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Preface

The role of immunity in the pathogenesis of various pulmonary diseases, particularly 
interstitial lung diseases, is receiving increasing attention as mechanistic discoveries 
advance our knowledge in this field. Immune-mediated pulmonary diseases exhibit 
clinical and immunological heterogeneity. They can be classified etiologically into 
connective tissue-related, exposure-related, idiopathic, and other miscellaneous 
 pulmonary diseases, including sarcoidosis and posttransplant interstitial lung diseases. 
Immunological diseases of the lung include a diverse group of disorders characterized 
by activation of the innate and adaptive arms of the immune system. In some cases, the 
immune response is localized to the lung, such as in idiopathic pulmonary fibrosis and 
cryptogenic organizing pneumonia, whereas in connective tissue diseases, the lung 
is one of the affected organs. As a result, the respiratory tract is exposed to inhaled 
particles, and the defense mechanisms clear most particles from the upper airway. The 
immune pathogenesis of many diseases is not well defined and likely involves immune 
system dysfunction, abnormal healing, chronic inflammation, or a combination of 
these, often in the context of genetic predisposition. The respiratory tract deserves 
special attention in the discussion of immunity. Because of its gas exchange function, 
the respiratory tract is a stage for a constant conflict between the immune system and 
external exposures that enter the airways with each breath.

Therefore, in the current book, an effort has been made to introduce and present 
new aspects of the immunopathology of chronic respiratory diseases and the role 
of immune responses in both their pathogenesis and protection. We hope this book 
offers a new perspective on the control and treatment of chronic respiratory diseases.

Seyyed Shamsadin Athari
Zanjan University of Medical Sciences,

Zanjan, Iran

Entezar Mehrabi Nasab
Tehran University of Medical Sciences,

Teheran, Iran
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Chapter 1

Global Childhood Asthma:
Caregivers Knowledge, Attitude
and Management Practices
Oyindamola Akinso

Abstract

This chapter examines childhood asthma, a widespread chronic condition affecting
millions of children worldwide. It focuses on the current understanding, attitudes, and
management practices surrounding this condition. The chapter begins by emphasizing
the critical role of caregivers’ knowledge and attitudes in managing their children’s
asthma. A lack of awareness about common asthma triggers among many caregivers
often leads to suboptimal control of the condition. Challenges in diagnosing and man-
aging childhood asthma in economically disadvantaged areas are also discussed, includ-
ing limited access to healthcare services, shortages of trained professionals, and
inadequate diagnostic tools. These obstacles frequently contribute to delayed diagnoses
and ineffective management strategies. The chapter underscores the importance of
targeted educational interventions to improve caregivers’ understanding and responses
to asthma triggers. By equipping caregivers with the necessary knowledge and
resources, prevention strategies aim to enhance asthma outcomes, ultimately improving
the quality of life for children in low-resource settings. Case studies and real-world
examples illustrate effective approaches and common challenges in managing childhood
asthma. The goal is to provide a comprehensive resource that deepens understanding
and contributes to better global outcomes for children living with asthma.

Keywords: asthma management behavior, pediatric asthma, childhood asthma
management, global health, caregivers, wheezing, asthma triggers, rural
communities, asthma risk factors, and global burden of asthma

1. Introduction

Asthma is one of the most common chronic inflammatory diseases that are associ-
ated with a reversible narrowing and obstruction of the airways and clinical manifes-
tations such as recurrent episodes of wheezing, coughing, chest tightness, and
breathing difficulties [1, 2]. Asthma is not just a public health problem, but a global
health issue. Globally, asthma is known to be one of the leading causes of respiratory
disorder; with more than 235 million people affected with the disease worldwide; and
a global prevalence ranging from 1–18% [3, 4]. Global asthma prevalence has drasti-
cally increased worldwide, particularly in low and middle-income countries.
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According to the World Health Organization (WHO), approximately 235 million
people are currently suffering from asthma; and the disease is often common among
children [4]. Asthma is a global health problem, not just an epidemic in high-income
countries but also a huge public health problem in all other countries regardless of their
level of development. According to the latest reports fromWHO, the highest prevalence
of asthma-related deaths occurs in low and lower-middle-income countries [4].

At the same time, studies have shown a significant rise in the prevalence of
childhood asthma in developing countries compared to developed nations [5]. Evi-
dence from these studies highlights that the highest burden of childhood asthma is
found in low- and middle-income countries, particularly in regions such as Southeast
Asia, Africa, the Western Pacific, and the Eastern Mediterranean [6, 7]. While these
reports demonstrate a wide variation in asthma prevalence across different countries
[8], the International Study of Asthma and Allergies in Childhood (ISAAC) Phase 1
showed that asthma symptom prevalence ranged from less than 5% in some develop-
ing countries to more than 20% in certain developed nations [8]. Despite the limited
data available, the growing rates of childhood asthma in low-resource settings high-
light an urgent need for a better understanding of caregivers’ knowledge, attitudes,
and management practices, which play a critical role in addressing the global burden
of this condition.

The highest prevalence of asthma in developing countries is observed among
children and young adults living in rural areas and resource-poor settings, where
healthcare providers are scarce and educational information for caregivers is often
lacking [2, 6]. For instance, in rural Nigeria, the factors that contribute to the rising
incidence of asthma among children aged 1–5 years remain poorly understood [7].
Evidence from previous research indicates that inadequate asthma management and
control practices by parents and caregivers are key factors behind the increase in
asthma episodes among children, particularly those living in low-resource communi-
ties [9]. The consequences of childhood asthma extend beyond school absenteeism,
hospitalizations, and emergency room visits; the burden on caregivers, who are pri-
marily responsible for managing their children’s asthma, significantly affects their
physical and mental well-being.

As the prevalence of childhood asthma continues to rise globally, many studies
have shifted their focus to identifying the risk factors associated with asthma and
finding effective ways to prevent recurrent asthma episodes in both children and
adults. However, few studies have examined the direct impact of caregiver knowl-
edge, attitudes, and practices on asthma management in young children. Understand-
ing these aspects is crucial, as improved caregiver education and support could play a
critical role in reducing asthma-related morbidity and enhancing the quality of life for
both children and their families.

2. Caregivers of asthmatic children in poor resource settings

In many developing countries, particularly in settings with limited resources, there
is still a lack of comprehensive understanding regarding caregivers’ experiences with
childhood asthma and their management practices. In countries like Nigeria, research
on caregivers’ knowledge and approaches to managing childhood asthma remains
scarce [7]. Some studies have shown that parents of children with asthma may hold
poor knowledge or misconceptions about the disease and its treatment [9, 10]. Com-
mon misconceptions include beliefs that asthma can be cured, that it is contagious, or

2
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that traditional treatments or homemade remedies are more effective than modern
medicine. Additionally, many caregivers mistakenly believe that inhalers are addictive
or ineffective and that asthma necessarily limits a child’s ability to exercise [9, 10].
These beliefs contribute to significant gaps in knowledge about the disease’s symp-
toms, diagnosis, and appropriate management [11]. Without accurate knowledge
of asthma, caregivers may fail to recognize the early warning signs or respond
appropriately, which can lead to worsening symptoms and poor health outcomes
for the child [9].

One of the significant challenges in managing asthma in children under the age of
five is the difficulty in diagnosing the condition at such a young age. Since children in
this age group cannot easily articulate their symptoms, healthcare providers rely
heavily on caregivers to describe what they have observed. The ability of caregivers to
accurately report symptoms such as coughing or wheezing is critical, yet these symp-
toms can often indicate other respiratory conditions rather than asthma [12]. Conse-
quently, delays in diagnosis can occur, preventing the child from receiving timely and
appropriate care. According to the American Academy of Allergy, Asthma, & Immu-
nology (AAAI), although asthma is not curable, it can be managed effectively to
prevent severe symptoms and complications [13].

Studies have indicated that if asthma symptoms are not controlled in childhood,
they can persist in adulthood, becoming more severe and difficult to manage [2].
Proper management in early childhood is critical to reducing the risk of long-term
morbidity and mortality associated with the disease [2]. However, managing asthma
in children under the age of five is particularly challenging, as the treatment options
available for older children may not be suitable for very young children and infants.

In developed countries like the United States, caregivers are provided with exten-
sive support and information to help them manage their child’s asthma effectively. A
stepwise approach is often used, which focuses on minimizing asthma episodes
through regular monitoring, avoiding triggers, and employing a combination of short-
acting and long-term control medications. For instance, daily anti-inflammatory
medications are prescribed to reduce airway inflammation, while short-acting drugs
are used to treat symptoms during an asthma attack. Parents are also encouraged to
keep detailed records of their child’s symptoms and treatment response, enabling
healthcare providers to develop and adjust an individualized asthma action plan. This
proactive approach reduces suffering and hospital visits, ultimately lowering
healthcare costs. Additionally, it has been shown to significantly decrease the fre-
quency of asthma exacerbations and emergency department visits for children
under five [12].

Unfortunately, these strategies have not been widely implemented in many devel-
oping countries. Caregivers in impoverished communities often face significant bar-
riers to managing asthma effectively. Financial hardship, limited access to healthcare
providers, and poor health infrastructure contribute to high asthma morbidity and
mortality rates. Caregivers in these settings are often unable to afford or access the
medications and treatments their children need [11]. Furthermore, the absence of
adequate health education and support exacerbates the challenge, leaving many care-
givers without the knowledge and resources to manage their child’s asthma properly.
Recently, Researchers collaborating on the CHILD Cohort Study (CHILD) have cre-
ated a straightforward symptom-based screening tool designed to identify asthma risk
in children as young as 2 years old. The Childhood Asthma Risk Tool (CHART) is
designed for use by family doctors and nurses in low-resource primary care settings,
as it is non-invasive, cost-free, and requires no special equipment. CHART tool
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innovation facilitates earlier detection of asthma in children, allowing doctors to
initiate treatment sooner. CHART predicts asthma risk in children, allowing primary
caregivers to assess the likelihood of future asthma and persistent symptoms before
age three. It categorizes risk levels as ‘high,’ ‘moderate,’ or ‘low’ and provides
recommended follow-up actions for each category (Figure 1).

Caregivers of children with asthma in poor-resource settings face significant chal-
lenges in managing childhood asthma. Effective asthma management strategies, like
those used in developed countries, are urgently needed in these regions to reduce
asthma-related complications and improve the quality of life for affected children.
Without proper intervention, the burden of childhood asthma in these settings is
likely to remain high, perpetuating cycles of poor health and limited access to care.
Addressing these barriers and providing caregivers with the knowledge and resources
they need is essential for improving asthma outcomes in low-resource environments.

3. Challenges in diagnosing and managing childhood asthma

The signs and symptoms of asthma can differ significantly from child to child andmay
fluctuate as they grow older [15]. In very young children, the most common symptoms of
asthma include recurrent coughing, wheezing—a high-pitched, whistle-like sound pro-
duced during exhalation—shortness of breath, and a sensation of tightness or discomfort
in the chest. Although, studies show that most children exhibit symptoms of asthma
before the age of 5 [13]. However, diagnosing asthma in very young children, such as

Figure 1.
CHART: The childhood asthma risk tool: The Childhood Asthma Risk Tool (CHART) is a symptom-based
screening tool designed to identify young children at high risk of developing asthma Source: Ref. [14]. Creative
Commons Attribution (CC-BY) License. This figure is used under the Creative Commons Attribution (CC-BY)
license.
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preschoolers, presents significant challenges due to the complexity of the disease’s under-
lying pathogenesis. This complexity often makes it difficult for caregivers and even
doctors to recognize asthma symptoms at such an early age [16, 17].

Various studies have established the existence of multiple asthma phenotypes,
which can complicate both diagnosis and treatment strategies [17]. The most common
clinical phenotypes of asthma include atopic asthma, which is more frequently
observed in school-aged children, and episodic viral wheeze, which is more common
in preschoolers [16]. It is uncertain whether children who wheeze during severe colds
or respiratory infections will later develop asthma [18]. In many cases, the first signs
of asthma in young children manifest as recurrent wheezing, often triggered by
respiratory viruses [19, 20]. Wheezing, however, remains a poorly understood symp-
tom, as caregivers often struggle to differentiate whether it is caused by asthma or
another respiratory or atopic condition. Given that several other conditions can cause
recurrent wheezing in young children, medical examinations and clinical tests to
measure lung function are recommended for a proper diagnosis of asthma.

Researchers have pointed out the difficulty, and sometimes the impossibility, of
diagnosing asthma in children under the age of 5 [16]. This age group, including
infants and toddlers, tends to have smaller and narrower bronchial tubes, making
them more susceptible to colds and respiratory infections. Additionally, children in
this age group may not be able to complete airflow tests that are essential for measur-
ing lung function. These tests, such as spirometry, require blowing forcefully into a
device, which can be challenging for young children who cannot blow out as hard and
quickly as required [15]. As a result, asthma diagnosis in preschoolers is often delayed
until after months or even years of observing symptoms.

In contrast, children above the age of 5 can be diagnosed using the same tests that
are used for adults, such as lung function tests (spirometry) to measure airflow.
However, for preschool-age children or younger, diagnosis is more difficult due to
their inability to perform these tests accurately. According to the American College of
Allergy, Asthma, and Immunology, some children are not diagnosed with asthma
until much later, after prolonged observation of symptoms. Infants and toddlers,
being too young to articulate their symptoms, rely on the attentiveness of caregivers
to notice signs of asthma [16, 21].

Evidence-based studies comparing asthma in children and adults indicate that,
while the disease’s pathophysiology may be similar, children face unique challenges,
including school absenteeism, limitations in play and sports, hospitalization, and
frequent emergency room visits [21, 22]. Despite these challenges, there is no cure for
asthma, only preventive measures and treatment plans that help manage the condition
and improve the quality of life for children affected by it [13].

Furthermore, childhood asthma has profound psychosocial and economic impacts
on millions of children and their families [23]. These impacts include the stress of
managing the illness, the cost of healthcare, and the limitations it imposes on chil-
dren’s daily activities [13]. Developing effective management strategies and providing
support to both caregivers and healthcare providers is essential to reducing the burden
of asthma in children. At the same time, recognizing these symptoms early is crucial,
as timely diagnosis and effective management can help reduce the frequency and
severity of asthma attacks. Additionally, understanding the unique triggers that exac-
erbate asthma symptoms, such as allergens, respiratory infections, and environmental
pollutants, is essential for caregivers and healthcare providers. This knowledge
empowers families to implement preventive strategies, thus improving the overall
quality of life for children living with asthma.
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4. Exploring caregivers’ understanding of childhood asthma triggers in
economically disadvantaged areas

Caregivers’ knowledge of the common causes of childhood asthma in resource-poor
settings often varies based on their education, access to healthcare services, and other
social and economic factors. According to Akinso et al. (2023), the knowledge that
caregivers have regarding asthma triggers and effective management practices plays a
crucial role in determining how well their children’s asthma is controlled [24]. Caregivers
who are knowledgeable about common asthma triggers—such as allergens, environmen-
tal pollutants, respiratory infections, and weather changes—are better equipped to mini-
mize exposure to these triggers. This proactive approach can significantly reduce the
frequency and severity of asthma attacks, leading to better overall asthma control [24].

Moreover, caregivers who are informed about proper management practices,
including the correct use of medications (such as inhalers and corticosteroids), adher-
ence to prescribed treatment plans, and the importance of regular follow-ups with
healthcare providers, are more likely to implement these strategies effectively. Their
ability to recognize early warning signs of worsening asthma and respond appropri-
ately can also contribute to better management outcomes [24].

In contrast, caregivers with limited knowledge may inadvertently expose their
children to asthma triggers or neglect essential management strategies. This lack of
understanding can result in poorly controlled asthma, characterized by frequent
symptoms, increased reliance on emergency care, and a negative impact on the child’s
quality of life, including difficulties in school and recreational activities [24].

Thus, enhancing caregivers’ knowledge about asthma triggers and management
practices is essential for improving asthma control in children. Targeted education and
support programs can empower caregivers to take an active role in managing their
children’s condition, ultimately leading to better health outcomes.

However, in general, the following factors are typically recognized or misunder-
stood as causes or triggers of asthma in such settings:

1.Environmental factors

• Air pollution: Exposure to pollutants from traffic, factories, and indoor
smoke from cooking with biomass fuels (like wood, coal, and dung) is a
well-known cause of asthma.

• Dust and allergens: Poor housing conditions often lead to higher exposure to dust
mites, mold, and animal dander, which can exacerbate asthma symptoms.

• Tobacco smoke: Second-hand smoke exposure, especially in households
where smoking is prevalent, increases the risk of asthma in children [25].

2. Infections

• Respiratory infections: Viral and bacterial infections such as pneumonia
and bronchitis are often seen as major triggers for asthma flare-ups in
children. In many cases, caregivers may associate recurrent infections
with asthma.

• Tuberculosis: In settings where tuberculosis is prevalent, it may be mistaken
for asthma or believed to be a cause of asthma.

6
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3.Weather conditions

• Cold air and humidity: Sudden changes in weather, cold temperatures, and
humid environments can trigger asthma symptoms, but caregivers may not
always connect these conditions to the cause of asthma.

4.Indoor environmental conditions

• Overcrowded living conditions: Poor ventilation in crowded homes can
increase exposure to indoor pollutants and allergens, aggravating asthma
symptoms.

• Dampness and mold: Damp environments promote the growth of mold,
which can worsen asthma in children.

5.Nutritional factors

• Malnutrition: Undernutrition weakens the immune system and makes
children more susceptible to infections that may trigger asthma.

• Food allergies: In some cases, caregivers may be aware of certain foods (e.g.,
eggs, nuts) triggering asthma or allergic reactions, though this knowledge
may be inconsistent.

6.Genetic and hereditary factors

• Some caregivers may recognize that asthma can run in families,
understanding that children with a family history of asthma or allergies are
at higher risk.

7.Misconceptions and cultural beliefs

• Spiritual or supernatural beliefs: In some communities, asthma may be
misunderstood because of spiritual forces or curses, leading to delayed
medical intervention.

• Blaming physical activities: Caregivers might mistakenly believe that physical
exertion alone causes asthma, without understanding the underlying
chronic condition.

8.Lack of awareness

• Limited knowledge of asthma as a chronic disease: In many low-resource
settings, caregivers may not fully understand asthma as a manageable,
chronic condition, and may not be aware of preventive measures, such as
avoiding specific environmental triggers or adhering to prescribed
medications like inhalers.

Efforts to improve caregivers’ knowledge through health education campaigns,
community health workers, and healthcare provider training can help in better
asthma management and prevention in resource-poor settings.
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5. Prevention intervention for caregivers: Best practices
in diagnosing, treating, and long-term management of
childhood asthma

Childhood asthma is a chronic respiratory condition that requires careful diagno-
sis, treatment, and long-term management. Effective asthma management involves
both medical intervention and active caregiver participation. In low-resource settings,
like many parts of Nigeria, caregivers often face significant barriers to managing
asthma due to a lack of knowledge, access to healthcare, and financial constraints [24].
A well-designed prevention intervention for caregivers focuses on increasing their
understanding and ability to manage the disease to reduce exacerbations and improve
the quality of life for affected children.

1.Diagnosing childhood asthma: Early and accurate diagnosis of asthma is critical in
preventing severe asthma exacerbations. Unfortunately, many caregivers may
not recognize the symptoms of asthma in young children, and diagnosis can be
delayed.

Best practices

a. Education on early symptoms: Caregivers need to be trained to recognize
early asthma symptoms such as persistent coughing, wheezing, shortness
of breath, or chest tightness, especially after physical activity or at night.
Education on the difference between asthma symptoms and common colds
or respiratory infections is essential.

b. Regular medical consultations: Encouraging regular check-ups with healthcare
professionals, especially if symptoms are recurring or severe. Since
spirometry (lung function testing) may not be possible for children under 5,
doctors may rely on symptom history and physical examinations [12].

c. Symptom tracking: Caregivers should keep detailed records of their child’s
symptoms, frequency of episodes, and any potential triggers, as this
information is vital for an accurate diagnosis [26].

2.Treating childhood asthma: Treatment focuses on controlling symptoms,
preventing exacerbations, and enabling children to lead normal lives. This
requires both medication-adherence and awareness of triggers.

Best practices

a. Use of quick-relief and controller medications: Caregivers need to understand
the difference between quick-relief medications (e.g., inhaled
bronchodilators for immediate symptom relief) and long-term
controller medications (e.g., inhaled corticosteroids to reduce airway
inflammation).

b. Proper inhaler technique: Inhaler technique training is crucial. Poor
technique reduces the effectiveness of the treatment. Caregivers should be
taught the correct way to administer inhalers, possibly with the use of a
spacer, which helps ensure the medication reaches the lungs.
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c. Asthma action plan:Developing an individualized asthma action plan with a
healthcare provider is critical. The plan should outline what to do daily to
manage asthma, how to identify worsening symptoms, and when to seek
emergency care. Caregivers should have a written, easy-to-follow action
plan for their child’s asthma management.

d. Overcoming misconceptions: Caregivers must be reassured that inhalers
are safe, non-addictive, and crucial for managing asthma. Public
health campaigns can be employed to dispel common myths, such as the
belief that asthma medications stunt growth or are harmful in the long term.

3.Long-term management of childhood asthma: Asthma is a long-term condition
that requires ongoing monitoring and adjustments in treatment as the child
grows and changes

Best practices

a. Avoidance of triggers: Caregivers should be educated on common asthma
triggers such as dust, pollen, smoke, animal dander, cold air, and
respiratory infections. They need to be trained on how to minimize their
child’s exposure to these triggers. For instance, keeping the home dust-
free, avoiding second-hand smoke, and controlling allergens can
significantly reduce the frequency of asthma attacks.

b. Monitoring for exacerbations: Regularly assessing asthma control is essential.
Caregivers should look out for signs that their child’s asthma is not well-
controlled, such as increased use of quick-relief medication, frequent
nighttime symptoms, or limited physical activity.

c. School and physical activity: Ensuring that children can participate in school
and physical activities is important for their overall well-being. Caregivers
should work with teachers and school staff to ensure that the child has
access to their medication and an asthma action plan during school hours.

d. Regular follow-ups with healthcare providers: Regular check-ups help
monitor the child’s growth and development, and healthcare providers can
adjust treatment plans based on changing symptoms or needs.

4.Empowering caregivers: Caregivers are at the heart of effective asthma
management. A key intervention focus should be building their confidence and
knowledge in managing asthma daily.

Best practices

a. Asthma education programs: Community-based or healthcare-based asthma
education programs for caregivers can greatly improve knowledge and
self-efficacy. Programs can cover asthma basics, symptom management,
medication use, and prevention strategies.

b. Support networks: Establishing support groups where caregivers can share
experiences, challenges, and strategies for managing asthma can provide
emotional support and practical advice.
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c. Access to resources: Ensuring that caregivers have access to affordable
medications, inhalers, and educational materials (in local languages) is
essential for ongoing management. Public health systems can provide low-
cost or subsidized asthma medications in low-resource areas.

d. Emergency preparedness: Caregivers should know when and how to seek
emergency care for asthma exacerbations. They must be trained to
recognize severe symptoms (e.g., difficulty breathing, blue lips, or face)
that require immediate medical attention.

6. Summary

The causes of childhood asthma are diverse and multifaceted, involving a combi-
nation of genetic, environmental, socioeconomic, and lifestyle factors. Although
asthma can affect children from various regions and backgrounds, certain causes and
risk factors significantly contribute to its prevalence across the globe. While asthma
affects children globally, the burden is disproportionately higher in low- and middle-
income countries, where limited access to healthcare and exposure to environmental
risk factors pose significant challenges. Understanding the various causes of childhood
asthma is crucial for developing targeted interventions that can reduce its prevalence
and improve management, particularly in high-burden regions.

Managing asthma in children is particularly challenging due to the
complexity of the disease and its varied manifestations. Effective asthma
management begins with a proper understanding of the disease, including the
recognition of early symptoms and potential triggers, frequent monitoring, and
adherence to prescribed medications. Caregivers play a vital role in this process,
particularly in ensuring the appropriate use of quick-relief medications and preven-
tive treatments. For children with asthma in resource-poor settings, the role of care-
givers is crucial in managing the disease. By focusing on early diagnosis, appropriate
treatment, long-term management, and empowering caregivers through education,
childhood asthma outcomes can be significantly improved. Public health interventions
should prioritize caregiver education, access to affordable treatments, and support
systems to ensure that children with asthma lead healthy, active lives despite their
condition.

7. Case studies

Case Study 1: Asthma in preschool-age children in Southwest Nigeria.

7.1 Case summary

Fola is a 4-year-old girl, a pre-schooler living in a rural area of Ilesha with her
parents and two siblings. Her family lives in a one-bedroom home with poor ventila-
tion and limited access to healthcare. Fola has been diagnosed with mild intermittent
asthma, a condition her parents struggle to manage due to a lack of access to asthma
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education and medication. Her parents have noticed that Fola’s asthma worsens when
she plays outside in a dusty environment or when there is smoke from nearby wood-
burning stoves.

In the past 6 months, Fola has visited the emergency room three times due to
severe asthma attacks. Her parents report that these attacks are often triggered by
exposure to dust and fumes, particularly when her mother is cooking inside the house.
Despite the frequent emergency room visits, Fola’s parents are unaware of how to
properly manage her asthma at home, and there has been little guidance from
healthcare providers in their area.

7.1.1 Discussion questions

1.Environmental triggers and impact:

• What specific measures could be taken to reduce Fola’s exposure to
environmental triggers at home? Consider the family’s rural setting and
limited resources.

2.Severity and management:

• Studies have shown that most preschool-age children, including Fola, have
mild intermittent asthma. What are the defining characteristics of mild
intermittent asthma, and how can caregivers differentiate between mild and
severe asthma symptoms in young children?

• How does the severity of asthma in preschoolers impact the approach to
asthma management compared to school-age children?

3.Socioeconomic and healthcare disparities:

• Asthma studies have consistently highlighted the disproportionate impact of
asthma on minorities and those of lower socioeconomic status. How might
socioeconomic factors, such as housing, education, and access to healthcare,
influence asthma outcomes in children like Fola?

• What role can local healthcare providers play in educating families in low-
income communities on managing asthma in children, given the barriers to
healthcare access?

4.Long-term management and preventive strategies:

• What are some long-term strategies that could be implemented in low-
income countries to improve asthma management for children? Consider
community-based interventions, healthcare education, and environmental
improvements.

• How can caregivers be empowered to prevent emergency room visits, and
what educational tools or resources could be most effective in rural and low-
resource settings?
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5.Policy implications and healthcare access:

• What policies could be advocated for at the local or national level to reduce
the impact of asthma triggers in rural homes? How could these policies
improve healthcare access for children with asthma?

• How can healthcare infrastructure in low-income countries be improved to
better address chronic conditions like asthma in young children?

Case Study 2: Challenges in diagnosing and managing childhood asthma in low-income countries.

Background: In Nigeria, childhood asthma is a growing public health concern

Background: In sub-Saharan Africa (SSA), childhood asthma is a growing public
health concern, especially in rural and low-resource areas. Despite global advances in
asthma care and management, many children in SSA experience poorly controlled
asthma due to delays in diagnosis, limited access to healthcare, and misconceptions
about the disease. Caregivers, often mothers or close family members, play a critical
role in managing the condition, yet they face multiple barriers in effectively caring for
their children with asthma. These barriers include a lack of awareness about asthma
symptoms, inadequate access to healthcare, financial constraints, and widespread
misconceptions about the treatment.

7.2 Case summary

Mrs. Conga lives in a rural community in Ghana and cares for her 4-year-old son,
Kofi, who has been experiencing recurrent wheezing, coughing, and breathlessness
for over a year. She initially thought Kofi’s symptoms were due to a recurring cold and
treated him with herbal remedies passed down through generations. After several
emergency visits to the local clinic, a healthcare provider suggested Kofi might have
asthma. Mrs. Conga was unfamiliar with the term and confused about what it meant
for her son’s health. She was reluctant to use the inhaler prescribed by the clinic due to
fears that her son might become addicted to it, as other caregivers in her community
warned her.

Over time, Kofi’s symptoms worsened. He often missed school and could no longer
play with his friends because physical activity triggered his breathing difficulties. Mrs.
Conga took him to a larger hospital in the nearby town, but the long distance and high
cost of transport made regular visits difficult. At the hospital, a doctor explained that
Kofi had asthma, which required long-term management, and prescribed daily medi-
cation. However, Mrs. Conga struggled to adhere to the treatment plan due to its cost
and her uncertainty about how to correctly administer the inhaler.

7.3 Key challenges

1.Delay in diagnosis: Kofi’s asthma symptoms were initially misinterpreted as a
common cold by both his caregiver and local healthcare providers, leading to
delayed diagnosis and treatment.
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2.Misconceptions about asthma and inhalers: Mrs. Conga had misconceptions about
the use of inhalers, believing they could be addictive or harmful in the long term,
which affected her willingness to follow the prescribed treatment.

3.Financial constraints: The high cost of transportation to the hospital and the long-
term expense of medications created significant financial strain for the family,
limiting their ability to seek continuous medical care.

4.Healthcare access: The rural location of the family’s home restricted access to
qualified healthcare providers and asthma management resources.

5.Lack of education: Mrs. Conga lacked access to accurate information about
asthma, its symptoms, and how to manage it effectively, contributing to poor
adherence to the treatment plan.

7.4 Discussion questions

1.What are the main barriers faced by caregivers like Mrs. Conga in diagnosing and
managing childhood asthma in rural Ghana? Consider factors such as healthcare
access, financial constraints, and knowledge gaps.

2.How do misconceptions about asthma and its treatment, particularly regarding
inhaler use, impact asthma management in resource-limited settings?

3.What roles do cultural beliefs, and traditional practices play in delaying asthma
diagnosis and treatment in rural Ghanaian communities?

4.How can healthcare providers and public health initiatives better educate
caregivers about asthma and reduce the stigma surrounding inhaler use in low-
resource areas?

5.What strategies could be implemented to improve asthma care for children
in rural and underserved communities in Ghana? Consider interventions
such as community education programs, mobile health clinics, and subsidized
medication.

6.How can the government and health organizations address the financial barriers
that caregivers face in accessing continuous asthma care for their children?

7.In what ways can healthcare systems in developing countries like Ghana adopt
asthma management guidelines to meet the specific challenges faced by
caregivers in rural settings?

7.5 Definition of terms

• Airways: A child’s airways bring air-containing oxygen into the lungs and expel
carbon dioxide. These include the nose, mouth, voice box (larynx), windpipe
(trachea), and bronchial tubes in the lungs. In asthma, the airways can become
tightened, blocked, or inflamed, causing breathing difficulties.
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• Allergens: Substances capable of causing an allergic reaction. Common allergens
include dust mites, pollen, pet dander, insect venom, mold, certain medications,
and various foods.

• Allergy: A reaction where a child’s immune system overreacts to certain
substances like dust mites, pollen, pets, or specific foods. Symptoms can include
wheezing, coughing, swelling, rashes, itching, or sneezing. Allergic reactions can
also trigger asthma symptoms.

• Asthma: A chronic respiratory condition that causes the airways to narrow and
become inflamed. This leads to difficulty in breathing and triggers symptoms like
coughing, wheezing, chest tightness, and shortness of breath.

• Asthma action plan: A personalized treatment plan developed with a healthcare
professional to help caregivers manage and control their child’s asthma. The plan
outlines daily medication routines, monitors symptoms, and provides
instructions for early treatment if asthma worsens.

• Asthma exacerbation: Also known as an asthma attack, this occurs when a child’s
asthma symptoms (coughing, wheezing, breathlessness, and tightness in the chest)
worsen and require quick-relief medication, such as an inhaler, for better control.

• Asthma symptoms: The physical signs of asthma include coughing, wheezing,
chest tightness, and shortness of breath.

• Poorly controlled asthma: Asthma, that is not well managed due to exposure to
allergens, failure to adhere to prescribed preventive measures, or missing
medication doses as advised by a healthcare professional.

• Healthcare professional: A trained medical expert capable of diagnosing, treating,
and advising on health conditions. Examples include doctors, asthma specialists,
nurses, midwives, and pharmacists.

• Inflammation: Redness and swelling in body tissues. In asthma, inflammation
occurs in the lungs, leading to symptoms such as coughing, wheezing, and
breathlessness, and can trigger asthma attacks.

• Reliever: An asthma inhaler used to quickly alleviate asthma symptoms during an
attack. Relievers help relax the airways, making it easier for the child to breathe
after an asthma episode.

• Severe asthma: A form of asthma that does not respond to regular medications and
requires specialized care from healthcare professionals to manage the condition.

• Side effects:Unwanted reactions to asthmamedications, especially when used without
medical supervision or not following the instructions on the medication leaflet.

• Trigger: Any condition or activity that worsens a child’s asthma symptoms. A
child may have multiple triggers.

• Wheeze: A high-pitched, whistling sound made when breathing. It is often a sign
that the child’s asthma is not well controlled.
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Chapter 2

Common Immunopathogenesis 
of Three Pediatric Chronic Lung 
Disorders
Terry Chin

Abstract

The epithelial cells lining the airways serve as a physical barrier to various 
external potential injurious agents. Therefore, injury to the epithelial layer results 
in an immunological reaction to protect the body from infections and other 
potential toxins. However, these processes can also lead to deleterious effects if 
the injury is continuous and/or extreme and therefore result in disorders such as 
asthma and other chronic lung diseases. This chapter will review the potential 
immunopathogenesis of three childhood lung diseases: asthma, neonatal chronic 
bronchopulmonary dysplasia (BPD) and cystic fibrosis (CF). Asthma is one of the 
most common chronic respiratory diseases in both adults and children. Although 
BPD and CF are not as common both are a source of significant morbidity and 
mortality and requires not a small amount of resources to manage and treat. 
Specifically, it will review evidence showing that there is production of various 
cytokines by epithelial (and other immune cells in the lung) as well as an influx 
of inflammatory cells upon exposure to various materials such as gas and particles 
from car emissions, tobacco smoke, pathogens and various allergens such as 
pollens and animal dander. It will attempt to correlate the pathology with current 
therapy and suggest future treatment options.

Keywords: airway epithelium, epithelial cells, cytokines, asthma, 
bronchopyulmonary dysplasia, cystic fibrosis

1.  Introduction

As cells lining the respiratory tract from the nasal opening to the interior of the 
lung, the airway epithelium serves varying functions. Its main goal is to allow the 
exchange of gases. However, that also makes the host very susceptible to many sub-
stances in the inhaled air with potential pathogens such as microbial organisms and 
other injurious agents such as allergens and air pollutants. Therefore, airway epithelial 
cells (AECs) have developed numerous strategies to combat these external factors. 
There exists a physical barrier to prevent entry of these potential harmful substances. 
Certain AECs can produce mucus to trap these particles, other cells secrete chemicals 
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to neutralize any toxins or microbial pathogens or mediators to activate the innate 
immune cells present or recruit other immune cells to fight the infection. This release 
of mediators results in an inflammatory reaction in the airways which can also be 
deleterious and play a role in several disorders. This chapter will review how this 
epithelial response plays a role in three common childhood lung diseases: asthma, 
neonatal chronic bronchopulmonary dysplasia (BPD) and cystic fibrosis (ICF). 
Understanding the underlying immunopathogenesis in these conditions will also 
enable one to appreciate the mechanisms of therapeutic interventions currently and 
potentially in the future.

2.  Functions of the airway epithelium

2.1  The epithelial layer of the airways serves as a physical barrier

The nasal airway epithelium is composed of several types of cells, including 
columnar epithelial and secretory or goblet cells which overlie the basal cells, 
which are progenitor cells. As the airways extend into the lungs and branch into 
bronchial tubes, the epithelial cells differentiate into highly specialized cells 
becoming cuboidal in shape and eventually flattened into simple squamous pneu-
mocytes in the alveoli (alveolar type 1 or AT-1 cells). Throughout the airways the 
entire epithelial sheet serves as a physical barrier limiting access to the internal 
milieu of the body. This is due to the presence of cell-to-cell adhesion structures at 
the apical ends of the epithelial cells. These tight junctions are formed by three dif-
ferent transmembrane and intracellular proteins (junctional adhesion molecules or 
JAM, occludin and claudin) which are joined to the intracellular actin cytoskeleton 
by corresponding cytoplasmic scaffolding proteins ZO-1, 2 and 3, respectively, 
creating a perijunctional actin belt. The cellular sheet and belt is given further sup-
port by adherens junctions (AJs) and desmosomes. AJs consist of the transmem-
brane protein E-cadherin and intracellular components (p120-catenin, α-catenin, 
β-catenin) linking to actin to further enhance the strength of the sheet [1]. 
Finally, desmosomes (also known as macula adherens) are stronger than AJs due 
to their connection to the intracellular intermediate filament network and cellular 
cytoskeleton. They connect cell-to-cell but also cell to the basement membrane 
via hemi-desmosomes. Their anchor proteins (desmoglein, desmocollin) bind to 
integrin proteins either on adjacent cells or other structures such as the basement 
membrane or basal lamina. The membrane is comprised of matrix with laminin, 
fibronectin, heparin sulfate proteoglycans and collagen network and serves to 
maintain the epithelial structure and orientation. Therefore the entire network 
of tight junctions and AJs serve as an impermeable sheet with desmosomes and 
hemi-desmosomes giving the sheet structure strength and aids in resisting shear-
ing forces. As shown in Figure 1, this epithelial sheet prevents particulate matter, 
noxious gases and pathogens from entering inside the host. It also serves to prevent 
or limit fluid loss by regulating movement of ions and fluids.

2.2  The epithelial layer also produces a chemical barrier

The development of ciliated and goblet cells from the basal cells involves activa-
tion and expression of various transcription factors and proteins giving rise to an 
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intermediate cell, club or Clara cell [2] as seen in the insert in Figure 1. One set of 
gene activation (including Notch signaling) then differentiates these cells toward 
cilia formation, whose rhythmic movement across the epithelial layer moves mucus 
and any trapped particles up the airways where it can be coughed out of the body 
or/and swallowed in a process termed mucociliary clearance (MCC). Another set 
of gene activation cascade results in mucin production (primarily MUC5AC and 
MUC5B) and the development of a goblet-like cellular appearance (hence their name 
“goblet cells”). Both club and goblet cells produce mucus. Three rare cell types have 
other functions in the epithelium [3]. Pulmonary ionocytes comprising about 1% of 
total AECs significantly influence the composition of the mucus layer by having a 
majority of the activity of the cystic fibrosis transmembrane conductance regulator 

Figure 1. 
The cellular barrier function of the respiratory epithelium. The cells are linked by three different physical 
attachments (tight junction, adherens junction and desmosomes). Specifically, components of tight junction 
(junctional adhesion molecules or JAM, occludin and claudin) are attached to actin fibers forming a 
perijunctional actin belt. This cellular sheet is further strengthened two other attachments: adherens junctions 
with its protein E-cadherin also attached to actin and desmosomes with its components desmoglein and 
desmocollin joined to microfilaments. Half of the desmosome complex (hemi-desmosome) attach to the basement 
membrane via anchor proteins, thus strengthening the cellular sheet and creating a cellular barrier in preventing 
penetration of luminal particles such as allergens, microbial organisms such as viruses, and airway irritants from 
inhaled air containing pollution and/or smoke. Note that part of the epithelium are also nerve fibers enabling 
sensory perception of conditions in the airway lumen from certain specialized AECs. The insert depicts the 
differentiation of the various epithelial cell types from the basal cells, which are the principal stem cells of the 
airways. Each of these cells has unique immunologic as well as sensory functions in providing a chemical barrier. 
Mucus is produced by goblet cells and can entrap inhaled particles and allergens. Cilia from columnar ciliated 
cells move the mucus containing fluid on their apical surface from distal parts of the airway to proximal location 
where the contents can be coughed out. Pulmonary neuroendocrine cells (PNECs) can influence mucus production 
and also have the ability to function as sensory cells within the airways due to their innervation and ability to 
secrete granules with neurotransmitters. Tuft cells also have apical microvilli on the apical surface with some 
sensory function. Finally, ionocytes regulate the water and ionic content of fluid in the air surface layer (ASL) 
through transmembrane channel proteins. Created with BioRender.com.
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(CFTR) which control ion transport across the apical cell membrane and airway 
lumen. Pulmonary neuroendocrine cells (PNECs) comprising less than 0.5% of total 
AECs can influence mucus production by being able to regulate immune response to 
allergens as well as having the ability to function as sensory cells within the airways 
due to their innervation and ability to secrete granules with neurotransmitters such 
as calcintonin-gene-related peptide (CGRP) [4]. They are innervated by sensory (or 
afferent) and motor (or efferent) nerve fibers. Therefore, they are uniquely capable 
of receiving nerve signals as well as giving them out through proteins such as CGRP. 
Similarly, tuft cells have microtubule structures forming apical microvilli on the 
airway surface enabling some sensory function. These cells are more often seen in 
gastrointestinal tract but are rarely seen in the airway epithelium and also are thought 
to be progenitor cells to PNECs and ionocytes [5]. They can secrete both immune 
mediators (such as interleukin 25 or IL-25 and prostaglandin D2) as well as the 
neurotransmitter acetylcholine (Ach). The importance of these cells in understanding 
the relationship between airway epithelium and the network of sympathetic, para-
sympathetic and sensory nerves in the subepithelial layer are being recognized [6]. 
The sheet of fluid covering the luminal surface of the airway epithelium is referred to 
as the airway surface liquid (ASL) and contains both mucus and fluid. The secreted 
mucin glycoproteins are large heavily glycosylated proteins with tandemly repeating 
sequences of amino acids with linkage sites via disulfide bonds creating large carbo-
hydrate structures capable of trapping particulate  matter and other substances in 
the inhaled air. The ASL not only contains these secreted gel-forming mucins but 
also electrolytes via transmembrane ion-channels, anti-microbial products (such as 
defensins, lysozyme and LL-37) and antioxidants which suppress bacterial growth 
and can have anti-viral activity. AECs transport secretory immunoglobulin A (IgA) 
into the airway lumen. It is the presence of these factors in the ASL and the activity of 
MCC that creates a chemical barrier. The fluid composition of ASL fluctuates depend-
ing on other factors such as the body’s overall fluid balance with dehydration resulting 
in a more viscous fluid with hypertonicity.

Morphology of the airway epithelial cells (AECs) changes depending on the 
airway. The nasal cavity is lined by stratified squamous epithelium, the conducting 
airways are mainly pseudostratified columnar, ciliated epithelium; the small airways 
are coated with simple cuboidal AEC; and finally two epithelial cell types exists (thin, 
elongated type 1 pneumocytes (AT-1) for gas exchange and cuboidal type II pneu-
mocytes (AT-2)) to maintain alveolar patency by secreting surfactant. Here the ASL 
is very thin layer of surfactant without mucin. Therefore, the physical and chemical 
barriers extend throughout the respiratory system, both upper and lower respiratory 
tracts. It should be noted that AT-2 cells have some progenitor capability and can 
convert to AT-1 cells [7].

2.3  The epithelial layer has immunological functions

Airway epithelial cells (AECs) also engage in host defenses by producing immu-
nological cytokines such as interferon (IFN) which induce other cells to inhibit viral 
replication as well as recruiting and activating other immune cells to recognize and 
destroy viral-infected cells. The production of other antimicrobial factors such as 
defensin, cathelicidin, lactoferrin, lysozyme, and secretory leukocyte proteinase 
inhibitor (SLPI) help in combating various infections. These factors mediate bacte-
rial killing through different mechanisms. AECs have surface receptors such as Toll-
like receptor (TLR) or pathogen-associated receptor (PAR) that can bind to various 
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components of bacteria and virus which in turn result in the production of mediators 
termed alarmins such as thymic stromal lymphopoietin (TSLP) and interleukins 25 
(IL-25) and 33 (IL-33). Each of these belongs to a different cytokine family (TSLP 
to IL-2, IL-25 to IL-17, and IL-33 to IL-1) and contributes to the immune defenses 
by activating helper T lymphocytes and inducing T2 cytokine secretion and allergic 
inflammation. These eventually result in the mucus production and eosinophilia 
typically seen in asthma as shown in Figure 2 and will be discussed in more detailed 
below. Interleukin-8 (IL-8) recruits other immune cells such as phagocytic white 
blood cells (neutrophils) to enter the epithelium to fight pathogens such as bacteria. 
Neutrophilic inflammation is also enhanced by IL-17. Finally other proinflamma-
tory cytokines produced by epithelial cells also include IL-6, IL-1β, tumor necrosis 
factor-alpha (TNF-α), interferon-gamma (IFN-γ), granulocyte-macrophage coloncy 
stimulating factor (GM-CSF). TNF-α and IFN-γ are indicative of T1 cytokine activity 

Figure 2. 
The key role of epithelial cell in the immunopathogenesis in asthma resulting in its symptoms and signs. Shown 
in the left insert are three hallmarks of asthma: mucus hypersecretion, airway hyperactivity resulting in 
bronchoconstriction, and vasodilation with swelling from increased vascular permeability. Increased mucus 
production from goblet cells is the result of various cytokines (especially IL-13) and nerve innervation. Smooth 
muscle contraction resulting in bronchial narrowing can be the result of stimulation of receptors (such as 
histamine receptor or HR or type 1 prostaglandin D2 [PGD2] receptor or DP1) on airway smooth muscle (ASM) 
cell surface or nerve innervation. Increased vascular permeability is the result of mediators binding to HR or 
DP1 receptors resulting in increased leakage by endothelial cells. The most common source for IL-13 is Th2 helper 
cells, but significant amounts can also be produced by eosinophils, mast cells, and other lymphocytes. Mast cell 
involvement is shown with degranulation occurring with coupling of IgE with allergen resulting in the release 
of other mediators including PGD2, leukotrienes and histamine; thereby accounting for the immediate allergic 
asthma response. IgE production is regulated by IL-4 produced by Th2 cells after the allergen is processed by 
dendritic cells and presented via T cell receptors. Recruitment and activation of eosinophils occurs with PGD2 and 
IL-5 and their degranulation releases numerous proteins which are toxic to AECs and their cytokines influence 
ASM. Denudation of AECs exposes nerve fibers resulting in increased AHR. Destruction by AECs can also 
occur by respiratory viruses binding to receptors such as ICAM and subsequent viral replication inside the cells. 
Additionally pollutants such as diesel exhaust particles (DEP) and chemicals such as ozone (O3) result in AEC 
injury and/or breakdown of tight junctions, allowing for increased entry of allergens and other injurious agents 
and continuing the inflammatory cycle in both allergic and non-allergic asthma, Created with BioRender.com.
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or type 1 inflammation involving the cellular immune system. However, anti-inflam-
matory mediators such as interleukin 10 (IL-10) are also released by AECs and can 
also result with immunosuppression. Club cells secrete the anti-inflammatory protein 
uteroglobin (also known as Clara cell protein (CC10, CC16)) which has inhibitory 
effects on neutrophil and monocyte chemotaxis and production of TNF-α, IFN-γ 
and IL-1. Uteroglobin levels are decreased in asthma patients; and increased airway 
hyperactivity (AHR) can be seen in mouse models with reduced uteroglobin levels. 
Therefore, airway epithelial cells play a central role in the innate immunity as well as 
down-regulating the immune response so that the airways can repair itself (“remod-
eling”) and limiting bystander cellular damage. Indeed, transforming growth factor 
beta (TGF-β) released by AEC not only modulates both innate and adaptive immune 
responses but also can suppress inflammation. Finally, it also plays a role in tissue 
repair by regulating fibroblast and mesenchymal stem cell (MSC) activity and 
differentiation.

There is increasing recognition that the interaction between certain AECs (such as 
PNEC and Tuft), immune cells in the airway and neurons are important in detecting 
and reacting to potential harmful inhalants. This recognition is due to the ability of 
these cells to sense the noxious presence within the respiratory tract and then com-
municate with immune and neural systems to eliminate or neutralize the stimuli. 
These interactions are mediated by inflammatory cytokines, neurotrophins and 
neuropeptides. The cough reflex is a well-known protective mechanism to rid the 
airway of irritants but the precise elucidation of the underlying neural circuitry is not 
yet known [8]. Ach does induce smooth muscle contraction and bronchial constric-
tion to preventing further insults from entering the distal airways. It also results in 
increase mucus secretion from the secretory cells. There are other connections to the 
vascular system and therefore involvement in the regulation of blood flow. Finally, 
there are neuroimmune pathways that can result in airway neurogenic inflammation 
[9]. Therefore, its role to chronic inflammatory disorders in the respiratory tract is 
important to understand.

Finally, the cell death itself can generate a response by innate immune cells 
[10]. Dying epithelial cells and cell corpses in response to injury also release a set of 
cytokines initiating innate immune response. This release does not require contact of 
external elements to cellular receptors.

3.  Asthma

The Global Initiative for Asthma (GINA) defines asthma as “a heterogeneous 
disease, usually characterized by chronic airway inflammation. It is defined by the 
history of respiratory symptoms, such as wheeze, shortness of breath, chest tightness, 
and cough that vary over time and in intensity, together with variable expiratory 
airflow limitation” [11]. It is the heterogeneous nature of the disease that has resulted 
in current attempts to correlate its various phenotypes on the basis of the underly-
ing immunopathology and to define specific “endotypes” [12, 13]. Recognition of 
the key role for the Th-2 lymphocyte with its production of IL-4, IL-5, and IL-13 in 
promoting a proinflammatory eosinophilic state has resulted in the identification 
of Th2 type asthma. However, identification of other cells (such as dendritic cells) 
producing these cytokines lead to the current terminology of the type 2 (T2)-high 
asthma endotype which incorporate both eosinophilic and allergic asthma, which are 
the most common types seen in children. These patients, who frequently have other 
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manifestations of allergies (such as allergic rhinitis), show increased numbers of IgE 
and eosinophils in the blood as well as in bronchial biopsies or BAL fluid and elevated 
levels of IL-4, IL-5, and/or IL-13 protein or mRNA transcripts.

In both human studies and animal models the inhalation of an allergen to which 
the subject has been sensitized induces airway narrowing and physiologic changes in 
pulmonary function which are typical of asthma [14]. The changes are similar to other 
allergic responses at other locations (such as allergic rhinitis or conjunctivitis) where 
there is an immediate response with exposure to an allergen with release of mediators 
and then often a delayed reaction characterized by inflammatory cells [15]. It has 
been shown that the immediate asthmatic response is due to the release of specific 
mediators from mast cells upon coupling of the allergen to its specific IgE bound on 
its cell surface as shown in Figure 2.

Of the approximate 390 mediators secreted from mast cells [16] the main ones 
include prostaglandins (especially prostaglandin D2 or PGD2), histamine, leu-
kotrienes (LTC4 and LTB4), cytokines, and serotonin. PGD2 binds to the type 1 
prostaglandin D2 (DP1) receptors while histamine binds to H1 receptors (HR) on 
airway smooth muscle (ASM) and capillary endothelial cells with bronchoconstric-
tion and vasodilation with plasma extravasation with swelling. These two effects 
result in immediate narrowing of the airways. Additionally, goblet cells respond to 
PGD2 and LTC4 with increased production of mucus within the airways causing 
further obstruction. Measurements of airway flow will show an immediate drop 
in forced expiratory volume in 1 second (FEV1) as well as peak expiratory flow 
(PEF) and increase in airway resistance (Raw). Medications which block mast cell 
degranulation (such as sodium cromolyn and nedocromil) inhibit this early asthmatic 
response. The decrease in lung function is reversible with bronchodilators, which 
has been an integral part of the clinical definition of asthma (reversible broncho-
spasm). Bronchoconstriction results and reaches a maximum within 30 minutes and 
resolves after 1–3 hours. Further support for the role of these mediators is seen by the 
increased levels of histamine and leukotrienes in bronchoalveolar lavage (BAL) fluid 
and urine of subjects taken during this time period. Leukotriene receptor antagonists 
(LTRAs) or anti-histamine antagonist will also attenuate the pulmonary function 
drop by about 50%.

This early asthmatic (or allergic) response (EAR) is then followed by a second 
episode of bronchoconstriction in about 60% of adults and 80% of children after 
3–4 hours and reaches a maximum over 6–12 hours [8]. This late asthmatic (allergic) 
response (LAR) appears to be allergen specific since some allergens such as house dust 
mite (HDM) and cat allergen are more common than others (such as grass pollen) in 
resulting in LAR. However, there is no airway inflammation unless exposed to low-
dose allergen challenge daily over 5–7 days. Increased airway hyperactivity (AHR) is 
also seen during the LAR and some have correlated the presence of AHR with airway 
inflammation [17].

The inhaled allergen activates TLR-4 receptors on epithelial cells (see Figure 2), 
resulting in secretion of IL-25, IL-33 and TSLP (alarmins) all of which induce and 
enhance the CD4 positive T helper 2 (Th2) lymphocyte and innate lymphoid cells 
type 2 (ILC2) to secrete IL-4, IL-5 and IL-13 in enhancing IgE production and 
eosinophil involvement. Alarmins can also stimulate goblet cell production and 
therefore mucus hypersecretion, which is a feature of asthma. TSLP has multiple 
effects on mast cells with induction of other cytokines such as IL-5 and IL-13. IL-5 is 
the key cytokine which mobilizes eosinophils from the bone marrow and promotes 
their activation, proliferation and increases their survival. It is not surprising then 
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that experimental animal models without the IL-5 gene did not have eosinophilic 
airway inflammation. Other chemo-attractants are also produced resulting in 
increased dendritic cells in the sub-epithelial layer where they process allergens and 
act as antigen-presenting cells to CD4 lymphocytes. The net effect is production of 
allergen-specific IgE molecules which attach to the IgE receptor on the surface of 
mast cell. When that allergen is again encountered specific binding with IgE occurs 
in such a way that intracellular processes occur resulting in the degranulation of the 
mast cell and release of numerous mediators. It should be noted that many allergens 
(including those from pollens and insects) contain proteases which can interrupt the 
tight junctions and thereby allow allergens to pass through the airway cellular barrier 
and encounter mast cells and other cells of the innate immune system. Expression of 
E-cadherin is decreased in the epithelium of asthmatics [18].

Eosinophils play a key role in type 2-high asthma by their pro-inflammatory and 
immunomodulating functions in the airways. Chemokines such as eotaxins, RANTES 
and PGD2 attract eosinophils from the bone marrow to the airway within 8–24 hour 
by binding to receptors CCR3, CCR1 and DP2. Activation occurs with binding of 
cytokines such as interleukins IL-3 and IL-5 to their corresponding receptors on the 
eosinophil cell surface, allowing for their presence for 3–8 days. Several features of 
asthma are a result of their activity. Release of IL-13 and IL-4 causes an upregula-
tion of MUC5AC production and subsequent mucus hyperproduction. Eosinophil 
extracellular traps (EES) which are extracellular DNA fibers resulting from cellular 
cytolysis result in increased tenacity of the mucus and correlate with the produc-
tion of Charcot-Leyden crystals and galectin-10 found in the airways of asthmatic 
patients. Degranulation of eosinophils releases numerous cytotoxic factors including 
major binding protein (MBP), eosinophil peroxidase (EPO), eosinophilic cationic 
protein (ECP), and eosinophil-derived neurotoxin (EDN). These result in epithelial 
cell damage and can be seen in mucus-epithelial cellular debris and plugs in the 
asthmatic airway. Other mediators released by the eosinophil include fibrogenic fac-
tors such as transforming growth factor-beta (TGF-β) which result in smooth muscle 
thickening (indicating airway remodeling), goblet cell metaplasia and extracellular 
matrix protein deposition. Finally, EDN can damage airway nerve fibers and may 
contribute to AHR. Therefore, pro-inflammatory cytokines such as T2 cytokines (IL-
4, IL-5, IL-9, IL-13, IL-25) and chemokines all contribute to the persistence of airway 
inflammation in type 2-high asthma.

Damage to the epithelium in allergic asthma offers a common pathologic mecha-
nism in other endotypes of ashma as shown in Figure 2. Release of proinflam-
matory cytokines (alarmins) via the nuclear factor-κ B (NF-κB) transcriptional 
process by the binding of the inhaled allergen to epithelial cell receptors can occur 
by other receptors or damages to AECs themselves. There is the subsequent infiltra-
tion of the airway with eosinophils and the release of their mediators enhance the 
allergic inflammatory cascade by damaging AECs resulting in further release of 
alarmins. Instead of an eosinophilic response neutrophils can be seen upon release 
of their specific chemotactic factors (such as IL-8 and LTB4), from which similar 
damage to AEC with their phagocytic activity, protease release and apoptosis. This 
vicious cycle of epithelial damage and inflammation can also occur with various 
pollutants and irritants in the inhaled air as well as direct viral invasion by respira-
tory viruses. Increased AHR may be the result of exposed nerve fibers as well as 
other neuroimmune pathways causing neurogenic inflammation [9]. However 
exploration of these other inflammatory processes in the airway is beyond this 
paper’s discussion.
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Several components of air pollution such as ozone (O3), sulfur dioxide (SO2), 
nitrogen dioxide (NO2), particulate matter (PM) (especially those less than 2.5 μm 
or PM2.5), and diesel exhaust particles (DEP) have been shown to be especially 
damaging to the epithelium and exposure correlates with the clinical develop-
ment and exacerbation of pediatric asthma [19, 20]. There are several anatomic 
and biological reasons why infants and children are more susceptible to the effects 
of toxins in the inhaled air. They have a faster respiratory rate resulting in more 
exposure and a greater surface area per weight ratio leading to increased deposition. 
Additionally, since they typically breathe through their nose larger particles in the 
air avoid the nasal filtration system and are able to pass into the lower respiratory 
tract. Finally, they often play outside with more exposure to outside particles and 
especially those heavier ones that are closer to the ground. PM can originate from 
many sources, including vehicle exhaust, burning of incense and other materials both 
indoors (e.g., wood-burning stoves) and outdoors (e.g., wildfires), smoking, cook-
ing food (e.g., outside barbeques), sanitary and hygienic sprays, clothing residues, 
hair or fur from domestic animals and vacuum cleaning. Both type 2 and non-type 
2 inflammatory responses can result when air containing these irritants is inhaled. 
Air pollutants (especially PM2.5) induce epithelial permeability by decreasing the 
expression of cadherin, catenin, occluding and ZO-1 in airway epithelium thereby 
allowing for entry of various allergens [21, 22] and subsequent allergic or type 2-high 
reaction with eosinophilic infiltration. There is the increased secretion of alarmins 
(IL-25, IL-33, and TSLP) as well as IL-4, IL-5, and IL-13 in subjects exposed to 
various pollutants. They can also induce secretion of mucus (MUC5AC and MUC5B) 
as well as causing mucociliary dysfunction by direct effects on cilia activity. Finally, 
some components can introduce oxidative stress in the cell with the production of 
reactive oxygen species (ROS) with lipid peroxidation and decreased antioxidant 
capacity. These all can result the release of IL-8 by AECs leading to neutrophilic 
involvement and non-type 2 allergic mechanisms such as Th17 pathways and IL-17. 
Indeed, increased IL-8 from AEC obtained from allergic asthma patients than healthy 
subjects have been observed. Since non-type 2 high (allergic) asthma is uncommon in 
children it will not be discussed in this chapter. However, it should be noted that such 
irritants in the air can trigger both types of inflammatory responses under certain 
circumstances and enhance the allergic or IgE-mediated mechanism. Interventions 
to reduce exposure to any of these factors in the air to prevent or lessen the develop-
ment of asthma will be difficult due to the numerous components present. Limiting 
exposure to passive smoke is a more possible effort but whether it will decrease the 
development of asthma remains to be seen [23]. However, lessening their exposure 
will at least decrease the precipitation of asthmatic attacks and has been reviewed by 
many studies [24].

Infections by respiratory viruses (especially respiratory syncytial virus or RSV) 
in children are common and their causative role in asthma still controversial [25–27]. 
Questions have been raised regarding studies indicating severe or recurrent RSV-
associated bronchiolitis during infancy results in an increased risk for both asthma 
and allergic sensitization [28]. On the other hand infection of the lower respiratory 
tract by rhinovirus (RV) during the first 3 years of life also appears to increase the 
risk of asthma by the age of six up to 40-fold [14]. Repeated infections causing 
asthma symptoms induce AHR in children with atopy. In vitro studies with AECs from 
asthmatics demonstrated that viral infection resulted in typical histological changes 
with mucus hypersecretion, goblet cell hyperplasia and ASM hypertrophy. There 
was increased expression of pro-inflammatory genes INF-γ, IL-12 and IL-8 [29]. 
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RV specifically binds to intercellular adhesion molecule 1 (ICAM) on the AEC apical 
surface to enter the cell. Other receptors include the cadherin-related family member 
3 (CDHR3) and low-density lipoprotein receptor (LDL-R). Viral replication is com-
pleted with the destruction of the AEC and release of more viral particles. However, 
whether respiratory viruses can also result in permanent and continued expression of 
T2 transcriptional and translational processes observed in asthma is not known. Part 
of the problem is that the underlying mechanisms causing development of asthma 
may also result in the child and its AECs becoming more susceptible to recurrent 
or severe respiratory viral infections. These factors include genetic factors (such 
as atopy), other environmental insults (such as air pollution or cigarette smoke), 
hormonal imbalances, and nutrition. The infection is usually limited since the body’s 
immune system controls the extent and duration of infection. Virus components 
result in TLR activation leading to the release of numerous mediators (interferon, 
defensins, TNF-α, IL-12, IL-6 and chemokine) and in antigen-presenting cell (such 
as dendritic cell) stimulation of T cell activation. Subsequent immune cell cyto-
toxicity of infected AECs also contributes to the breakdown of the cellular barrier. 
Additionally, respiratory viruses can also result in dysfunction of the tight junctions 
and actin cytoskeleton structures [1]. This disruption of barrier function of the epi-
thelium can result in allergen entry and exposure to mast cells, Th2 cells and dendritic 
cells; thereby continuing the chronic allergic inflammatory state [30]. It may also 
explain the occurrence of more serious pathogen infections following viral infections 
and their role in increasing the risk for asthma. However, asthma symptoms do occur 
as shown in Figure 2. Those children in whom allergic sensitization do not occur may 
comprise those children who have asthma for a couple of years (also called preschool 
wheezing) but “outgrow” by adulthood. Novel attempts to prevent the development 
of allergies or subsequent bacterial infection both of which appear to increase their 
risk for asthma are in progress [31, 32] since the use of inhaled corticosteroids have 
not prevented the development of eosinophilic infiltration and continued pulmonary 
disease. There is increasing evidence that eosinophils have antiviral activities and so 
the use of biologics such as anti-IL-5 monoclonal antibodies in this population is of 
interest [33] but needs to be balanced with the possible increased risk of infection 
[34]. Since airway remodeling already appears between the ages of 1 and 3 years of 
age before the presence of allergic inflammation an important role for the airway 
epithelium is suggested and underlies the contributions of genetic predisposition and 
responses to other environmental exposures.

4.  Bronchopulmonary dysplasia (BPD)

BPD was first described in 1967 as a fibrocystic lung disease seen radiologically in 
premature infants requiring intensive mechanical ventilator support and high con-
centrations of oxygen during the management of their respiratory distress syndrome 
(RDS). Despite advances in treatment such as surfactant replacement and antenatal 
corticosteroid therapy there continued to be a patient population from neonatal 
intensive care units (NICU) who have long-term respiratory disease throughout child-
hood and into adulthood as well as significant neurodevelopmental disabilities [35]. 
Although the traditional definition of BPD continues to be those infants requiring 
respiratory support at 36 weeks post menstrual age, there is no good delineation of 
phenotypes predictive of subsequent lung disease. Additionally, there may be fac-
tors outside the NICU which can result in chronic disease, termed post-prematurity 
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respiratory disease (PPRD) or neonatal chronic lung disease [36]. Identification 
of these risk factors include those previously known for BPD such as demographic 
characteristics (low gestational age, low birth weight, male sex), duration of intensive 
mechanical ventilation (IMV), and early exposure to inflammation (chorioamnion-
itis, elevated C-reactive protein, presence of gram-negative bacteria or Ureaplasma 
organisms). Clinically, the decreasing pulmonary function seen in adolescents and 
young adults with a history of either BPD or extreme prematurity suggests that PPRD 
may be a precursor to continued chronic lung disease [33].

The risk factors of intrauterine growth restriction or retardation (IUGR) causing 
low gestational age and low birth weight in a premature birth will obviously result in 
a small and underdeveloped lung. Exogenous surfactant has been given to premature 
infants whose alveolar sacs have remained collapsed due to interruption of the normal 
maturation of AEC to pneumocytes and lack of surfactant production by Clara and 
AT-2 cells. Administration results in less energy by the body or mechanical ventilation 
to expand the sacs and increase gas exchange. However, the use of exogenous surfac-
tant have not decreased the incidence of BPD despite different ways of administering 
it [37, 38].

Surfactant consists of four proteins, two highly hydrophobic (SP-B and SP-C) 
and two hydrophilic (SP-A and SP-D), and are assembled into lamellar bodies with 
phospholipid components. Alveolar decreased surface tension is the result of SP-B 
and SP-C. SP-A and SP-D as members of a family of anti-microbial proteins called as 
collectins bind to carbohydrate molecules on the surface of different microorganisms. 
Several outcomes can result: first, the binding promotes bacterial phagocytosis by 
neutrophils or macrophages (opsonin activity). Second, the binding to viral-induced 
molecules on the surface of viral-infected cells such as AEC promotes cell killing 
by cytotoxic immune cells such natural killer (NK) lymphocytes. Third, direct 
interaction with various respiratory viruses can result in decreased viral entry and 
replication within the respiratory tract. Other interactions can result in the killing 
of other pathogens [39]. They also have a pro-inflammatory role by triggering the 
release of inflammatory mediators (such as IFN) by binding to AEC and cells of the 
innate immune systems (such as alveolar macrophages, monocytes, neutrophils). 
Conversely, they may bind directly to inflammatory mediators to limit cytotoxicity 
and airway inflammation [40]. Dendritic cell maturation and IL-8 release can be 
decreased by SP-A. Allergen-induced lymphocyte proliferation and Th-2 cytokine 
production was inhibited by SP-A and SP-D [41]. Binding of SP to lipopolysaccharide 
(LPS) decreases LPS-induced inflammation. Therefore, it is uncertain as to whether 
inflammation will be decreased or enhanced by its administration due to its immuno-
modulating effects [42]. This may be one reason there has not been a decrease in BPD 
despite its clinical usage.

Although the administration of surfactant and major treatment advances employ-
ing “gentile ventilation” (i.e., using less pressures and volumes in IMV and weaning 
off supplemental oxygen as soon as possible) the incidence of BPD has not changed. 
This is because large preterm infants rarely develop BPD but now it occurs in infants 
weighing less than 1 kg. There has been a change in the lung pathology into what is 
termed “new” BPD as seen in Figure 3. Specifically, there is reduced formation of 
capillaries (dysmorphic vasculature), mild airway smooth muscle thickening with 
subsequent alveolar wall thickening, inflammatory cell infiltration with increased 
alveolar and bronchial cell apoptosis and mild fibrosis, and a combination of both 
air space enlargement (hyperinflation) and atelectasis. Many aspects of the “new” 
pathology have been compared to ventilator-induced lung injury (VILI) or acute lung 
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injury (ALI) with contributions from barotrauma (injury from excessive airway pres-
sure), volutrauma (injury caused by excessive tidal volume), atelectrauma (injury due 
to repetitive opening and closing of alveoli), as well as oxygen toxicity. Inflammatory 
mediators (such as IL-1β, IL-6, IL-8, TNF-α and macrophage inflammatory protein-2 
(MMP-2)) are seen in tracheal aspirates, BAL, tissue samples and/or blood of BPD 
patients. Elevated amniotic fluid levels of these cytokines have also been found in 
mothers whose infants have BPD [43]. Similar pro-inflammatory cytokines have been 
seen in ventilated animal models (including rats, lambs, and baboons) [44].

Although there has been controversy over the various modes of ventilation and 
the role of oxygen toxicity, the end result is an accumulation of inflammatory cells 
and cytokines in the lungs, promoting excessive immune system activation with 
increased pro-inflammatory cytokines produced (as shown in Figure 3). Ventilator 
induced pressure and volume changes in the lung can trigger inflammatory responses 
by involving various ionic pore-forming channels with proteins such as Piezo (Piezo 
1 and 2) [45] and transient receptor potential vanilloid-type 4 (TRPV4), [46] which 
respond to mechanical stimuli that stretch or indent the cell membrane of AECs 
via calcium-dependent mechanisms and a series of intracellular signaling cascades. 
Pharmacological inhibition of these channels and mouse models deficient in their 

Figure 3. 
The inflammatory response in the immature lung as key event leading to bronchopulmonary dysplasia. In a 
normal, term birth the alveolar airspace is lined with AEC in the form of alveolar type 1 (AT-1) which are 
flattened to enhance gas exchange between air and blood vessel and alveolar type 2 (AT-2). The cuboidal shaped 
AT-2 cells produce a thin layer of surfactant, which decreases surface tension, allowing the alveoli to expand 
with minimal pressure. The alveolar macrophage functions to provide immune protection in the airspace. In a 
premature birth, mechanical ventilation, oxygen supply and infections induce release of inflammatory mediators 
by AEC and activated macrophages. The resulting neutrophilic infiltration contributes to the inflammatory 
response and also results in release of proteases and reactive oxygen species (ROS), disrupting AEC which releases 
more pro-inflammatory cytokines. This inflammatory overweight disrupts the balanced network of growth signal 
pathways, affecting the airway epithelium, mesenchyme and vascular endothelium and leading to characteristic 
features in the lung shown in the box of pulmonary edema, alveolar hyperaeration with atelectasis and vascular 
abnormalities. Created with BioRender.com.
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expression resulted in less ALI toward various insults. TRPV4 also appears to be an 
important regulator of innate hose defense responses such as regulating the response 
of phagocytic cells (neutrophils and macrophages) to ALI and bacterial clearance 
in infections. Piezo plays a role both in surfactant production by and also apoptosis 
of ATII cells. Therefore, in ALI recurring mechanical forces such as those occurring 
during IMV may involve these mechanosensing proteins regulating both pro- and 
anti-inflammatory effects and having both beneficial effects in terms of host defense 
and resolution from lung injury. Another possible mechanism involves the proteogly-
cans (PG) present in the extracellular matrix (ECM) and in the basement membrane 
which may “sense” mechanical forces. “One proposed general mechanism … involves 
the deformation of the long, linear GAG [glycosaminoglycan] chains that are attached 
to the core protein of the PG. When the ECM experiences mechanical stress from 
compression, stretch, or fluid flow, the GAG chains can become either compressed 
or stretched, leading to changes in the PG core protein. These changes in conforma-
tion can activate intracellular signaling pathways” [47] similar to those activated 
by the ion-channel mechanosensory proteins. Thus, TRPV4 activation can result in 
integrin signaling causing cytoskeletal reorientation, intracellular messengers such 
as lipid metabolites and kinases. The net effect of disruption of the ECM is further 
interference of its interactions with other cells (such as mesenchymal cells) in proper 
morphogenesis and maturation of alveoli structure. The resultant dysregulated 
collagen deposition and disturbed elastin and laminin fiber organization are typical 
features of the BPD lung. Airway inflammation was lessened by using various TRPV4 
antagonists in allergen challenged pre-sensitized animals or genetic knockout mice 
[48]. However, thus far, there has been no attempt in using TRPV4 antagonists and 
Piezo ligands in BPD.

In addition to the pro-inflammatory effects of IMV, supplemental oxygen or 
hyperoxia exposure can also independently damage the immature lungs, mainly due 
to the immaturity of its antioxidative systems and initial effects on the alveolar mac-
rophage. There are lower levels of antioxidant enzymes such as superoxide dismutase 
(SOD) and glutathione (GSH) as well as nonenzyme antioxidants such as vitamins 
A, C and E in premature infants as compared to term neonates [49]. Excessive levels 
of oxidative products have also been found in tracheal aspirates of BPD infants [50]. 
Exposure to high concentrations of oxygen results in decrease production of IL-1β, 
IL-6 and TNF-α but an increase in IL-8 [51]. There is continued activation of mac-
rophages due to a lack of surfactant proteins, which can downregulate the activity 
of alveolar macrophages. Potent oxidants (such as hypochlorous acid) and proteases 
(such as elastase and metalloproteinases) from the infiltrated neutrophils damage the 
AEC, especially AT-2 and Clara cells. This further decreases the presence of surfac-
tant, which also suffers from direct inactivation by reactive oxidant species (ROS). 
Injured AECs further release mediators such as IL-8 drawing more neutrophils and 
continues the release of oxidants. However, the overall contribution of hyperoxia to 
inflammation appears to be moderate and so other animal models have combined 
oxygen exposure to infection by adding LPS which did result in dose-dependent 
inflammatory reactions and even systemic inflammatory response (depending upon 
the species, strain and LPS dosage). This may explain why treatment with supple-
mental antioxidants such as vitamins A and E although helpful has not significantly 
decreased the overall incidence of BPD.

There is much clinical and experimental evidence that varying types of prenatal 
and antenatal infections play a role in inducing inflammation. Associations between 
the development of BPD have been seen not only in various gram negative bacteria 
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with LPS but also in viral infection [52] and presence of Ureaplasma urealyticum [53]. 
Therefore, inflammation whether by infectious process and “sterile” mechanisms 
appear to result in the pathology seen in BPD. BPD is unique in that the lung is 
immature and therefore there is a need for alveolar and vascular growth to develop 
normally outside of the maternal environment. The process of lung morphogenesis 
depends upon multiple signaling pathways controlling cellular proliferation, survival 
and differentiation and coordinating with those signal cascades regulating vascular 
development. Therefore there must be a close relationship between blood vessels and 
airways with coordinated interplay of growth factors and angiogenetic transcriptional 
pathways such as hypoxic inducible factor (HIF), NF-κB, nitric oxide and nitric oxide 
synthase (NOS) among others. These are balanced with anti-angiogenic molecules 
such as angiopoietin 1 and endostatin [54]. AT-2 pneumocytes produce vascular endo-
thelial growth factor (VEGF) which promotes angiogenesis suggesting that treatment 
with VEGF may be beneficial. Decreased VEGF levels have been observed in prema-
ture birth, especially those who later develop BPD [55]. Since the main stimuli for 
VEGF production by AEC is hypoxia, treatment with supplemental oxygen can actu-
ally decrease its production. Decreased VEGF production results in increased alveolar 
and bronchial cell apoptosis, air space enlargement and changes in elastin. This aspect 
has been termed the “vascular hypothesis” of BPD and suggests the potential use 
of pro-angiogenetic agents in BPD. Additionally, endostatin opposes VEGF and the 
coordinate activities of both cytokines guide the developing avasculature by myofi-
broblast and mesenchymal stem cell (MSC) differentiation. Similarly, Angiopoietin-1 
(Ang-1) stabilizes new blood vessels and angiopoietin-2 (Ang-2) opposes Ang-1 
activity by impairing vessel stability resulting in excessive vessel “sprouting”. Elevated 
levels of endostatin and reduced ratio of Ang-1 to Ang-2 have been seen in lung fluid 
from BPD patients [56]. MSC differentiation and activity is affected by the excessive 
activity in the TGF-β and NFκB pathways. Therefore, the excessive proinflammatory 
response appears to result in suppression of vascular growth promoting cytokines. 
The inflammatory cytokines is appears early after birth and before the deterioration 
of lung function [57]. As noted above, there are effects on the epithelial cell structure 
and function at both the bronchiolar and alveolar levels.

Another characteristic of BPD is the presence of pulmonary edema from increased 
permeability, resulting in a clinical management challenges in fluid management and 
adequate nutrition. However, the mechanism of the increased vascular permeability 
has not been clearly delineated. One possibility is the immaturity of the tight junction 
formation between cells in both the airway epithelium and vascular endothelium 
due to the premature birth. Defective expression of tight junction proteins such as 
claudins (especially claudin-4 and claudin 18), occludin and zonal occludens-1 (ZO-
1) has also been found with exposure to hyperoxia in both in vitro models. Further 
support is suggested by the lack of claudin-28 resulting in histophathology similar 
to human BPD in knock-out mice with barrier dysfunction and impaired alveolar 
development [38]. Additionally, the amount of desmosome proteins are less in BPD 
infants. Diuretic therapy has been used but long term use has been complicated by 
electrolyte losses causing metabolic bone disease, nephrocalcinosis and growth failure 
and controversy over its efficacy [58]. However, another possible mode of action of 
furosemide in BPD is its anti-antiflammatory effect [59]. There has been some sug-
gestion that diuretics may additionally have immunomodulating effect [60].

In summary, a key role is seen for the epithelium in BPD and the various factors 
which has been associated with its development. Mechanical ventilation, oxygen 
stress and infection can all trigger an inflammatory reaction initially characterized 
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by involvement of alveolar macrophages and neutrophils. Their activity results in 
epithelial cell involvement and the resulting proinflammatory loop between macro-
phages, neutrophils and epithelial cells damages the developing vascular and respira-
tory components. The increased predilection for female sex may be explained by the 
increased immune activity of neutrophils (and possibly macrophages). However, 
there is currently no reliable biomarker that reliably predicts which neonates will 
develop BPD as evidenced by distorted alveolarization and impaired vasculogenesis; 
or can be used to monitor its progression [35].

5.  Cystic fibrosis (CF)

Cystic fibrosis (CF) is a genetic disorder due to a defective expression of the cystic 
fibrosis transmembrane conductance regulator (CFTR) gene primarily affecting the 
respiratory and gastrointestinal systems. Severe mutations result in symptoms start-
ing in infancy with steatorrhea, poor weight gain and respiratory symptoms of cough-
ing and/or wheezing. Chronic respiratory bacterial infections occur with progressive 
loss of lung function. Therefore, it is not surprising that chronic inflammation has 
been long-recognized as an important component of the immunopathogenesis of 
CF [61] and it appears a dominant T2 response has been identified [62]. At birth the 
histology of the lungs are normal but with increasing age an inflammatory response 
is seen with the occurrence of mucus plugs in the airways corresponding to elevated 
levels of IL-8 and neutrophil elasase in BAL or tracheal washings and blood. It had 
been assumed that infectious pathogens were responsible, initially Staphylococcus 
aureus and then Pseudomonas aeruginosa [63]. Microbial organisms (including other 
pathogens such as fungi) become trapped by the thick tenacious mucus produced as 
a result of the CFTR genetic defect. Impaired mechanical eradication results from the 
inability of the mucociliary clearance (MCC) mechanism to remove the thick mucus-
bacteria. When about 75% of the CFTR activity is absent in the airway, the mucus is 
thick enough to result in decreased MCC [64].

Function of CFTR is to regulate chloride transport across the cellular membrane 
of many cell types, but especially epithelial cells in both respiratory and gastroin-
testinal systems. With decreasing CFTR activity in the airway epithelial cells there 
is an increase in intracellular Cl− and HCO3

+ and increase absorption of Na+ (via 
a functioning ENaC channel) and water from the luminal surface resulting in a 
dehydrated and acidic ASL in the airway (see Figure 4). Dysfunctional CFTR results 
in defective antimicrobial killing prolonging the persistence of bacteria and three 
different hypothesis have been proposed for the exact mechanism [65]. Some have 
speculated that there is defective killing of bacteria by the neutrophils due to the high 
salt concentration of the luminal mucus, the high salt hypothesis. However, there 
have been conflicting reports measuring the salt ion concentration in the ASL. The 
acidic hypothesis states that the decreased bacterial killing is due to the reduction of 
antimicrobial activities of neutrophic enzymes such as lysozyme and lactoferrin, as 
well as defensin-3 in the acidic pH ASL environment. Although there has been much 
experimental support in in vitro systems, direct measurements of ASL pH in animals 
reveal confusing results, indicating involvement of many other factors (such as age 
and other mechanisms) [44]. These two mechanisms indicate defective phagocytic 
processes where the engulfed bacteria is not able to be killed within the phagosome. 
Finally, the ASL water content is decreased, resulting in a dehydrated mucus layer. 
The overall net effect of CFTR dysfunction is an abnormal ASL with chronic infection 
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resulting in mucus plugs and continuing inflammation despite the use of highly effec-
tive CFTR modulator therapy [66].

AECs responds to the presence of bacteria by releasing a set of pro-inflammatory 
cytokines including IL-4, IL-1β, IL-13, IL-8, IL-17 and TNF-α after components of 
the bacteria, mainly lipopolysaccharide (LPS), bind to TLR2/5 receptors. All of these 
have been found to be increased in sputum and BAL from CF patients [43]. Since 
some of these cytokines are relevant to asthma and allergic processes it should not 
be surprisingly that a significant number of patients with CF also have these disor-
ders as well. However, the persistent production and release of IL-8 and IL-17 from 
continued presence of bacteria results in increasing neutrophilic inflammation in the 
CF airway. It should be noted that several of the inflammatory cytokines also induce 
HCO3

+ secretion across the airway epithelia by increasing the activities of CFTR and 
pendrin channels. However, since CF has defective CFTR the ASL remains acidic 
making bacterial eradication difficult.

Figure 4. 
 Immunopathologic mechanisms in CF airway with involvement airway epithelial cells (AECs). A typical CF 
patient has excessive mucus resulting in mucus obstruction and airway narrowing as shown by the inserted 
pictures by bronchoscopy of normal and CF airways. The basis for thickened mucus is shown in the close-up 
depiction of the interface between the cell membrane and air-space fluid (ASL). Defective CFTR protein 
results in an accumulation of intracellular Cl- and HCO3

+ ions . There is also increased activity of the ENaC 
transporting Na+ ions from the ASL to inside the cell, which draws water inside the cell. (Although not shown, 
defective CFTR is present in all the cells.) The net result is a dehydrated acidic ASL and a thick, sticky mucus 
which result in AECs releasing inflammatory cytokines, especially IL-8, drawing neutrophils into the airway from 
the blood vessel. Neutrophilic infiltration can also be the result of the binding of bacteria and other pathogens 
such as fungi to AEC TLR receptors and by the release of other chemokines such as leukotriene LTB4 by activated 
macrophages with the presence of various pathogens. The overall result is an intense neutrophilic presence which 
further damages the airway by the release of proteolytic enzymes such as myeloperoxidase oxidase (MPO) and 
reactive oxygen species (ROS). Additionally, the neutrophils undergo apoptosis and its chromatin/DNA then 
forms a neutrohilc extracellular net (NET), further increasing ASL viscosity. Mucus plugs result subsequent 
hypoxia under the ASL inducing the hypoxia inducible factor (HIF) pathway leading to more IL-8 release and 
the inflammatory cycle continues with IL-17 and TNF-α stimulating goblet cell mucus production. Created with 
BioRender.com.
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In addition the inability of the neutrophils to kill bacteria, they themselves 
become a source of proteases, especially elastase, which could be detrimental to the 
epithelium [67]. Elastase has been correlated with the severity of CF lung disease 
and has served as a marker for the effectiveness of any therapeutic modalities. Its 
expression is further increased by the proinflammatory cytokine TNF-α. Although 
there is no evidence that elastase is directly cytotoxic to AEC, it can damage the 
AJ protein E-cadherin and thereby increase the epithelium permeability. It also 
increases MUC5AC and so contributes to the mucus obstruction of airways. Other 
cellular contents of the neutrophils such as myeloperoxidase (MPO) are also released 
in the ASL resulting in an increase in its pro-oxidant environment and contribut-
ing to damage to AEC, which further releases more IL-8 and IL-17. However, there 
are other mediators such as matrix metalloproteinase (MMP)-8 which are anti-
inflammatory. Other neutrophilic chemoattractants such as leukotriene B4 (LTB4) 
are produced by alveolar macrophages as a response to the presence of bacteria. 
Increased levels of LTB4 and the complement system-derived C5a have also been 
found in various CF respiratory fluids [68]. The net effect is the development of 
neutrophil extracellular trap (NET). The neutrophils undergo a process similar to 
apoptosis termed NETosis, in which there is release of chromatin as well as their 
granules. This innate host defense is an attempt to block microbial organisms from 
spreading and facilitate their killing and phagocytosis and is especially common in 
fungal infections, such as Aspergillus fumigatus which is common in CF. Components 
of the neutrophils such as the actin and DNA surround the organisms to form an 
enclosed compartment. However, the release DNA contributes to the increased 
thickness and viscosity of the ASL which the MCC is unable to clear (see Figure 4). 
There is actually very little intact mucin present but instead increased amounts of 
large macromolecules including DNA, filamentous actin, lipids, and proteoglycans 
with is responsible for the increased thickness of CF sputum [69]. Acknowledging 
its importance there has been successful treatment with the enzyme DNase which 
breaks down DNA strands [70].

There is evidence that airway inflammation is present without evidence of infec-
tion [48]. In studies of infants before bacterial presence as detected by its DNA by 
polymerase chain reaction (PCR) inflammatory cytokines such as IL-8 and elastase 
indicating the presence of neutrophils are detected in BAL or tracheal washings. 
Additionally, CF infants who die within weeks or months after birth already show 
airway lumen filled and plugged by mucus plugs comprising of neutrophilic debris. 
Three possible mechanisms for this “sterile” airway inflammation have been pro-
posed. One is the presence of altered ASL. The cells which have predominant CFTR 
expression are the ionocytes, goblet cells and secretory cells in the submuosal glands. 
Altered CFTR protein decreases the hydration and possibly the pH of ASL as noted 
above. However, although measurements of pH in ASL in nasal secretions were 
lower in CF infants at birth compared to normal no differences were seen in repeat 
measurements at 3 months of age [63]. There is also Na+ hyperabsorption due to 
excessive activity of ENaC resulting in low ASL volume with cilia deformities and 
also decreased MCC. Some support has been found in transgenic mice overexpressing 
ENaC and resulting in CF-like lung inflammation and disease. However, its contribu-
tion may be minimal since clinical treatment with hypertonic solutions was only 
moderate and short-term.

The other possible mechanism for sterile inflammation by neutrophils is the 
localized area of hypoxia caused by mucus plugs and increased ENaC activity [71]. 
The thick stagnant ASL creates a steep oxygen gradient exposing the underlying AECs 
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to hypoxic conditions. Indeed, measurements in CF patients indicate the presence of 
oxygen at less than 10 mmHg (which corresponds to less than 1–2% O2 air-content) 
in certain areas of the lungs [72]. The hypoxia results in the production of hypoxic 
inducible factor (HIF) which then promotes the release of inflammatory factors, IL-4, 
IL-5, IL-13, and TNF-β. Additionally, we have found that IL-8 is also produced by 
AEC line lines exposed to anoxic conditions [73]. Finally, HIF also induces TH17 cell 
differentiation [74].

Finally, there may be intrinsic defects within the AEC itself in terms of IL-8 pro-
duction at the genetic level. Specifically, differences in the histone acetyltransferase 
(HAT)/HDAC balance, histone and DNA methylation, and miRNA-dependent post-
transcriptional regulation in AEC from CF and normal subjects have been found [48]. 
Whether these alterations in signal transduction are clinically relevant is not known.

In the CF airway the major problem is the clearance of mucus in the ASL. The 
thickened mucus is due to several factors. There is the genetic defect in AEC transport 
of ions between the cell membrane and airway lumen. Inflammatory processes by 
activation of AEC either by the abnormal acidic mucus or localized hypoxia triggers 
an inflammatory response resulting in neutrophilic infiltration, which is furthered 
enhanced by antimicrobial immune defense toward specific infectious pathogens 
which appears to specifically colonize the CF patient. The resultant NET contributes 
to the tenacity of the mucus layer with resultant mucus plugs and the clinical sequa-
lae. Unlike the allergic asthmatic in whom the eosinophil contributes to the airway 
inflammation s mucus plugs are rarely seen. The MCC is not as compromised and 
pathogen driven inflammation is not present on a continual basis.

6.  Conclusions

The airway epithelium serves as a barrier between the body and external environ-
ment with potentially harmful agents such as respiratory pathogens and toxic gases. 
Protection is provided in several layers. There is a physical barrier of epithelial cells 
which is supported by a chemical defense in the form of antimicrobial molecules, 
proinflammatory cytokines and chemotines, and mucus entrapment and elimination 
through a mucus clearing system. Finally, it comprises an important part of the innate 
immune system in protecting it against numerous pathogens. This chapter reviews 
its involvement in the immunopathogenesis of three pediatric respiratory disorders. 
Understanding its role allows insights into how current treatment modalities are 
effective and the development of potentially future therapies.

The importance of the AECs in asthma, bronchopulmonary dysplasia (BPD) 
and cystic fibrois (CF) is shown by its role in regulating lung homeostasis with open 
airways and adequate gas exchange. Mucus can be the result of stimulation of secre-
tory cells in response to exposure to potentially harmful substances in the inhaled air 
such as pathogens, allergens or toxins and its effective clearance by the mucociliary 
clearance. However, excessive amounts can be produced with continued exposure or 
unusually thick mucus by genetic defects in the cells. These could be from a defective 
CFTR protein in CF or genetic predispositions in IgE production in allergic asthma. 
The integrity of the epithelium barrier can also be compromised by procedures 
needed to support premature infants with intensive mechanical ventilation and high 
levels of supplemental oxygen in the presence of an underdeveloped lung and vas-
cular structure and immature immune system. These three scenarios precipitate an 
inflammatory response from the lung innate immune system. In asthma it commonly 
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results in an eosinophilic airway presence whereas in CF neutrophils are present. 
There is a complex interaction among alveolar macrophages, neutrophils and epithe-
lial cells in BPD that results in increased pro-inflammatory cytokines which is similar 
to that seen in asthma and CF. Therefore, it is not surprisingly that anti-inflammatory 
therapies such as corticosteroids have been used in each of these three disorders. 
Discussion of their specific effects in each disease is beyond the scope of this review. 
However, understanding of the nature of the specific inflammatory process can allow 
for more specific targeting of each condition. This may involve using specific stem 
cells as well as monoclonal antibody-based pharmacologic interventions.
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Chapter 3

Utilization of Medicinal Herbal 
Plants in the Management of 
Respiratory Conditions
Ruchika Garg, Kiran Dobhal and Alka Singh

Abstract

This chapter examines the therapeutic powers of herbal medicinal plants in treating 
long-term respiratory diseases like bronchitis, asthma, and chronic obstructive  
pulmonary disease (COPD). Millions worldwide suffer from chronic respiratory disorders, 
which are a major cause of morbidity and mortality. Medicinal interventions are often 
used in conventional therapies to reduce symptoms and manage the condition. However, 
herbal medicinal plants offer an alternative method by utilizing their bioactive ingredi-
ents and traditional knowledge. The chapter reviews the literature and research on the 
effectiveness and mechanisms of the action of several herbal medicinal plants in treating 
respiratory diseases, including their effects on the immune system, mucolytic activity, 
bronchodilation, antioxidants, and inflammation. Several herbal plants show promise 
in treatment, such as ginseng, astragalus, marshmallow root, mullein, turmeric, ginger, 
liqorice, eucalyptus, peppermint, thyme, green tea, oregano, rosemary, and marsh-
mallow root. They aid in symptom alleviation, immune response modulation, mucus 
clearance, oxidative stress reduction, inflammation reduction, and airway enlargement. 
In conclusion, herbal medicinal plants are essential for comprehensive care of long-
term respiratory conditions, providing a multitude of therapeutic choices with varying 
mechanisms of action and potential advantages.

Keywords: herbal medicines, respiratory diseases, turmeric, eucalyptus, liqorice,  
anti-inflammatory, bronchodilation

1.  Introduction

The ancient knowledge of herbal medicine has woven itself through the fabric 
of human existence for millennia, offering remarkable insights into managing 
and treating various ailments. Among these ailments, respiratory conditions have 
long warranted the attention of healers and herbalists alike [1]. From bronchitis 
to asthma, the breath is both a vital sign of life and a delicate thread susceptible to 
environmental, physiological, and emotional strains [2]. Fortunately, many medicinal 
plants have emerged as allies in nurturing lung health, revealing a profound synergy 
between nature’s bounty and human well-being. Certain plants have gained recogni-
tion for their therapeutic properties in the shadows of towering trees and among the 
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gentle rustle of herbs. The first among these, perhaps, is the humble thyme (Thymus 
vulgaris). Revered for its antiseptic and anti-inflammatory qualities, thyme has been 
utilized for centuries to relieve coughs and bronchial congestion [2]. Its active com-
pounds, thymol, and carvacrol, work to relax the muscles of the respiratory tract, 
promoting easier breathing and providing relief from the discomfort of persistent 
coughs [3, 4].

This study explores the therapeutic properties of various plant species, particu-
larly those used in treating respiratory diseases. Over 35,000 plant species are used 
globally, especially in emerging countries where traditional medicine, primarily 
plant-based pharmaceuticals, is a primary healthcare resource [5]. Medicinal plants 
like aloe, ginger, turmeric, tulsi, and neem are used to treat various respiratory 
ailments. These plants contain bioactive compounds like tannins, alkaloids, sugars, 
terpenoids, steroids, and flavonoids, which have diverse therapeutic applications. 
Some plants, like Echinacea purpurea and Zingiber officinale, have potential for adju-
vant symptomatic therapy in respiratory conditions like COPD, bronchitis, asthma, 
and the common cold. This review provides valuable insights for researchers in herbal 
medicine, suggesting these plants could be novel therapeutic agents for respiratory 
diseases [6]. Equally, the potent elderflower (Sambucus nigra) has established its 
place in the repertoire of herbal remedies. A diaphoretic and expectorant elderflower 
engages with the body’s natural processes; its flowers, when brewed into a tea or 
utilized in tinctures, help open the airways and dissolve mucus, easing symptoms of 
colds and flu. The slightly sweet and floral undertones of elderflower tea offer not just 
relief but also a moment of tranquility amidst the chaos of respiratory distress [7–10].

Linden (Tilia spp.), cherished for its calming properties, has also been a staple 
in the management of respiratory complaints [11]. Laced with calming flavonoids, 
linden’s flowers are often steeped to create balmy infusions, which can soothe the 
throat while aiding in the expulsion of phlegm. As one savors the warmth of the 
herbal infusion, linden grants a necessary reprieve during the trials of respira-
tory illness, bridging the gap between physical relief and emotional comfort. As 
the seasons turn, so too do the array of plants practitioners turn to. Licorice root 
(Glycyrrhiza glabra), with its sweet flavor and deeply held medicinal virtues, has a 
particular affinity for the respiratory system. Acting as a demulcent, licorice creates 
a protective layer along mucous membranes, mitigating irritation and inflamma-
tion. Its synergistic qualities hinge on a delicate balance, elucidating the importance 
of understanding the individual needs of each patient [12, 13].

Peppermint (Mentha × Piperita), with its refreshing scent and cooling proper-
ties, has also proven beneficial. The menthol within peppermint oil serves not only 
to open the airways but also imparts a pleasant relief, allowing one to breathe more 
deeply when the discomfort of congestion looms large. In many home remedies, 
peppermint is a favorite for inhalation or steam treatments, where its volatile oils lift 
spirits and clear the path for unobstructed breathing [14]. Equipped with the wisdom 
of these herbal remedies, it is crucial to consider their applications in a comprehensive 
approach to respiratory health. The infusion of traditional plant-based therapies 
amidst modern techniques forms a holistic strategy, cultivating a space where patients 
feel empowered and informed. Each individual responds differently to herbal treat-
ments; therefore, personalized care, guided by knowledgeable practitioners, remains 
a cornerstone of effective management [15].

Despite the promise shown by herbal medicine, it is essential to reconcile its use 
within the framework of evidence-based practices. Continued research is needed to 
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unveil these plants’ intricacies and interactions with the human body. As scientific 
inquiry advances, there remains an enduring belief that the wisdom of the ancients 
holds a place in contemporary health discussions. In the ever-evolving narrative 
of health and illness, the exploitation of medicinal herbal plants offers a pathway 
rich with potential. Each breath we take resonates with the knowledge that nature 
surrounds us that healing is not merely a product of science but an embrace of the 
wisdom that has guided humanity through ages gone by. To turn toward herbal 
remedies in managing respiratory conditions is to open oneself to the serene embrace 
of nature’s enduring legacy, reminding us of the intricate connections between our 
lives and the world of botanical healing beyond. Commonly used to treat pneumonia, 
bronchitis, asthma, colds, and coughs are the leaves of medicinal plants such as Acacia 
torta, Ocimum sanctum (OS), Menthahaplocalyx, Lactucavirosa, Convolvulus pluri-
caulis, and Acalyphaindica [16].

2.  Herbal preparation

The plants mentioned are indeed used in various traditional medicine systems 
for treating respiratory conditions. Here is a brief overview of each, including their 
common uses and forms in Figure 1.

2.1 Acacia torta

Common name: Torta Acacia.
Uses: Traditionally used in some cultures for its potential anti-inflammatory and 

expectorant properties. It is less commonly cited in modern herbal medicine, but it 
might be used for respiratory support based on local practices.

Forms: Typically used in decoctions or infusions [17].

2.2 Ocimum sanctum

Common name: Holy Basil or Tulsi.
Uses: Known for its adaptogenic, anti-inflammatory, and antimicrobial properties. 

Holy Basil is commonly used in Ayurvedic medicine to support respiratory health, 
relieve coughs, and help with asthma shown in (Figure 1).

Forms: Tea, tincture, capsules, or fresh leaves [17–20].

Figure 1. 
Herbal preparation for treatment of Respiratory diseases.
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2.3 Mentha haplocalyx

Common name: Spearmint.
Uses: Spearmint is used for its soothing effects on the respiratory tract and its 

potential to relieve coughs and colds. It has mild antispasmodic and expectorant 
properties.

Forms: Tea, essential oil, or fresh leaves [21].

2.4 Lactuca virosa

Common name: Wild Lettuce.
Uses: Often used traditionally as a sedative and cough suppressant. It has been used 

in folk medicine to treat coughs, bronchitis, and other respiratory issues.
Forms: Tea, tincture, or capsules [22].

2.5 Convolvulus pluricaulis

Common name: Shankhapushpi.
Uses: Known for its use in Ayurvedic medicine as a brain tonic, it is also used for 

respiratory conditions due to its potential anti-inflammatory and expectorant effects.
Forms: Tea, powder, or capsules [23].

2.6 Acalypha indica

Common name: Indian Acalypha.
Uses: Used in traditional medicine systems for its potential anti-inflammatory, 

expectorant, and antimicrobial properties. It is used for respiratory issues such as 
coughs and bronchitis.

Forms: Decoctions, infusions, or topical applications [24].
These plants have been traditionally used in various cultures, but modern scien-

tific research on their effectiveness and safety might be limited. Combining herbal 
remedies with conventional treatments and professional guidance can offer a bal-
anced approach to managing respiratory conditions.

3.  Herbal preparations for treating respiratory conditions

3.1  Herbal preparations have been used for centuries to support respiratory 
health: Here are some commonly used herbs and preparation for curing the 
respiratory infection

3.1.1 Eucalyptus (Eucalyptus globulus)

Forms: Essential oil, tea, lozenges [23–25].
Uses: Eucalyptus, particularly Eucalyptus globulus (blue gum), has been tradition-

ally used for its medicinal properties, especially in treating respiratory conditions. 
The active compounds in eucalyptus, such as eucalyptol (cineole), have demonstrated 
various therapeutic effects that can benefit those suffering from respiratory issues. 
Known for its decongestant and anti-inflammatory properties, eucalyptus can help 
relieve symptoms of colds, coughs, and bronchitis as shown in Table 1 [34].
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How to use eucalyptus for respiratory relief:

a. Steam inhalation: Add a few drops of eucalyptus oil to a bowl of hot water and 
inhale the steam for 10–15 minutes.

b. Diffuser: Use a diffuser with eucalyptus oil to purify the air and ease breathing 
difficulties.

c. Chest rubs: Apply diluted eucalyptus oil (mixed with carrier oil, like coconut or 
olive oil) to the chest and neck area to ease congestion and soothe coughing.

d. Hot compress: Soak a cloth in hot water with eucalyptus oil and apply it to the 
chest or back to relieve congestion.

3.1.2 Thyme (Thymus vulgaris)

Forms: Tea, tincture, essential oil.
Uses: Thyme (Thymus vulgaris) has a long history of use in traditional medicine, 

particularly for its beneficial effects on the respiratory system. Its medicinal proper-
ties are largely attributed to compounds such as thymol, carvacrol, and other essential 
oils, which have antimicrobial, expectorant, and anti-inflammatory effects. Thyme 
has antibacterial and expectorant properties, which can help with coughs and respira-
tory infections and utilized in traditional medicine for treating respiratory diseases 
like asthma and bronchitis, as well as other pathologies due to their antiseptic, 

Herb Primary benefits Mechanism of action Common uses

Echinacea (Echinacea 
purpurea)

Immune system 
support

Stimulates white blood 
cell activity

Cold prevention, 
respiratory infections

Elderberry (Sambucus 
nigra)

Immune system 
support, antiviral

Contains antioxidants 
and vitamins

Flu and cold symptom 
relief

Thyme (Thymus 
vulgaris)

Mucolytic, 
antimicrobial

Contains thymol and 
carvacrol

Cough, bronchitis, and 
mucus clearance

Marshmallow root 
(Althaea officinalis)

Mucolytic, 
soothing

Contains mucilage Soothing throat, cough 
relief

Ginger (Zingiber 
officinale)

Bronchodilator, 
anti-inflammatory

Contains gingerol Asthma management, 
cough relief

Ephedra (Ephedra 
sinica)

Bronchodilator Contains ephedrine Asthma, bronchial 
congestion

Green Tea (Camellia 
sinensis)

Antioxidant Contains catechins 
(EGCG)

Respiratory health support, 
overall antioxidant

Turmeric (Curcuma 
longa)

Anti-inflammatory, 
antioxidant

Contains curcumin Inflammation reduction, 
respiratory health

Holy Basil (Ocimum 
sanctum)

Anti-inflammatory, 
adaptogenic

Reduces inflammation 
and stress

Asthma, chronic 
respiratory issues

Boswellia (Boswellia 
serrata)

Anti-inflammatory Contains boswellic acids Chronic inflammation, 
asthma

Table 1. 
Summary of herbs commonly used in respiratory diseases, categorized by their primary benefits and effects: [26–33].
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antispasmodic, antitussive, antimicrobial, antifungal, antioxidant, and antiviral 
properties [26].

How to use thyme for respiratory health:

a. Thyme tea: Steep 1–2 teaspoons of dried thyme leaves in boiling water for about 
10 minutes. Drink this tea up to 2–3 times per day to help with coughing, bron-
chitis, or other respiratory issues.

b. Thyme steam inhalation: Add a few drops of thyme essential oil or a handful of 
dried thyme to hot water and inhale the steam to relieve chest congestion or sinus 
issues.

c. Thyme syrup: You can make a thyme syrup by boiling thyme in water with honey. 
This can be a soothing remedy for coughs and sore throats.

3.1.3 Peppermint (Mentha piperita)

Forms: Tea, essential oil, lozenges.
Uses: Another herb that is frequently used for respiratory health is peppermint 

(Mentha piperita), which has calming and healing qualities. Some of its main active 
ingredients, including menthol, have many respiratory system advantages. The 
benefits of peppermint include clearing congestion, opening up the airways, and 
easing the symptoms of coughs, colds, and respiratory ailments including bronchitis 
and asthma. Peppermint contains menthol, which can help soothe the throat and ease 
coughing, as well as act as a decongestant [27].

3.1.4 Licorice root (Glycyrrhiza glabra)

Forms: Tea, tincture, capsules.
Uses: Glycyrrhiza glabra, or liquorice root, has been used for millennia in tra-

ditional medicine by many different civilisations, especially in Asia and Europe, 
because of its many medicinal benefits, which include supporting respiratory 
health. The therapeutic properties of the root are attributed to a number of active 
substances, including glycyrrhizin, flavonoids, and saponins. Licorice root is known 
for its demulcent and expectorant properties, which can help soothe irritated mucous 
membranes and promote the expulsion of mucus [27].

3.1.5 Ginger (Zingiber officinale)

Forms: Tea, capsules, fresh ginger.
Uses: Zingiber officinale, or ginger, is a potent root with many therapeutic uses that 

makes it a great option for promoting respiratory health. The active ingredients in 
ginger, including zingiberene, shogaol, and gingerol, are responsible for the plant’s 
expectorant, antibacterial, anti-inflammatory, and immune-boosting effects. Ginger 
has anti-inflammatory and antioxidant properties, which can help alleviate symptoms 
of respiratory infections and improve overall lung function [27].

3.1.6 Marshmallow root (Althaea officinalis)

Forms: Tea, tincture, capsules.
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Uses: The traditional herbal treatment marshmallow root (Althaea officinalis) is 
well-known for its calming effects, particularly on the respiratory system. Much of the 
root’s medicinal impact comes from mucilage, a gelatinous material that gives the root its 
distinctively slippery feel. Since marshmallow root coats and protects mucous membranes, 
lowers inflammation, and speeds up healing, it has been used for generations to treat a 
variety of respiratory conditions. Marshmallow root is a mucilaginous herb that helps 
soothe and coat the respiratory tract, making it useful for dry coughs and sore throats [28].

3.1.7 Mullein (Verbascum thapsus)

Forms: Tea, tincture, capsules.
Uses: Mullein (Verbascum thapsus) is a powerful herb with a long history of use for 

respiratory health. Due to its calming, expectorant, and anti-inflammatory qualities, 
the plant has long been used to treat a range of lung and airway problems. Compounds 
found in its leaves, blossoms, and roots promote lung function, ease congestion, and 
open up airways. Mullein is used to soothe respiratory conditions, such as coughs and 
bronchitis, due to its expectorant and anti-inflammatory properties [28].

3.1.8 Lobelia (Lobelia inflata)

Forms: Tea, tincture, capsules.
Uses: Strong herb lobelia (Lobelia inflata) has long been used to promote respira-

tory health. Lobelia is well-known for its capacity to uplift and strengthen the respi-
ratory system. Because of its bronchodilator and expectorant properties, it is very 
useful in the treatment of respiratory ailments like as bronchitis, asthma, and even 
nicotine withdrawal. Lobelia is a powerful herb that can act as a bronchial stimulant 
and expectorant, helping to clear mucus and ease breathing [28].

3.1.9 Slippery elm (Ulmus rubra)

Forms: Tea, powder, capsules.
Uses: The well-known plant slippery elm (Ulmus rubra) is highly valued for its 

calming and restorative qualities, especially for the respiratory system. Mucilage, 
found in the inner bark of slippery elm, is a potent demulcent that, when combined 
with water, takes the shape of a gel. This mucilage is very helpful for respiratory 
health since it may coat and soothe inflamed mucous membranes. Slippery elm 
contains mucilage, which can soothe the mucous membranes of the respiratory tract 
and alleviate coughs and sore throats.

3.1.10 Astragalus (Astragalus membranaceus)

Forms: Tea, tincture, capsules.
Uses: Astragalus (Astragalus membranaceus) is a powerful herb, often used in 

Traditional Chinese Medicine (TCM), and is highly regarded for its ability to enhance 
the immune system and support respiratory health. Astragalus has many benefits, 
particularly in bolstering the body’s natural defenses, which makes it an excellent 
choice for preventing and managing respiratory conditions. While it is primarily 
used as an immune booster, its supportive actions on the respiratory system are 
noteworthy. Astragalus is known for its immune-boosting properties, which can help 
strengthen the body’s defenses against respiratory infections [24–29].
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3.2 Formulation of herbs

Teas: Steep the herb in hot water for about 10–15 minutes. This is a gentle way to 
ingest the herb and benefit from its properties.

Tinctures: Herbal tinctures are concentrated extracts. Follow the dosage instruc-
tions on the label.

Essential oils: Use essential oils cautiously. They can be inhaled via diffusers or 
applied topically when diluted with carrier oil [26, 29].

Capsules/tablets: Follow dosage instructions provided by the manufacturer or a 
healthcare provider.

3.3 Important considerations

a. Consult with a healthcare provider: Before starting any herbal remedy, especially if 
you are pregnant, nursing, or taking medications, it’s important to consult with a 
healthcare provider.

b. Allergies and interactions: Be aware of potential allergic reactions and interactions 
with other medications or conditions.

c. Quality: Use high-quality, reputable sources for herbs to ensure safety and effec-
tiveness. Ensure that you use herbs from reputable sources to avoid contaminants 
and ensure the efficacy of the treatment.

4.  Herbal medicines have been used for centuries to treat respiratory 
conditions, and many of them are valued for their potential therapeutic 
benefits: Here is a comprehensive look at the benefits of herbal 
medicines for respiratory health, supported by research and traditional 
knowledge

4.1 Anti-inflammatory effects

Benefit: Many herbs have anti-inflammatory properties that can help reduce 
inflammation in the airways, making them useful for conditions like asthma and 
chronic bronchitis.

Examples:
Holy basil (Ocimum sanctum): Known for its anti-inflammatory and adaptogenic 

effects. Research has shown it can help reduce inflammation and oxidative stress in 
respiratory conditions [31].

Turmeric (Curcuma longa): Contains curcumin, which has been shown to have 
potent anti-inflammatory effects [32].

4.2 Antimicrobial and antiviral effects

Benefit: Some herbs possess antimicrobial or antiviral properties, which can help 
combat respiratory infections.

Examples:
Eucalyptus (Eucalyptus globulus): Has antimicrobial and antiviral properties, which 

can aid in treating respiratory infections and easing symptoms [34].
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Thyme (Thymus vulgaris): Contains thymol, which has antimicrobial properties 
beneficial for respiratory infections [33].

4.3 Expectorant properties

Benefit: Herbal expectorants help loosen mucus and facilitate its expulsion from 
the respiratory tract, which is beneficial for conditions like bronchitis and chronic 
coughs.

Examples:
Mullein (Verbascum thapsus): Acts as an expectorant, helping to clear mucus from 

the lungs [35].
Licorice root (Glycyrrhiza glabra): Soothes the mucous membranes and helps in 

expelling mucus [36].

4.4 Bronchodilator effects

Benefit: Some herbs have bronchodilator properties, which can help open up the 
airways and improve breathing in conditions like asthma.

Examples:
Ephedra (Ephedra sinica): Traditionally used in Chinese medicine to relieve asthma 

and other respiratory conditions due to its bronchodilator effect [37, 38].
Ginger (Zingiber officinale): Has been shown to have bronchodilator effects and 

may help in managing asthma [39–41].

4.5 Antioxidant effects

Benefit: Antioxidant-rich herbs can help reduce oxidative stress in the respiratory 
tract, which can be beneficial in managing chronic respiratory diseases [42–44].

Examples:
Green tea (Camellia sinensis): Rich in antioxidants like catechins that can help 

reduce oxidative stress and inflammation [45].
Ginseng (Panax ginseng): Contains ginsenosides with antioxidant properties that 

may support respiratory health [37, 44].

4.6 Adaptogenic effects

Benefit: Adaptogens help the body adapt to stress and support overall health, 
which can be beneficial for individuals with chronic respiratory conditions exacer-
bated by stress.

Examples:
Holy basil (Ocimum sanctum): As an adaptogen, it helps reduce stress and inflam-

mation, potentially benefiting respiratory health [45].

4.7 Soothing and demulcent effects

Benefit: Some herbs have soothing properties that can help alleviate throat irrita-
tion and cough [46].

Examples:
Marshmallow root (Althaea officinalis): Acts as a demulcent, soothing irritated 

mucous membrane [46–48].
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Slippery elm (Ulmus rubra): Contains mucilage that coats and soothes the throat 
and respiratory tract.

4.8 Immune system support

Herbs that support the immune system can help enhance the body’s defense 
mechanisms against infections and illnesses.

Benefit: Known for its immune-boosting properties. It can stimulate the activity of 
white blood cells and enhance overall immune response. Clinical studies have demon-
strated its efficacy in treating influenza and respiratory infections.

Examples:
Echinacea (Echinacea purpurea): Studies have shown Echinacea can reduce the 

duration and severity of colds [49].
Elderberry (Sambucus nigra): Rich in antioxidants and vitamins, Elderberry is 

effective in reducing the severity and duration of flu symptoms [39, 49].

4.9 Mucolytic activity (mucus clearance)

Benefit: Herbs with mucolytic properties help to break down and expel mucus 
from the respiratory tract. Thyme has been shown to be effective in treating bron-
chitis and coughs due to its mucolytic properties. Contains mucilage, which forms a 
soothing layer on mucous membranes and helps in the clearance of mucus.

Thyme (Thymus vulgaris) Contains thymol and carvacrol, which have mucolytic and 
expectorant effects. It helps in loosening mucus and improving cough efficiency [50].

Marshmallow root (Althaea officinalis): The demulcent properties of marshmallow 
root make it effective in soothing irritated tissues and aiding in mucus expulsion [48].

4.10 Bronchodilation (airway opening)

Herbs that have bronchodilator effects can help open airways and improve breathing.
Ginger (Zingiber officinale).
Benefit: Contains gingerol and other compounds that have bronchodilatory effects, 

which can help in managing asthma and bronchitis [42].
Research: Ginger has been found to relax airway smooth muscle and improve 

airflow [36, 42].
Ephedra (Ephedra sinica).
Benefit: Known for its bronchodilator effects due to its active compound, ephed-

rine. It has been used traditionally to treat asthma and respiratory issues.
Research: Ephedra has shown effectiveness in opening airways and relieving 

symptoms of asthma [51].

5.  Using herbal medicines (HM) for respiratory conditions can be 
beneficial, but it is important to exercise caution to ensure safety and 
effectiveness: Here are some key precautions to consider, along with 
references for further reading

5.1 Consultation with healthcare providers

Importance: Always consult with a healthcare provider before starting any herbal 
regimen, especially if you have pre-existing health conditions or are on other 
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medications [51, 52]. Herbal medicines can interact with conventional drugs and may 
not be suitable for everyone [51].

5.2 Potential drug interactions

Risk: Herbal medicines can interact with prescription and over-the-counter medi-
cations, potentially altering their effectiveness or causing adverse effects (AE).

Example: Licorice root, used for its anti-inflammatory properties, can interact 
with antihypertensive drugs and increase blood pressure (BP) [51].

5.3 Quality and purity of herbal products

Importance: Ensure that the herbal products you use are sourced from  
reputable suppliers to avoid contamination with harmful substances or incorrect 
dosages [52].

5.4 Allergic reactions

Risk: Some individuals may experience allergic reactions to specific herbs. It is 
essential to start with a small dose and monitor for any adverse effects.

Example: Peppermint oil can cause allergic reactions or skin irritation in some 
people [53].

5.5 Dosage and duration

Importance: Follow recommended dosages and durations for herbal treatments to 
avoid potential toxicity or side effects. Overuse of certain herbs can lead to adverse 
effects.

Example: Excessive use of licorice root can lead to hypertension and hypokalemia 
[54, 55].

5.6 Pregnancy and lactation

Caution: Pregnant and lactating women should use herbal medicines with caution, 
as some herbs may affect fetal development or be excreted in breast milk.

Example: Eucalyptus oil is generally considered safe in small amounts but should 
be used cautiously [56, 57].

5.7 Underlying health conditions

Risk: Individuals with chronic health conditions such as diabetes, hypertension, 
or liver disease should be particularly cautious, as herbal remedies might exacerbate 
these conditions.

Example: Herbal supplements like licorice can affect blood sugar levels and inter-
act with diabetes medications [58].

5.8 Scientific evidence and efficacy

Importance: Use herbal remedies supported by scientific evidence to ensure they 
are effective for the intended use [53].
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5.9 Efficacy and safety

Depending on how they are prepared and how much is taken, herbal treatments 
may or may not be effective. To ensure efficacy and safety, standardization and qual-
ity control are essential.

5.10 Side effects and interactions

There may be interactions and side effects between herbal treatments and medi-
cations. Before beginning any herbal treatment, it is important to see a healthcare 
provider, particularly for individuals with long-term respiratory disorders or other 
health concerns [56].

Although many herbal medications have encouraging evidence for treating 
respiratory diseases, further study is necessary to definitively confirm their safety and 
efficacy, especially large-scale clinical studies. Before taking a natural remedy, always 
get medical advice [58–61].

6.  Conclusion

Herbal medicines offer various benefits for respiratory health, including anti-
inflammatory, expectorant, antimicrobial, bronchodilator, antioxidant, soothing, 
and adaptogenic effects. While many herbs have demonstrated efficacy in managing 
respiratory conditions, it is important to use them responsibly and in conjunction 
with conventional medical treatments. Always consult with healthcare providers 
before starting any new herbal regimen (HR), especially if you have existing health 
conditions or are taking other medications. Herbal remedies can be a valuable 
complement to conventional treatments, but they should be used thoughtfully and 
in conjunction with professional medical advice. HM can be effective for manag-
ing respiratory conditions, but they should be used with caution like Astragalus 
(Astragalus membranaceus) is an excellent herb for supporting respiratory health 
due to its immune-enhancing, anti-inflammatory, and lung-supportive properties, 
and Slippery elm is an excellent herb for respiratory health, especially for soothing 
sore throats, reducing coughing, and promoting the healing of irritated airways. 
Always consult with healthcare professionals, be aware of potential interactions, 
and use high-quality products to ensure safety and efficacy. Herbal medicines have 
been used for centuries to treat respiratory conditions, and many of them are valued 
for their potential therapeutic benefits. Here is a comprehensive look at the benefits 
of herbal medicines for respiratory health, supported by research and traditional 
knowledge. Since ancient times, herbal remedies have been utilized to treat respira-
tory disorders, and a growing amount of scientific research is demonstrating their 
effectiveness.
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Chapter 4

Endoplasmic Reticulum Stress in 
Chronic Obstructive Pulmonary 
Disease
Tugba Raika Kıran

Abstract

Chronic obstructive pulmonary disease (COPD) is a long-term and worsening 
lung condition that results in irreversible damage to the airways and lung tissue, 
causing difficulty in breathing. The development of COPD is contributed to by cellular 
senescence, inflammation, protease-antiprotease imbalance, epigenetic changes, 
oxidative stress, endoplasmic reticulum (ER) stress, mitochondrial dysfunction, 
apoptosis, and cell death. Endoplasmic reticulum stress and cellular protein homeo-
stasis are critical processes for maintaining the healthy function of cells. In response 
to ER stress, cells initiate a protective process called the unfolded protein response 
(UPR). Endoplasmic reticulum stress and UPR activation in the airways can be trig-
gered by cigarette smoke, air pollution, bacteria, viruses, or other pathogenic microor-
ganisms. In chronic diseases like COPD, persistent inflammation and oxidative stress 
can increase ER stress. This can cause continuous activation of UPR mechanisms, 
which can impair cell function. Chronic ER stress and insufficient protein homeostasis 
can lead to apoptosis and harm to lung tissue. The disruption of these vital processes, 
which are crucial for maintaining healthy cell functions, is a key factor in the develop-
ment of chronic conditions such as COPD. Regulation of ER stress and maintaining 
protein balance may be a potential target for managing these diseases.

Keywords: chronic obstructive pulmonary disease, ER stress, unfolded protein 
response pathways, apoptosis, inflammation

1.  Introduction

Chronic obstructive pulmonary disease (COPD), a worldwide health issue 
associated with significant morbidity and mortality, is a persistent inflammatory 
lung condition that leads to restricted airflow from the lungs [1]. One of the most 
widespread causes is long-term exposure to irritating gases or particulate pollutants 
from cigarette smoke [2]. Other causes include the use of biofuels in poorly ventilated 
areas, chemicals used in building construction, indoor pollutants such as radon gas 
emitted from the ground, and airborne biological pollutants, such as mold, dust 
mites, and mildew [3]. In a global study evaluating COPD participants who have 
never smoked, it has been reported that approximately 25–40% of all COPD cases are 
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due to factors other than tobacco smoking [4]. Genetic polymorphisms in the genes 
coding for α1-antitrypsin (AAT), α1-antichymotrypsin (AACT), α2-macroglobulin 
(A2M), matrix metalloproteinases (MMP), serine protease inhibitor 1 (SeRPINA1), 
serine protease inhibitor 2 (SeRPINA2), microsomal epoxide hydrolase 1 (EPHX1), 
glutathione S-transferase (GST), heme oxygenase-1 (HMOX1), cytochrome P4501A1 
(CYP1A1), vitamin D-binding protein (VDBP), tumor necrosis factor-α (TNF-
α), disintegrin and metalloproteinase domain-containing protein 33 (ADAM33), 
interleukin-1 (IL1), interleukin-1 receptor antagonist (IL1RN), cystic fibrosis trans-
membrane conductance regulator (CFTR), and β2-adrenergic receptor (ADRB2) 
are among the risk factors that contribute to the onset of COPD [5–7]. The develop-
ment of COPD is contributed to by cellular senescence, inflammation, protease-
antiprotease imbalance, epigenetic changes, oxidative stress, endoplasmic reticulum 
(ER) stress, mitochondrial dysfunction, advanced glycation end products, apoptosis, 
and cell death [8, 9]. COPD, which significantly affects the quality of life, negatively 
impacts societies economically and socially worldwide due to treatment costs and loss 
of workforce.

The endoplasmic reticulum (ER), which is part of the transport system in 
eukaryotic cells, is an organelle essential for cell survival [10]. The ER is the main 
location for lipid biosynthesis, calcium storage, and the synthesis of secretory or 
proteins associated with membranes and those directed to specific organelles and is 
vital for protein folding through specific chaperones and enzymes for newly made 
proteins [11]. Newly synthesized proteins cannot fold properly without undergoing 
various modifications. Most of the posttranslational modifications that ensure the 
proper folding of proteins’ tertiary or quaternary structures (such as N-glycosylation, 
disulfide bond formation, hydroxylation, and oligomerization) occur in the ER [12]. 
ER, which serves as a quality control center, contains molecules called chaperones 
that facilitate the correct folding of proteins, such as Glucose-regulated protein 
78 (Grp78) and Heat Shock Protein 70 (HSP70) [13]. Properly folded proteins are 
transported to the Golgi apparatus, while conditions that disrupt redox regulation 
and calcium homeostasis increase in reactive oxygen species (ROS) and disruption 
of the ROS-antioxidant balance, glucose deprivation, hypoxia, mutations in secreted 
proteins, viral infections, increased protein translation, or decreased protein folding 
capacity can lead to the accumulation of unfolded or misfolded proteins. Unfolded 
protein response (UPR) occurs to restore homeostasis in the cell. This unfolded 
protein response is a protective mechanism crucial for alleviating ER stress and 
resolving functional disruption. UPR activates a series of events involving intracel-
lular signaling pathways to promote cell survival [14, 15]. Based on the cellular 
response obtained from UPR functioning, decisions can be made, such as inhibition 
of protein synthesis, regulation of gene expression, or apoptosis due to unresolved 
ER stress. Ultimately, unrestrained protein aggregates can lead to apoptotic cell death 
[13, 16]. When homeostatic balance cannot be restored as a result of this life-or-death 
decision, ER stress can contribute to the development of metabolic disorders, neu-
rodegenerative disorders, cardiovascular diseases, and inflammatory lung diseases, 
including COPD [17].

This section provides an in-depth exploration of the role of ER stress in COPD, 
emphasizing the intricate relationship between ER stress response and inflammation. 
It also delves into the mechanisms underlying various cellular processes activated 
by the UPR, with a particular focus on the key ER stress triggers contributing to the 
pathogenesis of COPD.
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2.  The cell’s life-or-death struggle under ER stress: The unfolded protein 
response

Predicting, responding to, and mitigating stress during metabolic regulation in the 
cell is crucial for maintaining homeostatic control. In a state of proteostatic balance, 
binding immunoglobulin proteins (BiPs) keep the stress transducer proteins, such as 
inositol-requiring enzyme 1 (IRE1), protein kinase RNA-like ER kinase (PERK), and 
activating transcription factor 6 (ATF6) in an inactive state. During ER stress, which 
can be caused by endogenous or exogenous sources, BiP binds with high affinity to 
misfolded or unfolded proteins. BiP dissociates from IRE1, PERK, and ATF6, thereby 
activating the UPR pathway. These activated three stress transducers (IRE1, PERK, and 
ATF6) stimulate target gene expression to restore cellular proteostasis and cell viability 
[13, 18, 19]. To mitigate ER stress, the response is first regulated by reducing the trans-
location of proteins to the ER through temporary adaptation, inducing the UPR, and 
finally triggering the apoptosis process if homeostatic balance cannot be restored [20].

2.1  UPR signaling pathways

2.1.1  IRE1-dependent unfolded protein response signaling pathway

Inositol-requiring enzyme 1, a type-I transmembrane protein involved in multiple 
cellular processes, has a serine/threonine kinase domain and an endoribonuclease 
(RNase) domain in C-terminal cytoplasmic region and an ER luminal domain in 
N-terminal [21, 22]. In humans, IRE1 exists in two isoforms: IRE1α and IRE1β. IRE1α 
is expressed broadly, while IRE1β is found abundantly only in intestinal and pul-
monary epithelial and mucosal tissues [15, 23]. In the cellular response to ER stress, 
IRE1α acts as an early responder and immediately oligomerizes upon dissociation 
from BiP. This leads to autophosphorylation of its kinase domain, which, in turn, 
activates the endonuclease domain. With IRE1 activation, X-box binding protein 1 
(XBP-1) mRNA is cleaved to produce the functionally active XBP-1 isoform (XBP1s) 
(Figure 1) [24, 25]. The XBP1s proteins, generated from the spliced mRNA, then 
translocate to the nucleus. To maintain ER homeostasis, the activated XBP1s isoform 
stimulates the transcription of target genes involved in essential ER protein folding 
chaperones, the transport and degradation pathways of unfolded or misfolded pro-
teins via the ER-associated degradation (ERAD) and lipid biosynthesis [26]. In the ER, 
multiprotein complexes can detect, eliminate, ubiquitinate, and transport misfolded 
proteins to the 26S proteasome for degradation in the cytosol. This process is known 
as ERAD [27, 28]. If ER stress persists or becomes excessively severe, the UPR triggers 
apoptosis to eliminate the damaged cells [29]. Another degradation process, regulated 
IRE1-dependent decay (RIDD), can induce the degradation of an mRNA encoding 
ER-targeted proteins by active IRE1α. RIDD cleaves mRNAs coding for ER stress 
proteins, and prolonged activation of RIDD can lead the cell toward apoptosis [30, 31].

Inositol-requiring enzyme 1 also triggers different downstream signals and acti-
vates various functional cellular pathways by interacting with modulatory proteins, 
such as Heat Shock Protein (HSP), RING Finger Protein 13 (RNF13), and Poly (ADP-
ribose) Polymerase 16 (PARP16) [30]. When homeostasis cannot be maintained 
against ER stress for an extended period, IRE1α interacts with tumor necrosis factor 
(TNF) receptor-associated factor 2 (TRAF2) and apoptosis signal-regulating kinase 1 
(ASK1). The IRE1α-TRAF2-ASK1 complex can activate c-Jun N-terminal kinase (JNK) 
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and p38 mitogen-activated protein kinase-mediated signaling pathways, thereby 
triggering apoptosis [32].

2.1.2  ATF6-dependent unfolded protein response signaling pathway

Activating transcription factor 6 (ATF6) is synthesized as a type II ER transmem-
brane protein in all cell types and is expressed as two homologous regulatory proteins, 
ATF6α and ATF6β, which bind to ER stress response elements (ERSE) [15, 33]. On the 
cytoplasmic N-terminal side, it has a basic leucine zipper (bZIP) transcriptional acti-
vation domain [34]. Under normal conditions, ATF6 is localized to the ER membrane 
bound to BiP, but in conditions of ER stress due to the accumulation of unfolded 
proteins, ATF6α dissociates from BiP and is transported to the Golgi complex [26, 35]. 
During the unfolded protein response, ATF6, which enhances the functional capac-
ity of the ER, is processed by two proteases after it reaches the Golgi. One of these 
proteases, serine protease site-1, cleaves ATF6 at its luminal domain, while the other, 
metalloprotease site-2, cleaves it at its N-terminal domain (Figure 1). Thus, the 
amino-terminal cytoplasmic fragment (ATF6f), which has the capacity to control 
transcription, is released [16, 36]. ATF6f, which enters the nucleus, binds to the ATF/
cAMP response element (CRE) and ERSE, activating the expression of ER response 
proteins, such as BIP/GRP78, glucose-regulated protein 94 (GRP94), and C/EBP 
homolog protein (CHOP), thereby contributing to the maintenance of increased ER 
stress homeostasis [37–39]. In ER stress-mediated cell death, mitochondrial apoptotic 

Figure 1. 
UPR signaling pathways. ER stress, triggered by either internal or external factors, prompts BiP to strongly bind 
to misfolded or unfolded proteins. As a result, BiP detaches from IRE1, PERK, and ATF6, activating the UPR 
pathway. Once activated, these three stress sensors (IRE1, PERK, ATF6) drive the expression of target genes to 
reestablish cellular proteostasis and ensure cell survival.
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pathways lead to the initiation of autophagy [40]. In addition, in mammals, ATF4 and 
ATF6 interact with the 26S proteasome to induce the HERP/Mif1 membrane protein, 
thus effectively allowing ERAD [41]. Moreover, CHOP plays a critical role in ER 
stress-induced alveolar epithelial cell aging and pulmonary fibrosis by activating the 
nuclear factor-kappa B pathway [42].

2.1.3  PERK-dependent unfolded protein response signaling pathway

Protein kinase RNA-like ER kinase, which has serine/threonine kinase activ-
ity, undergoes conformational changes by dissociating from BiP upon binding to 
unfolded proteins under ER stress conditions. After dissociation, PERK gains cata-
lytic activity through oligomerization and autophosphorylation [43]. Active PERK 
facilitates the downregulation of translation by phosphorylating eukaryotic initiation 
factor 2α (eIF2α), thereby inhibiting protein synthesis. The reduced protein synthesis 
allows for the alleviation of the protein load in the ER [44, 45].

Moreover, the phosphorylation of eIF2α triggers an increase in the translation of 
particular mRNAs containing upstream open reading frames, which subsequently 
leads to a targeted rise in the cap-independent translation of ATF4 (Figure 1) [43, 
46]. ATF4 is a transcriptional regulator of target genes involved in ER stress homeo-
stasis, apoptosis, and oxidative stress homeostasis in response to cellular stress 
conditions such as hypoxic conditions and increased oxidative stress, in addition to 
ER stress. It is also known to be among the most pro-survival transmembrane ER 
proteins [47, 48]. Under persistent stress conditions, ATF4 heterodimerizes with 
CHOP (also known as DNA damage-inducible transcript 3; DDIT3) to induce apopto-
sis through their increased expression [48].

Under prolonged exposure to a specific stress source, the integrated stress 
response (ISR) is activated, and through ATF4, activating transcription factor 5 
(ATF5), and CHOP, it increases the expression of ER target genes (chaperones, prote-
ases, etc.) to mitigate the stress. If the chronic stress cannot be managed, this process 
then promotes the cell to undergo apoptosis [49].

3.  ER stress triggers associated with COPD

In COPD pathogenesis, various inhaled triggers have the capacity to induce ER 
stress. Some of these include cigarette smoking, occupational and environmental 
exposure, disruptions in the antioxidant-oxidant balance, hypoxia, cell senescence, 
and genetic disorders (Figure 2) [50].

3.1  Cigarette smoking-mediated ER stress in COPD

Although many internal and external environmental factors have been identified 
in the development of COPD, cigarette smoking (CS) remains one of the highest risk 
factors (Figure 2) [51]. Considering that approximately one-fifth of the world’s popu-
lation smokes, it is not surprising that smoking is regarded as the highest contributing 
factor to the onset of lung diseases [52]. Tobacco products contain metals such as Cd, 
Pb, Ni, and Al; polycyclic aromatic hydrocarbons (PAHs) and other aromatic hydro-
carbons such as benzene, toluene, and benzo(a)pyrene; nitrogenous compounds such 
as acetonitrile, benzonitrile, and 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone; 
aliphatic and unsaturated hydrocarbons such as isoprene, limonene, and ethylene; 
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many aldehydes and ketones such as formaldehyde and 2,3-butanedione; alcohols 
and phenolic compounds such as glycerol, p-cresol, and 2-methoxy-4-methylphenol. 
In addition to all these harmful components, it also contains acids, anionic, cationic 
compounds, and gases, such as acetic acid, Cl−, K+, NO3, CO, HCN, and NO [52, 53]. 
In lung tissue, CS induces inflammation and oxidative stress through increased reac-
tive oxygen species (ROS) and reactive nitrogen species (RNS). As a result of chronic 
exposure to such harmful chemicals, airway epithelial cells undergo chronic inflam-
mation and irreversible systemic oxidative stress, which can result in harm to cellular 
components like DNA or proteins, ultimately causing ER stress due to an insufficient 
antioxidant balance [54, 55]. In COPD, macrophages, neutrophils, and lymphocytes, 
including Tc1, Th1, Th17, and ILC3 cells, increase in the peripheral airways, lung 
parenchyma, and vascular area [56, 57]. Airway epithelial cells, fibroblasts, and 
endothelial cells produce mediators such as IL-8, leukotriene B4, and TNF-α, which 
sustain and amplify inflammation and contribute to oxidative stress [58]. Chronic 
ROS-mediated ER stress can activate various signaling pathways, leading to apoptosis 
and pyroptosis. IRE1α-XBP-1 and stimulator of interferon genes-TANK-binding 
kinase-1-interferon regulatory factor-3 (STING-TBK1-IRF3) pathways, activated by 
CS mediated ER stress, facilitate inflammasome formation through increased expres-
sion of NLR family pyrin domain-containing 3 (NLRP3) and proIL-1β. This activates 
caspase-1, which can exacerbate pyroptosis, cell death, and increased cytokine 
release, thereby intensifying damage to lung tissue [59].

Cigarette smoking contributes to the formation of ER stress by oxidizing protein-
disulfide isomerase (PDI), an ER chaperone, thus triggering subsequent steps in 
the stress response [60]. By increasing oxidative stress, CS can damage proteins 

Figure 2. 
ER stress triggers in COPD. ER stress triggers in COPD include cigarette smoking, occupational and 
environmental exposure, disruptions in the antioxidant-oxidant balance, hypoxia, cell senescence, and genetic 
disorders.
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in lung tissue, leading to impaired cellular proteostasis and accumulation of mis-
folded proteins due to reduced proteasomal degradation in the alveolar epithelium. 
Consequently, the unresolved ER stress leads to the activation of apoptosis [61, 62].

3.2  Occupational and environmental exposure-mediated ER stress in COPD

Exposure to chemicals such as coal, wood dust, metal dust and fumes, pesticides, 
harmful gases such as diesel exhaust and nitrogen oxides, and biological agents such 
as mold, bacteria, or endotoxins can lead to COPD [63]. Exposure to particulate 
matter (PM 2.5; particles smaller than 2.5 μm in size) can activate the UPR pathway in 
response to PERK/eIF2α-mediated ER stress [64]. Increased ER stress and phosphory-
lation of eIF2α can induce the translation of mRNAs involved in protein synthesis, 
oxidative stress-antioxidant mechanisms, and apoptosis pathways. Chronic and 
systematic ER stress can induce apoptosis through CHOP [20, 65].

Environmental Pb exposure induces superoxide dismutase 1 (SOD1) expression, 
increases cleaved caspase-3 expression, and enhances the autophagy marker seques-
tosome 1 (p62/SQSTM1). The increased p62/SQSTM1 due to Pb exposure reflects 
oxidative stress, apoptosis, and autophagy dysfunction in the tissue [66]. In a study 
conducted to identify intracellular stress signaling pathways in vivo and ex vivo, it has 
been reported that PM 2.5 exposure leads to increased ROS production, phosphoryla-
tion of eIF2a, and an increase in ER stress-mediated CHOP expression. In response 
to ER stress, IRE1α is activated, inhibiting its activity in the addition of Xbp1 mRNA. 
The increased expression of CHOP induces PERK-mediated apoptosis [67]. Changes 
in human A549 and rat primary isolated alveolar type II cells exposed to asbestos have 
been investigated. This study revealed that exposure to asbestos leads to an elevation 
in the levels of IRE1 and XBP-1 in alveolar epithelial cells. The increase in ER stress 
proteins due to asbestos indicates an ER stress response, and the elevated ER stress 
also induces Ca2+ release, which triggers apoptosis [68].

Viruses utilize ER functions to replicate and can induce, modulate, or manipulate 
the UPR. They can also downregulate IRE1 to suppress the UPR. Bacteria that repli-
cate within the ER, encountering a similar environment, can also induce and modu-
late the UPR [69]. Pathogens associated with respiratory diseases cause the induction 
of the UPR as part of the host ER stress response.

Legionella pneumophila, a respiratory pathogen, plays a role in mitochondrial gene 
expression, oxidative phosphorylation, mitochondrial fission and fusion, unfolded 
protein response pathways, chaperones, and the regulation of the apoptotic signal-
ing pathway. By inducing the mitochondrial stress response, Legionella pneumophila 
upregulates UPR proteins, independently upregulates stress-related proteins, 
selectively induces ATF3, and suppresses the translation of ATF4 and CHOP [70]. 
Legionella pneumophila selectively activates ATF6 without inducing other UPR signal-
ing pathways, initiating its translocation and the transcription of target genes [71]. 
Pseudomonas aeruginosa induces ER stress in bronchial epithelial cells by upregulating 
CHOP, GRP78, and growth arrest and DNA damage-inducible protein 34 (GADD34) 
expressions and triggers the integrated stress response (ISR) independently of ER 
stress. The ER stress response to P. aeruginosa in bronchial epithelial cells is induced 
via the TGF-β activated kinase-1-p38 mitogen-activated protein kinase (TAK1-p38 
MAPK) pathway [72].

The bacterial community found in the lungs of patients with severe COPD has 
been found to be different from that in the lungs of control subjects and cystic fibrosis 
patients, specifically differing from the Proteobacteria or Firmicutes phylum [73]. 
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Exposure to copper leads to an increase in the Bacteroidaceae family due to immune 
system disruption and microbial changes. The abundance of Bacteroidaceae is posi-
tively correlated with tissue ER stress and apoptosis proteins (GRP78, GRP94, eIF2α, 
ATF6, XBP1, CHOP) [74].

3.3  Genetic-mediated ER stress in COPD

α-1 antitrypsin (AAT) deficiency is due to mutations in the SERPINA1 gene, which 
is situated on chromosome 14 (14q32.1). This gene encodes the protein AAT, which 
protects tissues, especially in the lungs, from enzyme damage [75]. The most common 
alleles of the SERPINA1 gene are M, S, and Z. The M allele generates typical levels 
of AAT. S allele results in moderately reduced levels of AAT (approximately 60% of 
normal). Z allele is the most common mutation associated with AAT deficiency and 
results in significantly reduced levels of AAT (10–15% of normal) [76]. MZ genotype 
is usually asymptomatic but at increased risk for lung disease, especially if exposed to 
environmental risk factors like smoking. SZ genotype is moderately reduced AAT levels 
and increased risk for lung disease, particularly with smoking or other environmental 
factors. ZZ genotype is severely reduced AAT levels, a high risk for developing lung 
disease [77, 78]. In the Z allele, the substitution of a single amino acid (glutamic acid 
to lysine at position 342, or Glu342Lys) leads to abnormal folding of the AAT protein. 
The deficiency in circulating AAT results in decreased protection of lung tissue from 
neutrophil elastase, an enzyme that can degrade elastin and other structural proteins 
in the lungs [79].

The mutations in the Z variant of AAT deficiency can accelerate misfolding and 
lead to the formation of protein aggregates, contributing to lung disease. Increased 
neutrophil elastase activity has various effects that result in inflammation and a 
higher production rate of reactive oxygen species [80]. The aggregation of misfolded 
AAT proteins in the ER creates an overload of unfolded or misfolded proteins, leading 
to ER stress. The ER stress triggers the UPR, a cellular mechanism designed to allevi-
ate the load of misfolded proteins and restore proper ER function [79, 81]. The COPD 
model generated in transgenic human Z-AT cells in response to cigarette smoke leads 
to intracellular polymerization through oxidation in pulmonary epithelial cells and 
results in increased expression of protein genes (with upregulation of PERK mRNA 
and ATF-4 mRNA) due to cellular inflammation and ER stress, as well as excessive 
cytokine release [82].

Another known genetic factor effective in COPD is mutations in sulfatase modify-
ing factor 1 (SUMF1), which leads to the accumulation of excessively sulfated gly-
cosaminoglycans (GAGs) in the lungs. In COPD patients, SUMF1 mRNA is relatively 
more abundant in lung tissue compared to its expression levels in other tissues. 
In COPD patients, splice variant 3 is expressed at the highest levels in lung tissue 
compared to all other examined tissues [83, 84].

3.4  Hypoxia-mediated ER stress in COPD

As a result of impaired lung function, hypoxia, hypoxemia, and hypercapnia can 
develop. The resulting hypoxia can lead to endothelial dysfunction due to the imbal-
ance between vasodilation and vasoconstriction [85]. Hypoxia-inducible factor 1α 
(HIF-1α) is a transcription factor that responds to decreased cellular oxygen levels. 
In the lungs of COPD patients who smoke, the expression of HIF-1α increases due 
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to heightened hypoxia, ROS, and systemic inflammation [86, 87]. Increased mito-
chondrial ROS triggers the inflammatory process through the activation of HIF-1, 
NF-κB, and pro-inflammatory cytokines, as well as inflammatory caspases, such as 
caspase-1 and caspase-12 [88]. The ROS response indirectly induces the activation of 
proteins involved in upstream autophagy signaling pathways, such as Jun-N-terminal 
kinase (JNK) and p38 mitogen-activated protein kinase (MAPK) [58]. Numerous 
studies in the literature indicate that hypoxic environments are crucial in the pro-
cesses of tumor development, progression, and metastasis [89–91]. Under prolonged 
hypoxic conditions, the accumulation of misfolded or unfolded proteins leads to 
the activation of the UPR pathway, along with ER stress. The separation of the ER 
chaperone BIP activates the PERK pathway. Activated PERK phosphorylates eIF2, 
which upregulates the translation of ER stress response proteins, such as ATF4. In 
response to chronic ER stress, CHOP/GAAD 153 can induce death receptor 5 (DR5), 
initiating apoptosis [92–94].

3.5  Cell senescence-mediated ER stress in COPD

Cellular senescence is the cessation of the cell cycle as part of normal develop-
ment, but it can also occur in response to stressors during the life cycle. By halting 
cell growth, it prevents the proliferation of old or unfit cells, serving as a defense 
process to protect the organism from potential dangers [95]. The process of cellular 
senescence can occur through the activation of tumor suppressor p53 via the rep-
licative senescence pathway, or through the activation of cyclin-dependent kinase 
inhibitor p16INK4 in response to stress, leading to the inhibition of cyclin-dependent 
kinase-2/4. Ultimately, this results in the activation of cyclin-dependent kinase 
inhibitor p21CIP1, which causes cell cycle arrest [96, 97]. The process of cellular 
senescence is thought to be a driving force in chronic lung diseases such as COPD. In 
COPD, markers of cellular senescence, such as p16INK4a, p21CIP1, and senescence-
associated β-galactosidase (SA-β-gal), are often elevated in lung tissues [98]. In COPD 
models, exposure to cigarette smoke in mouse and human lung epithelial cells induces 
cellular senescence through the activation of the p21-poly(ADP-ribose) polymerase 
(PARP)-1 pathway and upregulation of p21 [99, 100].

4.  Conclusions and perspectives

This section examines the role of ER stress in COPD, focusing on its connection 
to inflammation, the mechanisms of UPR-triggered cellular processes, and the main 
ER stress triggers in the disease. The topics presented are extensively corroborated 
by a wealth of studies in the literature, underscoring their significance in the field. 
Research targeting therapeutic interventions and novel mediators linked to ROS, ER 
proteostasis, UPR signaling pathways, and cellular senescence—key contributors 
to COPD pathogenesis—holds substantial promise for advancing COPD treatment 
strategies.
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Chapter 5

Online Respiratory Rehabilitation 
in Patients with COPD
Paula Irina Barata and Maria Daniela Mot

Abstract

Chronic obstructive pulmonary disease (COPD) is a common preventable and 
treatable disease characterized by persistent respiratory symptoms and airflow 
limitation caused by airway or alveolar abnormalities. With the advent of the 
pandemic, online respiratory rehabilitation for patients with COPD has become a 
major point of interest for both patients and doctors. Pulmonary rehabilitation is an 
integrative approach to achieve quality, accessibility, cost-effectiveness, and patient 
participation. Studies confirm that remotely supported RP with various telemedicine 
devices is not inferior to traditional RP. Most PR interventions could be delivered in 
primary care by adopting telemedicine solutions (e.g., via smartphone) and chronic 
care model to improve timely access, enrollment and engagement for COPD patients.

Keywords: COPD, digitalization of healthcare, pulmonary rehabilitation, 
respiratory disease, spirometry

1.  Introduction

Chronic obstructive pulmonary disease represents one of the pathologies with 
the highest addressability in the emergency room and occupies a significant number 
of hospitalizations on our ward. In our country, due to the large number of smok-
ing patients, it is estimated that approximately one million people suffer from this 
pathology, more than that, it has become the third cause of death in the world, thus 
surpassing pathologies such as hypertension and diabetes.

Due to the large number of patients with obstructive pulmonary disease, I chose to 
build my work around this pathology because every day both doctors and nurses are 
in the situation of caring for such a patient, which practically represents a challenge.

Another reason why I chose this topic is the fact that lately, we are no longer talk-
ing about a single disease, but it is important to redefine the phenotypes for personal-
izing the treatment of patients, which I will detail in the general part of the paper.

The most important thing is that recently, more and more doctors have chosen 
to introduce COPD patients to pulmonary rehabilitation programs, which has led 
to a significant increase in the quality of life of patients and if the COVID pandemic 
has brought many disasters worldwide in terms of as far as pulmonary rehabilitation 
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is concerned, it has brought an extraordinary benefit by performing the exercises 
at a distance, that is, in the online environment. The patients were able to carry 
out their training inside their home through online platforms with the hospital’s 
physiotherapists such as ZOOM or even already registered platforms such as the 
PNEUMOCONTROL application made by the specialists of the Victor Babeș hospital 
in Timișoara, a platform that can be enjoyed by the entire population.

Although at first, every doctor was perhaps reserved about this online approach to 
rehabilitation exercises, it later proved to be extremely successful with patients as they 
no longer had to travel to the hospital for a new program and could do it from inside their 
home, and more than that, the patients’ feed-backs were extraordinarily good because 
they also had the support of their families, and then everything was much easier.

2.  Online respiratory rehabilitation in patients with COPD

Chronic obstructive pulmonary disease is a real problem worldwide, being ranked 
as the third cause of death and occurring mostly in underdeveloped countries. By the 
year 2030, a decrease in premature deaths caused by non-communicable diseases such 
as chronic obstructive pulmonary disease is desired, but due to the increasing number 
of smokers, this is quite difficult to achieve [1]. Until 2019, we were talking about a 
number of more than 3 million people who died because of this pathology, a number 
that will increase progressively from 1 year to the next [2].

Like most lung pathologies, COPD is underdiagnosed both in Romania and in 
other European countries, patients tending to go to the medical service when they 
have an exacerbation and most of the time their lung function is already very low 
which leads to a well-known symptomatology marked, by dyspnea and fatigue 
accompanied by a chronic cough. Thus, we are surprised that at this moment the 
patients are already in stages III or IV on the GOLD scale.

In order to better understand this pathology, we must know that the term COPD 
was introduced in 1960, thus bringing together the two pathologies that are the basis 
of chronic obstructive pulmonary disease, namely chronic bronchitis and pulmonary 
emphysema. It is characterized by a chronic obstruction of the airways that is often 
incompletely reversible and with a high degree of progressivity, especially if the 
patient does not stop smoking or exposure to respiratory noxes and does not correctly 
follow the treatment recommended by the attending physician. It is also a pathology 
that in turn causes other comorbidities, making the status of this type of patient more 
and more difficult.

Regarding the way this disease occurs, it should be noted that smoking is the main 
cause of the disease, but of course, there are other causes that we will go over below.

• Smoking—first of all, we must know that in our brain, there is a nicotinic receptor 
that is stimulated by nicotine and thus the release of dopamine occurs, which gives 
people a feeling of pleasure and satisfaction when they light up a cigarette, but this 
does not last very long and the smoker will want to light up a cigarette again, and 
this interval will progressively decrease, and this leads to more and more cigarettes 
consumed per day. Smoking has been shown to kill more people than alcohol, traffic 
accidents, illegal drugs, obesity, suicide attempts, or murder combined. Passive 
smoking is also not to be neglected, and here we are talking about second-hand and 
third-hand smoking, with which ordinary people are not very familiar [3].



85

Online Respiratory Rehabilitation in Patients with COPD
DOI: http://dx.doi.org/10.5772/intechopen.1007322

• Genetic factors—although it is not a fully elucidated subject, even if there are 
family and twin studies regarding this issue, we must still remember the defi-
ciency of alpha 1 antitrypsin, coded by SERPINA1 genes, a 52kd glycoprotein 
that has the highest impact on neutrophil elastase (this being involved in the 
destruction of the alveolar wall).

• Age and sex—in terms of age, COPD is the prerogative of people over 50 with a 
significant history of smoking, and in terms of gender we can say that recently 
studies have shown an equal prevalence between the sexes. Age can also be an 
important risk factor because it has already been proven that even when a person 
is not a smoker, after the age of 35 they start to lose their lung function.

• Other factors—atmospheric pollution, nutrition, occupational exposure to noxes 
and gases, asthma and bronchial hyperactivity, infections.

The symptomatology of the patient with obstructive pulmonary disease is quite 
well defined and is more obvious at night and in the morning, although patients tend 
to neglect it for a long time, being already familiar with it and basing this aspect on 
smoking. But the most important symptoms that appear are marked by

• Cough with expectoration which can sometimes become muco-purulent when 
we talk about exacerbations and which most frequently occurs in the morning 
upon waking up and which can sometimes be in a much larger quantity than 
usual if there is a concomitant COPD-bronchiectasis, patients who are perfect 
candidates for pulmonary rehabilitation programs.

• Dyspnea is the second symptom that is perceived in the patient with COPD, 
being progressive and felt more and more once the patient shows significant 
decreases in Forced Expiratory Volume (FEV1). It is also important to quan-
tify the dyspnea of our patients through scales such as Modified Medical 
Research Council (mMRC), BORG to be able to have a clearer picture of the 
patient.

• Wheezing, not always perceptible. When there is it is generated especially by 
quasi-permanent narrowing of the bronchial lumens, the presence of secretions, 
and often also bronchospasm.

• Chest pains, gastro-esophageal reflux; installation a pneumothorax through the 
rupture of an emphysematous bulla.

• Limited exercise capacity due to dyspnea, muscle dysfunction, and 
deconditioning.

• Symptoms related to the comorbidities and/or systemic effects of COPD.

The diagnosis of this pathology is not a very complicated one, and suspicion 
should be raised in all patients who have a history of smoking or occupational expo-
sure accompanied by cough, dyspnea, morning expectoration, and of course these 
things being completed by a spirometry and a lung X-ray.
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In some cases, chest pain may also occur due to increased pressure in the pulmo-
nary artery—right angle or in the case of emphysema patients, a pneumothorax may 
occur due to the bursting of an emphysema bubble.

Returning to the two symptoms—cough and dyspnea, it is important to note 
that the first one is more frequent in the morning, it is mostly chronic and presents 
exacerbations in the cold season, it can change its character by becoming purulent, 
and a larger amount of sputum suggests most often an advancement of the disease 
toward the association of bronchiectasis. The installation of dyspnea most often starts 
to worry the patient because at this stage he can no longer carry out his daily activi-
ties normally, and compared to asthmatic patients, the dyspnea of the patient with 
COPD is persistent and progressive, being marked by the functional decline of FEV1. 
There are two highly used and beneficial scales that are used in the quantification of 
dyspnea, namely the mMRC and the BORG scale.

The mMRC presents five grades depending on the severity of the patient and is an 
extremely easy-to-use scale.

• Grade 0: dyspnea during intense physical exertion.

• Grade 1: dyspnea when walking fast or climbing a gentle slope.

• Grade 2: walking slower than people of the same age due to dyspnea, or the need 
to stop when climbing a floor at your own pace.

• Grade 3: forced to stop after less than 100 m of self-paced walking due to 
dyspnea.

• Grade 4: dyspnea too marked to be able to leave the house, or when performing 
routine activities such as washing or dressing.

Another clinical characteristic is represented by the frequently exacerbating 
patient in which the symptomatology is potentiated and most of the time this exac-
erbation occurs due to a viral or bacterial respiratory infection and usually these 
amplify three determinant factors for the cardiopulmonary risk contributing to the 
increased risk of events cardiac and pulmonary.

Another important point once the diagnosis of COPD has been established is 
its classification using the Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) scale for a correct approach and correct treatment for the patient with COPD 
(Table 1 and Figure 1) [2].

In patients with FEV1/FVC < 0.70

GOLD 1 Easy VEMS ≥80% as predicted

GOLD 2 Medium 50% ≤ VEMS <80% as predicted

GOLD 3 Severe 30% ≤ VEMS <50% as predicted

GOLD 4 Very severe VEMS ≤30% as predicted

Adapted GOLD Guideline 2024 [2].

Table 1. 
Severity grades of COPD.
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Also the investigation of a patient with COPD is extremely important and we men-
tion some of the most important investigations

• Functional explorations—spirometry is the GOLD standard in the diagnosis of 
COPD where we can observe an obstructive ventilatory dysfunction, the value of 
which does not change when taking a bronchodilator (FEV1 ˂ 80%, FEV1/FVC ˂ 
0.7 of the predicted value), the factor of carbon monoxide transfer which assesses 
emphysematous damage and most importantly the 6-minute walk test which in 
clinical practice is often neglected but which brings valuable information about the 
patient. The 6-minute walk test (6MWT) measures the patient’s maximum distance 
covered in 6 minutes. At the beginning and at the end of the test, the dynamics of 
the following parameters are evaluated: SaO2, AV, dyspnea according to the Borg 
scale and fatigue. In clinical practice, the 6MWT is important in evaluating progno-
sis, predicting mortality, and the effectiveness of certain therapies [2].

• Laboratory analysis—in the case of patients with hypercapnic respiratory 
failure, it is very beneficial to monitor the Pco2 value through an ASTRUP-type 
gasometry because they frequently show significant increases in carbon dioxide, 
decreases in oxygen, changes in blood Ph, but also increases in bicarbonate 
through a compensatory metabolic mechanism, polycythemia occurs in the 
context of chronic hypoxemia and may be an indicator of the need to institute 
long-term oxygen therapy, changes in eosinophils.

• EKG—may indicate right heart hypertrophy that precedes chronic pulmonary 
heart disease.

• Imaging—lung X-ray in the case of patients with COPD is not necessarily a helpful 
investigation in the early stages because most of the time this is normal, it can be 
useful in the case of exacerbations where it can present a pneumonic focus, or in 
advanced cases through bursting an emphysema bubble to visualize a pneumotho-
rax or when hyperinflation, flattening of the diaphragm, and increased diameter of 
the pulmonary artery occur. CT is not a routine investigation, but it can be useful in 
some situations, namely the follow-up of emphysematous progression.

Figure 1. 
COPD classification adapted according to the GOLD 2024 guideline [2].



Immunopathology of Chronic Respiratory Diseases

88

The treatment of patient with COPD is quite well-known, and here of course 
we are talking about correct management marked by the reduction of risk fac-
tors, hospitalizations, exacerbations, and appropriate pharmacological and 
non-pharmacological treatment. As for non-pharmacological treatment, it lends 
itself to lung volume resection surgery, lung transplantation, and respiratory 
rehabilitation.

Recently, respiratory rehabilitation has occupied an extremely important place in 
the pulmonology departments, and it should be emphasized that it is good to start as 
soon as possible, namely from stage II GOLD, and according to the definition of ATS, 
ERS, in fact, respiratory rehabilitation is a multidisciplinary condition including, in 
addition to classic exercises, psycho-social programs, elements of nutrition and diet, 
individual education programs with the help of online platforms. Most programs 
start from the hospital (in-patient program) and it is very important for the patient to 
continue at home for the desired results (out-patient program), and the duration of 
such a program is at least 2 months [2].

What is the role of a rehabilitation program in the case of a patient with COPD?

• Reduction of patient mortality and hospitalizations.

• Reduction of exacerbations and addressability to the on-call room, thus reducing 
the costs for such patients.

• Reducing symptoms and even improving them by decreasing the degree of 
dyspnea and improving the patient’s cough.

• Reintegration into social and professional life.

• Improving the patient’s quality of life through quality sleep, optimizing nutri-
tional status.

• Increasing resistance to effort.

2.1  Indications and contraindications

The start of a pulmonary rehabilitation program can be done at any stage of the 
disease’s evolution, whether we have a patient in the condition period, in exacerba-
tion or a patient at home with the appropriate treatment. Although patients are still 
not very familiar with these programs recently, especially post-COVID, respiratory 
rehabilitation has started to gain more and more ground. So we have some indications 
that we should follow in our patients.

• Dyspnea at rest or on exertion (mMRC grade III) [4]

• Hypoxic or hypercapnic respiratory failure

• Reduced exercise tolerance

• Weight loss due to prolonged respiratory effort

• Significant degradation of symptoms
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Contraindications in the case of a rehabilitation program can be absolute or rela-
tive; in the first category, we find the following pathologies.

• Severe pulmonary hypertension, recent myocardial infarction, angina pectoris

• Bone fractures

• Transmissible infectious pathology

• Mental illness, dementia

• Recent cerebrovascular accidents

2.2  Relative contraindications

• In some countries, smoking is a relative contraindication for starting a respira-
tory rehabilitation program

• Lack of motivation

• Severe anemia

• Progressive neuromuscular disease

At the same time, a rigorous evaluation of the patient through investigations that 
assume is also important.

• Rigorous patient history

• Biological balance

• Imaging investigations—radiography, chest CT

• Spirometry, dLCO, body-plethysmography

• EKG, cardiological consultation

• Body mass index analysis

• 6 MWT

• Certain quizzes—mMRC, BORG, STOP-BANG, CAT, and SGRQ

The 6-minute walk test is the cheapest screening method, and it measures the 
distance traveled by the patient on a linear route in 6 minutes. Blood pressure, periph-
eral oxygen saturation, body mass index, and distance covered are recorded. Using 
standard formulas, the predicted distance is calculated for the patient’s age, gender, 
and height [5].

Online pulmonary rehabilitation actually involves several steps in addition to 
starting exercises to help the patient improve the two primary symptoms, namely the 
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relief of dyspnea and cough. These online programs also include education in terms 
of lifestyle, nutrition, quitting smoking, self-management of symptoms, and oxygen 
therapy. For example, one such program offered by MorlenHealth brings to the fore 
respiratory rehabilitation programs that combine individual counseling with seminars 
and exercise classes, and like other programs, these last 12 weeks, and the results are 
visible.

In 2022 Paula Irina Barata et al. They conducted a study to see if online pulmonary 
rehabilitation can be as effective as in-patient respiratory rehabilitation and exercise 
with a physical therapist. This was desired because the pandemic forced us to find 
new solutions for our patients to continue the programs that had to be carried out by 
them. This study was based on the PneumoControl application (a medical informa-
tion application) where there were all the patients who accessed this platform, and 
thus we divided them into two groups—those who were going to perform pulmonary 
rehabilitation online and those who performed the program in the ward ours for a 
period of 3 months. All those brought into the studio were evaluated in terms of lung 
volumes, 6-minute walk test, CAT questionnaire, Borg scale, test (mMRC). It was also 
taken into account that the patients were over 45 years old, without exacerbations in 
the last 3 months, without participation in a pulmonary rehabilitation program in the 
last 3 months, having a mobile phone for those who were in the online group and a 
pulse oximeter. Exclusion criteria: exacerbation in the last 3 months, other comorbidi-
ties that could interfere with their current health status, use of medications that could 
affect the response to exercise, active smoking status, musculoskeletal conditions 
that could affect exercise, a vision impairment that could affect the use of the mobile 
application, not having a stationary bike at home, a cognitive impairment that could 
affect the understanding of exercises. The duration of the program was 21 days, 5 days 
a week being led by a physiotherapist, and the patients at home were monitored 
through the mobile application (the feasibility of application was also demonstrated 
in other previous studies). Training sessions followed ATS recommendations, lasted 
45–60 minutes, and consisted of diaphragmatic breathing exercises, pursed-lip 
breathing, and strength and endurance training. Thus, 72 patients were part of the 
group of those admitted to the hospital, respectively 58 of those enrolled online, and 
comparative studies were made before and after rehabilitation in each separate group, 
followed by the comparison of the data between the two groups. Following the 21 days 
of both physical and online pulmonary rehabilitation, significant increases in the CAT, 
BORG, and mMRC questionnaires and the increase in the 6-minute test distance were 
observed in both groups. Online pulmonary rehabilitation does not appear to be at all 
inferior to classical; moreover, online pulmonary rehabilitation demonstrated greater 
increases in the CAT score and increased distance in the 6-minute test compared to 
physical rehabilitation, which is probably explained by the fact that patients feel much 
quieter at home and perform rehabilitation exercises much more thoroughly.

Also, Bourne et al. demonstrated the same in a similar study in 2017 using the 
myMHealth platform, and it practically served as a springboard for subsequent stud-
ies in opening up this online rehabilitation opportunity [6]. However, an extremely 
important thing must be pointed out regarding pulmonary rehabilitation in Romania 
compared to other countries in Europe—because the national health system in our 
country only pays for 3 weeks for carrying out the programs compared to other 
countries where the programs are run over a period of 6–12 weeks so sometimes 
comparisons in our case can be deficient, but we can say that online pulmonary 
rehabilitation is extremely welcome for both patients and hospitals by decongesting 
the large number of people who turn to our service.
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Skeletal muscle is also a key point in patients with lung disease, and exercises that 
improve its function should be emphasized because improvements in capillarization 
and increases in myoglobin levels may occur following rehabilitation.

However, telerehabilitation is not a very new method because there have been 
publications in this direction since 1998. However, since then, it has improved and 
advanced, existing both in the pulmonary, cardiac, and neurological fields.

It is also important to know that a study published in 2022 by MEGHAN RALEIGH 
et al. demonstrated through quality-of-life questionnaires that were similar in both in-
hospital and online pulmonary rehabilitation patients that there were no significant 
differences in its role for patients [7].

During the years of the pandemic, we have observed that the benefits of online 
pulmonary rehabilitation are similar to hospital ones, as demonstrated in the articles 
above, and a considerable number of patients are more open to this type of rehabilita-
tion, as some prefer the privacy of the home, others they simply reduce their costs in 
terms of an admission, and at home most have family support which has been shown 
to be another factor that positively influences patients’ progress [8].

So we can say that, indeed, pharmacological therapy remains the standard in the 
treatment of COPD, but sometimes it can be insufficient in solving a case of COPD, 
and that is why supplementing the therapy with pulmonary rehabilitation either in 
the hospital or online is of great interest and this has been demonstrated since ancient 
times when Alvan Barach showed that dyspnea can be relieved by the posture—bent 
forward.

2.3  Components of pulmonary rehabilitation

There are a number of patients who may be in an acute phase of the disease and 
it is very important for them to start rehabilitation exercises as soon as possible, so 
telerehabilitation is a favorable solution for them (Figure 2). So that online respira-
tory rehabilitation can be considered a therapeutic method that has given favorable 
results; this has been demonstrated in countless studies, but it can also be a limitation 
of this method because some patients are not familiar with the technology and then 
cannot use such equipment [9].

“Pulmonary rehabilitation is a comprehensive intervention based on a thorough 
patient assessment followed by patient-tailored therapies that include but are not 
limited to, exercise training, education, and behavior change, designed to improve the 
physical and psychological condition of people with chronic respiratory disease and to 
promote the long-term adherence to health-enhancing behaviors” [10].

So whether we introduce the patient to a rehabilitation program in the hospital or 
online, we must take into account certain assessments—risk factors such as smoking 
and sedentary lifestyle, assessment of comorbidities such as hypertension, diabetes, 
thyroid diseases, reflux gastro-esophageal, nutritional factors through BMI assess-
ment, psychological assessment to detect depression or anxiety, sleep assessment is 
a point of maximum importance either through polygraphy or somnography, assess-
ment of the quality of life through the SGRQ test.

Also, recently, studies have been done, and it has been shown that listening to 
music while performing rehabilitation exercises leads to better adherence to the 
program because patients feel more relaxed and happier and can more easily com-
plete the rehabilitation program. Jun Okamoto et al. demonstrated in a study that 
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music therapy has beneficial effects on COPD patients with dyspnea but did not 
show significant changes in depression and anxiety, which were expected to improve 
significantly, but there are still not enough studies in this direction. But I believe that 
online pulmonary rehabilitation and music therapy can have extremely good effects 
on patients [11]. Minghui Shi et al. have tried more than that, namely a combination 
of pulmonary telerehabilitation with music therapy and controlling the patient’s 
breathing by singing—COPDMELODY, only that this combination has some short-
comings because it is quite difficult to control the patient at home, most studies of this 
kind doing- in the hospital [12].

3.  Conclusions

Pulmonary rehabilitation addresses several lung pathologies that present airflow 
limitation, hyperinflation, hypoxemia, and hypercapnia, but COPD remains the 
pathology with the greatest addressability and the most convincing results so far, 
something proven in countless studies. The role of rehabilitation is very clear: it 
is aimed at increasing the quality of life, re-introducing the patient into the social 
environment, resuming the best quality of daily activities, reducing compliance, 

Figure 2. 
Components of pulmonary rehabilitation.
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and reducing symptoms. Patient assessment must be done rigorously using different 
scales—mMRC, CAT, SaO2, cough questionnaires, spirometry, Dlco, BORG, 6MWT, 
and interdisciplinary consultations.

The COVID-19 pandemic has brought new challenges related to the need for social 
distancing to prevent the transmission of the infection so that long-encouraged online 
pulmonary rehabilitation is highly accessible, cheap, and has benefits, as demon-
strated by numerous studies. In most cases, patients were delighted with this rehabili-
tation method and we can say that it remains a flexible option for those who cannot go 
to the hospital for various reasons.

The studies carried out over time comparing the two methods of rehabilitation—
in the hospital and online at home showed favorable results in terms of increasing 
tolerance to effort, reducing symptoms, and increasing the level of physical activity, 
but a weak point it would be the fact that telerehabilitation has a limitation, namely 
the patients’ ability to use the connecting devices, especially since we are talking 
about COPD, which is a pathology that appears in old age.
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Abstract

The interplay between physical activity and the immune system has garnered 
significant attention, especially in the context of respiratory diseases. Understanding 
this relationship is crucial, given the global burden of respiratory conditions such 
as COVID-19, influenza, and other upper respiratory tract infections (URTIs). This 
proposal aims to explore how physical activity can serve as an immunity booster and 
its potential in treating immunopathological conditions in respiratory diseases. The 
COVID-19 pandemic has further underscored the importance of maintaining physical 
activity to mitigate the adverse effects of prolonged inactivity on the immune system. 
Immobilization due to hospitalization and quarantine can downregulate immune 
responses, making individuals more susceptible to severe outcomes from respiratory 
infections. This research has the potential to inform public health recommendations 
and clinical practices aimed at leveraging physical activity as a non-pharmacological 
intervention to boost immunity and manage respiratory diseases. By establishing a 
clear connection between exercise and immune function, this study will contribute to 
the development of holistic treatment approaches for respiratory conditions, ulti-
mately improving patient outcomes and reducing healthcare burdens.

Keywords: immunity, physical activity, respiratory illness, immobilization, holistic 
approach

1.  Introduction

Physical activity has a powerful impact on the immune system, as it boosts preven-
tive and recovery mechanisms in virtually all health scenarios. First, regular exercise 
increases immune surveillance by more T-cells and natural killer (NK) cells circulat-
ing, which makes it easier for the body to recognize these invading pathogens. This is 
the “J-curve” relationship, whereby moderate exercise strengthens immune function 
but intense prolonged activity impairs it through elevation of stress hormones such as 
cortisol.

In the longer term, habitual moderate-intensity exercise has been related to lower 
rates of upper respiratory tract infections (URTIs), proving its immunosuppressive 
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effect. In the early or recovery stages of infections, easing back into a light activity 
may be beneficial to healing but needs careful moderation so as not to overwhelm 
an already stressed immune system. In immobile patients, either hospitalized or 
subjected to quarantine, early mobilization halts the immune deprivation induced by 
inactivity that leads to increased susceptibility to infections.

In patients with chronic respiratory diseases, exercise enhances pulmonary 
function and attenuates systemic inflammation by reducing plasma levels of pro-
inflammatory mediators. The presence of both physical and psychological benefits 
highlights the need to incorporate physical activity into public health and clinical 
guidelines for immune and respiratory health [1].

2.  Mechanisms of immune modulation through physical activity

Physical activity is defined as any movement that causes one to expend energy 
above basal levels, such as carrying out work, walking, or playing. When there is order 
and repetition with the aim of improving fitness level, it is termed physical exercise. 
Exercise, as a regime, may be classified as acute or chronic in nature. Acute exercises 
are quick and bring about physiological alterations like an enhanced heart rate or stir-
ring immune cells into action. Conversely, chronic exercises bring about transforma-
tion due to changes in metabolism or lowered inflammation. Physiological responses 
are influenced by the intensity and volume of exercise undertaken with measurement 
of VO2max offering crucial insights regarding aerobic fitness.

2.1 Physical activity vs. physical exercise

The word physical refers to any bodily movement produced by skeletal muscles 
and the energy expenses other than that of rest. It covers basic work activities such as 
house chores or construction work, means of transport like walking or cycling, as well 
as leisure activities such as dancing or playing sports. If physical activity is carried out 
in an organized and repetitive manner with the aim of enhancing one’s fitness, it gets 
called physical exercise. Both physical activity and exercise are capable of eliciting 
acute or chronic effects, the latter being the eventual outcome of systematic physical 
training over time.

The magnitude and pattern of an individual muscle’s contraction at any given 
moment influences the physiological response of any exercise performed as well 
as its effectiveness. One imperative factor determining the scope of muscular and 
cardiopulmonary systems during exercise is the often used term percentage of 
maximum oxygen uptake VO2max. VO2max is the term used to express the capability 
of the respiratory and cardiovascular system to supply oxygen to working muscles 
and muscles’ capability to use it effectively. Viewed in non-exercising subjects, the 
untrained usually does about 15 times VO2 max where oxygen intake is 15 times in 
rest. For endurance athletes, this figure is 25 times higher [1].

2.2 Physiological attributes of physical activity

What happens in the body’s homeostasis immediately following a single acute 
exercise session? According to research, rapid changes such as an increase in heart 
rate and a redistribution of immune cells typically occur. These acute responses are 
necessary to ensure the higher energy and oxygen requirements of a muscle that is 
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contracting in some way. An energy “crunch” is created during muscular activity and 
leads to the production of reactive oxygen species (ROS), which is recognized as the 
stress signal. ROS at moderate level allows the body to adapt and reinforce antioxidant 
defenses; however, overproduction due to high intensity workouts contributes to 
severe oxidative stress which causes damage to cells and exacerbates inflammatory 
cytokines.

Chronic exercise puts pressure on certain muscles that over time creates bio-
chemical adjustments such as improved metabolic efficiency and lowered levels of 
inflammation. Specialized and tailored exercises at a moderate frequency like aerobic 
exercises prevent an individual from stress by producing anti-inflammatory cytokines 
due to a decrease in oxidative stress, thus preventing inflammatory diseases even that 
of respiratory system. On the other hand, a lack of exercise does not seem to disturb 
the body condition greatly, and so, these improvements are not seen [2].

2.2.1 The dose: Response relationship between physical activity and health effects

Although it seems simple, the relationship between exercise and immune func-
tion is not straightforward; a comprehensive approach is required in creating an 
optimal exercise routine. Moderate intensity exercise improves immune compliance 
and decreases chronic inflammation; intensive or prolonged exercise, however, may 
exhibit effects opposite to that [1].

As for any medicine, there is also a dose–response relationship in physical activ-
ity and health outcomes. According to the J-curve hypothesis, there is clear relation 
between the volume of physical activity performed and benefits accrued from it: 
exercise has dose-dependent benefits, but usage of too much exercise serves to 
provide no benefits, and in many cases, even decreases in health outcomes. Moderate 
amounts of exercising will prevent and work against viral disease, and also allow for 
healthy metabolic control; however, intense exercising for extended periods can lead 
to reduced immune function, free radical imbalances, and other health hazards. As 
such, an ideal exercise program should be specifically tailored for the subject in ques-
tion (Figure 1).

Figure 1. 
J-curve relation between exercise intensity and immunity [3].
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Regular exercise has strong benefits for the respiratory system, with moderate 
intensity exercise increasing both innate and adaptive immunity and subsequently 
decreasing the frequency and intensity of respiratory infections. However, athletes 
doing high volume training and training loads without adequate recovery may be 
more prone to respiratory infections during the “open-window” following heavy 
exercise. Apart from the immune system, regular moderate exercise has benefits of 
metabolic, cardiovascular, and neuro-endocrine health as well as decreases chronic 
inflammation and the risk of having cardiovascular diseases, type 2 diabetes, and 
neurodegenerative diseases. This dual effect of exercise on immune system and 
chronic inflammation suggests that exercise is one of the rare non-pharmacological 
modulations that can be utilized as an adjuvant to maintain health and manage 
chronic disorders [4].

2.3 The immune response to exercise

The body’s response to infection or tissue damage is inflammation, as the body 
is designed to react to these stimuli. Its biological purpose is to assist in eliminating 
infections because of its active involvement in tissue reinstatement. Notwithstanding, 
when inflammation becomes distractingly chronic or disproportional, it is associated 
with a variety of diseases such as insulin resistance, diabetes, and cardiovascular 
diseases. The immune system is highly influenced by exercise and in particular the 
inflammation process.

If inflammation is in excess levels than what is needed in the body, moderate 
exercises can help stimulate a more balanced immune response; anti-inflammatory 
cytokine IL-10 can be produced, while pro-inflammatory cytokine TNF-α can be 
inhibited during moderate intensity exercises. When a person is exercising, different 
cells of the immune system, such as neutrophils and macrophages as well as natural 
killer cells (NK cells), are deployed into the blood stream, which increases immune’s 
“eyes and ears” throughout circulation. This redistribution of immune cells to periph-
eral tissues enhances the effectiveness of the immune system, increasing its capacity 
to respond to new threats.

On the contrary, too much or too prolonged exercise can sequester native immune 
activity providing a temporary “window” of opportunity during which the acquired 
immune system can be intrinsically impaired. This span of time, around 1 to 2 h fol-
lowed by exercise, has a lower level of presence of circulation containing lymphocytes 
that in turn could predispose the body to the danger of getting infections such as 
upper respiratory tract infections (URTIs) [5].

2.3.1 Open window theory

Physical exercise should not be regarded as a neutral activity since it has an 
impact on the immune system in a variable manner with respect to mode, inten-
sity, and duration. Exercise requires energy and produces reactive oxygen species 
(ROS), which elicit immune responses that may be beneficial or harmful depend-
ing on the situation. Low to moderate intensity exercise has an anti-inflammatory 
effect that helps in reducing the chances of developing chronic diseases. Exercise 
lasting for longer periods or having increased intensity can also lead to an inflam-
matory response and decrease the immune response. The “open-window” theory 
postulates that with intense training, there is an immune suppression that lasts for 
the short term and makes the host more prone to some infections such as upper 
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respiratory tract infections (URTIs). For the first 1 to 2 h after exercise, there 
is assumed to be a temporal alteration that decreases the immune response that 
increases the risk of infections. This confusion is fueled by the fact that some 
believe this immune-suppression may be an immune response, as rest is geograph-
ically restrained immune cells to the sites of higher infection risks like the lungs 
and the gastrointestinal tract [6].

2.3.2 Innate and adaptive immune responses

The innate immune system, fundamental to the body’s first line of defense against 
infection, has been shown to be involved in the immune response to exercise.

Aerobic exercise correlates with an increase in functional NK cells, neutrophils, 
and macrophages, which are components of innate immunity; moderate intensity 
exercise recruits these cells to new locations in the body for better infection preven-
tion. However, after vigorous exercise, immune cells are often circulated out of the 
blood stream, and this phenomenon is consistent with the “open window” hypoth-
esis. This relocalization decreases the absolute numbers of immune cells in the blood 
and, in the short term, creates the risk of infections including upper respiratory tract 
infections (URTIs). Postexercise neutrophils and macrophages are crucial for infec-
tion clearance but have shown to decrease in circulation cells but migrate to infected 
tissues, which suggest that there is a focal immune system protective response that 
might compensate for the loss in circulation.

The adaptive immune response mediated by lymphocytes as well as the produc-
tion of antibodies is also mediated by exercise. Intense physical exercise seems to 
be associated with a dramatic increase in T- and B-lymphocytes populations, which 
implies some kind of stimulus on the immune system. This is then succeeded by a 
transient drop in peripheral blood lymphocyte numbers, a phenomenon known as 
lymphopenia. Instead of indicating immune system suppression, this event triggers 
gene expression in T-cells to those locations rather than inhibition of peripheral T-cells 
which induces lymphopenia.

Cytokines are also influenced by the level of exertion given. Such as in high-inten-
sity exercise activity, pro-inflammatory cytokines like interferon gamma (IFN-γ) 
and tumor necrosis factor alpha (TNF-α) are secreted that stimulate the pathway 
of immune response. However, regular and moderate exercise induces the secretion 
of anti-inflammatory cytokines including interleukin-10 (IL-10) to help control 
the immune system and reduce chronic inflammation. The ROS is stated as another 
word for oxidative stress and is toxic and damaging to living organisms and self-
cells. However, the moderate level of ROS produced through moderate exercise aids 
antioxidant level and immune balance in the body. Yet abuse of exertion in the form 
of high-intensity or long periods of exercise leads to excessive production of ROS 
that are harmful and lead to chronic inflammation and oxidative stress. The aerobic 
fitness enhances the capacity to replenish tissues, that is, muscle and the pre-exercise 
environment switches from anti to pro-inflammatory helping further strengthen 
recovery of the immune system. All these processes happen in response to physical 
activity with presence of both types of mediators in the end.

These kinds of inflammatory processes in the body are of utmost importance 
especially during- post tissue damage when microbes or structures associated with 
pathogens are recognized and destroy the microbial community. In addition, damage-
associated molecular patterns (DAMPs) released by injured or dying cells prompt 
further immune activation that assists in tissue repair and recovery [7].
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3.  Effect of physical activity on acute RTI

Acute respiratory infections (ARIs) are perhaps among the most notable etiologi-
cal health problems, which contribute to both morbidity and mortality throughout 
the world. Routine health check-ups and days spent on sick leave are often due to 
ARIs that include “common cold” and influenza whereas; more serious sections like 
pneumonia may even require a person to go to hospital or may cause death in certain 
at-risk groups. The scope for the development of newer preventative measures such as 
physical exercise has also come out quite strongly in light of the COVID-19 pandemic, 
which has been exceptional in terms of the damage caused by respiratory diseases to 
society.

Many studies have shown that the rate of ARIs has been inversely associated with 
the level of physical activity of the people, that is, the more physically active individu-
als, the lower the frequency of ARIs. A study suggests that adults who are physically 
active with moderate-to-vigorous intensity are able to decrease the frequency and 
intensity of cold-related symptoms by 46% during the study period. Other stud-
ies of similar nature highlight that the risk of ARIs, particularly pneumonia, was 
reported to be 31% lower among the physically active suggesting that exercise will 
help strengthen immune system applicability towards fighting off viral and bacterial 
infections. As many studies have shown the effect, the causative factors that have also 
been explored include the diseased population of coronary heart disease and diabetic 
population that have reported reduced hospital visits when they maintain suggested 
levels of physical health.

3.1 COVID-19

Another global health emergency: Today’s COVID-19 pandemic and many other 
conditions such as influenza and pneumonia can be classified and ranked as top most 
death-causing diseases, and all of them can be said to have an inverse relation with 
physical activity. In a large cohort study, it was found that patients that followed both 
aerobic and muscle-strengthening workouts were at a 54% lower risk of dying from 
these infections compared to those that remained inactive. This reduction was higher 
than what is noted for chronic illness and cardiovascular diseases, which indicates the 
need for exercise in those with deteriorating conditions.

This had some other helpful side effects, which are also sustainable (as in sustain-
ably positive). A two-year large cohort retrospective study conducted in the United 
Kingdom found on its outcomes that patients who met the MVPA guidelines were 
associated with significantly lower risks of hospitalization due to severe COVID-19 
or ICU admission. One analysis determined that adverse health results of COVID-19 
were increased by 149% in inactive individuals compared to physical activity recom-
mendation adherence. It should, however, be noted that not all types of exercises 
included in the investigation prevented an SARS-CoV-2 infection. Some others sug-
gested moderate doses of workouts lead to a slight positive effect reducing COVID-19 
infection but restrained spreading. The results are also consistent with the finding 
that physical activity may help control disease severity but not prevent initiation.

While the vast majority of high-quality evidence has supported physical activity 
to reduce risk for ARIs, implementations in the public health policies have not kept 
pace. The CDC has very recently said that they knew there were more factors, but just 
added inactivity to the list of high risk behaviors for severe COVID-19 adverse out-
comes. Other commentaries are echoing the sentiment for ARI prevention as a part 
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of public health guidelines, further bolstering the “Exercise is Medicine” initiative 
that extols physical activity as an important armament in combating not just chronic 
disease but also infectious illness [8].

4.  Effect of physical activity on chronic RTI

Engaging in physical activity and structured exercise is recognized as a power-
ful, non-pharmacological measure of prevention and management of a number of 
chronic diseases. A significant number of studies serve as evidence of the fact that 
higher levels of your physical activity are associated with better health, particularly 
due to musculoskeletal, cardiopulmonary, metabolic, sleep, cognitive, and pain 
management system improvements. In addition, exercise is an important factor to be 
considered in the management of disease with acute or chronic immune activation as 
it alters immune response.

4.1 Chronic obstructive pulmonary disease

Chronic obstructive pulmonary disease (COPD) is a long-term lung condition that 
causes airflow to progressively decrease accompanied by persistent cough and dys-
pnea limiting physical capacity and quality of life. Inevitably, this entails greater risk 
of cardiovascular disease (CVD), which is an important contributor to the increased 
mortality among COPD. Many patients with COPD experience physical inactiv-
ity, which is a consequence of breathing problems, tiredness, and muscle function 
impairment. This inactivity, in turn, only causes more health problems, perpetuating 
a cycle of worsening symptoms and cardiovascular strain that can ultimately increase 
mortality. This vicious cycle can be interrupted with regular physical activity, as 
improvements in cardiovascular health, lung capacity, and physical integrity are all 
important factors associated with COPD.

Even low to moderate volumes of habitual exercise can substantially reduce all-
cause mortality in this group. Physical activity improves heart rate, blood pressure, 
and vascular function that are often impaired in patients with COPD, and thereby, 
exercise reduces cardiovascular load. Consequently, it causes a decrease in the risk of 
heart disease (a common comorbidity and a leading cause of death in COPD, which 
is achieved by decreasing cardiovascular stress. Also, regular exercise helps control 
comorbidities (hypertension and diabetes), which in turn reduces mortality.

People who are physically active (PA) regularly live longer than those who sensibly 
stay away from PA. Physical activity enhances the working capacity of both the lungs 
and muscles, which can help COPD patients better, carry out daily tasks, and live 
independently [9].

4.2 Asthma

Asthma, as a chronic pulmonary disease with acute bouts of airway inflammation 
and constriction, results in symptoms such as wheezing, breathlessness, and cough-
ing. Standard protocol for treating asthma typically emphasizes pharmacological 
interventions like inhaled corticosteroids and bronchodilators to control symptoms 
and prevent flare-ups. However, incorporating physical exercise into asthma manage-
ment can surely enhance patient outcomes by taking into account both the physical 
and psychological dimensions of the disease.
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Regular moderate-intensity physical exercise offers multiple reimbursements for 
individuals with asthma. It can improve cardiopulmonary fitness, lessen systemic 
inflammation, and improve the whole quality of life. While asthma patients may 
choose not to exercise because primary asthma symptoms get triggered or EIB may 
occur, but still, exercise helps in the long-term control of asthma. Physical exercise 
enhances respiratory muscle strength and function and also decreases inflamma-
tion within the airways and, correspondingly, rate of exacerbations. Also, physical 
exercise plays a role in weight loss since obesity produces poor asthma outcomes and 
contributes to disease control complications. Physical exercise shows little, if any, 
positive impact on lung functions or eradicating asthma, but the exercise boosts the 
cardiovascular and muscular endurance, which makes patients have better control 
in handling flares. Moreover, physical activity has positive impacts on the mental 
health of patients, including decreased levels of anxiety and depression that are often 
elevated in asthmatics. Mental health in turn reduces stress and symptom precipita-
tion of asthma; hence, patients get a stronger feeling of managing their illness. In 
order to obtain the most favorable outcome from physical activity, it is suggested to 
use exercise programs depending on a patient’s level of asthma control and physical 
activity. Recommendations like warm-up, stretching, using short-acting bronchodila-
tors, and a gradual buildup to exercise can prevent EIB. This applies equally to the 
educational functions of interventions as to the influence of patients’ fear regarding 
exercise; the approach helps maintain a proper level of activity without leading to 
overstress [10].

5.  Exercise in hospitalized and quarantined patients

Many patients discharged from a hospital setting can appropriately understand 
the need for care for the underlying condition that forced hospitalization. However, 
some may become dependent on care due to the most often unrecognized out-turn 
in even well managed underlying diseases, which is functional decline. This is com-
monly referred to as hospital associated functional decline (HAFD) when there is 
a drop of the ability to perform activities of daily living (ADLs) such as eating or 
dressing oneself. About 30% of all older adults admitted to a hospital are reported to 
suffer from this deficiency which higher the chances of subsequent disability, living 
in institutions, or even death. Hospitalization also poses a threat to cognition and 
exposes one to an increased risk of dementia and cognitive decline, calling for mea-
sures that must be taken to prevent adverse consequences.

One logistics weakness that explains the risk factors of such illness includes low 
amounts of physical activities while in the hospital. Although many of the admitted 
patients are physically able to ambulate, they do remain largely bedridden throughout 
the time there. About 75% of older outpatients in hospitals are shown to not walk at 
all in the duration of stay. As a result, rapid muscle wasting, loss of motion, as well 
as recurrent respiratory infections and normalization of conditions increase. This 
immobility, in addition to the psychosocial stress associated with being in hospital, 
would have devastating effects and delays recovery and chances of being readmitted 
to the hospital or even death [11].

In light of these concerns, exercise interventions are increasingly becoming the 
cornerstone of avoiding further deterioration in the physical abilities of hospitalized 
patients. Suitable mobile rehabilitation programs — that is, preventative rehabilitation 
directed at medically stable patients — promote mobility, enable activities of daily living, 
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and reduce institutionalization rates. Meta-analytic studies are conclusive that physical 
activity performed after discharging a patient from a hospital leads to better health out-
comes and lowers mortality risks. More evidence is coming forth that starting to exercise 
programs in the hospital setting may also mitigate a patient’s functional decline, improve 
his physical capacity, and increase his level of independence at the time of discharge [12].

Nevertheless, the provision of exercise programs in the hospital does come with 
certain issues. Most hospitalized patients will have numerous chronic diseases that 
makes it difficult to come up with appropriate exercise programs. Furthermore, the 
acute healthcare providers’ attention should be mainly placed at dealing with what 
we will call the primary medical condition as well as lack of emphasis on mobility 
and rehabilitation during the hospitalization period. There is a workaround to this; 
hospitals need to design easy, uncomplicated exercises that would not strain or put 
the patients at risk. Working together with the physicians, physiotherapist, and the 
rehabilitation specialists alike is very important for the effectiveness of these inter-
ventions [11].

6.  Correlation between psychological and immunological aspects of 
exercise

Physical activity, chiefly in the form of prolonged exercise such as treadmill walk-
ing or cycling, has been revealed to significantly adjust symptoms of depression and 
anxiety in individuals suffering from chronic obstructive pulmonary disease (COPD). 
This improvement is for the most part attributable to the stabilization of the hypo-
thalamic–pituitary–adrenal (HPA) axis, which in turn leads to a reduction in cortisol 
levels and settles systemic inflammation, both of which are common contributors to 
the experience of depression in chronic conditions. Furthermore, regular physical 
activity not only diminishes negative emotional states by providing mental distrac-
tions; however, it also enhances muscle strength and functional capacity, thereby 
improving the overall quality of life. The reduction in cortisol production, a hormone 
majorly associated with stress, has shown to play a crucial role in this process, as it 
supports healthier muscle metabolism and limits muscle loss. Interestingly, although 
training benefits are observable across various age groups, the response to exercise 
can differ based on factors such as gender, age, and training intensity. This suggests a 
necessity for tailored exercise regimens to maximize benefits.

These findings underscored the potential of physical exercise, not merely for 
physical health but also as a therapeutic modality for managing depression and anxi-
ety in patients with chronic diseases. However, this dual benefit is often overlooked, 
primarily because many individuals fail to recognize the profound psychological 
advantages that physical activity can yield. Although exercise is frequently associated 
with improved physical well-being, its role in enhancing mental health is equally 
significant. This comprehensive understanding is crucial for healthcare providers 
aiming to adopt a holistic approach to patient treatment [13].

7.  Guidelines for physical activity in respiratory health promotion and 
immunity

Some researchers estimate that there are about 117 million Americans that include 
one or more preventable chronic diseases. Physical activity has a beneficial impact on 
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seven out of the 10 most widespread chronic diseases according to the World Health 
Organization. Physical activity recommendations related to aerobic health-enhancing 
activity are not met by nearly 80 percent of the adults, while only about half of the 
adults meet the key guidelines for aerobic physical activity. The lack of physical activity 
in the population is related to approximately 117 billion dollars in healthcare expendi-
tures annually and about a 10 percent decline in average lifespan of humans [14].

Attempting to exercise vigorously is inherently risky and may escalate the preva-
lence of adverse cardiovascular as well as pulmonary events, primarily among individu-
als who already are on the verge of associated risk factors. The importance of such a risk 
highlights the need for individually tailored exercise protocols taking into account their 
medical condition, fitness level, and goals. Following the minimum recommended 
levels of physical activity is beneficial to health; however, more active individuals are 
likely to also gain further health and fitness improvements. But at the same time, it is 
important to find balance so that one is not harmed by being too vigorous [1].

7.1 Physical activity guidelines for Americans

The Physical Activity Guidelines for Americans (2024) emphasize that to achieve 
health benefits from exercise, there has to be progression, overload, and specific-
ity: these are some of the principles of training. Progression measures the ability 
to gradually advance the intensity or duration of a particular exercise. Overload 
considers burdening the body in more amounts than is customary in order to promote 
the adaptation within its cells and tissues. Specificity is understood in terms of the 
compliance of the exercises done with the end goal, such as improved aerobic capac-
ity, muscle strength, and even joint flexibility. The absence of at least one of these can 
greatly reduce the health benefits that come from exercising.

There is scientific evidence that light to moderate physical activity, especially 
walking and cycling lasting for 5 to 15 min for 2 to 3 times a week, is associated with 
low risks of serious musculoskeletal injuries and other known cardiovascular events. 
In view of the wide range of options regarding an activity level, individuals should 
consider their age, current fitness status, and previous experience in physical activi-
ties when progressing in plans of activities [14].

7.2 WHO guidelines for COVID-19 patients

Patients diagnosed with moderate to severe COVID-19 infections require admis-
sion to the hospital, oxygen therapy, and ICU management, especially in the pres-
ence of sepsis, acute respiratory distress syndrome (ARDS), or multi-organ failure. 
Patients with invasive mechanical ventilation are faced with muscle weakness, 
impaired physical functioning, and alteration in breathing pattern as a result of seda-
tion and prolonged bed rest, and various other challenges. Negative consequences like 
post ICU syndrome may result in low exercise tolerance, incapability in performing 
activities of daily living and poor quality of life, as well as their susceptibility for other 
respiratory infections for months or years following their discharge from the hospital 
(Table 1) [15].

7.3 Global initiative for asthma (GINA) guidelines

In the general population, including asthmatics, regular moderate-level physical 
exercise confers important health benefits including decreased cardiovascular risk 
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and improved quality of life. When it comes to chronic respiratory illness, exercise 
and physical activity have no particular effect on lung function or asthma symptoms, 
but increased cardiopulmonary fitness may be associated with a decreased likelihood 
of misdiagnosed exercise-induced dyspnea not attributable to airflow limitation as 
in asthma. According to GINA −2019, in nonobese individuals with asthma found 
improvements in levels of asthma symptom control after a combined high-protein, 
low-glycemic index diet, and high-intensity interval training, but no effect on lung 
function. Swimming training is well tolerated and improves lung function and car-
diopulmonary fitness in young asthma populations; although, contact with chlorine 
in indoor pools is of concern.

In many patients, especially those with EIB, exercise is a common evocative factor 
for their asthma symptoms, but when exercise-induced breakthrough symptoms do 
arise, they are often well-controlled with a warm-up before exercising, or SABA or 
low-dose inhaled corticosteroid-formoterol taken in advance of and/or during physi-
cal activity. At this stage of the research, there is insufficient evidence to determine 
whether particular forms of physical activity are more advantageous than others. 
Nevertheless, physical activity does not offer targeted benefits in terms of lung func-
tion or asthma symptoms with the sole exception being swimming in children with 
asthma [16].

8.  Conclusion

Besides maintaining general health, exercise is an immunity booster most sig-
nificant for dealing with acute as well as chronic pulmonary infections. The immune 
response in general is enhanced when one takes moderate exercise; this conveys an 
increased traffic of other immune competent cells including the versatile T-cells 
and natural killer cells whose function is to patrol the body in search of pathogens. 

COVID-19 patients undergo rehabilitation interventions on three levels: acute, subacute, and long-term 
recovery.

Phase Interventions Site of care

Acute • Assistance in respiratory management 
(oxygenation, chest clearance, and 
ventilation weaning)

• Maintain proper nutrition

• Prevent complications (aspiration 
pneumonia)

ICU, CCU, HDU

Sub-Acute • Early mobilization

• Breathing exercises

• Introduce independence for ADLs

• Provide psychosocial support

Hospital wards, step-down facilities

Chronic • Practice graded exercise

• Energy conservation techniques

• Respiratory rehab

Outpatient department, rehab centers, home 
services

Table 1. 
WHO guidelines for COVID-19 Rehabilitation [15].
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Physical activity also helps to decrease the degrees of inflammatory markers including 
IL-6/TNF-α to bring about a highly efficient immune setting. In the same manner, it 
enhances lung capacity and respiratory muscle strength that are so vital to patients 
with, or susceptible to respiratory illness. In this perspective, stress and anxiety are 
lowered by exercise, and cortisol, a stress hormone that negatively affects the immune 
system, is also controlled. Collectively, these advantages make physical activity an 
efficient approach for enhancing immunity and shielding against respiratory ail-
ments, thus enhancing both the short-term and chronic well-being.

© 2025 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 7

Serum Amyloid A and Lipid 
Metabolism in Idiopathic 
Pulmonary Fibrosis: A New Target 
for Antifibrotic Therapy?
Lucia Vietri

Abstract

Lipid metabolism has been demonstrated to be altered in different interstitial lung 
diseases (ILDs), including idiopathic pulmonary fibrosis (IPF); it can influence the 
pathogenesis of fibrotic lung disorders. Serum Amyloid A (SAA) is an acute-phase 
protein mainly produced by the liver in response to proinflammatory cytokines. 
Several studies I conducted on Serum Amyloid A (SAA) support the hypothesis 
that this protein could be considered a potential specific biomarker for Idiopathic 
Pulmonary Fibrosis (IPF), capable of predicting the clinical course and prognosis of 
patients. SAA may help discriminate between a pulmonary interstitial disease with an 
inflammatory substrate and progressive pulmonary fibrosis. The follow-up of serum 
SAA levels over time could help us monitor the clinical and functional progression of 
IPF patients, as well as their risk of acute exacerbation, aiming to guide these patients 
toward antifibrotic therapies and lung transplantation within the appropriate time 
window. Additionally, my research on Serum Amyloid A reinforces the hypothesis of 
the role of lipid metabolism in the fibrogenic process. SAA plays a crucial role in regu-
lating lipid metabolism and the production of matrix metalloproteinases (MMPs) in 
IPF, which are involved in extracellular matrix remodeling. SAA could be considered a 
potential therapeutic target for IPF, including through apolipoproteins.

Keywords: IPF, lipid metabolism, HDL cholesterol, SAA, biomarker

1.  Introduction

1.1 Definition of serum amyloid A (SAA)

In response to injury or trauma, the liver is capable of releasing serum amyloid A 
protein, stimulated by acute-phase cytokines. SAA shares antigenicity with amyloid 
A, the major constituent of the fibrillar component in amyloidosis [1, 2]. SAA has been 
measured in serum and bronchoalveolar lavage (BAL) in various respiratory diseases 
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(chronic inflammatory, neoplastic, and infectious). The potential clinical value of 
SAA as a biomarker for different lung diseases is the main topic of this chapter.

1.2 Protein structure and metabolism of SAA

Four genes on chromosome 11 have been identified in the human genome responsi-
ble for the synthesis of SAA1, SAA2, SAA3, and SAA4 [3]. The two acute-phase protein 
isoforms of SAA are encoded by the SAA1 and SAA2 genes; the tertiary structure of 
SAA is unknown, although the crucial role of the 10 amino-terminal residues in the for-
mation of amyloid fibrils that bind high-density lipoprotein (HDL) is well established 
[3–6]. Serum amyloid A is synthesized also by macrophages, endothelial cells, smooth 
muscle cells, adipocytes, atherosclerotic lesions, and tumor cells [4, 7]. Upon release of 
A-SAA from cells, the protein binds HDL cholesterol and enters the bloodstream; this 
complex SAA-HDL is rapidly sequestered by phagocytes and broken down by lysosomal 
proteinases (serine proteases, elastase, collagenase, and cathepsins) [8–10].

1.3  Role of SAA in inflammation and in connective tissue diseases with lung 
involvement

In inflammatory diseases, plasma concentrations of SAA have been shown to be 
thousands of times higher than the baseline value. Serum SAA levels rise three to six 
hours after an inflammatory stimulus, and it normalizes after approximately three 
days. During acute inflammation, the main proteins released in response to cytokine 
stimulation (TNF-α, IL-1, and IL-6) are SAA and C-reactive protein (CRP) [11]. The 
serum concentration of SAA can reach thousands of mg/L, depending on the severity of 
the inflammatory process. Furthermore, SAA is considered more reliable than CRP, as 
its levels normalize after those of CRP, allowing differentiation between infectious, 
neoplastic, or autoimmune processes [2]. In patients with systemic sclerosis (SSc), some 
studies have shown that serum SAA concentration correlates with pulmonary involve-
ment, which is associated with an unfavorable prognosis: they were inversely correlated 
with diffusing capacity of the lung for carbon monoxide (DLCO) rates, suggesting that 
SAA may be a biomarker of interstitial lung involvement in SSc patients [12]. The gene 
expression of SAA in patients with rheumatoid arthritis (RA) has been related to the 
transcription of extracellular matrix metalloproteinases. Increased concentrations of 
SAA have been found in synovial tissue in patients with rheumatoid arthritis [13–17].

1.4  SAA as a biomarker of acute exacerbation of chronic obstructive pulmonary 
diseases

Chronic obstructive pulmonary disease (COPD) is a disease characterized by 
persistent airflow limitation associated with chronic inflammation of the airways 
caused by agents, such as cigarette smoke, toxic gases, or even genetic predisposition. 
COPD presents with varying levels of severity depending on the degree of functional 
obstruction and clinical impairment of the patient. Acute exacerbation phases may 
occur, characterized by increased cough, sputum production/color, worsening 
dyspnea, requiring an increase in systemic and inhaled steroid therapy, and, in some 
cases, the use of antibiotic therapy and oxygen therapy. In severe cases, hospitaliza-
tion is necessary. SAA and CRP levels rise during acute exacerbations of COPD due 
to the release of cytokines from the inflammatory cascade (IL-6, IL-1β, and TNF-α). 
SAA has also been proposed as a marker for acute exacerbation of COPD [18–20].
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1.5 SAA in OSAS

A patient with obstructive sleep apnea syndrome (OSAS) exhibits significant 
snoring, a frequency of nocturnal apneas/hypopneas of varying severity, leading to 
poor sleep quality, daytime sleepiness, difficulty concentrating, and cardiovascular 
complications (secondary to the hypoxic condition). It is precisely the hypoxic 
state that induces an inflammatory response with the release of inflammatory 
mediators, including SAA and CRP. It has been shown that serum concentrations of 
SAA are higher in patients with severe OSAS than in those with mild or moderate 
OSAS. After 3 months of continuous positive airway pressure (CPAP), SAA levels 
decreased significantly in patients, with OSAS, along with parameters of cardio-
vascular risk and inflammation [21–23].

1.6 SAA in sarcoidosis

SAA induces the production of some cytokines and regulates T-helper1 (Th-1) 
lymphocytes in the immune response through interaction with the toll-like receptor 
2 (TLR-2). Increased serum levels of SAA have been reported in patients with active 
sarcoidosis [24]. Unlike angiotensin-converting enzyme (ACE), the production of 
SAA is not inhibited by immunosuppressive drugs and its use has been recommended 
during the follow-up of patients with sarcoidosis [25]. SAA is expressed by macro-
phages and giant cells of sarcoid granulomas; it is found within granulomas and is 
expressed by CD68+ macrophages and giant cells [26]. Because it is an innate regula-
tor of granulomatous inflammation that occurs in sarcoidosis through TLR-2, it offers 
new therapeutic targets.

SAA is involved in the formation of the sarcoid granuloma (likely following an 
initial mycobacterial infection). Furthermore, once released into circulation, SAA 
is able to bind to the isoform 3 of HDL, replacing apolipoprotein A1. The forma-
tion of this SAA-HDL3 complex results in reduced HDL concentrations in active 
sarcoidosis, making it a potential marker of disease activity [24, 27–29].

1.7 SAA in bronchial asthma

Bronchial asthma is a heterogeneous disease characterized by chronic airway 
inflammation with reversible bronchial obstruction (either spontaneously or fol-
lowing inhaled therapy). In allergic asthma, elevated serum levels of SAA have been 
recorded, likely in response to the cytokine cascade (IL-1β, IL-6, and IL-23) of the 
Th17 response [30–33].

1.8 SAA in lung cancer

SAA is known as an acute-phase protein involved in carcinogenesis. Elevated CRP lev-
els have been reported to have prognostic significance in lung cancer patients, and a single 
study demonstrated increased CRP-SAA levels in lung cancer patients [34]. Lung cancer 
cells have higher expression of SAA1-SAA2 than normal lung cells, in turn, the neoplastic 
cells release IL-6, which induces the hepatic release of SAA. SAA, in turn, increases the 
expression of MMP-9, which is involved in the metastasis process. Higher concentrations 
of SAA are associated with lung cancer and the protein can therefore be suggested as a 
therapeutic target to prevent lung cancer metastasis [35–40].
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1.9 SAA and SARS-COV-2

SAA serum levels were analyzed in some studies on patients affected by acute 
COVID-19.

SARS-COV-2 infection increases the SAA amyloid formation; overexpression of 
SAA does not always lead to systemic amyloidosis. SARS-COV-2 proteins can increase 
the risk of SAA fibril formation by these mechanisms:

• binding to the viral surface protein SK-9, it induces structural instability (from 
hexamer to monomer);

• an enzymatic cleavage transform monomers in smaller fragments that are found 
in SAA fibrils.

The presence of the viral protein SK-9 increases the risk of amyloid fibrils forma-
tions and deposition in the blood vessels, causing inflammation and thrombosis. It 
leads to the multisystem inflammatory syndrome observed in patients with severe 
COVID-19 with cardiovascular, gastrointestinal, dermatologic, and neurological 
symptoms [41]. Patients with severe COVID-19 have diffuse alveolar damage, which 
produces multiple inflammatory factors (IL-1, IL-6) that can rapidly induce a 1000-
fold increase in SAA serum levels (198,32 mg/l). This biomarker was significantly 
higher in patients with critical COVID-19 [42, 43].

After his release, SAA binds HDL cholesterol and this complex induces the neutro-
phil activation aggravating the degree of inflammation and leading to the worsening 
of the patient.

2.  Serological analysis project of SAA in IPF

To date, very few data are available in the literature regarding SAA and its poten-
tial role in Idiopathic Pulmonary Fibrosis (IPF), which is known to be the worst form 
of fibrosing interstitial lung disease, as it is associated with a poor prognosis and a 
survival rate of less than 5 years. IPF presents radiologically with a Usual Interstitial 
Pneumonia (UIP) pattern of pulmonary fibrosis; some patients have a stable form, 
also favored by the use of new antifibrotic drugs, while other patients have rapidly 
progressive variants with phases of acute acceleration and very rapid clinical progres-
sion. To date, we do not have a marker of severity and prognosis capable of establish-
ing the evolution early and being able to send patients early to lung transplantation. 
The prognosis of IPF patients has significantly improved with the introduction of 
antifibrotic therapies (Pirfenidone and Nintedanib), which are able to slow disease 
progression as much as possible, thereby increasing life expectancy. It would there-
fore be valuable to identify new biomarkers that enable early diagnosis of IPF and 
allow monitoring of patients to identify those with an unstable, rapidly progressive 
phenotype.

2.1 First study of SAA in IPF

In 2019, together with my research group from the University of Siena, we enrolled 
21 patients with IPF (14 male, mean age 64.8 ± 8 years) who were being followed up at 
the University of Siena, Respiratory Department. The diagnosis of IPF in the enrolled 
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patients was made after discussion within the multidisciplinary team (pulmonologist, 
radiologist, rheumatologist, pathologist, bronchoscopist), in accordance with ATS/ERS/
JRS/ALAT guidelines [44]. Clinical, functional, and immunological data were collected 
from all patients. Laboratory parameters included complete blood count with leukocyte 
differential, lipid profile, coagulation profile, lymphocyte typing on peripheral venous 
blood, serum protein electrophoresis, and iron status. The enrolled patients underwent 
functional monitoring of forced expiratory volume in 1 s (FEV1), forced vital capacity 
(FVC), total lung capacity (TLC), diffusing capacity of the lung for carbon monoxide 
(DLCO, absolute values expressed in milliliters and as percentage of predicted) every 
6 months. Patients with OSAS, those on statin therapy, and those with significant car-
diovascular diseases were excluded (as such conditions could have falsified the serum 
levels of SAA). The serum concentration of SAA was also analyzed in a control group of 
11 healthy volunteers (3 male; mean age 55 ± 11.3 years), who were not taking any medi-
cations. All patients enrolled in the study provided informed consent to participate, in 
accordance with the guidelines established by the ethics committee of the University of 
Siena. SAA was analyzed in the laboratory using the ELISA (enzyme-linked immuno-
sorbent assay) technique. All data are expressed as the mean ± standard deviation and 
the statistical analysis was performed with nonparametric tests. For statistical signifi-
cance we used the Mann-Whitney U test; correlations between variables were analyzed 
through the Spearman correlation index (r) and survival was estimated using Kaplan-
Meier curves. A p-value 0.05 was considered statistically significant.

The demographic characteristics of the enrolled population are detailed in Table 1.
The patients with IPF were older, with a significant predominance of men with 

a moderate restrictive deficit. Compared to the healthy control group, IPF patients 
exhibited significantly higher serum levels of SAA (p = 0.003) (Figure 1).

The data also revealed that SAA levels are not influenced by sex and a cut-off with 
a high AUC [area under the receiver operating characteristic (ROC) curve], 90.91% 
specificity for a cut-off value of 6067 ng/ml.

There was a negative correlation between SAA and HDL (r = −6224, p = 0.0307) 
and a significant inverse correlation between SAA and FVC percentage (r = −0.5229, 
p = 0.0150; Figure 2).

IPF HC p-value

n 21 11

Male (%) 14(66) 3(27) 0.03

Age (years) 64.8 ± 8.1 55 ± 11.3 0.01

Former smoker 16(76) 7(63) 0.45

Never smoker 5(24) 4(37) 0.45

FVC % predicted 58.4 ± 25.9 (2.3 ± 0.8) // //

FEV1% predicted 64 ± 22 (1.8 ± 0.6) // //

FEV1/FVC 78.3 ± 7.8 // //

TLC % predicted 70.2 ± 17.2 (4.5 ± 1.2) // //

DLCO % predicted 41.4 ± 15.5 // //

KCO % predicted 71.3 ± 16.6 // //

Table 1. 
Patient demographic characteristics, smoking status, and functional parameters of the study population.
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 IPF patients with a serum SAA concentration above the 75th percentile had worse 
survival (  Figure 3  ).  

 In our 2019 study, we first presented in the literature the potential profibrotic 
role of the protein SAA, which has traditionally been known only as an acute-phase 
protein. As inflammation plays a marginal role in IPF, it is interesting to investigate 
how SAA might contribute to pulmonary fibrosis. What is known from the literature 
is that hypoxia (as in the case of OSAS) induces the release of several mediators, 

  Figure 2.
  Correlation between the SAA level and percent FVC in patients with IPF (r = −0,5229; p = 0,015). FVC, forced 
vital capacity; SAA, serum amyloid A.          

  Figure 3.
  Kaplan-Meier distribution of survival in patients with idiopathic pulmonary fibrosis and serum amyloid A levels 
above or below the 75th percentile (p = 0,0018).          

  Figure 1.
  Comparison of SAA concentrations between patients with IPF (5890 ± 1852 ng/ml) and healthy controls 
(4262 ± 2023 ng/ml). IPF, idiopathic pulmonary fibrosis; SAA, serum amyloid A. *p = 0,0391.          
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including TGF-β, leading to the activation of metalloproteinases (MMP-5, MMP-7, 
and MMP-1), which in turn activate fibroblasts-myofibroblasts and promote extracel-
lular matrix deposition [3, 14, 20, 22, 45, 46]. The statistically significant and inverse 
correlation with the percentage of FVC is particularly interesting, as it suggests that 
SAA could be a prognostic marker of IPF. Indeed, the Kaplan–Meier curve showed 
that IPF patients with higher serum SAA levels have reduced survival. Thus, SAA 
might be considered a serum marker for IPF to monitor over time in order to identify 
stable patients or those with functional progression, who should be closely followed.

Once released into circulation, SAA binds to HDL3, forming a circulating com-
plex with a high affinity for macrophages. The reduction in circulating HDL levels 
increases the cardiovascular risk in IPF patients (ischemic heart disease, pulmonary 
hypertension), which are common comorbidities in this patient population [47–49].

To strengthen our hypothesis, we further expanded the study population by mea-
suring the serum concentration of SAA in other fibrosing interstitial lung diseases, 
including those secondary to connective tissue diseases (data currently under statisti-
cal analysis for upcoming publication). Furthermore, to exclude the bias of the age 
factor (and the possibility that the serum concentration of SAA may increase with age 
since IPF patients are older than healthy controls), we are analyzing the SAA in serum 
samples from healthy individuals of the same age as the IPF patients (data currently 
under statistical analysis for upcoming publication).

3.  Conclusion

Our findings about SAA support the hypothesis of such protein as a potential 
specific biomarker for IPF that can predict clinical course and prognosis of patients. 
Monitoring SAA serum levels could be useful to identify patients with rapidly 
progressive IPF disease phenotype (with functional worsening) in order to direct 
such patients to antifibrotic therapies and lung transplantation earlier. Moreover, it 
strengthens the hypothesis about the role of lipid metabolism in the fibrotic process. 
It appears that SAA plays an important role in regulating the fibrotic process (via 
MMPs) and lipid metabolism in IPF patients. Therefore, SAA could be considered a 
potential specific biomarker for IPF, as well as a possible therapeutic target.
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