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Abstract. Bronchial asthma is a chronic inflammatory respira-
tory disease that significantly affects the quality of life (QoL) of
patients. Its impact extends beyond physical health, influencing
psychological well-being, socioeconomic status and access to
healthcare. The present review discusses the key factors that
shape asthma-related QoL, focusing on socio-demographic char-
acteristics, clinical features, environmental exposures, healthcare
accessibility and psychological health. Socio-demographic factors,
such as age, sex, education and place of residence play a key role
in asthma management and outcomes. Clinical aspects, including
disease severity, coexisting health conditions and adherence to
treatment, also influence how effectively patients can control their
symptoms and maintain their well-being. Environmental triggers,
such as air pollution, allergens and changing weather conditions
can worsen symptoms and increase the risk of asthma attacks.
Access to healthcare is another main concern, particularly in rural
or underserved areas where patients often lack specialized asthma
care. These gaps contribute to poorer disease management and
worse outcomes. Psychological issues, particularly anxiety and
depression, are also common among patients with asthma. These
conditions often reduce treatment adherence and make it harder
to achieve stable disease control. The present review highlights
the urgent need for integrated strategies that combine clinical
care, public health efforts and patient-centred approaches. Such
strategies are essential for reducing the overall burden of asthma
and improve the QoL of those who are affected.
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1. Introduction

Asthma remains one of the most prevalent chronic respiratory
diseases worldwide, affecting an estimated 262 million indi-
viduals and contributing to >455,000 related deaths annually,
according to the World Health Organization (WHO) (1,2).
While often perceived as a manageable condition, asthma
continues to place a significant burden on patients, healthcare
systems and societies at large. Suboptimal asthma control
persists as a global health challenge, despite the widespread
availability of evidence-based guidelines and effective
pharmacologic therapies (3,4).

Poor control is strongly associated with increased rates
of exacerbations, hospitalizations, missed work or school
days, impaired lung function, and, most notably, a profound
reduction in quality of life (QoL). Asthma-related limitations
in physical activity, frequent hospitalizations and the need
for continuous medication contribute to a reduced QoL (5).
Moreover, the unpredictable nature of asthma exacerbations
creates anxiety among patients, further complicating disease
management (6,7).

Epidemiological studies underscore the disturbingly
low rates of asthma control worldwide. Mortimer et al (8)
emphasized the urgent need to address asthma care dispari-
ties in low- and middle-income countries (LMICs), where
limited access to essential inhaled corticosteroids (ICS) drives
high rates of preventable morbidity and mortality. Current
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guidelines underestimate the benefits of ICS for patients
with mild asthma, leading to widespread over-reliance on
short-acting 32-agonists (SABA). The authors propose a unified
ICS-formoterol inhaler approach for all asthma severities to
improve control and reduce exacerbations. However, poor
availability and high costs of these inhalers in LMICs remain
major barriers. Mortimer et al (8) called for pragmatic trials
to assess the feasibility and cost-effectiveness of such strate-
gies and advocated for a World Health Assembly Resolution to
ensure universal access to affordable asthma care.

The Global Asthma Report (GAR), prepared by the Global
Asthma Network (GAN), underscores the persistent global
burden of asthma, particularly in low- and middle-income
countries (LMICs), where access to effective management
remains limited (9). Despite recent GAN surveys involving
over 450,000 participants, revealing little change in asthma
prevalence and severity since the early 2000s, a substantial
proportion of children, adolescents, and adults continue to
experience poorly controlled symptoms. A key concern is
the widespread underuse of inhaled corticosteroids (ICS) and
the over-reliance on short-acting [32-agonists (SABA), despite
updated international guidelines (GINA 2019) recommending
ICS-containing therapy for all asthma severities (10). However,
cost barriers to ICS-formoterol inhalers hinder their adoption,
particularly in LMICs (11).

Socio-demographic characteristics, including age, sex,
level of education and place of residence, significantly affect
disease perception, treatment adherence and healthcare acces-
sibility (12,13). Studies suggest that older patients, individuals
with a lower educational attainment, and those residing in rural
areas experience greater challenges in managing their condi-
tion due to limited access to specialized care, lower health
literacy and financial constraints (14,15). Sex differences also
play a role, with females generally reporting a greater severity
of asthma and psychological distress than males, potentially
due to hormonal fluctuations and differing healthcare-seeking
behaviors (16,17).

A critical factor contributing to inadequate asthma control
is poor adherence to maintenance therapy. Population-based
studies in the USA, Europe and Australia have consistently
reported that only 30-50% of patients adhere to prescribed
inhaled corticosteroids (ICS), the cornerstone of long-term
asthma management (18). Factors such as medication costs,
complexity of treatment regimens, fear of side-effects and
insufficient patient education all contribute to this shortfall.
Moreover, in certain countries, the overuse of short-acting
beta-agonists continues to prevail, reinforcing a reactive rather
than proactive approach to disease management (19).

Perhaps most striking are the international disparities in
achieving optimal asthma control. Countries such as Finland,
Sweden and Canada, where national asthma programs have
integrated guideline-based care with strong patient education
and access to medications, have witnessed marked reductions
in hospitalizations, mortality and symptom burden (20,21).
By contrast, several nations across Eastern Europe, Latin
America, Asia and sub-Saharan Africa continue to report
high rates of uncontrolled asthma due to limited access to
essential medications, insufficient primary care infrastructure,
diagnostic delays and the lack of patient-centered educa-
tion strategies (22). These disparities are reflected in large

variations in health-related QoL (HRQoL) among patients
with asthma, with those in resource-constrained settings
reporting significantly lower scores across physical, emotional
and functional domains (23,24).

Environmental factors are among the most significant
contributors to asthma exacerbations and disease progression.
Air pollution, allergens, climate variability and occupational
exposures all play a role in worsening asthma symptoms.
Exposure to fine particulate matter (PM2.5), nitrogen dioxide
(NO,), sulfur dioxide (S0O,), and ozone (O;) has been
strongly linked to airway inflammation, increased bronchial
hyper-reactivity and reduced lung function (25,26).

The burden of uncontrolled asthma on QoL is profound and
multi-dimensional. Beyond physical symptoms, patients often
experience anxiety, depression, social isolation and limitations
in personal, professional and academic pursuits. This indicates
that asthma is not merely a biomedical condition, but a psycho-
social one, demanding a more comprehensive understanding
of the interplay between clinical, behavioral, environmental
and systemic factors.

Given this urgent and multifaceted global challenge, the
present review aimed to synthesize the findings from existing
literature on the factors that influence the QoL in patients with
asthma. The objective was to identify key determinants that can
guide clinicians, researchers and policymakers in developing
targeted interventions and healthcare strategies to improve
asthma control and ultimately enhance patient well-being (5).

2. Socio-demographic factors

Socio-demographic factors play a crucial role in shaping the
QoL of patients with bronchial asthma, influencing disease
perception, treatment adherence and overall health outcomes.
Among these, age, sex, educational attainment, ethnicity and
place of residence are key determinants that affect both the
progression of the disease and the effectiveness of asthma
management strategies. Understanding these factors can help
develop targeted interventions to improve asthma care and
patient well-being.

Age is a key determinant of health outcomes in patients
with asthma (27). Studies have indicated that younger patients
often experience different challenges compared to older indi-
viduals (28,29). Children diagnosed with asthma often face
a higher risk of hospital readmissions, recurrent exacerba-
tions and long-term lung function decline. Pediatric asthma
is commonly triggered by respiratory infections, allergens
and environmental pollutants, necessitating a comprehensive
approach that includes caregiver education and early inter-
vention. Adolescents, on the other hand, may struggle with
treatment adherence due to psychological factors, social influ-
ences, or a desire for independence, increasing the likelihood
of uncontrolled asthma. In adults, asthma is often associated
with occupational exposures, lifestyle factors, and comor-
bidities such as obesity and cardiovascular disease, which can
further complicate disease management. Among the elderly,
age-related decline in lung function, polypharmacy and
reduced access to healthcare may contribute to poorer disease
control and increased morbidity.

Sex differences also play a crucial role in the prevalence and
management of asthma (Table I) (30,31). Research suggests that
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Table I. Socio-demographic factors affecting the QoL of patients with asthma, as summarized in the present review.

Factor Challenges Solutions

Age Older patients have a poorer QoL due to increased ~ Implement age-specific asthma management programs,
disease severity and comorbidities (e.g., COPD, including targeted interventions for elderly patients and
allergic rhinitis). Younger patients face a higher risk paediatric asthma care protocols. Improve screening for
of hospital readmissions due to exacerbations. comorbidities and early intervention strategies.

Sex Women are more likely to report asthma Develop multidisciplinary care pathways for elderly

symptoms due to hormonal differences and immune
variations. Gender disparities may also limit access

to healthcare and treatment adherence.
Education level
literacy, lack of knowledge about asthma

management, and lower adherence to treatment.

Ethnicity
greater socio-economic disparities.
Urban vs. rural

residency

cases and delayed diagnoses.

Lower education levels contribute to poor health

Ethnic minorities and rural populations face higher
asthma prevalence, limited healthcare access, and

Urban patients face higher pollution levels and
increased allergen exposure, worsening asthma
symptoms. Rural patients have limited access to
specialized asthma care, leading to underreported

patients. Improve healthcare accessibility for women,
including educational campaigns on asthma
self-management and tailored support programs.
Increase asthma education initiatives, including
community workshops and accessible digital resources
to enhance patient understanding and self-management
skills.

Implement culturally competent healthcare programs.
Train healthcare providers to recognize and address
asthma in diverse ethnic groups. Improve outreach
programs in underserved communities.

Strengthen pollution control policies in urban areas.
Expand healthcare infrastructure in rural regions,
improve screening protocols, and offer telemedicine
services for remote asthma management.

QoL, quality of life; COPD, chronic obstructive pulmonary disease.

asthma is more common among boys than girls during child-
hood, although this trend reverses in adulthood, with a higher
prevalence among women (32). Hormonal fluctuations, particu-
larly those associated with puberty, pregnancy and menopause,
may play a role in modulating airway inflammation and
asthma severity (33). Additionally, women often report more
severe symptoms, increased healthcare utilization, and a higher
likelihood of anxiety and depression, which can further affect
their QoL. Social and behavioral factors, such as differences in
healthcare-seeking behavior and medication adherence, may
also contribute to sex disparities in asthma outcomes (33).

Socio-demographic factors, particularly socioeconomic
status (SES), play a critical role in shaping asthma-related
health outcomes and the QoL of patients (34,35). A lower
SES often characterized by limited income, low educational
attainment, unstable employment and poor living conditions
has repeatedly been found to be associated with poorer asthma
control, increased disease burden, and a substantially reduced
HRQoL (34,35).

Patients with asthma from disadvantaged socioeconomic
backgrounds face multiple, interlocking barriers to achieving
good disease management (36). These include reduced access
to healthcare services, under-diagnosis, poor continuity of
care, limited affordability of essential medications and greater
exposure to environmental triggers. Consequently, SES is often
not merely a background variable, but a central determinant of
both clinical outcomes and psychosocial functioning (36).

Adding further relevance to the current context is
a recent population-based study from Kazakhstan by

Vinnikov et al (37). Their study, which used the EQ-5D instru-
ment to assess HRQoL, found that age, sex, region of residence,
income, education and occupational group were all significantly
associated with QoL in the general population. Particularly
striking was the finding that respondents with lower income
and educational levels consistently reported poorer HRQoL
scores mirroring international patterns. That study highlighted
the social gradient in health within Kazakhstan and provides a
compelling rationale for examining how these socioeconomic
disparities influence asthma outcomes specifically (37).

This body of evidence reinforces the conclusion that
HRQoL in asthma is not determined solely by disease severity
or treatment modality, but is profoundly shaped by the broader
socio-economic environment in which the patient lives.
Patients with comparable clinical profiles may experience vast
differences in QoL depending on their material circumstances,
access to care and level of social support.

From a public health perspective, this implies that
improving asthma-related QoL requires more than medical
intervention. Addressing SES-related disparities, through
policies promoting universal health coverage, education,
poverty alleviation and housing improvements, is essential
for achieving equitable outcomes. In Kazakhstan and other
middle-income countries undergoing healthcare reform,
these findings underscore the urgency of integrating social
determinants of health into asthma care strategies and quality
improvement initiatives.

Educational attainment is another critical factor affecting
asthma management and QoL. Individuals with lower
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education levels often lack essential knowledge about their
condition, leading to poor self-management, inadequate
symptom recognition and reduced adherence to prescribed
therapies (38,39). A low health literacy is associated with higher
rates of emergency department visits, increased hospitaliza-
tions and a greater reliance on short-term relief medications
instead of long-term controller therapies. Conversely, patients
with higher education levels are more likely to understand the
importance of asthma action plans, inhaler techniques and
environmental triggers, leading to better disease control and
improved QoL (38,39). Targeted patient education programs
and simplified treatment instructions can help bridge this
gap, ensuring equitable asthma management across different
educational backgrounds.

Ethnicity is another critical factor affecting asthma preva-
lence and treatment outcomes (40,41). Genetic predisposition,
environmental exposures, healthcare access and cultural
beliefs about disease management all contribute to disparities
in asthma care among different ethnic groups. In a number
of regions, ethnic minorities face a higher burden of asthma
due to socio-economic disadvantages, increased exposure
to urban pollution and limited access to healthcare services.
Language barriers and mistrust in the healthcare system may
further hinder effective communication between patients
and providers, resulting in under-diagnosis and suboptimal
treatment adherence. Addressing these disparities requires
culturally tailored asthma education, improved healthcare
accessibility, and community outreach programs to ensure
that all ethnic groups receive adequate disease management
support.

Apart from that, the place of residence (urban vs. rural
areas) markedly affects the prevalence and management of
asthma (Fig. 1). Urban environments expose individuals to
higher levels of air pollution, allergens and occupational
irritants, which can exacerbate the symptoms of asthma and
lead to increased hospitalizations. However, urban residents
typically have better access to healthcare facilities, specialist
consultations and advanced treatment options, improving
their ability to manage the disease effectively (42). By
contrast, rural populations often face limited access to
specialized asthma care, diagnostic facilities and essential
medications, leading to underreporting, delayed diagnosis
and poorer disease control (43). Additionally, rural healthcare
providers may lack sufficient training in asthma manage-
ment, further contributing to disparities in treatment quality.
Expanding telemedicine services, increasing healthcare
infrastructure in rural areas, and providing ongoing medical
education for primary care physicians could help mitigate
these challenges and improve asthma outcomes in under-
served populations (44).

Socio-demographic factors, such as age, sex, education
level, ethnicity and place of residence play a crucial role in deter-
mining the QoL of patients with bronchial asthma. Addressing
these disparities through targeted public health initiatives,
educational programs and healthcare policy improvements
could lead to more effective asthma management and better
overall health outcomes (44). A patient-centered approach
that considers these socio-demographic determinants will be
essential in reducing asthma-related morbidity and improving
QoL for all affected individuals.

3. Clinical factors

Clinical factors significantly affect the QoL of patients with
bronchial asthma, encompassing disease severity, the presence
of comorbidities, treatment adherence and the frequency of
exacerbations (45). Among the key contributors are disease
severity, presence of comorbidities, treatment adherence,
frequency of exacerbations and modifiable risk factors, such
as smoking status. A comprehensive understanding of these
factors is essential for optimizing asthma management and
improving patient outcomes.

Disease severity is a primary determinant of QoL, with
patients experiencing more severe asthma reporting higher
levels of physical and emotional distress. Severe asthma is
often characterized by persistent symptoms, frequent exacer-
bations, and a greater reliance on high-dose corticosteroids
and biologic therapies (46). Individuals with uncontrolled
asthma face limitations in daily activities, including reduced
physical exercise capacity, work productivity and social
participation, all of which contribute to lower QoL scores.
Research has indicated that patients with severe persistent
asthma report a significantly higher number of hospitaliza-
tions, emergency room visits and higher healthcare costs
than those with mild or moderate disease (47). Early and
effective intervention to control inflammation and minimize
symptom burden is essential for improving the outcomes of
these patients.

The inflammatory mechanisms in asthma-chronic obstruc-
tive pulmonary disease (COPD) overlap syndrome (ACOS)
involve a complex interplay of both Th2-high inflamma-
tion (48), typical of asthma, and neutrophilic inflammation,
more commonly observed in COPD (49,50). This combination
results in a more severe and less steroid-responsive form of
airway disease.

The levels of interleukin (IL)-17) are significantly elevated
in ACOS and play a crucial role in driving neutrophilic
inflammation (51,52). IL-17 It promotes the recruitment and
activation of neutrophils in the airways, leading to increased
mucus production, airway remodeling and heightened
bronchial hyper-reactivity (53). The increased presence of
neutrophils contributes to the persistent airflow limitation
characteristic of ACOS.

Tumor necrosis factor-a (TNF-a) is a pro-inflammatory
cytokine, the levels of which are upregulated in both asthma
and COPD, although its role may be more prominent in COPD
and ACOS (54). TNF-a contributes to airway inflammation,
mucus hypersecretion and the activation of other inflam-
matory cells (55). It also promotes the production of matrix
metalloproteinases, which are involved in the destruction of
lung tissue and the development of emphysema, a common
feature in COPD.

An imbalance between oxidants and antioxidants leads
to increased oxidative stress in ACOS (56,57). This oxida-
tive stress exacerbates inflammation, impairs corticosteroid
responsiveness and contributes to airway damage (58,59).
Reactive oxygen species can directly damage lung cells and
activate inflammatory pathways, further perpetuating the
inflammatory cycle. Additionally, oxidative stress can modify
proteins, leading to the formation of neoantigens that may
drive autoimmune responses (58,59).
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afford inhalers
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maintenance therapy
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complications

43 Emergency Care Dependence:
Increased hospitalizations due

to lack of regular treatment

Limited Specialized Care

& 40 Shortage of Pulmonologists &
Allergists: Only 3% of rural patients
have access

N Insufficient Training of Primary Care
Physicians: Leads to misdiagnosis &
poor treatment

@ Long Waiting Times & Bureaucratic
Delays: Discourages timely healthcare
visits

Figure 1. Key barriers to accessing treatment for patients with asthma.

Beyond adaptive immunity, the innate immune system
plays a critical role in ACOS. Pattern recognition receptors,
such as Toll-like receptors are activated by pathogen-associated
molecular patterns and damage-associated molecular patterns,
leading to the release of pro-inflammatory cytokines and
chemokines (60-62). This activation contributes to the chronic
inflammation and airway remodeling observed in ACOS.

Structural cells, such as epithelial cells and smooth muscle
cells also contribute to the inflammatory process in ACOS.
Epithelial cells release inflammatory mediators in response
to injury or stress, while smooth muscle cells can proliferate
and contribute to airway thickening. Interactions between
structural and immune cells further amplify the inflammatory
response (63,64).

In fact, comorbidities play a crucial role in asthma manage-
ment and patient well-being [2024 Summary Guide for
Asthma Management and Prevention, GINA 2024 (65)]. The
presence of these comorbid conditions complicates asthma
management, as they can exacerbate symptoms and increase
the frequency of exacerbations. For instance, patients with
both asthma and COPD report more severe respiratory symp-
toms and higher rates of hospitalizations compared to those

with asthma alone (66). Patients with coexisting COPD and
asthma, commonly referred to as ACOS, tend to experience
more severe airflow limitation, increased inflammation and a
higher risk of exacerbations, necessitating a multidisciplinary
approach to treatment. Similarly, obesity has been linked to
greater asthma severity, poorer response to corticosteroids
and increased systemic inflammation, further reducing QoL.
Addressing comorbidities through tailored treatment plans,
weight management strategies and mental health support can
lead to more effective disease control and improved patient
well-being (65).

Treatment adherence is another critical factor influencing
the QoL of patients with asthma. Research indicates that
numerous patients do not adhere to prescribed treatment regi-
mens, often due to a lack of understanding about their condition
or the importance of consistent medication use (67,68).
A previous study found that only a fraction of patients utilized
inhaled corticosteroids as recommended, which are essential
for controlling inflammation in chronic asthma (69). Poor
adherence to treatment not only leads to worse disease control,
but also results in increased healthcare utilization, including
emergency visits and hospital admissions. Consequently,
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enhancing patient education regarding the importance of
adherence to prescribed therapies is vital for improving overall
health outcomes.

The frequency and severity of asthma exacerbations are also
closely linked to QoL (70,71). Asthma exacerbations can lead
to significant disruptions in daily life, including missed work or
school days and limitations in physical activities (7,72). Another
study highlighted that patients who experienced frequent
exacerbations reported significantly lower QoL scores across
various domains, including emotional well-being and activity
limitation (73). Specifically, each exacerbation was associ-
ated with a decrease in QoL scores, indicating that effective
management strategies aimed at reducing exacerbation rates
could substantially improve patient experiences (72,74,75).
Reducing the frequency of exacerbations through personal-
ized treatment plans, allergen avoidance strategies and a more
stringent adherence to medication could significantly enhance
the long-term health outcomes of patients.

Moreover, smoking status has been identified as amodifiable
risk factor affecting the QoL of patients with asthma (76-78).
Active smokers tend to have a significantly lower QoL
compared to non-smokers, due to increased symptom severity
and exacerbation frequency (79). Smoking cessation programs
tailored for asthmatic patients could therefore be beneficial in
improving their overall health outcomes (80). A previous study
found that smokers with asthma had a significantly higher
healthcare utilization and more frequent hospital visits than
non-smokers (81). Implementing smoking cessation programs
tailored to asthma patients, combined with behavioral counsel-
ling and pharmacologic support, could improve lung function,
reduce exacerbations and enhance overall health status (82).

To summarize, clinical factors, such as disease severity,
comorbidities, treatment adherence and exacerbation frequency
play a pivotal role in determining the QoL of patients with
asthma. Addressing these factors through targeted interven-
tions, such as enhancing patient education on medication
adherence, implementing regular follow-up care for comorbid
conditions, and promoting smoking cessation could lead
to more effective management strategies and better health
outcomes for individuals living with asthma. As highlighted
by recent studies, urgent action is required to develop compre-
hensive care programs that prioritize both pharmacological
treatment and holistic patient support to enhance the QoL for
asthmatic patients across Kazakhstan (83-85).

4. Environmental factors

Environmental factors play a fundamental role in shaping
the QoL of patients with bronchial asthma, influencing
disease severity, exacerbation frequency and overall health
outcomes. While asthma is a chronic inflammatory condition
with a strong genetic component, exposure to environmental
triggers can significantly worsen symptoms, increase the
frequency of hospitalizations and impair daily functioning.
Poor air quality, exposure to allergens, climate variability,
occupational hazards and socioeconomic conditions all
contribute to the disease burden (Table II). Understanding
and addressing these environmental influences is crucial
for improving asthma management and enhancing patient
well-being.

Air pollution is one of the most critical environmental risk
factors for asthma, particularly in urban areas where vehicle
emissions, industrial pollutants and biomass combustion
are prevalent. PM2.5, NO,, SO, and O, contribute to airway
inflammation, bronchial hyperresponsiveness and increased
asthma exacerbations (86,87). Studies have shown that indi-
viduals residing in highly polluted areas, particularly near
busy roads or industrial zones, have worse symptom control
and a lower QoL compared to those residing in less polluted
environments (88,89). Long-term exposure to these pollutants
has been linked to reduced lung function, an increased use
of medications and a higher risk of emergency hospital visits.
Indoor air pollution also plays a crucial role in asthma severity.
Sources such as tobacco smoke, cooking fumes, mold spores
and volatile organic compounds (VOCs) from household
products can worsen respiratory symptoms. Children and
the elderly are particularly vulnerable, as their respiratory
systems are more sensitive to environmental irritants (90-92).
Effective strategies to mitigate the impact of air pollution on
patients with asthma include stricter air quality regulations,
improved urban planning, reduced reliance on fossil fuels, and
promoting cleaner indoor air through ventilation systems, air
purifiers and smoke-free policies.

In a number of developing and transition countries, indoor
air pollution poses a serious and urgent public health concern,
particularly in relation to chronic respiratory diseases, such as
asthma. While outdoor (ambient) air pollution has been widely
studied, the indoor environment, where individuals spend
the majority of their time often remains a neglected source
of harmful exposure, particularly in low- and middle-income
countries (LMICs). Numerous studies have shown that expo-
sure to indoor pollutants, such as biomass smoke, PM2.5,
VOCs, mold and household chemicals, can significantly
worsen asthma symptoms, impair disease control and reduce
HRQoL (93-95).

There are high levels of both ambient and indoor air
pollution found in large urban centers in developing coun-
tries (96). These exposures have been causally linked to an
increased prevalence of asthma, more frequent exacerbations
and greater healthcare utilization. In such settings, indoor air
quality is frequently compromised by substandard housing,
overcrowding, the use of solid fuels for cooking and heating,
and limited ventilation, factors that disproportionately affect
socioeconomically disadvantaged groups (97,98) (Table II).

A recent systematic review by Agache et al (99), conducted
for the EAACI guidelines, evaluated the impact of indoor expo-
sures, including VOCs, cleaning agents, mold/dampness and
pesticides, on the incidence and severity of asthma. Among 94
studies reviewed, exposure to damp and mold had the strongest
association with new-onset wheeze (moderate certainty), while
cleaning agents, VOCs, and pesticides showed weaker but
suggestive links with asthma onset and worsened symptoms.
Although the certainty of evidence varied, the findings high-
light the broad and cumulative risk posed by multiple indoor
pollutants. The authors of that study emphasized the urgent
need for more rigorous longitudinal studies to better establish
causal associations and inform prevention guidelines (99).

Adding to this evidence, a real-world study in Chicago
performed by Kang et al (100) evaluated indoor and
outdoor air quality in 41 homes over period of 1 year. Using
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Table II. Environmental factors affecting asthma, as summarized in the present review.

Problem

Description

Solutions

Air pollution

Climate conditions

Allergen exposure

Water quality issues

Socio-economic
disparities

Indoor air pollution

Industrial emissions

Traffic-related
pollution

High levels of PM2.5, VOCs and NO, from
industrial activities, transportation, and heating
systems worsen asthma symptoms. Urban areas
face severe pollution, leading to increased
hospitalizations.

Extreme temperature fluctuations exacerbate
respiratory conditions. Winter heating using
solid fuels increases indoor air pollution, while

stagnant summer air worsens outdoor pollution.

Common allergens such as pollen, dust mites,
and pet dander trigger asthma attacks. Urban
areas have higher allergen concentrations due
to pollution and human activity; 64% of
patients with asthma report seasonal symptom
aggravation.

Inadequate access to clean drinking water,
particularly in rural areas, increases
vulnerability to respiratory infections,
worsening asthma symptoms.

Low-income populations living near industrial
zones face higher exposure to pollution and
limited access to healthcare, leading to worse
asthma outcomes.

Some homes and public buildings lack proper
ventilation, leading to indoor air pollution from
cooking fuels, smoking, and household
chemicals.

Factories in industrial hubs emit toxic gases
and fine particulate matter, leading to
increased asthma prevalence. Children and
elderly residents are especially vulnerable.

High vehicle emissions contribute to NO, and
black carbon pollution in urban areas,
worsening asthma symptoms.

Implement stricter air quality regulations on industrial
and vehicular emissions. Promote clean energy
sources and improve public transportation. Expand
real-time air quality monitoring and public alerts.
Introduce green urban spaces and tree planting
initiatives to improve air quality.

Improve indoor air quality standards and promote
clean heating alternatives (e.g., electric or solar
heating). Develop public awareness campaigns on
seasonal asthma triggers. Enhance weather-adaptive
asthma management plans and real-time climate
alerts.

Increase public education on allergen avoidance and
asthma management. Expand air filtration and
allergen-free public spaces (schools, workplaces,
public transport). Improve access to allergy testing
and immunotherapy for at-risk patients. Implement
pollen count tracking systems to warn sensitive
individuals.

Improve water purification in rural regions. Implement
nationwide water safety monitoring with early
warnings for contamination. Strengthen public health
policies ensuring universal access to clean water.
Reduce waterborne diseases that may aggravate
asthma by investing in modern filtration systems.
Enforce environmental justice policies to protect
vulnerable communities. Improve healthcare access
and subsidies for asthma medications for at-risk
populations. Implement targeted asthma prevention
programs in high-risk areas. Establish mobile clinics
to provide asthma care in underserved areas.
Promote smoke-free homes and reduce tobacco use
indoors. Encourage ventilation improvements and use
of air purifiers in homes and offices. Subsidize
energy-efficient cooking stoves and ventilation
systems.

Establish buffer zones between residential areas and
industrial zones. Implement stricter emissions control
policies and cleaner production technologies. Require
industries to adopt green technologies and air filtering
systems.

Introduce low-emission zones (LEZs) in cities.
Expand public transportation networks to reduce
private vehicle use. Incentivize the adoption of
electric vehicles (EVs) and hybrid cars.

NO,, nitrogen dioxide; PM2.5, fine particulate matter; VOCs, volatile organic compounds.

cross-sectional and longitudinal models, they found that
higher indoor concentrations of NO,, PM1, PM2.5 and PM10,
as well as elevated indoor temperature and visible mold, were

significantly associated with lower Asthma Control Test (ACT)
scores. Notably, poor indoor air quality was also linked to
increased emergency department visits and reduced physical
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and mental HRQoL, highlighting not only symptom burden,
but also healthcare consequences (100). Collectively, these
findings provide compelling evidence that indoor air pollution
plays a pivotal role in both the development of asthma and the
worsening of disease control.

While the aforementioned studies focused on indoor
environments, it is also important to consider that early-life
exposure to both indoor and ambient air pollution may shape
asthma susceptibility across the lifespan. In a large cohort
study by Zanobetti et al (89) using data from the ECHO CREW
Consortium, early-life exposure to PM2.5 and NO, was shown
to be associated with a significantly increased risk of child-
hood asthma by both ages 4 and 11. Notably, the risk was
higher among children of African descent and those residing
in socioeconomically disadvantaged communities, suggesting
that environmental injustice amplifies asthma risk (89).

Of particular relevance is a population-based study
conducted in Almaty, Kazakhstan, where researchers
measured indoor air quality during the cold season. a period
when households rely heavily on coal and other solid fuels for
heating (101). The findings of that revealed alarmingly high
concentrations of indoor PM2.5 that often markedly exceeded
WHO safety limits. Even in indoor settings, such as homes
and kindergartens, PM2.5 levels were found to reach levels
associated with significant respiratory risk (101). These results
underscore the acute need for policy-level interventions to
mitigate indoor pollution and protect vulnerable populations,
particularly children and individuals with chronic respiratory
diseases such as asthma.

The implications for asthma management are profound.
Prolonged exposure to indoor air pollutants can not only
trigger and exacerbate asthma attacks, but can also contribute
to a long-term decline in lung function, poor medication
responsiveness and increased psychological stress, further
decreasing HRQoL. This is particularly critical in LMICs,
where healthcare access may be limited and asthma remains
underdiagnosed and undertreated.

Given this context, indoor air pollution must be recognized
as a top-tier public health priority in asthma prevention and
management. Mitigation strategies may include promoting
clean energy transitions, improving household ventilation,
phasing out coal and biomass fuels, setting indoor air quality
standards and expanding environmental monitoring programs.
Public awareness campaigns about indoor air quality and
its link to respiratory health should also be integrated into
national health promotion initiatives. The control of indoor
air pollution, particularly during high-risk periods such as the
cold season represents a critical opportunity to reduce asthma
burden and improve QoL in the urban areas of developing
countries.

Allergen exposure is another key environmental factor
affecting asthma severity and QoL (Table II). Common aller-
gens such as dust mites, pollen, mold spores, pet dander and
cockroach allergens can trigger airway inflammation and lead
to increased symptom burden, particularly in individuals with
allergic asthma (102,103). Seasonal variations in pollen levels,
particularly in spring and the fall, often result in worsened
symptoms and a greater reliance on medications (104,105).
The presence of mold in damp indoor environments further
contributes to poor respiratory health, particularly in humid

climates or inadequately ventilated homes. Poor indoor air
quality, combined with exposure to dust, household chemicals
and second-hand smoke, increases the risk of uncontrolled
asthma. Implementing allergen avoidance strategies, such as
using high-efficiency particulate air (HEPA) filters, main-
taining low indoor humidity, regular cleaning and limiting
exposure to known allergens, can help improve asthma
control (106,107). Additionally, immunotherapy for allergen
desensitization may be beneficial for patients with severe
allergic asthma.

Climate variability and extreme weather conditions further
exacerbate asthma symptoms and contribute to fluctuations in
disease severity (108-110). Hot and humid conditions promote
higher concentrations of airborne allergens and mold growth,
leading to increased respiratory distress in susceptible individ-
uals. Conversely, cold air functions as a broncho-constrictor,
triggering airway narrowing and worsening asthma attacks,
particularly during the winter months (108-110).

Climate change has also led to longer and more intense
pollen seasons, increasing allergic sensitization and exacerba-
tions in patients with asthma (111). Additionally, wildfires and
desert dust storms, which have become more frequent in a
number of regions, significantly degrade air quality, exposing
individuals to PM2.5 that can aggravate lung inflamma-
tion (112). To mitigate the impact of climate variability on
asthma, public health initiatives should focus on early warning
systems for air pollution spikes, improved respiratory health
monitoring and climate-adaptive strategies, such as enhanced
urban greenery and sustainable building designs to reduce
indoor pollutant exposure (36,113).

Occupational exposure to irritants, such as chemicals,
fumes and dust is a key environmental factor that affects
patients with asthma, particularly those working in high-risk
industries such as construction, agriculture, manufacturing
and cleaning services (114,115). Prolonged exposure to
workplace pollutants, such as asbestos, silica, pesticides
and industrial gases increases the likelihood of developing
occupational asthma (OA) and aggravates pre-existing respira-
tory conditions (14,116). Workers with OA often experience
reduced lung function, higher absenteeism rates and impaired
productivity, leading to a lower overall QoL. Addressing OA
requires comprehensive workplace interventions, including
improved ventilation systems, the use of personal protective
equipment, strict adherence to occupational health and safety
regulations, and early screening programs for workers in
high-risk industries.

Among the various subtypes of asthma, OA and
work-exacerbated asthma (WEA) represent a substantial
yet often under-recognized proportion of adult asthma
cases (117,118). Epidemiological studies estimate that up
to 15-20% of adult asthma cases are directly attributable
to occupational exposures, with an even higher proportion
(25-30%) experiencing work-aggravated symptoms due to
environmental irritants or allergens in the workplace (119).
These conditions, although distinct in etiology, have a
profound impact on the HRQoL of patients and impose
significant socioeconomic burdens.

Patients with OA and WEA frequently encounter reduced
lung function, poor asthma control, increased medica-
tion use and more frequent exacerbations compared to
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non-OA cases (120,121). Notably, both general HRQoL and
asthma-specific HRQoL are markedly diminished in this
group.

The study conducted by Alpaydin et al (122) found a
significant positive association between asthma control,
measured using the ACT, and QoL assessed through the
Asthma Quality of Life Questionnaire (AQLQ). Specifically,
each 1-point increase in the ACT score corresponds to a
0.129-point improvement in AQLQ scores. However, the
agreement between ACT scores and guideline-based asthma
control assessments was only moderate. The study also
examined treatment adjustments based on ACT scores, noting
that step-up therapy improved ACT scores in uncontrolled
patients, but did not significantly enhance AQLQ scores, while
step-down therapy in controlled patients did not negatively
affect either measure (122). These findings suggest that while
ACT is useful for monitoring asthma control, it may not
fully capture QoL outcomes, underscoring the importance of
complementary tools such as AQLQ for patients.

Another study examined work-related asthma (WRA)
among 217 asthma patients in Ulsan, Korea, identifying a
prevalence of 17%, with WEA accounting for 50% of WRA
cases (119). WEA was associated with more severe asthma
symptoms, including a higher number of outpatient visits,
increased oral corticosteroid use, and lower asthma control test
scores compared to OA and non-WRA. Despite its severity,
patients with WEA had a lower rate of job changes than
patients with OA (119). These findings highlight the impact of
workplace exposure on asthma severity and the need for the
improved recognition and management of WEA.

One of the defining challenges in the management of
OA and WEA is the need for workplace modification or, in
a number of cases, complete job changes, particularly when
exposure to the causal agent cannot be eliminated. This has
marked implications for income security, career trajectory
and psychosocial well-being. Patients may face unemploy-
ment, underemployment, or forced career transitions, often
with inadequate social support or compensation mechanisms,
particularly in low- and middle-income countries. The colossal
economic and social costs associated with job changes both
to the individual and the health system, contribute to delayed
diagnosis, underreporting and poor adherence to management
guidelines.

Moreover, studies have shown that the delayed removal
from exposure is associated with persistent airway inflam-
mation, the incomplete recovery of lung function, and an
irreversible decline in HRQoL (123-125). Early detection and
intervention are, therefore, crucial. Despite this, OA remains
underdiagnosed in a number of healthcare settings, partly due
to the lack of routine occupational history taking and insuf-
ficient awareness among both clinicians and patients.

OA and WEA need to be recognized as a priority within
public health and occupational safety frameworks, particu-
larly due to their profound and lasting impact on HRQoL and
socioeconomic outcomes. Policy-level actions are required
to strengthen occupational health surveillance, ensure early
recognition, and provide structured pathways for job retraining,
financial support and rehabilitation. Addressing these factors
will be key to improving long-term outcomes and reducing the
burden of asthma in the working population.
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Socioeconomic disparities further exacerbate the impact of
environmental factors on asthma outcomes. Individuals from
lower-income communities are more likely to reside in areas
with high pollution levels, substandard housing and inadequate
access to healthcare services (126). Limited financial resources
often prevent patients with asthma from accessing appro-
priate medications, maintaining regular medical check-ups,
or modifying their living environments to reduce exposure
to triggers. Additionally, poor housing conditions, including
overcrowding, dampness and exposure to pests, contribute to
a greater incidence of uncontrolled asthma. Socioeconomic
barriers also limit access to specialized asthma care, leading
to higher hospitalization rates and poorer disease management
(Fig. 1). Addressing these disparities requires policy-driven
efforts to improve housing conditions, expand healthcare
access, subsidize essential asthma medications and implement
community-based asthma education programs.

Robust epidemiological evidence has demonstrated a clear
dose-response association between PM2.5 concentrations and
asthma-related health risks (127). Even modest, short-term
increases in PM2.5 levels have been linked to significant
increases in asthma exacerbations, emergency department
visits and hospitalizations (128). According to the WHO,
the recommended annual mean PM2.5 level should not be
>5 ug/m3, and daily exposure should remain <15 pug/m3 (129).
However, these thresholds are routinely exceeded in numerous
developing and rapidly urbanizing regions, particularly
during winter seasons when reliance on solid fuels for heating
increases or during periods of intense traffic and industrial
emissions. In some cities, PM2.5 levels have been reported to
be 3- to 5-fold higher than the recommended limits, exposing
large populations to respiratory risks (130,131).

One notable example is Almaty, Kazakhstan, where a
recent population-based study revealed alarmingly high
concentrations of indoor PM2.5 during the cold season (101).
Measurements taken in homes, schools and kindergartens
frequently exceeded WHO safety thresholds by up to 10-fold,
reaching levels >150 ug/m3 (101). These concentrations are
categorized as hazardous and are associated with significant
respiratory damage, particularly among children and individ-
uals with pre-existing respiratory conditions, such as asthma.
These findings underscore the critical importance of public
health action, particularly in addressing household heating
practices, improving ventilation and transitioning toward
cleaner energy sources.

The risks posed by air pollution are further compounded
by the increasing effects of climate change. Rising global
temperatures, shifting precipitation patterns and an increased
frequency of extreme weather events such as heatwaves, cold
spells, wildfires and dust storms all contribute to the wors-
ening of asthma symptoms and overall disease burden (132).
Warmer temperatures and elevated carbon dioxide levels have
been shown to be associated with longer pollen seasons and
heightened allergenicity of airborne particles, increasing the
prevalence and severity of allergic asthma (133). Wildfires,
which are becoming more frequent and severe due to prolonged
droughts and land degradation, produce large quantities of
PM2.5 and O, precursors, which can deteriorate air quality over
vast regions (134,135). Simultaneously, extreme cold weather
events drive up indoor pollution by increasing dependence on
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biomass and coal fuels for heating, while flooding events can
promote mold growth in homes, yet another potent asthma
trigger (134,135).

These intersecting environmental pressures particularly
affect vulnerable and low-income populations, who often
reside in poorly insulated homes, lack access to clean energy
and have limited capacity to respond or adapt to environmental
hazards. Consequently, the burden of asthma disproportion-
ately falls on those least equipped to manage its environmental
determinants, further widening existing health inequities.

Addressing these interconnected challenges requires the
implementation of integrated and forward-thinking adaptation
strategies. Urban green infrastructure, including expanded
tree canopies, vegetative buffers and accessible parks, can
mitigate the urban heat island effect, reduce airborne pollut-
ants and improve the overall air quality of densely populated
areas (136). When carefully planned to avoid high-allergen
species, green urban design can provide long-term respira-
tory health benefits. Likewise, promoting sustainable building
designs that emphasize energy efficiency, clean heating tech-
nologies and improved indoor ventilation can greatly reduce
household exposure to pollutants. These architectural and
planning interventions need to be coupled with real-time air
quality monitoring systems and public health alert mechanisms
to allow individuals with asthma to minimize exposure during
pollution peaks (137). Incorporating such systems into broader
health surveillance frameworks will be critical in supporting
early response and preventing acute health crises.

Equally important is the integration of climate-resilient
thinking into healthcare planning. This includes ensuring
reliable access to asthma medications during environmental
emergencies, strengthening healthcare infrastructure to
remain functional during extreme weather events, and training
healthcare providers to recognize and address environmentally
driven asthma symptoms. Public health education campaigns
must also raise awareness of both indoor and outdoor air
quality risks, and emphasize practical strategies for reducing
exposure, particularly in high-risk groups.

Ultimately, air pollution and climate change should be
recognized not as peripheral challenges, but as central, modi-
fiable determinants of asthma morbidity and impaired QoL.
The mounting evidence clearly demonstrates that exceeding
PM2.5 thresholds is directly associated with worsened asthma
outcomes and that environmental exposures, particularly when
coupled with socioeconomic disadvantage, can accelerate the
progression of disease and hinder asthma control. Failure to
act on these insights will perpetuate avoidable health burdens
and undermine long-term asthma management efforts. Thus,
a systems-based, multi-sectoral approach, bridging environ-
mental policy, urban planning, clinical care and social equity
is essential to reduce the environmental drivers of asthma
and to safeguard respiratory health in the face of a changing
climate.

5. Healthcare accessibility

Healthcare accessibility is a fundamental determinant of the
QoL of patients with bronchial asthma. Despite advancements
in asthma treatment, disparities in healthcare access continue
to hinder effective disease management, leading to increased

hospitalizations, exacerbations and reduced overall well-being.
The limited availability of specialized care, geographic
disparities, socioeconomic barriers, medication affordability
and insufficient patient education all contribute to poor asthma
control and a decreased QoL (Fig. 1). Addressing these chal-
lenges is essential for ensuring that all patients receive timely,
effective and equitable asthma care.

One of the most significant barriers to healthcare acces-
sibility is the unequal distribution of medical resources,
particularly between urban and rural areas (138,139).
Patients residing in major cities generally have better access
to pulmonologists, allergists and advanced diagnostic facili-
ties, whereas those in rural and remote regions often rely on
primary care physicians who may lack specialized training
in asthma management (140). Studies have shown that
patients with asthma residing in rural patients face higher
rates of misdiagnosis, delayed treatment, and inadequate
disease control, leading to more frequent exacerbations and
hospitalizations (141,142). The lack of specialized care also
limits access to advanced therapies, such as biologics, which
are crucial for severe asthma cases. Expanding telemedicine
services, training primary care physicians in asthma manage-
ment and improving healthcare infrastructure in underserved
areas can help bridge this gap and enhance asthma care for
rural populations.

Socioeconomic barriers further impact healthcare acces-
sibility and the ability of asthma patients to manage their
condition effectively. A number of individuals with asthma,
particularly those from low-income backgrounds, struggle to
afford essential medications, diagnostic tests and follow-up
appointments. ICS and long-acting bronchodilators, which are
the cornerstone of asthma management, remain cost-prohibitive
for numerous patients, leading to poor adherence and increased
symptom severity (143,144). Additionally, individuals without
health insurance or those with limited coverage often face
difficulties obtaining specialist consultations, further delaying
optimal disease management. The financial burden of asthma
extends beyond medication costs, as frequent hospital visits,
lost workdays and productivity loss also negatively affect the
economic stability and QoL of patients. Implementing poli-
cies that subsidize essential asthma medications, as well as
expanding insurance coverage and offering financial assistance
programs can significantly improve medication adherence and
disease outcomes.

The availability of emergency and primary healthcare
services is another critical factor influencing asthma-related
QoL. Patients with poorly controlled asthma often rely on
emergency departments for acute exacerbations, which not
only increases healthcare costs, but also reflects inadequate
preventive care and disease monitoring (145,146). Frequent
emergency visits are associated with increased psychological
distress, lower functional capacity and an overall poorer QoL.
Enhancing access to primary healthcare providers who can
offer routine monitoring, personalized asthma action plans and
early intervention strategies is crucial for reducing emergency
hospitalizations and promoting long-term disease control (147).
Encouraging the use of community-based asthma programs
and integrating case management services into primary care
settings can also provide patients with continuous support and
disease education (148,149).
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Medication accessibility and adherence play a fundamental
role in determining asthma outcomes and QoL (150). Numerous
patients do not adhere to their prescribed treatment regimens
due to a lack of understanding about their condition, the fear
of side-effects, or misconceptions about medication depen-
dence (151). Poor adherence leads to uncontrolled symptoms,
frequent exacerbations and an increased risk of hospitaliza-
tion (152). Studies have shown that patient education programs
focusing on correct inhaler techniques, the importance of
controller medications, and trigger avoidance significantly
improve adherence and disease management (150,153,154).
Pharmacists and healthcare providers need to play a more
active role in educating patients and ensuring that they receive
affordable, high-quality medications tailored to their disease
severity (155). Expanding access to generic asthma medica-
tions and improving patient awareness of inhaler use can lead
to increased adherence rates and improved QoL.

Language barriers and health literacy also contribute to
disparities in asthma care. Patients with limited health literacy
may struggle to understand prescription instructions, symptom
monitoring guidelines and emergency action plans, resulting
in inadequate disease management (156,157). Non-native
speakers may also face difficulties in communicating with
healthcare providers, leading to misinterpretations of medical
advice and improper medication use. Implementing multilin-
gual asthma education programs, culturally tailored healthcare
services, and visual-based instructional materials can help
overcome these barriers and empower patients to take a more
active role in managing their condition.

Psychosocial support and mental health care are often
overlooked aspects of healthcare accessibility that significantly
affect the QoL of patients with asthma (158,159). Living with
a chronic respiratory condition can lead to increased stress,
anxiety and depression, which in turn can exacerbate asthma
symptoms. Limited access to mental health services means that
many patients do not receive adequate psychological support,
further worsening their overall well-being (160). Integrating
mental health screenings into routine asthma care, offering
counselling services, and incorporating stress-management
techniques into treatment plans can help improve both physical
and emotional health outcomes.

Improving healthcare accessibility requires a multifaceted
approach that includes expanding healthcare infrastructure,
reducing financial barriers, enhancing patient education and
integrating technology into asthma management. In this
context, telemedicine has emerged as a valuable tool in bridging
healthcare gaps, allowing patients to consult with specialists
remotely and receive real-time guidance on symptom manage-
ment (161,162). Mobile health applications and wearable
devices that monitor peak flow rates, medication adherence,
and air quality levels can further enhance patient engagement
and early intervention strategies (163,164).

In the recent study by Suvarna et al (165) the effectiveness
of telemedicine was directly compared to traditional in-person
follow-up in children with asthma aged 7-17 years. Their
non-inferiority trial demonstrated that telemedicine follow-up
achieved similar improvements in asthma control (measured
by ACT/C-ACT scores) and Pediatric Quality of Life Index
(PQLI) scores over a 3-month period. The differences between
telemedicine and in-person visits were not statistically
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significant (mean ACT/C-ACT difference: -0.35,P=0.09; PQLI
difference: P=0.91), suggesting that telemedicine may serve as
a viable and effective alternative to in-person consultations.
Importantly, parent satisfaction was high (mean satisfaction
score: 3.8/5), further supporting the acceptability of remote
asthma care, particularly in remote or resource-constrained
settings, and during pandemic scenarios where in-person care
may be limited (165).

Complementing these findings, Alcoceba-
Herrero et al (166) evaluated a more technology-integrated
approach through a novel clinical decision support system
(CDSS) enabled by remote patient monitoring and wearable
devices. Although that study primarily focused on patients
with COVID-19, it identified asthma as a significant predictor
of severe alerts (odds ratio, 1.74; P=0.002), underscoring
the vulnerability of this population and the critical need for
real-time surveillance. The system generated significantly
more alerts (>61,000 vs. 1,800 in the control group), but the
use of artificial intelligence (AI) ensured that this did not
overwhelm healthcare providers (133). These results highlight
the potential of telemonitoring to proactively detect deteriora-
tion in chronic disease patients, such as those with asthma,
and tailor timely interventions without increasing clinical
workload. The incorporation of Al-driven alert systems may
become an integral component of asthma management in the
near future.

Further expanding on the benefits of digital health, the
randomized clinical trial by Cabrerizo-Carrefio et al (167)
assessed the long-term impact (over a period of 52 weeks)
of the ESTOI mobile health application among patients with
asthma in Spain (167). The intervention group received a
comprehensive, personalized care approach through the
application, which included symptom tracking, treatment
plans, educational materials and direct communication with
a medical team. That study aimed to evaluate asthma control
(ACT scores), treatment adherence (TAI) and patient-reported
QoL (AQLQ), along with clinical parameters, such as spirom-
etry and biomarkers. Though detailed results are pending in
the abstract, the study underscores the utility of mobile apps
in facilitating personalized, continuous asthma care, and
enhancing self-management and patient engagement over
time (167).

Based on the comprehensive discussion of healthcare
accessibility in asthma care, feasibility analyses for policy
recommendations, particularly those aimed at expanding insur-
ance coverage and subsidizing essential asthma treatments are
both timely and necessary. The currently available evidence
illustrates that barriers to access, including the affordability
of medications, uneven geographic distribution of specialized
services, and lack of health literacy support, are not merely
logistical challenges, but are directly linked to poorer clinical
outcomes and a diminished QoL of patients with asthma.

From a policy standpoint, expanding insurance coverage
to include essential asthma medications (such as ICS and
long-acting bronchodilators) and specialist services would
likely yield a favorable cost-benefit profile. Multiple studies
have shown that poor asthma control results in higher rates of
emergency department visits, hospitalizations, absenteeism and
lost productivity (23,168,169). These indirect costs, when added
to the direct medical expenses of acute care, often far exceed
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the cost of preventive and maintenance therapies. Therefore,
policies that reduce out-of-pocket costs for controller medica-
tions and diagnostic services could prevent exacerbations and
reduce healthcare utilization, particularly among low-income
and uninsured populations. Moreover, investing in early access
to biologics and specialist consultation for patients with severe
asthma can prevent long-term deterioration, irreversible lung
function decline, and the accumulation of healthcare costs due
to repeated acute care episodes.

Economic models from various healthcare systems
support the notion that preventive, community-based asthma
care is cost-effective or even cost-saving over the long term.
For example, evidence from US-based Medicaid populations
has shown that every dollar spent on asthma education and
case management can save up to $7 in reduced emergency
care and hospitalization costs (170,171). Similarly, countries
with universal or subsidized coverage for asthma therapies
such as Finland and Canada report significantly better
population-level asthma control and QoL, reinforcing the
feasibility of broad insurance coverage as a scalable policy
strategy (172-176).

Telemedicine and digital health technologies provide addi-
tional pathways to expand healthcare access, while containing
costs. A number of studies have demonstrated that remote
consultations, Al-assisted monitoring, and mobile apps for
asthma management were clinically non-inferior to in-person
care and associated with high user satisfaction (177,178). Of
note, such platforms eliminate geographic barriers, reduce
transportation and time costs, and enable proactive interven-
tion before clinical deterioration occurs. The scalability and
relative affordability of these interventions suggest strong
feasibility for public health systems, particularly in settings
with limited access to specialists. Including these services
in insurance benefit packages, whether public or private, can
ensure that digital tools are accessible, not only to tech-savvy
or affluent users, but to the broader population of patients with
asthma.

A key element in feasibility analysis is health equity.
Without financial protection, patients in lower-income brackets
may continue to underuse necessary medications, delay care,
or rely solely on emergency services all of which deepen
health disparities. Expanding insurance coverage, coupled
with patient subsidies and community outreach programs, can
act as powerful equalizers. Notably, such measures need to
be accompanied by education programs and culturally appro-
priate care models to ensure effective use of services once
access is granted.

Governments and healthcare organizations must work
together to ensure equitable access to quality asthma care
by implementing policies that support universal healthcare
coverage, subsidized medications and community-based
asthma programs (142).

6. Psychological factors

Psychological factors play a critical role in the management
and QoL of patients with bronchial asthma. The interplay
between asthma and psychological conditions, such as anxiety
and depression, can create a complex cycle that exacerbates
both respiratory symptoms and mental health issues (179,180).

Understanding these dynamics is crucial for developing
comprehensive treatment strategies that address the psycho-
logical aspects of asthma management.

Research indicates that patients with asthma experience a
greater prevalence of psychological comorbidities compared to
the general population (181,182). A previous review of various
studies demonstrated that anxiety disorders are particularly
common among asthmatic patients, with estimates suggesting
that ~50% of individuals with asthma also suffer from
anxiety (183). This association is often bidirectional; while
asthma can lead to increased anxiety due to the fear of exac-
erbations and respiratory distress, anxiety can also worsen
asthma control by triggering physiological responses that lead
to bronchospasm and airway inflammation.

Depression is another prevalent psychological condition
among patients with asthma (Fig. 2). Previous studies have
indicated that depressive disorders are significantly more
common in individuals with asthma than in those without
the condition (184,185). The impact of psychological factors
extends beyond individual symptoms; it influences overall
disease management and patient outcomes. Patients with
asthma who experience high levels of stress or negative
emotions are more likely to report severe symptoms and
experience more frequent exacerbations. Emotional distress
has been associated with an increased risk of asthma attacks,
suggesting that effective emotional regulation may contribute
to better asthma control (159,186-188).

Psychotherapeutic interventions have shown promise in
addressing the psychological needs of asthmatic patients (189).
Various approaches, including cognitive behavioral therapy
(CBT), counselling and psycho-educational interventions, have
been studied for their effectiveness in improving both psycho-
logical well-being and asthma management. For instance,
CBT has been found to help patients develop coping strategies
for managing their condition, leading to reductions in anxiety
levels and improvements in self-management skills (190).

Additionally, self-management programs that incorporate
psychological support have proven beneficial for asthmatic
patients. These programs often include written action plans that
guide patients on how to manage their symptoms effectively
while also addressing emotional aspects related to their condi-
tion. Studies have indicated that when psychological support
is integrated into standard asthma care, patients experience an
improved QoL, greater adherence to treatment protocols and
reduced rates of exacerbations (191,192).

Despite the clear link between psychological factors and
asthma management, there remains a significant gap in the
recognition and treatment of these issues within the health-
care system. A number of healthcare providers may not be
adequately trained to identify or address the psychological
needs of their asthmatic patients. This oversight can result in
missed opportunities for intervention and support.

The interplay between bronchial asthma and mental
health conditions, such as anxiety and depression is bidi-
rectional and self-perpetuating, contributing to worsened
symptom perception, reduced treatment adherence and
increased morbidity. A mechanistic understanding of this
association is critical for designing comprehensive asthma
management strategies that integrate mental health support
alongside physical treatment.
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Figure 2. Psychological factors influencing the quality of life of patients with asthma.

The biological underpinnings of the asthma-psychology
association are rooted in stress physiology, particularly activa-
tion of the hypothalamic-pituitary-adrenal (HPA) axis and the
autonomic nervous system (193). Psychological stress, anxiety
and depression can activate the HPA axis, resulting in the
release of cortisol and catecholamines (194). These hormonal
shifts influence immune function and increase airway inflam-
mation and hyper-reactivity, thereby exacerbating asthma
symptoms (195). Concurrently, heightened vagal tone and
parasympathetic over-activation can directly trigger broncho-
constriction, leading to acute dyspnea and wheezing (196,197).
These physiological responses reinforce the psychological
distress experienced by patients, thus creating a feedback loop
in which psychological and respiratory symptoms amplify one
another (196,197).

This cycle is supported by population data demonstrating
significantly higher prevalence rates of anxiety and depression
in patients with asthma compared to the general population.
In fact, a growing body of research highlights that individuals
with asthma are at a significantly increased risk of developing
psychiatric comorbidities, particularly anxiety and depres-
sion, compared to the general population (183,198). These
mental health issues not only coexist with asthma, but may
also worsen disease outcomes by affecting self-management,
medication adherence and overall QoL.

In areal-world clinical study by Beyhan Sagmen et al (199),
involving 88 adult patients with asthma, the prevalence of
anxiety was found to be 55% and depression 62%, far exceeding
general population estimates. Their findings also revealed that
these psychological symptoms were associated with poorer
asthma control, as evidenced by significantly lower ACT
scores among affected patients. Females were disproportion-
ately affected, with 61% reporting anxiety compared to 32%
of males (P=0.023). That study underscored the importance of

integrating mental health screening into routine asthma care
and highlights the role of coping strategies in mediating these
associations (199).

Further expanding on the mechanistic links, in another
study, Caulfield (183) provided a psycho-neuro-immunological
perspective by emphasizing that individuals with asthma are
up to 3-fold more likely to develop internalizing disorders,
namely anxiety and depression, compared to non-asthmatic
individuals. This heightened risk is considered to be driven
in part by chronic systemic inflammation and environmental
exposures such as air pollution, which contribute to both
airway inflammation and neuro-inflammation. The aforemen-
tioned review outlined how asthma is not merely a respiratory
disease, but a systemic condition with broad psychological
implications, especially during developmental stages, and
calls for integrated treatments that target both inflammation
and mental health symptoms (183).

Similarly, Stubbs et al (200) examined 140 patients with
severe asthma and found that 47% of the patients exhibited
symptoms of anxiety and/or depression, with 13% of patients
reporting both symptoms. These individuals had a significantly
poorer asthma control and QoL compared to those without
psychiatric symptoms. Moreover, their multivariate analysis
identified dysfunctional breathing, dyspnea and obesity as
key clinical predictors of psychological comorbidities in this
population (200). Their study reinforces the need for a multi-
dimensional approach to asthma care, where psychological
health is recognized as a critical component of disease severity
and management (200).

Taken together, these studies make a compelling case for
routine screening of anxiety and depression in asthma care,
particularly in patients with poor asthma control, frequent
exacerbations, or severe disease. They also point to the
need for integrated care pathways, including mental health
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support, pulmonary rehabilitation and behavioral interven-
tions, to improve long-term outcomes in this vulnerable
population.

The findings of a previous meta-analytic estimated that
up to 50% of individuals with asthma also meet diagnostic
criteria for anxiety disorders, while the rates of depressive
symptoms were 1.5-2-fold higher than in non-asthmatic
controls (188). Emotional distress has been temporally linked
to acute asthma exacerbations and is associated with increased
healthcare utilization and poor disease control. Furthermore,
studies indicate that subjective symptom burden is often more
severe in patients with psychological comorbidities, even
when objective lung function remains stable, highlighting
the influence of cognitive-emotional processes on disease
perception (201,202).

Notably, psychological interventions, particularly CBT
has demonstrated significant efficacy in improving both
mental health and asthma-related outcomes (203). CBT
helps patients reframe catastrophic thinking, manage panic
related to dyspnea, and develop structured coping strate-
gies, which can lead to reductions in anxiety and depression
as well as improved self-efficacy in asthma self-manage-
ment (159).

Randomized controlled trials have reinforced these
findings (159,189,204). Despite this strong evidence base,
psychological comorbidities remain under-recognized and
undertreated in clinical asthma care. A number of healthcare
professionals lack training in assessing mental health condi-
tions, and psychological screening is rarely part of routine
asthma evaluations. This gap presents a missed opportunity
to deliver holistic, patient-centered care that addresses the
full spectrum of asthma burden. Implementing brief mental
health screenings, such as the GAD-7 or PHQ-9, in asthma
clinics can facilitate early identification and timely referral to
psychological services (205,206).

To summarize, the psychological factors, such as anxiety
and depression significantly affect the QoL of patients with
bronchial asthma. Addressing these issues through integrated
care approaches, combining pharmacological treatments with
psychotherapeutic interventions can lead to improved patient
outcomes. By prioritizing mental health alongside physical
health in asthma management strategies, healthcare providers
can enhance the overall well-being of individuals living with
this chronic condition. Comprehensive training for health-
care professionals on recognizing and treating psychological
comorbidities will be essential for fostering a more holistic
approach to asthma care.

7. Study limitations

Despite providing a comprehensive synthesis of the existing
literature, the present review has several limitations that should
be acknowledged. First and foremost, selection bias may have
influenced the findings. The present review does not clearly
describe the methodology used for study selection, including
inclusion and exclusion criteria, search strategy, or the number
of databases consulted. As a result, there is a risk that relevant
studies may have been unintentionally omitted or that studies
with positive findings were preferentially included, leading to
a skewed representation of the evidence.

Furthermore, the review lacks a systematic approach in
evaluating the quality of the included studies. Without formal
quality assessment or critical appraisal tools (e.g., PRISMA,
GRADE), it is difficult to determine the strength of the
evidence supporting each factor affecting the quality of life in
cancer patients.

Another limitation is the heterogeneity of the included
studies. The review combines findings from diverse popula-
tions, cancer types, treatment modalities and geographic regions
without clearly addressing how these differences may affect the
generalizability of the results. Cultural, socioeconomic and
healthcare system-related differences may significantly influ-
ence patients' quality of life, yet these contextual factors are not
sufficiently analyzed or controlled for.

Additionally, the review largely relies on qualitative summa-
rization rather than quantitative synthesis or meta-analysis,
which limits the ability to determine the magnitude of effect
for each factor discussed. This narrative approach also intro-
duces potential interpretation bias, as the synthesis is based on
the authors' subjective interpretation of study findings.

8. Conclusion

The QoL of individuals living with bronchial asthma is
shaped by a dynamic interplay of socio-demographic, clinical,
environmental, psychological and healthcare-related factors.
Disparities in education, sex, income and place of residence,
particularly between urban and rural communities, signifi-
cantly affects the ability of patients to access care, adhere to
treatment and achieve optimal disease control. Clinical deter-
minants, such as asthma severity, comorbidities and medication
adherence are closely linked to symptom burden and the risk of
exacerbations. Moreover, environmental exposures, including
air pollution, allergen load and climate variability, continue to
be major external drivers of poor asthma outcomes, especially
in areas with weak environmental regulation or reliance on
polluting fuels.

Healthcare accessibility remains a major barrier, particu-
larly in low-resource countries, particularly in Central Asia.
In Kazakhstan, for example, stark urban-rural disparities
regarding access to pulmonologists, diagnostic services and
essential medications limit the reach and effectiveness of
asthma care. Addressing these gaps is essential for reducing
asthma-related morbidity and improving QoL. Moreover,
psychological comorbidities, such as anxiety and depres-
sion are highly prevalent among asthma patients and often
go undiagnosed and untreated, compounding the disease
burden.

To meaningfully address these challenges, a compre-
hensive and multi-sectoral approach is required. Improving
asthma outcomes requires more than medical intervention, it
demands coordinated action across healthcare, environmental
and social policy domains. Health ministries need to work
in tandem with environmental agencies, urban planners and
civil society organizations to develop integrated strategies
that address both medical and environmental determinants of
asthma. This includes enforcing clean air policies, promoting
access to clean household energy, expanding asthma education
programs, and integrating mental health services into routine
asthma care. NGOs and community organizations can also
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play a vital role in delivering culturally appropriate education,
facilitating access to services, and advocating for marginal-
ized groups.

The tailored strategies need to focus on strengthening rural
health infrastructure, supporting primary care providers with
asthma-specific training and leveraging telemedicine to bridge
geographic gaps. Investment in national asthma registries, envi-
ronmental health monitoring and patient-centered data systems
will also be crucial for evidence-based planning and evaluation.

Ultimately, the successful management of asthma and the
improvement of the QoL of patients require an approach that
transcends clinical boundaries. Through cross-sector collabora-
tion, policy alignment and investment in equitable, preventive
care, low- and middle-income countries in Central Asia can lead
the way in creating sustainable, inclusive asthma care systems
that respond to the unique needs of their populations.
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