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Instructions

1. Read the course material and then complete the following forms:

A. Post Test
B. Evaluation Learning Activity
C. Registration Form

2. If you are not paying by credit card, prepare a check for the amount of the course made out
to: ATrain Education, Inc.

3. Mail the completed forms and your payment to:

ATrain Education, Inc
5171 Ridgewood Rd
Willits, CA 95490

Once we receive your forms and payment, we will mail (or email, at your request) your
completion certificate. If you have any questions, please call or email Info@ATrainCEU.com.

Course Objectives
When you finish this course, you will be able to:

* Describe the clinical characteristics and pathophysiology of asthma.

*  Outline the pathophysiologic mechanisms in the development of airway inflammation

* Discuss the host and environmental factors that contribute to the development of asthma.
* Discuss the natural history of asthma in children and adults.

* Summarize the effect of interventions on natural history of asthma.
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Introduction

Asthma is a chronic inflammatory disease of the airways. In the United States, asthma affects
more than 22 million persons. It is one of the most common chronic diseases of childhood, affecting
more than 6 million children. There have been important gains since the release of the first
National Asthma Education and Prevention Program (NAEPP) clinical practice guidelines in 1991.
For example, the number of deaths due to asthma has declined, even in the face of an increasing
prevalence of the disease; fewer patients who have asthma report limitations to activities; and an
increasing proportion of people who have asthma receive formal patient education.

Hospitalization rates have remained relatively stable over the last decade, with lower rates in
some age groups but higher rates among young children 0—4 years of age. There is some
indication that improved recognition of asthma among young children contributes to these rates.
However, the burden of avoidable hospitalizations remains. Collectively, people who have
asthma have more than 497,000 hospitalizations annually. Furthermore, ethnic and racial
disparities in asthma burden persist, with significant impact on African American and Puerto Rican
populations. The challenge remains to help all people who have asthma, particularly those at high
risk, receive quality asthma care. This course presents a definition of asthma, a description of the
processes on which that definition is based—the pathophysiology and pathogenesis of asthma,
and the natural history of asthma.

Definition of Asthma

Asthma is a common chronic disorder of the airways that is complex and characterized by
variable and recurring symptoms, airflow obstruction, bronchial hyper-responsiveness, and an
underlying inflammation (Box 1). The interaction of these features of asthma determines the
clinical manifestations and severity of asthma (Figure 1) and the response to treatment. This
interaction can be highly variable among patients and within patients over time.

Box 1. Characteristics of Clinical Asthma - Symptoms

* Airway obstruction
¢ |Inflammation

* Hyper-responsiveness
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Figure 1. The Interplay and interaction between airway inflammation and the clinical symptoms and pathophysiology
of asthma. Adapted from: http: //www.nhlbi.nih.gov/guidelines/asthma /03 sec2 def.pdf

Airway
Obstruction

The concepts underlying asthma pathogenesis have evolved dramatically in the past 25 years
and are still undergoing evaluation as various phenotypes of this disease are defined and
greater insight links clinical features of asthma with genetic patterns. Central to the various
phenotypic patterns of asthma is the presence of underlying airway inflammation, which is
variable and has distinct but overlapping patterns that reflect different aspects of the disease,
such as intermittent versus persistent or acute versus chronic manifestations. Acute symptoms of
asthma usually arise from bronchospasm and require and respond to bronchodilator therapy.

Acute and chronic inflammation can affect not only the airway caliber and airflow but also
underlying bronchial hyper-responsiveness, which enhances susceptibility to bronchospasm.
Treatment with anti-inflammatory drugs can, to a large extent, reverse some of these processes;
however, the successful response to therapy often requires weeks to achieve and, in some
situations, may be incomplete.

For some patients, the development of chronic inflammation may be associated with permanent
alterations in the airway structure—referred to as airway remodeling—that are not prevented
by or fully responsive to currently available treatments. Therefore, the paradigm of asthma has
been expanded over the last 10 years from bronchospasm and airway inflammation to include
airway remodeling in some persons.

The concept that asthma may be a continuum of these processes that can lead to moderate and
severe persistent disease is of critical importance to understanding the pathogenesis,
pathophysiology, and natural history of this disease. Although research since the first NAEPP
guidelines in 1991 has confirmed the important role of inflammation in asthma, the specific
processes related to the transmission of airway inflammation to specific pathophysiologic
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consequences of airway dysfunction and the clinical manifestations of asthma have yet to be fully
defined.

Similarly, much has been learned about the host-environment factors that determine the
susceptibility of the airway to these processes, but the relative contributions of either (and the
precise interactions between them) that leads to the initiation or persistence of disease have yet to
be fully established. Nonetheless, current science regarding the mechanisms of asthma and
findings from clinical trials has led to therapeutic approaches that allow most people who have
asthma to participate fully in activities they choose. As we learn more about the pathophysiology,
phenotypes, and genetics of asthma, treatments will become available to ensure adequate
asthma control for all persons and, ideally, to reverse and even prevent the asthma processes.

As a guide to describing asthma and identifying treatment directions, a working definition of
asthma put forth in the previous Expert Panel Report remains valid. Asthma is a chronic
inflammatory disorder of the airways in which many cells and cellular elements play a role: in
particular, mast cells, eosinophils, T lymphocytes, macrophages, neutrophils, and epithelial cells. In
susceptible individuals, this inflammation causes recurrent episodes of wheezing, breathlessness,
chest tightness, and coughing, particularly at night or in the early morning. These episodes are
usually associated with widespread but variable airflow obstruction that is often reversible either
spontaneously or with treatment. The inflammation also causes an associated increase in the
existing bronchial hyper-responsiveness to a variety of stimuli. Reversibility of airflow limitation
may be incomplete in some patients with asthma.

This working definition and its recognition of key features of asthma have been derived from
studying how airway changes in asthma relate to the various factors associated with the
development of airway inflammation (e.g., allergens, respiratory viruses, and some occupational
exposures) and recognition of genetic regulation of these processes. From these descriptive
approaches has evolved a more comprehensive understanding of asthma pathogenesis, the
processes involved in the development of persistent airway inflammation, and the significant
implications that these immunological events have for the development, diagnosis, treatment, and
possible prevention of asthma.
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Pathophysiology and Pathogenesis of Asthma

Airflow limitation in asthma is recurrent and caused by a variety of changes in the airway
including bronchoconstriction, airway edema, airway hyper-responsiveness, and airway
remodeling.

Asthma

Airway in Person
with Asthma

Normal Airway

Figure 2. Normal versus asthmatic airway.
From: http://www.nhlbi.nih.gov/health/dci/images/asthma.qgif

Bronchoconstriction

In asthma, the dominant physiological event leading to clinical symptoms is airway narrowing
and a subsequent interference with airflow. In acute exacerbations of asthma, bronchial smooth
muscle contraction (bronchoconstriction) occurs quickly to narrow the airways in response to
exposure to a variety of stimuli including allergens or irritants.

Allergen-induced acute bronchoconstriction results from an IgE-dependent release of mediators
from mast cells that includes histamine, tryptase, leukotrienes, and prostaglandins that directly
contract airway smooth muscle. Aspirin and other nonsteroidal anti-inflammatory drugs can also
cause acute airflow obstruction in some patients, and evidence indicates that this non-IgE-
dependent response also involves mediator release from airway cells.

In addition, other stimuli (including exercise, cold air, and irritants) can cause acute airflow
obstruction. The mechanisms regulating the airway response to these factors are less well defined,
but the intensity of the response appears related to underlying airway inflammation. Stress may
also play a role in precipitating asthma exacerbations. The mechanisms involved have yet to be
established and may include enhanced generation of pro-inflammatory cytokines.

Airway Edema

As the disease becomes more persistent and inflammation more progressive other factors limit
airflow. These include edema, inflammation, mucus hypersecretion and the formation of inspissated
mucous plugs, as well as structural changes including hypertrophy and hyperplasia of the airway
smooth muscle. These latter changes may not respond to usual treatment.

ATrain Education, Inc.
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Airway Hyper-responsiveness

Airway hyper-responsiveness—an exaggerated bronchoconstrictor response to a wide variety
of stimuli—is a major, but not necessarily unique, feature of asthma. The degree to which airway
hyper-responsiveness can be defined by contractile responses to challenges with methacholine
(Provocholine) correlates with the clinical severity of asthma. The mechanisms influencing airway
hyper-responsiveness are multiple and include:

* Inflammation
* Dysfunctional neuroregulation
e Structural changes

Inflammation appears to be a major factor in determining the degree of airway hyper-
responsiveness. Treatment directed tfoward reducing inflammation can reduce airway hyper-
responsiveness and improve asthma control.

Airway Remodeling

In some persons who have asthma, airflow limitation may be only partially reversible. Permanent
structural changes can occur in the airway, which are associated with a progressive loss of lung
function that is not prevented by or fully reversible by current therapy.

Airway remodeling involves an activation of many of the structural cells, with consequent
permanent changes in the airway that increase airflow obstruction and airway responsiveness and
render the patient less responsive to therapy. These structural changes can include thickening of
the sub-basement membrane, subepithelial fibrosis, airway smooth muscle hypertrophy and
hyperplasia, blood vessel proliferation and dilation, and mucous gland hyperplasia and
hypersecretion (Box 2). Regulation of the repair and remodeling process is not well established,
but both the process of repair and its regulation are likely to be key events in explaining the
persistent nature of the disease and limitations to a therapeutic response.

Box 2. Features of Airway Remodling

* Inflammation

*  Mucous hypersecretion

*  Subepithelial fibrosus

* Airway smooth muscle hypertrophy

* Angiogenesis (blood vessel proliferation and dilation)
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Pathophysiologic Mechanisms in the Development of Airway

Inflammation

Inflammation has a central role in the pathophysiology of asthma. As noted in the definition of
asthma, airway inflammation involves an interaction of many cell types and multiple mediators
with the airways that eventually results in the characteristic pathophysiological features of the
disease: bronchial inflammation and airflow limitation that result in recurrent episodes of cough,
wheeze, and shortness of breath.

The processes by which these interactive events occur and lead to clinical asthma are still under
investigation. Moreover, although distinct phenotypes of asthma exist (e.g., intermittent, persistent,
exercise-associated, aspirin-sensitive, or severe asthma), airway inflammation remains a consistent
pattern. The pattern of airway inflammation in asthma, however, does not necessarily vary
depending upon disease severity, persistence, and duration of disease. The cellular profile and
the response of the structural cells in asthma are quite consistent.

Inflammatory Cells

Lymphocytes

An increased understanding of the development and regulation of airway inflammation in asthma
followed the discovery and description of subpopulations of lymphocytes, T helper 1 cells and T
helper 2 cells (Th1 and Th2), with distinct inflammatory mediator profiles and effects on airway
function. After the discovery of these distinct lymphocyte subpopulations in animal models of
allergic inflammation, evidence emerged that, in human asthma, a shift, or predilection, toward
the Th2-cytokine profile resulted in the eosinophilic inflammation characteristic of asthma.

In addition, generation of Th2 cytokines (e.g., interleukin-4 (IL-4), IL-5, and IL-13) could also
explain the overproduction of IgE, presence of eosinophils, and development of airway hyper-
responsiveness. There also may be a reduction in a subgroup of lymphocytes—regulatory T
cells—which normally inhibit Th2 cells, as well as an increase in natural killer (NK) cells that
release large amounts of Th1 and Th2 cytokines.

T lymphocytes, along with other airway resident cells, also can determine the development and
degree of airway remodeling. Although it is an oversimplification of a complex process to
describe asthma as a Th2 disease, recognizing the importance of n families of cytokines and
chemokines has advanced our understanding of the development of airway inflammation.

Mast cells

Activation of mucosal mast cells releases bronchoconstrictor mediators (histamine, cysteinyl-
leukotrienes, prostaglandin D2). Although allergen activation occurs through high-affinity IgE
receptors and is likely the most relevant reaction, sensitized mast cells also may be activated by
osmotic stimuli to account for exercise-induced bronchospasm (EIB). Increased numbers of mast
cells in airway smooth muscle may be linked to airway hyper-responsiveness. Mast cells also can
release a large number of cytokines to change the airway environment and promote inflammation
even though exposure to allergens is limited.
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Eosinophils

Increased numbers of eosinophils exist in the airways of most, but not all, persons who have
asthma. These cells contain inflammatory enzymes, generate leukotrienes, and express a wide
variety of pro-inflammatory cytokines. Increases in eosinophils often correlate with greater asthma
severity. In addition, numerous studies show that treating asthma with corticosteroids reduces
circulating and airway eosinophils in parallel with clinical improvement.

However, the role and contribution of eosinophils to asthma is undergoing a reevaluation based
on studies with an anti-IL-5 treatment that has significantly reduced eosinophils but did not affect
asthma control. Therefore, although the eosinophil may not be the only primary effector cell in
asthma, it likely has a distinct role in different phases of the disease.

Neutrophils

Neutrophils are increased in the airways and sputum of persons who have severe asthma, during
acute exacerbations, and in the presence of smoking. Their pathophysiological role remains
uncertain; they may be a determinant of a lack of response to corticosteroid treatment. The
regulation of neutrophil recruitment, activation, and alteration in lung function is still under study,
but leukotriene B4 may contribute to these processes.

Dendritic Cells

These cells function as key antigen-presenting cells that interact with allergens from the airway
surface and then migrate to regional lymph nodes to interact with regulatory cells and ultimately
to stimulate Th2 cell production from naive T cells.

Macrophages

Macrophages are the most numerous cells in the airways and also can be activated by allergens
through low-affinity IgE receptors to release inflammatory mediators and cytokines that amplify
the inflammatory response.

Resident Cells of the Airway

Airway smooth muscle is not only a target of the asthma response—by undergoing contraction
to produce airflow obstruction—but also contributes to it (via the production of its own family of
pro-inflammatory mediators). As a consequence of airway inflammation and the generation of
growth factors, the airway smooth muscle cell can undergo proliferation, activation, contraction,
and hypertrophy—events that can influence airway dysfunction of asthma.

Epithelial Cells

Airway epithelium is another airway lining cell critically involved in asthma. The generation of
inflammatory mediators, recruitment and activation of inflammatory cells, and infection by
respiratory viruses can cause epithelial cells to produce more inflammatory mediators or fo injure
the epithelium itself. The repair process, following injury to the epithelium, may be abnormal in
asthma, thus furthering the obstructive lesions that occur in asthma.

Inflammatory Mediators
Chemokines are important in recruitment of inflammatory cells into the airways and are mainly
expressed in airway epithelial cells. Eotaxin is relatively selective for eosinophils, whereas thymus
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and activation-regulated chemokines (TARCs) and macrophage-derived chemokines (MDCs)
recruit Th2 cells. There is an increasing appreciation for the role this family of mediators has in
orchestrating injury, repair, and many aspects of asthma.

Cytokines direct and modify the inflammatory response in asthma and likely determine its
severity. Th2-derived cytokines include IL-5, which is needed for eosinophil differentiation and
survival, and IL-4 which is important for Th2 cell differentiation and with IL-13 is important for IgE
formation. Key cytokines include IL-1[] and tumor necrosis factor-[1 (TNF-[1), which amplify the
inflammatory response, and granulocyte-macrophage colony-stimulating factor (GM-CSF), which
prolongs eosinophil survival in airways. Recent studies of treatments directed toward single
cytokines (e.g., monoclonal antibodies against IL-5 or soluble IL-4 receptor) have not shown
benefits in improving asthma outcomes.

Cysteinyl-leukotrienes are potent bronchoconstrictors derived mainly from mast cells. They are
the only mediator whose inhibition has been specifically associated with an improvement in lung
function and asthma symptoms. Recent studies have also shown leukotriene B4 can contribute to
the inflammatory process by recruitment of neutrophils.

Nitric oxide (NO) is produced predominantly from the action of inducible nitric oxide synthase in
airway epithelial cells; it is a potent vasodilator. Measurements of fractional exhaled NO (FeNO)
may be useful for monitoring response to asthma treatment because of the purported association
between FeNO and the presence of inflammation in asthma.

Immunoglobulin E (IgE)

IgE is the antibody responsible for activation of allergic reactions and is important to the
pathogenesis of allergic diseases and the development and persistence of inflammation. IgE
attaches to cell surfaces via a specific high-affinity receptor. The mast cell has large numbers of
IgE receptors; these, when activated by interaction with antigen, release a wide variety of
mediators to initiate acute bronchospasm and also to release pro-inflammatory cytokines to
perpetuate underlying airway inflammation. Other cells, basophils, dendritic cells, and
lymphocytes also have high-affinity IgE receptors.

The development of monoclonal antibodies against IgE has shown that the reduction of IgE is
effective in asthma treatment. These clinical observations further support the importance of IgE to
asthma.

Implications of Inflammation for Therapy

Recent scientific investigations have focused on translating the increased understanding of the
inflammatory processes in asthma into therapies targeted at interrupting these processes. Some
investigations have yielded promising results, such as the development leukotriene modifiers and
anti-lgE monoclonal antibody therapy.

Other studies, such as those directed at IL-4 or IL-5 cytokines, underscore the relevance of multiple
factors regulating inflammation in asthma and the redundancy of these processes. All of these
clinical studies also indicate that phenotypes of asthma exist, and these phenotypes may have very
specific patterns of inflammation that require different treatment approaches.

Current studies are investigating novel therapies targeted at the cytokines, chemokines, and
inflammatory cells farther upstream in the inflammatory process. For example, drugs designed to
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inhibit the Th2 inflammatory pathway may cause a broad spectrum of effects such as airway
hyper-responsiveness and mucus hypersecretion. Further research into the mechanisms responsible
for the varying asthma phenotypes and appropriately targeted therapy may enable improved
control for all manifestations of asthma, and, perhaps, prevention of disease progression.

Pathogenesis

What initiates the inflammatory process in the first place and makes some persons susceptible to
its effects is an area of active investigation. There is not yet a definitive answer to this question,
but new observations suggest that the origins of asthma primarily occur early in life.

The expression of asthma is a complex, interactive process that depends on the interplay between
two major factors—host factors (particularly genetics) and environmental exposures that occur at
a crucial time in the development of the immune system.

Genetic Predisposition

Allergy

Asthma
Environmental Factors

*Indoor Allergens

*Endotoxin (LPS)
*Environmental Tobacco Smoke
+Viral Infections

Qutdoor Pollution

Figure 3. Effects of genetic predisposition and environmental factors on asthma.
Adapted from: http: //www.niehs.nih.gov/research/atniehs/labs/Irb /enviro-cardio /images/asthma.gif. National
Institute of Environmental Health Studies, NIH.

Host Factors

Innate Immunity

There is considerable interest in the role of innate and adaptive immune responses associated with
both the development and regulation of inflammation. In particular, research has focused on an
imbalance between Th1 and Th2 cytokine profiles and evidence that allergic diseases, and
possibly asthma, are characterized by a shift toward a Th2 cytokine-like disease, either as
overexpression of Th2 or under-expression of Th1.

Airway inflammation in asthma may represent a loss of normal balance between two “opposing”
populations of Th lymphocytes. Two types of Th lymphocytes have been characterized: Th1 and
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Th2. Th1 cells produce IL-2 and interferon-Y (IFN- Y), which are critical in cellular defense
mechanisms in response to infection. Th2, in contrast, generates a family of cytokines (IL-4, -5, -6, -
9, and -13) that can mediate allergic inflammation.

The current “hygiene hypothesis” of asthma illustrates how this cytokine imbalance may explain
some of the dramatic increases in asthma prevalence in westernized countries. This hypothesis is
based on the assumption that the immune system of the newly born is skewed toward Th2 cytokine
generation. Following birth, environmental stimuli such as infections will activate Th1 responses and
bring the Th1 / Th2 relationship to an appropriate balance.

Evidence indicates that the incidence of asthma is reduced in association with certain infections (M.
tuberculosis, measles, or hepatitis A), exposure to other children (e.g., presence of older siblings
and early enrollment in childcare), and less frequent use of antibiotics. Furthermore, the absence
of these lifestyle events is associated with the persistence of a Th2 cytokine pattern. Under these
conditions, the genetic background of the child who has a cytokine imbalance toward Th2 will set
the stage to promote the production of IgE antibodies to key environmental antigens, such as
house-dust mite, cockroach, Alternaria, and possibly cat. Therefore, a gene-by-environment
interaction occurs in which the susceptible host is exposed to environmental factors that are
capable of generating IgE, and sensitization occurs. Precisely why the airways of some individuals
are susceptible to these allergic events has not been established.

There also appears to be a reciprocal interaction between the two sub-populations in which Th1
cytokines can inhibit Th2 generation and vice versa. Allergic inflammation may be the result of an
excessive expression of Th2 cytokines. Alternatively, recent studies have suggested the possibility
that the loss of normal immune balance arises from a cytokine dysregulation in which Th1 activity
in asthma is diminished. The focus on actions of cytokines and chemokines to regulate and activate
the inflammatory profile in asthma has provided ongoing and new insight into the pattern of
airway injury that may lead to new therapeutic targets.

Genetics

It is well recognized that asthma has an inheritable component to its expression, but the genetics
involved in the eventual development of asthma remain a complex and incomplete picture. To
date, many genes have been found that either are involved in or linked to the presence of asthma
and certain of its features. The complexity of their involvement in clinical asthma is noted by
linkages to certain phenotypic characteristics, but not necessarily the pathophysiologic disease
process or clinical picture itself.

The role of genetics in IgE production, airway hyper-responsiveness, and dysfunctional regulation
of the generation of inflammatory mediators (such as cytokines, chemokines, and growth factors)
has appropriately captured much attention. In addition, studies are investigating genetic
variations that may determine the response to therapy. The relevance of polymorphisms in the
beta-adrenergic and corticosteroid receptors in determining responsiveness to therapies is of
increasing interest, but the widespread application of these genetic factors remains to be fully
established.

Sex

In early life, the prevalence of asthma is higher in boys. At puberty, however, the sex ratio shifts,
and asthma appears predominantly in women. How specifically sex and sex hormones, or related
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hormone generation, are linked to asthma has not been established, but they may contribute to
the onset and persistence of the disease.

Environmental Factors
Two major environmental factors have emerged as the most important in the development,
persistence, and possibly severity of asthma:

* Airborne allergens
* Viral respiratory infections

In the susceptible host, and at a critical time of development (e.g., immunological and
physiological), both respiratory infections and allergens have a major influence on asthma
development and its likely persistence. It is also apparent that allergen exposure, allergic
sensitization, and respiratory infections are not separate entities but function interactively in the
eventual development of asthma.

Allergens

The role of allergens in the development of asthma has yet to be fully defined or resolved, but it
is obviously important. Sensitization and exposure to house-dust mite and Alfernaria are important
factors in the development of asthma in children. Early studies showed that animal danders—
particularly dog and cat—were associated with the development of asthma.

Recent data suggest that, under some circumstances, dog and cat exposure in early life may
actually protect against the development of asthma. The determinant of these diverse outcomes
has not been established. Studies to evaluate house-dust mite and cockroach exposure have
shown that the prevalence of sensitization and subsequent development of asthma are linked.
Exposure to cockroach allergen, for example, a major allergen in inner-city dwellings, is an
important cause of allergen sensitization, a risk factor for the development of asthma. In addition,
allergen exposure can promote the persistence of airway inflammation and likelihood of an
exacerbation.

Respiratory Infections

During infancy, a number of respiratory viruses have been associated with the inception or
development of the asthma. In early life, respiratory syncytial virus (RSV) and para-influenza
virus in particular, cause bronchiolitis that parallels many features of childhood asthma. A number
of long-term prospective studies of children admitted to hospital with documented RSV have
shown that approximately 40% of these infants will continue to wheeze or have asthma in later
childhood.

Symptomatic rhinovirus infections in early life also are emerging as risk factors for recurrent
wheezing. On the other hand, evidence also indicates that certain respiratory infections early in
life—including measles and even RSV or repeated viral infections (other than lower respiratory
tract infections)—can protect against the development of asthma. The “hygiene hypothesis” of
asthma suggests that exposure to infections early in life influences the development of a child’s
immune system along a “non-allergic” pathway, leading to a reduced risk of asthma and other
allergic diseases. Although the hygiene hypothesis continues to be investigated, this association
may explain observed associations between large family size, later birth order, daycare
attendance, and a reduced risk of asthma.
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The influence of viral respiratory infections on the development of asthma may depend on an
interaction with atopy. The atopic state can influence the lower airway response to viral infections,
and viral infections may then influence the development of allergic sensitization. The airway
interactions that may occur when individuals are exposed simultaneously to both allergens and
viruses are of interest but are not defined at present.

Other Environmental Exposures

Tobacco smoke, air pollution, occupations, and diet have also been associated with an increased
risk for the onset of asthma, although the association has not been as clearly established as with
allergens and respiratory infections. In utero exposure to environmental tfobacco smoke increases
the likelihood for wheezing in the infant, although the subsequent development of asthma has not
been well defined. In adults who have asthma, cigarette smoking has been associated with an
increase in asthma severity and decreased responsiveness to inhaled corticosteroids (ICSs).

The role of air pollution in the development of asthma remains controversial and may be related
to allergic sensitization. One recent epidemiologic study showed that heavy exercise (three or
more team sports) outdoors in communities with high concentration of ozone was associated with a
higher risk of asthma among school-age children. The relationship between increased levels of
pollution and increases in asthma exacerbations and emergency care visits has been well
documented.

An association of low intake of antioxidants and omega-3 fatty acids has been noted in
observational studies, but a direct link as a causative factor has not been established.

Increasing rates of obesity have paralleled increasing rates in asthma prevalence, but the
interrelation is uncertain. Obesity may be a risk factor for asthma due to the generation of unique
inflammatory mediators that lead to airway dysfunction.

In summary, our understanding of asthma pathogenesis and underlying mechanisms now includes
the concept that gene-by-environmental interactions are critical factors in the development of
airway inflammation and eventual alteration in the pulmonary physiology that is characteristic of
clinical asthma.
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Natural History of Asthma

If the persistence and severity of asthma involves a progression of airway inflammation to airway
remodeling and some eventual irreversible airway obstruction, then an important question is
whether anti-inflammatory medication such as inhaled corticosteroids (ICS), given early in the
course of disease might interrupt this process and prevent permanent declines in lung function. For
early initiation of inhaled corticosteroids to be more beneficial than delayed initiation, two
assumptions must be valid:

(1) As a group, people who have mild or moderate persistent asthma experience a
progressive decline in lung function that is measurable and clinically significant, and
(2) Treatment with inhaled corticosteroids prevents or slows this decline, in addition to
providing long-term control of asthma.

Reviews of the literature were conducted in 2002 and for this current report to evaluate the
effect of intervention with inhaled corticosteroids in altering the progression of disease.

Natural History of Persistent Asthma

Children

It is well established that asthma is a variable disease. Asthma can vary among individuals, and
its progression and symptoms can vary within an individual’s experience over time. The course of
asthma over time, either remission or increasing severity, is commonly referred to as the natural
history of the disease. It has been postulated that the persistence or increase of asthma symptoms
over time is accompanied by a progressive decline in lung function. Recent research suggests that
this may not be the case. Rather, the course of asthma may vary markedly between young
children, older children and adolescents, and adults, and this variation is probably more
dependent on age than on symptoms.

A prospective cohort study in which followup began at birth revealed that, in children whose
asthma-like symptoms began before 3 years of age, deficits in lung growth associated with the
asthma occurred by 6 years of age. Continued followup on lung function measures taken at 11—
16 years of age found that, compared to the group of children who experienced no asthma
symptoms for the first 6 years of life, the group of children whose asthma symptoms began
before 3 years of age experienced significant deficits in lung function at 11-16 years of age;
however, no further loss in forced expiratory volume in 1 second (FEV1) occurred compared to
children who did not have asthma. The group whose asthma symptoms began after 3 years of
age did not experience deficits in lung function.

A longitudinal study of children 8—10 years of age found that bronchial hyper-responsiveness
was associated with declines in lung function growth in both children who have active symptoms of
asthma and children who did not have such symptoms. Thus, symptoms neither predicted nor
determined lung function deficits in this age group.

A study by Sears and colleagues in 2003 assessed lung function repeatedly from ages 9 to 26 in
almost 1,000 children from a birth cohort in Dunedin, New Zealand. They found that children who
had asthma had persistently lower levels of FEV1 / forced vital capacity (FVC) ratio during the
followup. Regardless of the severity of their symptoms, however, their levels of lung function
paralleled those of children who did not have asthma, and no further losses of lung function were
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observed after age 9.

Baseline data from the Childhood Asthma Management Program (CAMP) study support the
finding that the individual’s age at the time of asthma onset influences declines in lung function
growth. At the time of enrollment of children who had mild or moderate persistent asthma at 5—
12 years of age, an inverse association between lung function and duration of asthma was noted.
Although the analysis did not distinguish between age of onset and duration of asthma, it can be
inferred that, because the average duration of asthma was 5 years and the average age of the
children was 9 years, most children who had the longer duration of asthma started experiencing
symptoms before 3 years of age.

The data suggest that these children had the lowest lung function levels. After 4—6 years of
followup, the children in the CAMP study, on average, did not experience deficits in lung growth
(as defined by post-bronchodilator FEV 1), regardless of their symptom levels or the treatment
they received. However, a followup analysis of the CAMP data showed that a subgroup of the
children experienced progressive (at least 1% a year) reductions in lung growth, regardless of
treatment group. Predictors of this progressive reduction, at baseline of the study, were male sex
and younger age.

The CAMP study noted that when measures other than FEV1 are used to assess lung function
measures over time in childhood asthma, progressive declines are observed: the FEV1 / FVC ratio
before bronchodilator use was smaller at the end of the treatment period than at the start in all
three treatment groups; the decline in the ICS group was less than that of the placebo group
(0.2% versus 1.8%).

In a comparison of lung function measures of CAMP study participants with lung function measures
of children who did not have asthma, by year from ages 5 through 18, the FEV1 /FVC ratio was
significantly lower for the children who had asthma compared to those who did not have asthma
at age 5 (mean difference 7.3 percent for boys and 7.1 percent for girls), and the difference
increased with age (9.8% for boys and 9.9% for girls).

Cumulatively, these studies suggest that most of the deficits in lung function growth observed in
children who have asthma occur in children whose symptoms begin during the first 3 years of life,
and the onset of symptoms after 3 years of age usually is not associated with significant deficits
in lung function growth. Thus, a promising target for interventions designed to prevent deficits in
lung function, and perhaps the development of more severe symptoms later in life, would be
children who have symptoms before 3 years of age and seem destined to develop persistent
asthma. However, it is important to distinguish this group from the majority of children who
wheeze before 3 years of age and do not experience any more symptoms after 6 years of age.

Until recently, no validated algorithms were available to predict which children among those who
had asthma-like symptoms early in life would go on to have persistent asthma. Data obtained
from long-term longitudinal studies of children who were enrolled at birth have generated such a
predictive index. The studies first identified an index of risk factors for developing persistent
asthma symptoms among children younger than 3 years of age who had more than three
episodes of wheezing during the previous year. The index was then applied to a birth cohort that
was followed through 13 years of age.

Seventy-six percent of the children who were diagnosed with asthma after 6 years of age had a
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positive asthma predictive index before 3 years of age; 97% of the children who did not have
asthma after 6 years of age had a negative asthma predictive index before 3 years of age. The
index was subsequently refined and tested in a clinical trial to examine if treating children who
had a positive asthma predictive index would prevent development of persistent wheezing.

The asthma predictive index generated by these studies identifies the following risk factors for
developing persistent asthma among children younger than 3 years of age who had four or more
episodes of wheezing during the previous year:

* Either (1) one of the following:
O parental history of asthma,
0 a physician diagnosis of atopic dermatitis, or
0 evidence of sensitization to aeroallergens.

*  Or (2) two of the following:
0 evidence of sensitization to foods,
O =4 percent peripheral blood eosinophilia, or
0 wheezing apart from colds.

Adults

Accelerated loss of lung function appears to occur in adults who have asthma. In a study of adults
who have asthma and who received 2 weeks of high-dose prednisone if airflow obstruction
persisted after 2 weeks of bronchodilator therapy, the degree of persistent airflow obstruction
correlated with both the severity and the duration of their asthma.

Two large, prospective epidemiological studies evaluated the rate of decline in pulmonary
function in adults who had asthma. In an 18-year prospective study of 66 nonsmokers who had
asthma, 26 smokers who had asthma, and 186 control participants who had no asthma,
spirometry was performed at 3-year intervals. Seventy-three percent of the study group
underwent at least six spirometric evaluations.

The slope for decline in lung function (FEV1) was approximately 40% greater for the participants
who had asthma than for those who had no asthma. This did not appear to result from extreme
measurement produced by a few participants, because fewer than 25% of the participants who
had asthma were measured with a slope less steep than the mean for those who did not have
asthma. In another study, three spirometry evaluations were performed in 13,689 adults (778
had asthma, and 12,911 did not have asthma) over a 15-year period.

The average decline in FEV1 was significantly greater (38 mL per year) in those who had asthma
than in those who did not have asthma (22 mL per year). Although, in this study, asthma was
defined simply by patient report, the researchers noted that, because the 6 percent prevalence
rate for asthma did not increase in this cohort as they increased in age, it is likely that the subjects
who reported having asthma did indeed have asthma rather than chronic obstructive pulmonary
disease (COPD). It is not possible to determine from these studies whether the loss of pulmonary
function occurred in those who had mild or moderate asthma or only in those who had severe
asthma. Nevertheless, the data support the likelihood of potential accelerated loss of pulmonary
function in adults who have asthma.
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New studies have addressed this issue since the “Expert Panel Review—Update 2002”. James
and colleagues reanalyzed the data from the study of decline in lung function from Busselton,
Australia, after adding a new survey in 1994-1995. Subjects (N = 9,317) had participated as
adults (19 years or older) in one or more of the cross-sectional Busselton Health Surveys between
1966 and 1981 or in the followup study of 1994-1995.

Using the whole data sample, James and colleagues found that subjects who had asthma showed
significantly lower lung function during the whole followup period, but most of the differences
were due to deficits in lung function present at the beginning of followup (when subjects were age
19). Once the effect of smoking was taken into account, the excess decline in FEV1 attributable to
asthma was 3.78 mL per year for women and 3.69 mL per year for men. Although these results
were statistically significant, their clinical relevance is debatable.

In 2003, Sherrill and coworkers re-analyzed the data from the Tucson Epidemiologic Study of
Airway Obstructive Disease. A total of 2,926 subjects, with longitudinal data for lung function
assessed in up to 12 surveys spanning a period of up to 20 years, were included. They found
that, unlike subjects who had a diagnosis of COPD, in those who had diagnosis of longstanding
asthma, FEV1 did not decline at a more rapid rate than normal. This was also true for subjects
who had asthma and COPD. In 2001, Griffith and colleagues studied decline in lung function in
5,242 participants in the Cardiovascular Health Study who were over age 65 at enrollment. Each
participant had up to three lung function measurements over a 7-year interval.

Subjects who had asthma had lower levels of FEV1 than those who reported no asthma.
However, after adjustment for emphysema and chronic bronchitis, there were no significant
increases in the rate of decline in FEV1 in participants who had asthma.

Summary

Taken together, these longitudinal epidemiological studies and clinical trials indicate that the
progression of asthma, as measured by declines in lung function, varies in different age groups.
Declines in lung function growth observed in children appear to occur by 6 years of age and
occur predominantly in those children whose asthma symptoms started before 3 years of age.

Children 5-12 years of age who have mild or moderate persistent asthma, on average, do not
appear to experience declines in lung function through 11-17 years of age, although a subset of
these children experience progressive reductions in lung growth as measured by FEV1.

Furthermore, there is emerging evidence of reductions in the FEV1 /FVC ratio, apparent in young
children who have mild or moderate asthma compared to children who do not have asthma, that
increase with age. There is also evidence of progressively declining lung function in adults who
have asthma, but the clinical significance and the extent to which these declines contribute to the
development of fixed airflow obstruction are unknown.

Effect of Interventions on Natural History of Asthma

Data on the effect of interventions on the progression of asthma, as measured by declines in lung
function, airway hyper-responsiveness, or the severity of symptoms, were evaluated for EPR—
Update 2002 and the current update. The Expert Panel does not recommend using inhaled
corticosteroids for the purpose of modifying the underlying disease process (e.g., preventing
persistent asthma). Evidence to date indicates that daily long-term control medication does not
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alter the underlying severity of the disease.

Although a preliminary study suggests that appropriate control of childhood asthma may prevent
more serious asthma or irreversible obstruction in later years, these observations were not verified
in a recent long-term randomized control trial (RCT) in 1,041 children 5—-12 years of age. This
study does not support the assumption that, on average, children 5-12 years of age who have
mild or moderate persistent asthma have a progressive decline in lung function. Children in the
placebo group did not experience a decline in postbronchodilator FEV1 over the 5-year
treatment period, and they had postbronchodilator FEV1 levels similar to children in the ICS and
nedocromil treatment groups at the end of the study.

Observational prospective data from other studies of large groups of children suggest that the
timing of the CAMP intervention was too late, as most loss of lung function in childhood asthma
appears to occur in the first 3—=5 years of life. However, in a recent randomized, controlled
prospective study, children 2=3 years of age who were at high risk of developing persistent
asthma were treated for 2 years with inhaled corticosteroids and observed for 1 additional year
after treatment was discontinued. That study demonstrated that the intervention group had lung
function and asthma symptom levels similar to the placebo group at the end of the study.

Two recent studies addressed the possibility that inhaled corticosteroids may prevent the putative
declines in lung function believed to occur shortly after the beginning of the disease in adults who
have late-onset asthma. A retrospective study reported the results of an observational study of
adults who had mild-to-moderate asthma and were treated for 5 years with an inhaled
corticosteroid. One group, treated early in the disease (less than 2 years after diagnosis), had
better outcomes in terms of lung function than those who started treatment more than 2 years
after diagnosis. The group in which treatment was started more than 2 years after diagnosis,
however, had lower levels of lung function at the beginning of the trial. Therefore, it is not
possible to determine from these data what the results would have been in a randomized trial.

Two recent long-term observational studies report an association between inhaled corticosteroid
therapy and reduced decline in FEV1 in adults who have asthma. However, long-term RCTs will be
necessary to confirm a causal relationship.

The START study enrolled 7,241 subjects, 5-66 years of age, who had mild asthma of less than 2
years’ duration, according to each subject’s report. Participants were randomized to a low-dose
inhaled corticosteroid or placebo and were followed prospectively for 3 years. The study found a
slightly better level of postbronchodilator lung function in participants in the active arm than in the
placebo arm, but the difference was more prominent after 1 year of treatment (+1.48 percent
predicted FEV1) than at the end of the treatment period (+0.88 percent predicted FEV1),
suggesting no effect in the putative progressive loss in lung function in these subjects.

With respect to the potential role of inhaled corticosteroids in changing the natural course of
asthma, the relevant clinical question is: Are they associated with less disease burden after
discontinuation of therapy? The best available evidence in children 5—12 years of age and 2-3
years of age demonstrated that, although inhaled corticosteroids provide superior control and
prevention of symptoms and exacerbations during treatment, symptoms and airway hyper-
responsiveness worsen when treatment is withdrawn. This evidence suggests that currently
available therapy controls but does not modify the underlying disease process.
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Implications of Current Information

Airway inflammation is a major factor in the pathogenesis and pathophysiology of asthma. The
importance of inflammation to central features of asthma continues to expand and underscore this
characteristic as a primary target of treatment. It has also become apparent, however, that
airway inflammation is variable in many aspects including intensity, cellular/mediator pattern,
and response to therapy. As knowledge of the various phenotypes of inflammation become
apparent, it is likely that treatment also will also have greater specificity and, presumably,
effectiveness.

It is also apparent that asthma, and its persistence, begins early in life. Although the factors that
determine persistent versus intermittent asthma have yet to be ascertained, this information will
become important in determining the type of treatment, its duration, and its effect on various
outcomes of asthma. Early studies have indicated that although current treatment is effective in
controlling symptoms, reducing airflow limitations, and preventing exacerbations, present
treatment does not appear to prevent the underlying severity of asthma.

Despite these unknowns, the current understanding of basic mechanisms in asthma has greatly
improved appreciation of the role of treatment. The Expert Panel’s recommendations for asthma
treatment, which are directed by knowledge of basic mechanisms, should result in improved
control of asthma and a greater understanding of therapeutic effectiveness.

Reference

National Heart, Lung, and Blood Institute (2007). Expert Panel Report 3 (EPR3): Guidelines for the
Diagnosis and Management of Asthma. Section 2: Definition, Pathophysiology, and Pathogenesis of
Asthma and Natural History of Asthma. Accessed 8-1-08 from:

http: //www.nhlbi.nih.gov /guidelines /asthma /asthgdIn.htm.
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Glossary

Alternaria

A widespread type of mold found both indoors and outdoors that can trigger allergic reactions
and asthma.

Antigen
Substances foreign to the body such as viruses, disease-causing bacteria, and other infectious
agents.

Atopy
The genetic tendency to develop certain allergic responses such as asthma, allergic rhinitis, and
dermatitis.

Chemokine
A type of small cytokine.

Cysteinyl-leukotrienes
Potent bronchoconstrictors derived mainly from mast cells.

Cytokine

Small proteins that act over short distances and are critical to the functioning of the immune
system. Cytokines direct and modify the inflammatory response in asthma and likely determine its
severity.

Eotaxin
A type of chemokine that is implicated in the narrowing of the airways in asthma.

Hyperplasia
An abnormal or increased growth of cells in normal tissues or organs.

IgE

Immunoglobulin E, a type of antibody released in response to the presence of an allergen. It is
responsible for activation of allergic reactions and is important to the pathogenesis of allergic
diseases and the development and persistence of inflammation.

Inspissated
Dried or thickened in consistency due to evaporation of fluids.

Leukotrienes
A hormone that causes vasodilation, mucosal swelling, and other inflammatory responses seen in
hay fever and asthma.

Mast cells
Cells that synthesize and store histamines, which are released during an allergic reaction. The
release of histamine from mast cells causes an immediate reddening of the skin.

Methacholine

A drug given in increased doses to test airway sensitivity, which is used to test for the presence
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and severity of asthma.

Monoclonal antibodies
Proteins produced in the lab designed to seek out and destroy specific antigens.

NAEPP
National Asthma Education and Prevention Program

Naive

A mature T cell that is not yet activated by an antigen.

Natural history: The course of a disease over time, either remission or increasing severity, is
commonly referred to as the natural history of the disease.

Nitric oxide (NO)
A potent vasodilator.

Phenotype
The observable traits or characteristics of an organism, for example hair color, weight, or the
presence or absence of a disease. Phenotypic traits are not necessarily genetic.

Pro-inflammatory cytokines
Cells involved with the amplification of the inflammatory process.

Subepithelial fibrosis
The development of excessive connective tissue and scarring in the lungs—often seen in severe asthma.
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Post Test

Circle one answer per question. (Passing grade is 70% or greater.)

1. Airway inflammation:

a. Is usually temporary and does not lead to bronchospasm.
b. Is only seen in chronic asthma

c. Can affect airway caliber and airflow.

d. Does not affect bronchial hyper-responsiveness.

2. Airway remodeling:

a. Can decrease airflow obstruction and make the patient more responsive to therapy.
b. Is a major factor in determining the degree of airway hyper-responsiveness.

c. Causes permanent structural changes and loss of lung function.

d. Is an exaggerated bronchoconstrictor response.

3. Smooth muscle contraction of the airways caused by allergens or irritants is called:

a. Inflammation.

b. Airway hyper-responsiveness.
c. Inspissation.

d. Bronchospasm.

4. Factors that limit airflow as airway disease progresses are:

a. Edema and inflammation

b. Methacholine and mucus plugs.

c. Phenotype traits and inspissation.

d. Innate immunity and inflammatory cytokines.

5. Airway hyper-responsiveness includes all of the following except:

a. Inflammation.

b. Decreased release of histamine.
c. Dysfunctional neuroregulation.
d. Structural changes.

6. Airway remodeling is:

a. A temporary alteration in airway structure.

b. An observable trait or characteristic of an organism.

c. An acute symptom of asthma.

d. Not prevented by or fully responsive to current treatments.

7. Airway remodeling causes permanent changes in the airway that increase obstruction and
render the patient less responsive to therapy.

a. True
b. False

8. Angiogenesis is a feature of:

a. Dysfunctional neuroregulation.

b. Airway remodeling.

c. Mucus plugs.

d. Release of histamine from mast cells.
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9. Airway inflammation in asthma is only seen in exercise-associated and aspirin-sensitive
phenotypes. False

a. True
b. False

10. When activated by allergens mucosal mast cells release:

a. Cytokines and chemokines.
b. Regulator T-cells.

c. Lymphocytes.

d. Bronchoconstrictor mediators.

11. Exercise-induced bronchospasm is caused by:

a. Decreased sensitivity to usual treatments.

b. Sensitized mast cells activated by osmotic stimuli.
c. T-lymphocytes and other airway resident cells.
d. Allergen activation of mast cells.

12. Airway inflammation is seen only in exercise-induced and aspirin-induced asthma.

a. True
b. False

13. Treatment with corticosteroids:

a. Reduces circulating and airway eosinophils that contain inflammatory enzymes.
b. Causes an increase in circulating eosinophils in parallel with clinical improvement.
c. Increases the risk of lung remodeling.

d. Can cause increased mucus hypersecretion.

14. Allergen exposure:

a. Is not associated with the development of asthma in children.

b. Is a key factor in the persistence of airway inflammation.

c. Decreases the likelihood of an exacerbation.

d. Has been proven to protect against the development of asthma.
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15. Infections associated with the development of asthma are:

a. Respiratory syncytial virus and parainfluenza.
b. Measles and E-coli.

c. Respiratory syncytial virus and measles.

d. Yeast infections and parainfluenza.

16. The “hygiene hypothesis” suggests that:

a. People who live in developed countries are less likely to develop asthma.

b. Early exposure to allergens leads to a reduced risk of asthma.

c. People from large families are at increased risk of asthma.

d. Frequent bathing can influence the development of the immune system along a non-allergic
pathway.

17. Risk factors for development of persistent asthma include:

a. One episode of wheezing before age 3.

b. Development of wheezing after age 3.

c. Wheezing apart from colds and food sensitivities.
d. Use of bronchodilators.

18. Inhaled corticosteroids:

a. Change the underlying disease process of asthma.

b. Do not provide control and prevention of symptoms during use.

c. Increase asthma symptoms and hyper-responsiveness when withdrawn.
d. Help to slow progressive loss of lung function in patients.
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Evaluation Learning Activity
Please answer each of the following questions. Questions with an asterisk (*) are required.

* 1. This course met the goals and learning objectives.

O Yes U No
* 2. The author was well prepared to write about the content in a way that facilitated my
learning.
O Yes U No

* 3. This course was free from commercial bias.

O Yes U No

* 4. The learning activity met my continuing education needs.
U Yes O No

* 5. The learning activity took me 60 minutes per contact hour.
(If you answer “No”, please enter the total time it took to finish the course, test, and
evaluation.)

O Yes

U No. How long did it take to finish the course, test, and evaluation?

6. My professional educational level is (check one):

Nursing
U Nurse Aide 0O LVN/LPN U RN (diploma) U RN (AD)
O BSN U MSN U Nurse Practitioner / Advanced Practice Nurse
U PhD / DNSc
Therapy
U OTAide O COTA 0O OT U MOT O OTD
O PTAide O PTA O PpT O MPT O MSPT U DPT U PhD
Other (please specify):

7.1 heard about ATrain Education from:

U Search engine
Government or Board website
Friend

Advertisement

U000

Returning customer

U Other

(continued on next page)
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8. | found the ATrainCEU.com website easy to use:
U Yes O No

9. Comments or suggestions (optional):
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Registration Information

Please answer all of the following questions (*required).
*Name:

*Address:

*Phone:

*Professional Designation:

*License Number and State:

Please e-mail my certificate: U Yes: U No

Email (required if you want your certificate sent by email):

(Note: If you request an email certificate we will not send a copy of your certificate by US Mail)

Payment Options
You may pay by credit card or by check (see the top of this course for the price).

Fill out this section if paying by credit card
Name

Address (if different than above)

Card type: W Visa W MC U American Express [ Discover
Card number

Expiration date

Test Completion and Mailing Instructions
1. Complete all forms:
U Post Test

U Evaluation Learning Activity

U Registration Form (this page)

2. If you are not paying by credit card, prepare a check for the amount of the class made out to
ATrain Education, Inc.

3. Mail the completed forms and your payment to:

ATrain Education, Inc
5171 Ridgewood Rd
Willits, CA 95490

Once we receive your forms and payment, we will mail (or email, if you request it) your
certificate of completion. If you have any questions or concerns, please call or contact us at
info@ATrainCEU.com. And thanks for taking the ATrain!
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