
increased significantly. Hundreds of millions of 
individuals worldwide are affected, and the disease 
continues to impose a substantial public health burden 
[19]. 

Environmental pollution is considered a major 
contributor to the rising incidence of asthma. 
Occupational exposure to flour dust, cotton fibers, 
smoke, and various chemical agents has been 
consistently associated with increased asthma risk. 
Given the significant global impact of this chronic 
respiratory disorder, comprehensive evaluation of its 
immunopathology and pharmacological management 
remains essential [20]. 

2. NHLBI 1997 Asthma 
In 1997, the National Heart, Lung, and Blood Institute 
described asthma as a chronic inflammatory disorder 

of the airways involving multiple cellular and 
molecular components, including mast cells, 
eosinophils, T lymphocytes, neutrophils, 
macrophages, and airway epithelial cells. This 
persistent inflammation leads to recurrent episodes of 
coughing, chest tightness, wheezing, and dyspnoea in 
susceptible individuals, particularly during the night 
or in the early morning hours [21], [22]. These clinical 
manifestations are typically associated with 
widespread but variable airflow obstruction that is 
often reversible either spontaneously or with 
appropriate therapy. Furthermore, airway 
inflammation contributes to enhanced bronchial 
hyperresponsiveness to a variety of stimuli. In some 
individuals with asthma, however, airflow limitation 
may not be fully reversible, reflecting disease 
heterogeneity and progression [23].  

3. Pathogenesis 
Asthma has a complex pathophysiology characterized 
by airway inflammation and structural remodeling. 
The disease process is classically divided into two 
phases, namely an immediate phase and a late phase. 
The immediate phase represents an early allergic 
response that begins rapidly after exposure to a 
triggering stimulus, reaches a peak within fifteen to 
thirty minutes, and gradually resolves over the 
subsequent twenty four hours [24]. Mast cell 
activation and degranulation with the release of 
inflammatory mediators constitute the principal 
mechanism underlying this phase [25]. In susceptible 
individuals, inhaled allergens are processed by 
dendritic cells and presented to CD4 positive T 
lymphocytes, leading to the differentiation of naive T 
helper cells into Th0 cells and their subsequent 
polarization into Th2 lymphocytes. Activated Th2 cells 
secrete key cytokines including interleukin four, 
interleukin five, and interleukin thirteen, which 
collectively promote allergic airway inflammation, 
eosinophil recruitment, immunoglobulin E 
production, and bronchial hyperresponsiveness, as 
illustrated in Figure 1 [26]. 

 

 
 Figure 1: Schematic illustration showing normal airway anatomy compared with asthmatic airway, 

highlighting smooth muscle constriction, airway wall inflammation and thickening, mucus narrowing, and air 
trapping in the alveoli during asthma. 

 
Th2 lymphocytes release a spectrum of cytokines that play a pivotal role in amplifying airway inflammation 
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in asthma. These cytokines promote the recruitment of 
eosinophils and other inflammatory granulocytes to 
the airway mucosa [27]. Interleukin five and 
granulocyte macrophage colony stimulating factor 
activate eosinophils, leading to the release of cytotoxic 
granule proteins and the generation of cysteinyl 
leukotrienes. These mediators damage the airway 
epithelium and contribute significantly to bronchial 
hyperresponsiveness [28]. 

In many atopic individuals with asthma, allergen 
specific immunoglobulin E is produced and binds to 
mast cells within the airway wall. Upon inhalation of 
allergens, cross linking of immunoglobulin E on mast 
cells induces degranulation and the release of 
mediators such as prostaglandin D2, histamine, and 
leukotrienes, which are potent bronchoconstrictors in 
hyperresponsive airways [29]. This process results in 
bronchospasm, local vasodilatation, increased 
capillary permeability, and enhanced chemotaxis, 
thereby facilitating further infiltration of inflammatory 
cells into the bronchial wall. Additional mediators 
released during this early phase include tumor 
necrosis factor alpha, macrophage inflammatory 
protein one alpha, and interleukins four, five, and 

thirteen [30]. 

The late phase reaction typically begins four to six 
hours after allergen exposure and may persist for up to 
twenty four hours, with sustained nonspecific airway 
hyperresponsiveness. This phase represents the 
continuation of the inflammatory cascade initiated 
earlier and is characterized by the accumulation of 
eosinophils and mononuclear cells driven by 
chemokines and chemotactic signals [31]. Activated 
eosinophils release eosinophil cationic protein, major 
basic protein, and eosinophil derived neurotoxin, 
along with cysteinyl leukotrienes and interleukins 
three, five, and eight, leading to persistent epithelial 
injury and inflammation. Additional mediators such as 
nitric oxide, adenosine, and neuropeptides further 
intensify the delayed inflammatory response. 
Although repair mechanisms may restore normal 
airway structure following acute inflammation, 
repeated injury and defective repair in chronic asthma 
result in airway remodeling, angiogenesis, increased 
smooth muscle mass, and long term airflow limitation 
[32].

 

Figure 2: Immunopathogenesis of asthma depicting antigen presentation by dendritic cells, Th0 differentiation 
toward a Th2-dominant response, cytokine-mediated IgE production, mast cell and eosinophil activation, release of 

inflammatory mediators, and resultant airway hyperresponsiveness and obstruction. 
 

This remodeling process is characterized by increased 
smooth muscle growth, subepithelial fibrosis, and 
progressive thickening of the airway wall, all of which 
contribute to chronic airflow limitation. A range of 
growth factors and matrix modifying enzymes play a 
critical role in driving these structural alterations. 
Airway smooth muscle cells actively participate in this 
process by producing proinflammatory mediators and 
autocrine growth factors, while growth factors released 

from infiltrating inflammatory cells promote smooth 
muscle hypertrophy and hyperplasia. Collectively, 
these changes lead to persistent airway narrowing and 
reduced reversibility of airflow obstruction, as 
illustrated in Figure 2 [33]. 

4. Diagnostic Evaluation of Bronchial 
Asthma 
Bronchial asthma can often be diagnosed based on a 
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patient’s clinical symptoms and detailed medical 
history. The presence of characteristic features such as 
wheezing, cough that is worse particularly at night, 
recurrent episodes of wheeze, repeated difficulty in 
breathing, and recurrent chest tightness increases the 
suspicion of bronchial asthma [34]. Symptoms that 
occur predominantly at night or worsen during sleep, 
leading to nocturnal awakening, further strengthen the 

likelihood of the diagnosis. In addition, asthma should 
be strongly considered when these symptoms are 
triggered or exacerbated by exposure to specific factors 
such as animals with fur, aerosolized chemicals, 
changes in ambient temperature, domestic dust mites, 
certain medications including aspirin and beta 
blockers, physical exertion, or exposure to pollen [35]. 

 

 
Figure 3:   Common triggers of asthma, including allergens, environmental pollutants, climatic factors, physical 

exertion, emotional stress, and irritants that precipitate bronchoconstriction and acute asthma symptoms. 
 

Respiratory infections, exposure to smoke, and strong 
emotional expressions are additional factors that can 
precipitate or exacerbate asthma symptoms. These 
triggers may intensify airway inflammation and 
bronchial hyperresponsiveness, leading to worsening 
respiratory symptoms in susceptible individuals, as 
illustrated in Figure 3 [36]. 

Common threat factors responsible for both 
development and deterioration of the lungs. 
Conditions and psoriasis include smoking, rotundity 
and low physical exertion, adulterants. Infection, 
exposure to allergens, malnutrition, metabolic pattern, 
connective towel. Diseases, depression, and use of 
certain medicines [37]. 

4.1. Smoking 
Epidemiological studies indicate that individuals with 
psoriasis are more likely to be active or passive 
smokers compared with the general population. 
Smoking has been shown to correlate significantly with 
both the frequency and severity of psoriatic lesions 
[38]. Concurrently, smoking is recognized as the most 
important etiological factor for chronic obstructive 
pulmonary disease. Other smoking related respiratory 
disorders include asthma and idiopathic pulmonary 
fibrosis. Therefore, smoking may represent a shared 
risk factor contributing to the increased prevalence of 
pulmonary disease observed in patients with psoriasis 
[39]. 
 

4.2. Obesity 
Obesity and physical inactivity have been identified as 
important risk factors for both the development and 
severity of psoriasis, with a higher prevalence of 
obesity consistently reported among psoriatic patients. 
Obesity is also a major risk factor for several 
respiratory disorders, including asthma, pulmonary 
hypertension, sleep apnea, and chronic obstructive 
pulmonary disease. Consequently, obesity may 
partially explain the increased burden of lung disease 
in individuals with psoriasiss [40]. 

4.3. Pollutants 
Exposure to environmental pollutants has been 
implicated in the pathogenesis of both psoriasis and 
pulmonary diseases. Cadmium, a heavy metal used in 
batteries, dental materials, and various industrial 
applications, has been proposed as a potential air 
pollutant associated with psoriasis [41]. Elevated blood 
cadmium levels have been reported in patients with 
psoriasis. Similarly, increased cadmium exposure has 
been associated with chronic obstructive pulmonary 
disease, even among nonsmokers. These findings 
suggest that cadmium and other airborne pollutants 
may simultaneously influence the development of 
psoriasis and lung disease in susceptible individuals 
[42]. 

4.4. Infection 
Infectious agents may play a significant role in the 
development and progression of both psoriasis and 
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respiratory disorders. Alterations in the lower 
respiratory tract microbiome, which may increase 
susceptibility to psoriasis, interact with the mucosal 
innate immune system and have been linked to the 
development of asthma. In addition, human 
immunodeficiency virus infection is a recognized risk 
factor for psoriasis as well as lung diseases such as 
asthma, chronic obstructive pulmonary disease, and 
pulmonary arterial hypertension. HIV infection may 
therefore contribute to the onset or exacerbation of 
both dermatological and pulmonary pathology [43]. 

4.5. Allergy 
Patients with psoriasis have demonstrated mild 
hypersensitivity to various inhaled, food, and contact 
allergens, including birch, mugwort, thyme, rye pollen, 
house dust mites, and molds. The severity of allergic 
sensitization has been shown to correlate with the 
Psoriasis Area and Severity Index [44]. Allergic 
sensitization also plays a central role in the onset, 
severity, and management of asthma. Sensitivity to 
allergens such as house dust mites, animal dander, 
cockroaches, and molds has been identified as a 
significant risk factor for asthma, suggesting 
overlapping immunological pathways between the two 
conditions [45]. 

4.6. Depression 
Psoriasis is a chronic inflammatory skin disorder that 
can substantially impair occupational performance, 
social interactions, family life, leisure activities, and 
sexual health. These limitations often result in 
psychological stress, which is known to exacerbate 
psoriasis. Conversely, depression is a common and 
persistent comorbidity in patients with interstitial lung 
diseases. The coexistence of psychological distress, 
psoriasis, and pulmonary disease highlights the 
importance of addressing mental health as an integral 
component of comprehensive disease management 

[46]. 

5. Diagnosis 
Asthma is a chronic disorder of the lower respiratory 
tract that affects individuals of all ages and both sexes. 
The diagnosis of asthma is primarily clinical, as no 
single gold standard diagnostic test is available [47]. 
Considerable heterogeneity exists in both the 
pathophysiology and clinical presentation of asthma, 
and overdiagnosis may occur, particularly in the 
absence of objective confirmation of variable airflow 
limitation. Therefore, accurate diagnosis requires a 
comprehensive medical history, detailed physical 
examination, and objective assessment of lung 
function, most commonly through spirometry [48]. 

5.1. Clinical Presentation 
The clinical presentation of asthma is variable and 
often nonspecific, which may complicate diagnosis. 
Patients typically present with wheezing, shortness of 
breath, and cough that occur intermittently and are 
more pronounced during the night or early morning 
hours. Symptoms are usually episodic and may be 
triggered by factors such as environmental irritants, 
specific allergens, or physical exertion. Wheezing and 
nocturnal dyspnoea show a strong association with 
asthma, with wheezing being the most sensitive and 
frequently reported symptom [49]. Respiratory 
symptoms that vary in intensity over time, worsen at 
night or in the early morning, and are associated with 
identifiable triggers increase the likelihood of an 
asthma diagnosis, as illustrated in Figure 4. In 
contrast, features such as persistent sputum 
production, chest pain, or isolated chronic cough 
without additional respiratory symptoms reduce the 
probability of asthma. A thorough clinical history is 
essential, and the diagnosis should be supported by 
evidence of variable airflow limitation on lung function 
testing [50]. 

 

 
Figure 4: Comparative illustration of normal and asthmatic lungs showing airway smooth muscle constriction, 

mucosal swelling, excess mucus secretion, and resultant narrowing of the bronchial lumen in asthma. 
5.2. Differential Diagnosis 

 
Asthma shares clinical features with several other 
conditions, and a broad range of differential diagnoses 

should be considered in patients presenting with 
asthma like symptoms. These include disorders of the 
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upper and lower respiratory tract, cardiovascular 
diseases, gastrointestinal conditions, and certain 
psychological disorders. Congestive heart failure may 
mimic asthma by producing wheeze and airflow 
limitation due to pulmonary oedema and vascular 
congestion, a condition often referred to as cardiac 
asthma. Symptoms in such cases typically improve 
with appropriate treatment of the underlying cardiac 
disease [51]. 

Vocal cord dysfunction is another important 
differential diagnosis. Patients with this condition 
often experience recurrent episodes of breathlessness 
and wheeze that do not respond adequately to 
bronchodilators or corticosteroids. Vocal cord 
dysfunction is frequently associated with anxiety, 
depression, laryngopharyngeal reflux, and gastro 
oesophageal reflux, and results from paradoxical vocal 
cord movement causing episodic upper airway 
obstruction. Early recognition of this condition is 
essential to avoid unnecessary corticosteroid exposure 
and excessive healthcare utilization [52]. 

Chronic obstructive pulmonary disease is a 
progressive obstructive lung disorder that may present 
with symptoms similar to asthma. Although both 
conditions involve airflow limitation on spirometry, 
chronic obstructive pulmonary disease is typically 
characterized by limited reversibility of airflow 
obstruction and a significant history of tobacco 
smoking. Distinguishing between asthma and chronic 
obstructive pulmonary disease may be challenging, 
particularly in individuals with long standing poorly 
controlled asthma who develop fixed airflow 

obstruction due to persistent inflammation and airway 
remodeling. Some patients exhibit features of both 
conditions and may be classified as having asthma 
chronic obstructive pulmonary disease overlap, 
emphasizing the importance of careful clinical 
evaluation and accurate diagnosis [53]. 

Table 1 summarizes the principal differential 
diagnoses of asthma and highlights the clinical, 
functional, and therapeutic features that aid in 
distinguishing asthma from other conditions 
presenting with similar respiratory symptoms. The 
table compares characteristic symptom patterns, 
spirometric findings, and key diagnostic clues across 
fifteen common respiratory and non-respiratory 
disorders [54]. Asthma is characterized by episodic 
symptoms, nocturnal worsening, and reversible 
airflow obstruction, whereas conditions such as 
chronic obstructive pulmonary disease and interstitial 
lung disease typically exhibit persistent symptoms 
with fixed or restrictive ventilatory defects. 
Cardiovascular, upper airway, gastrointestinal, and 
psychological disorders may mimic asthma clinically 
but can be differentiated based on specific clinical 
features, response to treatment, and objective lung 
function testing. By systematically outlining these 
distinctions, Table 1 underscores the importance of 
comprehensive clinical evaluation and objective 
assessment in reducing misdiagnosis and guiding 
appropriate management strategies [55]. 
 

 

Table 1: Differential diagnosis of asthma and distinguishing clinical features. 

S. 

No

. 

Condition Symptom

s 

Symptom 

pattern 

Spirometr

y findings 

Distinguishing 

features 

Clinical 

response 

Reference

s 

1.  Bronchial 

asthma 

Wheeze, 

cough, 

dyspnoea, 

chest 

tightness 

Episodic, 

nocturnal, 

trigger 

related 

Variable 

airflow 

obstruction 

with 

reversibility 

Atopy, airway 

hyperresponsivene

ss 

Good 

response to 

bronchodilato

rs and inhaled 

corticosteroid

s 

[56], [57] 

2.  Chronic 

obstructive 

pulmonary 

disease 

Dyspnoea, 

chronic 

cough, 

sputum 

Persistent 

and 

progressive 

Fixed 

airflow 

limitation 

Smoking history, 

older age 

Partial 

response to 

bronchodilato

rs 

[58] 

3.  Asthma 

COPD overlap 

Wheeze, 

dyspnoea, 

cough 

Persistent 

with 

variability 

Partially 

reversible 

obstruction 

Features of 

asthma and COPD 

Requires 

combined 

therapy 

[59], [60] 

4.  Congestive 

heart failure 

Wheeze, 

orthopnoe

a, 

dyspnoea 

Worse on 

exertion or 

supine 

Restrictive 

or mixed 

Pulmonary 

oedema, 

cardiomegaly 

Improves with 

cardiac 

treatment 

[61], [62] 

5.  Vocal cord 

dysfunction 

Dyspnoea, 

throat 

tightness 

Sudden 

onset and 

resolution 

Normal 

between 

attacks 

Inspiratory 

wheeze, poor 

asthma response 

Improves with 

speech 

therapy 

[63] 

6.  Gastro 

oesophageal 

Cough, 

wheeze, 

Postprandi

al or 

Usually 

normal 

Heartburn, 

regurgitation 

Improves with 

acid 

[64] 
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reflux disease chest 

discomfort 

nocturnal suppression 

7.  Upper airway 

cough 

syndrome 

Chronic 

cough 

Persistent Normal Postnasal drip, 

rhinitis 

Responds to 

nasal therapy 

[65], [66] 

8.  Bronchiectasi

s 

Chronic 

cough, 

sputum 

Persistent Obstructive 

pattern 

Recurrent 

infections 

Responds to 

antibiotics 

and airway 

clearance 

[67] 

9.  Pulmonary 

embolism 

Acute 

dyspnoea, 

chest pain 

Sudden 

onset 

Usually 

normal 

Risk factors for 

thrombosis 

Responds to 

anticoagulatio

n 

[68], [69] 

10.  Interstitial 

lung disease 

Progressiv

e dyspnoea 

Gradual 

onset 

Restrictive 

pattern 

Crackles, fibrosis 

on imaging 

Limited 

bronchodilato

r response 

[70] 

11.  Foreign body 

aspiration 

Cough, 

wheeze 

Sudden 

onset 

Localized 

obstruction 

History of choking Bronchoscopy 

required 

[71] 

12.  Obstructive 

sleep apnea 

Nocturnal 

dyspnoea, 

fatigue 

Sleep 

related 

Normal Snoring, obesity Improves with 

CPAP 

[72], [73] 

13.  Anxiety 

disorder 

Dyspnoea, 

chest 

tightness 

Episodic Normal Associated panic 

symptoms 

Responds to 

psychotherap

y 

[74], [75] 

14.  Lung cancer Cough, 

wheeze, 

weight loss 

Progressive Variable Hemoptysis, mass 

on imaging 

Depends on 

tumor 

treatment 

[76] 

15.  Tracheomalac

ia 

Wheeze, 

cough 

Persistent Variable 

obstruction 

Airway collapse on 

imaging 

Limited 

response to 

bronchodilato

rs 

[77], [78] 

 
5.3. Spirometry and Bronchoprovocation 
Testing 
Current guidelines from the Global Initiative for 
Asthma and the National Asthma Education and 
Prevention Program recommend spirometry as a key 
diagnostic tool in patients with suspected asthma. 
Asthma is characterized by variable airflow 
obstruction and airway hyperresponsiveness. 
Objective evidence of airflow limitation includes a 
reduced ratio of forced expiratory volume in one 
second to forced vital capacity below seventy percent 
or below the lower limit of normal, along with 
demonstrable reversibility following inhalation of a 
short acting beta two agonist. Reversibility is defined 
as an improvement in forced expiratory volume in one 
second of at least twelve percent and two hundred 
milliliters [79]. 

Due to the variable nature of asthma, spirometry may 
be normal in some patients at the time of testing. In 
such cases, bronchoprovocation testing using 
methacholine or mannitol is useful to support or 
exclude the diagnosis. A reduction in forced expiratory 
volume in one second exceeding twenty percent at a 
provocation concentration below sixteen milligrams 
per milliliter or a provocation dose below four hundred 
micrograms is considered diagnostic [80]. 
Methacholine acts as a direct airway smooth muscle 
stimulant through acetylcholine receptors and is 

highly sensitive for asthma detection. Mannitol is an 
indirect bronchoconstrictor and is more specific but 
less sensitive. Both agents demonstrate comparable 
diagnostic performance, particularly in patients 
without active symptoms. Bronchoprovocation testing 
is therefore especially useful for ruling out asthma in 
patients not receiving inhaled corticosteroids [81]. 

5.4. Fractional Exhaled Nitric Oxide 
Nitric oxide produced by the airway epithelium serves 
as an indirect marker of airway inflammation. 
Measurement of fractional exhaled nitric oxide is 
noninvasive and has been used to identify eosinophilic 
airway inflammation in patients with suspected or 
confirmed asthma [82]. Fractional exhaled nitric oxide 
is less informative in non eosinophilic asthma 
phenotypes and primarily reflects type two mediated 
inflammation. According to recommendations from 
the American Thoracic Society, fractional exhaled 
nitric oxide values below twenty five parts per billion 
in adults suggest a lower likelihood of eosinophilic 
inflammation and corticosteroid responsiveness [83]. 
The role of fractional exhaled nitric oxide in asthma 
monitoring remains debated. Some studies 
demonstrate that elevated levels correlate with disease 
severity and that monitoring with fractional exhaled 
nitric oxide and sputum eosinophil counts may reduce 
overall exposure to inhaled corticosteroids [84]. 
However, other investigations report no significant 
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reduction in exacerbation rates or corticosteroid use, 
and some patients monitored with fractional exhaled 
nitric oxide receive higher corticosteroid doses without 
symptomatic improvement. Despite these mixed 
findings, fractional exhaled nitric oxide measurement 
is still recommended as an adjunct tool for assessing 
disease activity and guiding treatment decisions in 
selected patients [85]. 

5.5. Exercise Challenge Testing 
Exercise challenge testing is used to diagnose exercise 
induced bronchoconstriction in patients with 
exertional respiratory symptoms. During the test, 
patients undergo progressively increasing exercise 
intensity on a treadmill or stationary bicycle to achieve 
a high level of ventilation relative to baseline lung 
function [86]. A fall in forced expiratory volume in one 
second greater than ten percent following exercise 
confirms exercise induced bronchoconstriction. A 
reduction exceeding twenty five percent indicates 
moderate severity, while a decrease greater than fifty 
percent reflects severe disease. Exercise challenge 
testing should be considered in individuals with 
suggestive symptoms and a negative baseline 
diagnostic evaluation [87]. 

6. Treatment 
The primary goals of asthma management are optimal 
symptom control and prevention of future 
exacerbations. Effective treatment requires an 
individualized approach based on an understanding of 
the heterogeneous pathophysiology and variable 
clinical presentation of asthma. Patient education and 
the use of a written asthma action plan are essential, as 
they improve recognition of worsening symptoms, 
early identification of exacerbations, and appropriate 
adjustment of therapy. Self management strategies 
and collaborative care models have been shown to 
improve asthma related outcomes. Education 
regarding correct inhaler technique, adherence to 
prescribed medications, and avoidance of known 
allergens and irritants is fundamental for all patients 
[88]. 

Pharmacologic therapy is recommended in a stepwise 
manner. Initial treatment selection is guided by 
asthma severity classification, while subsequent 
adjustments follow a step up or step down approach 
based on symptom control. Short acting beta two 
agonists are recommended as rescue therapy for all 
patients [89]. In individuals with persistent asthma, 
low dose inhaled corticosteroids are advised and 
titrated according to disease severity. For patients with 
moderate to severe persistent asthma, leukotriene 
modifiers or long acting beta two agonists are 
commonly added to inhaled corticosteroid therapy. In 
patients with severe or difficult to control asthma, 
selective use of biologic agents may be considered [90]. 

6.1. Beta Two Agonists 
Beta two agonists are central to asthma management 
due to their bronchodilatory effects and role in 
relieving acute symptoms. These agents induce smooth 
muscle relaxation by binding to beta two adrenergic 
receptors on bronchial smooth muscle cells. Short 

acting beta two agonists are frequently used for mild 
intermittent asthma and acute exacerbations but 
should not be considered controller medications [91]. 
Excessive reliance on short acting beta two agonists is 
associated with poorer asthma control. These agents 
have a rapid onset of action, achieve peak effect within 
two hours, and have a short duration of action, making 
them well suited for acute bronchoconstriction. 
Common examples include albuterol, levalbuterol, 
terbutaline, metaproterenol, and pirbuterol [92]. 

Long acting beta two agonists such as formoterol and 
salmeterol provide prolonged bronchodilation lasting 
more than twelve hours. However, in patients with 
asthma, long acting beta two agonists should only be 
used in combination with inhaled corticosteroids [93]. 
Large clinical trials demonstrated an increased risk of 
severe asthma related events when long acting beta 
two agonists were used without inhaled 
corticosteroids. In contrast, multiple studies have 
shown that combination therapy with inhaled 
corticosteroids and long acting beta two agonists 
improves lung function and reduces exacerbation risk 
compared with inhaled corticosteroids alone. 
Consequently, combination inhalers containing both 
agents are considered safe and effective step up 
therapy in appropriately selected patients [94]. 

6.2. Corticosteroids 
Corticosteroids play a critical role in both acute and 
chronic asthma management, particularly in patients 
with an inflammatory and eosinophilic phenotype 
[95]. Inhaled corticosteroids are the cornerstone of 
long term asthma control and act by suppressing 
airway inflammation through inhibition of eosinophil 
and mast cell activation. Their use is associated with 
reduced airway hyperresponsiveness, improved lung 
function, and decreased exacerbation frequency. 
Clinical studies have consistently demonstrated 
superior outcomes in patients treated with inhaled 
corticosteroids compared with beta agonist therapy 
alone [96]. 

In patients with moderate to severe persistent asthma, 
the addition of a long acting beta two agonist to inhaled 
corticosteroid therapy has been shown to further 
improve peak expiratory flow rate, reduce nocturnal 
symptoms, decrease rescue medication use, and 
enhance overall symptom control. Commonly used 
inhaled corticosteroids include beclomethasone, 
triamcinolone, flunisolide, ciclesonide, budesonide, 
fluticasone, and mometasone [97]. 
Systemic corticosteroids remain essential for the 
management of acute asthma exacerbations and 
uncontrolled disease. Short term use effectively 
reduces airway inflammation and bronchial 
constriction [98]. However, long term systemic 
corticosteroid therapy is discouraged due to significant 
adverse effects such as weight gain, osteoporosis, 
hypertension, adrenal suppression, gastritis, and 
psychiatric disturbances. Patients who require 
prolonged systemic corticosteroid therapy should be 
referred to an asthma specialist for further evaluation 
and consideration of alternative treatment strategies, 
including biologic therapies [99].
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6.3. Leukotriene Receptor Antagonists and 
Synthesis Inhibitors  
Leukotrienes are lipid mediators that contribute to 
airway inflammation, mucus secretion, and bronchial 
smooth muscle contraction. Leukotriene modifying 
agents such as zileuton, montelukast, and zafirlukast 
act by inhibiting leukotriene synthesis or blocking 
leukotriene receptors. Cysteinyl leukotrienes released 
from mast cells and eosinophils play a significant role 
in asthma pathophysiology [100]. 

These agents reduce airway inflammation, improve 
lung function, and alleviate asthma symptoms. 
Leukotriene receptor antagonists are generally used as 
add on therapy to inhaled corticosteroids or as an 
alternative option in patients with mild persistent 
asthma who are unable to tolerate inhaled 
corticosteroids [101]. 

6.4. Antimuscarinics 
Antimuscarinic agents have a long history of use in the 
treatment of bronchoconstriction. Parasympathetic 
activation mediated by acetylcholine contributes to 
airway smooth muscle contraction and mucus 
secretion through muscarinic receptors. 
Antimuscarinic drugs inhibit this pathway, resulting in 
bronchodilation [102]. 

Short acting muscarinic antagonists such as 
ipratropium and long acting muscarinic antagonists 
including tiotropium, aclidinium, umeclidinium, and 
glycopyrronium are available for clinical use. These 
agents may be used as add on maintenance therapy in 
patients receiving inhaled corticosteroid and long 
acting beta two agonist combinations, as well as during 
severe exacerbations [103]. Clinical trials have 
demonstrated that tiotropium improves lung function, 
symptom control, and reduces exacerbation risk in 
patients with poorly controlled asthma. Long acting 
muscarinic antagonists therefore remain a valuable 
therapeutic option for individuals with persistent 
symptoms despite optimized standard therapy [104]. 

7. Bronchial Thermoplasty 
Bronchial thermoplasty is a nonpharmacological 
treatment option for patients with severe asthma that 
remains uncontrolled despite optimized therapy with 
inhaled corticosteroids and bronchodilators. This 
procedure involves the bronchoscopic delivery of 
controlled thermal energy to the airway wall, resulting 
in targeted reduction of airway smooth muscle mass 
and subsequent attenuation of bronchoconstriction 
and airway hyperplasia [105]. Clinical trials have 
demonstrated that bronchial thermoplasty can 
improve lung function, reduce asthma symptoms, and 
increase symptom free days in patients with moderate 
to severe asthma. Although initial studies reported 
transient worsening of respiratory symptoms shortly 
after the procedure, longer term follow up showed 
improvements in forced expiratory volume, symptom 
scores, and reduction in exacerbation frequency [106]. 
Despite these benefits, bronchial thermoplasty is 
associated with potential risks, including severe 
asthma exacerbations and procedure related 
complications. Therefore, careful patient selection and 

management in specialized centers are essential when 
considering bronchial thermoplasty as a therapeutic 
option for refractory asthma [107]. 

8. Comorbid Conditions 
Identification and management of comorbid 
conditions are integral components of comprehensive 
asthma care. Several conditions, including obesity, 
gastro oesophageal reflux disease, anxiety and 
depression, allergic rhinitis, sinusitis, and both 
seasonal and perennial allergies, have been shown to 
exacerbate asthma symptoms and impair disease 
control [108]. Addressing these comorbidities through 
targeted interventions can lead to significant 
improvements in symptom burden, quality of life, and 
overall asthma control. In patients with severe or 
difficult to treat asthma, effective management of 
associated comorbid conditions is particularly 
important and may reduce the need for escalation of 
asthma specific pharmacotherapy [109]. 

Conclusion 
Asthma is a heterogeneous chronic inflammatory 
disorder of the airways characterized by variable 
airflow limitation, airway hyperresponsiveness, and 
structural remodeling. Its pathophysiology involves 
complex interactions among genetic susceptibility, 
environmental exposures, immune dysregulation, and 
inflammatory mediators, resulting in diverse clinical 
phenotypes and treatment responses. Accurate 
diagnosis relies on careful clinical assessment 
supported by objective measures such as spirometry, 
bronchoprovocation testing, and selected biomarkers, 
while recognition of differential diagnoses and 
comorbid conditions remains essential to avoid 
misclassification and inappropriate therapy. Current 
asthma management emphasizes individualized, 
stepwise treatment strategies that combine 
pharmacologic and nonpharmacologic interventions 
to achieve optimal symptom control and prevent 
exacerbations. Inhaled corticosteroids remain the 
cornerstone of long term therapy, with additional 
agents including long acting bronchodilators, 
leukotriene modifiers, antimuscarinics, and biologic 
therapies reserved for patients with more severe or 
refractory disease. Adjunctive approaches such as 
bronchial thermoplasty may provide benefit in 
carefully selected patients with severe asthma who 
remain uncontrolled despite optimized medical 
treatment. Equally important is the management of 
comorbid conditions and environmental triggers, 
which can significantly influence disease severity and 
treatment outcomes. Ongoing advances in the 
understanding of asthma immunopathogenesis and 
phenotypic variability are driving the development of 
more targeted and personalized therapeutic 
approaches. Future research should focus on refining 
diagnostic tools, identifying reliable biomarkers, and 
optimizing treatment strategies to improve long term 
outcomes, reduce disease burden, and enhance quality 
of life for individuals living with asthma. 
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