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PREFACE

The Expert Panel Report 3 (EPR 3): Guidelines for the Diagnosis and Management of Asthma
was developed by an expert panel commissioned by the National Asthma Education and
Prevention Program (NAEPP) Coordinating Committee (CC), coordinated by the National Heart,
Lung, and Blood Institute (NHLBI) of the National Institutes of Health.

Using the 1997 EPR 2 guidelines and the 2004 update of EPR 2 as the framework, the expert
panel organized the literature review and final guidelines report around four essential
components of asthma care, namely: assessment and monitoring, patient education, control of
factors contributing to asthma severity, and pharmacologic treatment. Subtopics were
developed for each of these four broad categories.

The 2007 EPR 3 guidelines have been developed under the leadership of Dr. William Busse,
Panel Chair. The NHLBI sincerely appreciates the work of Dr. Busse and all the members of
the expert panel as well as an expert consultant group in developing this report. Sincere
appreciation is also extended to the NAEPP CC and the Guidelines Implementation Panel as
well as other stakeholder groups (professional societies, voluntary health, government,
consumer/patient advocacy organizations, and industry) for their invaluable comments during
the public review period that helped to enhance the scientific credibility and practical utility of
this document.

Ultimately, the broad change in clinical practice depends on the influence of local primary care
physicians and other health professionals who not only provide state-of-the-art care to their
patients, but also communicate to their peers the importance of doing the same. The NHLBI
and its partners will forge new initiatives based on these guidelines to stimulate adoption of the
recommendations at all levels, but particularly with primary care clinicians at the community
level. We ask for the assistance of every reader in reaching our ultimate goal: improving
asthma care and the quality of life for every asthma patient with asthma.

Gregory Morosco, Ph.D., M.P.H. James Kiley, Ph.D.

Director Director

Division for the Application of Research Division of Lung Diseases
Discoveries National Heart, Lung, and Blood

National Heart, Lung, and Blood Institute Institute
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SECTION 1, 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 (current asthma prevalence, National Health Interview
Survey (NHIS), National Center for Health Statistics, Centers for Disease Control and
Prevention, 2005) (NHIS 2005). 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 (NHIS 2005); fewer patients who have asthma report
limitations to activities; and an increasing proportion of people who have asthma receive formal
patient education (Department of Health and Human Services, Healthy People 2010 midcourse
review). 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 (NHIS 2005). 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.

Advances in science have led to an increased understanding of asthma and its mechanisms as
well as improved treatment approaches. To help health care professionals bridge the gap
between current knowledge and practice, the NAEPP of the National Heart, Lung, and Blood
Institute (NHLBI) has previously convened three Expert Panels to prepare guidelines for the
diagnosis and management of asthma. The NAEPP Coordinating Committee (CC), under the
leadership of Claude Lenfant, M.D., Director of the NHLBI, convened the first Expert Panel in
1989. The charge to that Panel was to develop a report that would provide a general approach
to diagnosing and managing asthma based on current science. Published in 1991, the “Expert
Panel Report: Guidelines for the Diagnosis and Management of Asthma” (EPR 1991) organized
the recommendations for the treatment of asthma around four components of effective asthma
management:

m Use of objective measures of lung function to assess the severity of asthma and to monitor
the course of therapy

m Environmental control measures to avoid or eliminate factors that precipitate asthma
symptoms or exacerbations

m Patient education that fosters a partnership among the patient, his or her family, and
clinicians

m Comprehensive pharmacologic therapy for long-term management designed to reverse and
prevent the airway inflammation characteristic of asthma as well as pharmacologic therapy
to manage asthma exacerbations

The NAEPP recognizes that the value of clinical practice guidelines lies in their presentation of
the best and most current evidence available. Thus, the Expert Panels have been convened
periodically to update the guidelines, and new NAEPP reports were prepared: The “Expert
Panel Report 2: Guidelines for the Diagnosis and Management of Asthma” (EPR—2 1997) and
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“Expert Panel Report: Guidelines for the Diagnosis and Management of Asthma—Update on
Selected Topics 2002” (EPR—Update 2002). The “Expert Panel Report 3: Guidelines for the
Diagnosis and Management of Asthma—Full Report, 2007” (EPR—3: Full Report 2007) is the
latest report from the NAEPP and updates the 1997 and 2002 reports. The EPR—3: Full
Report 2007 is organized as follows: Section 1—Introduction/Methodology; Section 2—
Definition, Pathophysiology and Pathogenesis of Asthma, and Natural History of Asthma;
Section 3—The Four Components of Asthma Management; Section 4—Managing Asthma Long
Term; and Section 5—Managing Exacerbations of Asthma. Key points and key differences are
presented at the beginning of each section and subsection in order to highlight major issues.

This report presents recommendations for the diagnosis and management of asthma that will
help clinicians and patients make appropriate decisions about asthma care. Of course, the
clinician and patient need to develop individual treatment plans that are tailored to the specific
needs and circumstances of the patient. The NAEPP, and all who participated in the
development of this latest report, hope that the patient who has asthma will be the beneficiary of
the recommendations in this document. This report is not an official regulatory document of any
Government agency. It will be used as the source to develop clinical practice tools and
educational materials for patients and the public.

OVERALL METHODS USED TO DEVELOP THIS REPORT

Background

In June 2004, the Science Base Committee of the NAEPP recommended to the NAEPP CC that
its clinical practice guidelines for the diagnosis and management of asthma be updated. In
September, under the leadership of Dr. Barbara Alving, M.D. (Chair of the NAEPP CC, and
Acting Director of the NHLBI), a panel of experts was selected to update the clinical practice
guidelines by using a systematic review of the scientific evidence for the treatment of asthma
and consideration of literature on implementing the guidelines.

In October 2004, the Expert Panel assembled for its first meeting. Using EPR—2 1997 and
EPR—Update 2002 as the framework, the Expert Panel organized the literature searches and
subsequent report around the four essential components of asthma care, namely:

(1) assessment and monitoring, (2) patient education, (3) control of factors contributing to
asthma severity, and (4) pharmacologic treatment. Subtopics were developed for each of these
four broad categories.

The steps used to develop this report include: (1) completing a comprehensive search of the
literature; (2) conducting an indepth review of relevant abstracts and articles; (3) preparing
evidence tables to assess the weight of current evidence with respect to past recommendations
and new and unresolved issues; (4) conducting thoughtful discussion and interpretation of
findings; (5) ranking strength of evidence underlying the current recommendations that are
made; (6) updating text, tables, figures, and references of the existing guidelines with new
findings from the evidence review; (7) circulating a draft of the updated guidelines through
several layers of external review, as well as posting it on the NHLBI Web site for review and
comment by the public and the NAEPP CC, and (8) preparing a final-report based on
consideration of comments raised in the review cycle.
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Systematic Evidence Review Overview
INCLUSION/EXCLUSION CRITERIA

The literature review was conducted in three cycles over an 18-month period (September 2004
to March 2006). Search strategies for the literature review initially were designed to cast a wide
net but later were refined by using publication type limits and additional terms to produce results
that more closely matched the framework of topics and subtopics selected by the Expert Panel.
The searches included human studies with abstracts that were published in English in
peer-reviewed medical journals in the MEDLINE database. Two timeframes were used for the
searches, dependent on topic: January 1, 2001, through March 15, 2006, for pharmacotherapy
(medications), peak flow monitoring, and written action plans, because these topics were
recently reviewed in the EPR—Update 2002; and January 1, 1997, through March 15, 2006, for
all other topics, because these topics were last reviewed in the EPR—2 1997.

SEARCH STRATEGIES

Panel members identified, with input from a librarian, key text words for each of the four
components of care. A separate search strategy was developed for each of the four
components and various key subtopics when deemed appropriate. The key text words and
Medical Subject Headings (MeSH) terms that were used to develop each search string are
found in an appendix posted on the NHLBI Web site.

LITERATURE REVIEW PROCESS

The systematic review covered a wide range of topics. Although the overarching framework for
the review was based on the four essential components of asthma care, multiple subtopics were
associated with each component. To organize a review of such an expanse, the Panel was
divided into 10 committees, with about 4—7 reviewers in each (all reviewers were assigned to

2 or more committees). Within each committee, teams of two (“topic teams”) were assigned as
leads to cover specific topics. A system of independent review and vote by each of the two
team reviewers was used at each step of the literature review process to identify studies to
include in the guidelines update. The initial step in the literature review process was to screen
titles from the searches for relevancy in updating content of the guidelines, followed by reviews
of abstracts of the relevant titles to identify those studies meriting full-text review based on
relevance to the guidelines and study quality.

Figure 1-1 summarizes the literature retrieval and review process by committee.

Figure 1-2 summarizes the overall literature retrieval and review process. The combined
number of titles screened from cycles 1, 2, and 3 was 15,444. The number of abstracts and
articles reviewed for all three cycles was 4,747. Of these, 2,863 were voted to the abstract
Keep list following the abstract-review step. A database of these abstracts is posted on the
NHLBI Web site. Of these abstracts, 2,122 were advanced for full-text review, which resulted in
1,654 articles serving as a bibliography of references used to update the guidelines, available
on the NHLBI Web site. Articles were selected from this bibliography for evidence tables and/or
citation in the text. In addition, articles reporting new and particularly relevant findings and
published after March 2006 were identified by Panel members during the writing period (March
2006—December 2006) and by comments received from the public review in February 2007.
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FIGURE 1-1.
COMMITTEE

LITERATURE RETRIEVAL AND REVIEW PROCESS:

BREAKDOWN BY

Committee

Citations

Screened for
relevance to

Abstracts

Reviewed by

2 independent
reviewers; vote
based on
relevance to

Full Text

Reviewed by primary

reviewer with

secondary review of

Evidence Tables

asthma guidelines and articles rejected by
guidelines quality of study primary reviewer
Table Number
Topics Covered Number Number Number Number Table Title of Cites
Assessment and Monitoring 3,996 758 214 1 Predictors of Exacerbation 31
2 Usefulness of Peak Flow 14
Measurement
Patient and Provider Education 1,860 873 442 3 Asthma Self-Management 24
Education for Adults
4 Asthma Self-Management 27
Education for Children
5 Asthma Self-Management 35
Education in Community Settings
6 Cost-Effectiveness of Asthma 12
Self-Management Education
7 Methods for Improving Clinician 6
Behaviors: Implementing
Guidelines
8 Methods for Improving Systems 4
Support
Control of Factors Affecting 2,574 1,108 195 Allergen Avoidance 11
Asthma 10 Immunotherapy 8
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FIGURE 1-1.

COMMITTEE (CONTINUED)

LITERATURE RETRIEVAL AND REVIEW PROCESS:

BREAKDOWN BY

Committee

Citations

Screened for
relevance to

Abstracts

Reviewed by

2 independent
reviewers; vote
based on
relevance to

Full Text

Reviewed by primary

reviewer with

secondary review of

Evidence Tables

asthma guidelines and articles rejected by
guidelines quality of study primary reviewer
Table Number
Topics Covered Number Number Number Number Table Title of Cites
Pharmacologic Therapy: Inhaled 724 463 155 11 Combination Therapy 27
Corticosteroids 12 Dosing Strategies 37
Pharmacologic Therapy: 141 63 28 13 Anti-IgE 17
Immunomodulators
Pharmacologic Therapy: 364 130 56 14 Monotherapy/Effectiveness Studies 21
Leukotriene Receptor Antagonists
Pharmacologic Therapy: 921 438 183 15 Safety of Long-Acting Betay- 18
Bronchodilators Agonists
16 Levalbuterol 7
Pharmacologic Therapy: 3,187 222 107 No tables
Special Situations
Complementary and Alternative 171 134 81 No tables
Medicine
Managing Exacerbations 1,407 616 261 17 Increasing the Dose of Inhaled 5
Corticosteroids
18 IV Aminophylline 2
19 Magnesium Sulfate 5
20 Heliox 5
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FIGURE 1-2. LITERATURE RETRIEVAL AND REVIEW PROCESS:
OVERALL SUMMARY
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PREPARATION OF EVIDENCE TABLES

Evidence tables were prepared for selected topics. It was not feasible to generate evidence
tables for every topic in the guidelines. Furthermore, many topics did not have a sufficient body
of evidence or a sufficient number of high-quality studies to warrant the preparation of a table.

The Panel decided to prepare evidence tables on those topics for which an evidence table
would be particularly useful to assess the weight of the evidence—e.g., topics with numerous
articles, conflicting evidence, or which addressed questions raised frequently by clinicians.
Summary findings on topics without evidence tables, however, also are included in the updated
guidelines text.

Evidence tables were prepared with the assistance of a methodologist who served as a
consultant to the Expert Panel. Within their respective committees, Expert Panel members
selected the topics and articles for evidence tables. The evidence tables included all articles
that received a “yes” vote from both the primary and secondary reviewer during the systematic
literature review process. The methodologist abstracted the articles to the tables, using a
template developed by the Expert Panel. The Expert Panel subsequently reviewed and
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approved the final evidence tables. A total of 20 tables, comprising 316 articles are included in
the current update (see figure 1-1). Evidence tables are posted on the NHLBI Web site.

RANKING THE EVIDENCE

The Expert Panel agreed to specify the level of evidence used to justify the recommendations
being made. Panel members only included ranking of evidence for recommendations they
made based on the scientific literature in the current evidence review. They did not assign
evidence rankings to recommendations pulled through from the EPR—2 1997 on topics that are
still important to the diagnosis and management of asthma but for which there was little new
published literature. These “pull through” recommendations are designated by EPR—2 1997 in
parentheses following the first mention of the recommendation. For recommendations that have
been either revised or further substantiated on the basis of the evidence review conducted for
the EPR—3: Full Report 2007, the level of evidence is indicated in the text in parentheses
following first mention of the recommendation. The system used to describe the level of
evidence is as follows (Jadad et al. 2000):

m Evidence Category A: Randomized controlled trials (RCTs), rich body of data.
Evidence is from end points of well-designed RCTs that provide a consistent pattern of
findings in the population for which the recommendation is made. Category A requires
substantial numbers of studies involving substantial numbers of participants.

m Evidence Category B: RCTs, limited body of data. Evidence is from end points of
intervention studies that include only a limited number of patients, post hoc or subgroup
analysis of RCTs, or meta-analysis of RCTs. In general, category B pertains when few
randomized trials exist; they are small in size, they were undertaken in a population that
differs from the target population of the recommendation, or the results are somewhat
inconsistent.

m Evidence Category C: Nonrandomized trials and observational studies. Evidence is
from outcomes of uncontrolled or nonrandomized trials or from observational studies.

m Evidence Category D: Panel consensus judgment. This category is used only in cases
where the provision of some guidance was deemed valuable, but the clinical literature
addressing the subject was insufficient to justify placement in one of the other categories.
The Panel consensus is based on clinical experience or knowledge that does not meet the
criteria for categories A through C.

In addition to specifying the level of evidence supporting a recommendation, the Expert Panel
agreed to indicate the strength of the recommendation. When a certain clinical practice “is
recommended,” this indicates a strong recommendation by the panel. When a certain clinical
practice “should, or may, be considered,” this indicates that the recommendation is less strong.
This distinction is an effort to address nuances of using evidence ranking systems. For
example, a recommendation for which clinical RCT data are not available (e.g., conducting a
medical history for symptoms suggestive of asthma) may still be strongly supported by the
Panel. Furthermore, the range of evidence that qualifies a definition of “B” or “C” is wide, and
the Expert Panel considered this range and the potential implications of a recommendation as
they decided how strongly the recommendation should be presented.
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PANEL DISCUSSION

The first opportunity for discussion of findings occurred within the “topic teams.” Teams then
presented a summary of their findings during a conference call to all members of their
respective committee. A full discussion ensued on each topic, and the committee arrived at a
consensus position. Teams then presented their findings and the committee position to the full
Expert Panel at an in-person meeting, thereby engaging all Panel members in critical analysis of
the evidence and interpretation of the data.

A series of conference calls for each of the 10 committees as well as four in-person Expert
Panel meetings (held in October 2004, April 2005, December 2005, and May 2006) were
scheduled to facilitate discussion of findings and to dovetail with the three cycles of literature
review that occurred over the 18-month period. Potential conflicts of interest were disclosed at
the initial meeting.

REPORT PREPARATION

Development of the EPR—3: Full Report 2007 was an iterative process of interpreting the
evidence, drafting summary statements, and reviewing comments from the various external
reviews before completing the final report. In the summer and fall of 2005, the various topic
teams, through conference calls and subsequent electronic mail, began drafting their assigned
sections of the report. Members of the respective committees reviewed and revised team
drafts, also by using conference calls and electronic mail. During the calls, votes were taken to
ensure agreement with final conclusions and recommendations.

During the December 2005 meeting, Panel members reviewed and discussed all committee
drafts.

During the May 2006 meeting, the Panel conducted a thorough review and discussion of the
report and reached consensus on the recommendations. For controversial topics, votes were
taken to ensure that each individual’s opinion was considered. In July, using conference calls
and electronic mail, the Panel completed a draft of the EPR—3: Full Report 2007 for
submission in July/August to a panel of expert consultants for their review and comments. In
response to their comments, a revised draft of the EPR—3: Full Report 2007 was developed
and circulated in November to the NAEPP Guidelines Implementation Panel (GIP) for their
comment. This draft was also posted on the NHLBI Web site for public comment in February
2007. The Expert Panel considered 721 comments from 140 reviewers. Edits were made to
the documents, as appropriate, before the full EPR—3: Full Report 2007 was finalized and
published. The EPR—3: Full Report 2007 will be used to develop clinical practice guidelines
and practice-based tools as well as educational materials for patients and the pubilic.

In summary, the NAEPP “Expert Panel Report 3: Guidelines for the Diagnosis and
Management of Asthma—~Full Report 2007” represents the NAEPP’s ongoing effort to keep
recommendations for clinical practice up to date and based upon a systematic review of the
best available scientific evidence by a Panel of experts, as well as peer review and critique by
the collective expertise of external research/science consultants, the NAEPP CC members,
guidelines implementation specialists, and public comment. The relationship between
guidelines and clinical research is a dynamic one, and the NAEPP recognizes that the task of
keeping guidelines’ recommendations up to date is an increasing challenge. In 1991, many
recommendations were based on expert opinion because there were only limited randomized
clinical trials in adults, and almost none in children, that adequately tested clinical interventions
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grounded in research findings about the disease process in asthma. The large gaps in the
literature defined pressing clinical research questions that have now been vigorously addressed
by the scientific community, as the size of the literature reviewed for the current report attests.
The NAEPP is grateful to all of the Expert Panel members for meeting the challenge with
tremendous dedication and to Dr. William Busse for his outstanding leadership. The NAEPP
would particularly like to acknowledge the contributions of Dr. Gail Shapiro, who served on
NAEPP Expert Panels from 1991 until her death in August 2006. Dr. Shapiro provided valuable
continuity to the Panel’'s deliberations while simultaneously offering a fresh perspective that was
rooted in observations from her clinical practice and was supported and substantiated by her
clinical research and indepth understanding of the literature. Dr. Shapiro had a passion for
improving asthma care and an unwavering commitment to develop evidence-based
recommendations that would also be practical. Dr. Shapiro inspired in others the essence of
what NAEPP hopes to offer with this updated Expert Panel Report: a clear vision for clinicians
and patients to work together to achieve asthma control.
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SECTION 2, DEFINITION, PATHOPHYSIOLOGY AND PATHOGENESIS OF
ASTHMA, AND NATURAL HISTORY OF ASTHMA

KEY POINTS: DEFINITION, PATHOPHYSIOLOGY AND
PATHOGENESIS OF ASTHMA, AND NATURAL HISTORY OF
ASTHMA

Asthma is a chronic inflammatory disorder of the airways. This feature of asthma has
implications for the diagnosis, management, and potential prevention of the disease.

The immunohistopathologic features of asthma include inflammatory cell infiltration:

— Neutrophils (especially in sudden-onset, fatal asthma exacerbations; occupational
asthma, and patients who smoke)

— Eosinophils

— Lymphocytes

— Mast cell activation
— Epithelial cell injury

Airway inflammation contributes to airway hyperresponsiveness, airflow limitation,
respiratory symptoms, and disease chronicity.

In some patients, persistent changes in airway structure occur, including sub-basement
fibrosis, mucus hypersecretion, injury to epithelial cells, smooth muscle hypertrophy, and
angiogenesis.

Gene-by-environment interactions are important to the expression of asthma.
Atopy, the genetic predisposition for the development of an immunoglobulin E
(IgE)-mediated response to common aeroallergens, is the strongest identifiable

predisposing factor for developing asthma.

— Viral respiratory infections are one of the most important causes of asthma exacerbation
and may also contribute to the development of asthma.

11
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KEY DIFFERENCES FROM 1997 AND 2002 EXPERT PANEL
REPORTS

m The critical role of inflammation has been further substantiated, but evidence is emerging for
considerable variability in the pattern of inflammation, thus indicating phenotypic differences
that may influence treatment responses.

m Gene-by-environmental interactions are important to the development and expression of
asthma. Of the environmental factors, allergic reactions remain important. Evidence also
suggests a key and expanding role for viral respiratory infections in these processes.

m The onset of asthma for most patients begins early in life with the pattern of disease
persistence determined by early, recognizable risk factors including atopic disease,
recurrent wheezing, and a parental history of asthma.

m Current asthma treatment with anti-inflammatory therapy does not appear to prevent
progression of the underlying disease severity.

Introduction

Asthma is a common chronic disorder of the airways that involves a complex interaction of
airflow obstruction, bronchial hyperresponsiveness and an underlying inflammation. This
interaction can be highly variable among patients and within patients over time. This section
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
hyperresponsiveness, and an underlying inflammation
(box 2—1). The interaction of these features of asthma

BOX 2-1.
CHARACTERISTICS OF
CLINICAL ASTHMA

Symptoms
determines the clinical manifestations and severity of " y P .
. m  Airway obstruction
asthma (figure 2—1) and the response to treatment. )
m Inflammation
m Hyperresponsiveness

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
(Busse and Lemanske 2001; EPR—2 1997). 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
hyperresponsiveness, which enhances susceptibility to bronchospasm (Cohn et al. 2004).

12
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FIGURE 2-1. THE INTERPLAY AND INTERACTION BETWEEN
AIRWAY INFLAMMATION AND THE CLINICAL SYMPTOMS AND
PATHOPHYSIOLOGY OF ASTHMA

Inflammation

Airway Hyperresponsiveness Airway Obstruction

Clinical Symptoms

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 (Bateman et al. 2004; O'Byrne and Parameswaran 2006). 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 (Holgate and Polosa 2006). 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 (Busse and Lemanske 2001).

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 (Martinez 2006). Although research since
the first NAEPP guidelines in 1991 (EPR 1991) has confirmed the important role of inflammation
in asthma, the specific processes related to the transmission of airway inflammation to specific
pathophysiologic 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 airways’ susceptibility 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 have 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.

13
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As a guide to describing asthma and identifying treatment directions, a working definition of
asthma put forth in the previous Guidelines 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 hyperresponsiveness to a variety of stimuli. Reversibility of airflow limitation
may be incomplete in some patients with asthma (EPR 1991; EPR—2 1997).

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.

Pathophysiology and Pathogenesis of Asthma

Airflow limitation in asthma is recurrent and caused by a variety of changes in the airway.
These include:

m 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 (Busse and
Lemanske 2001). Aspirin and other nonsteroidal anti-inflammatory drugs (see section 3,
component 3) 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 (Stevenson and Szczeklik 2006). 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.

m Airway edema. As the disease becomes more persistent and inflammation more
progressive, other factors further limit airflow (figure 2—-2). These include edema,
inflammation, mucus hypersecretion and the formation of inspissated mucus plugs, as well
as structural changes including hypertrophy and hyperplasia of the airway smooth muscle.
These latter changes may not respond to usual treatment.
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FIGURE 2-2. FACTORS LIMITING AIRFLOW IN ACUTE AND
PERSISTENT ASTHMA
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Source: Adapted and reprinted from The Lancet, 368, Holgate ST, Polosa R. The mechanisms, diagnosis, and
management of severe asthma in adults, 780-93. Copyright (2006), with permission from Elsevier.

m  Airway hyperresponsiveness. Airway hyperresponsiveness—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 hyperresponsiveness can be
defined by contractile responses to challenges with methacholine correlates with the clinical
severity of asthma. The mechanisms influencing airway hyperresponsiveness are multiple
and include inflammation, dysfunctional neuroregulation, and structural changes;
inflammation appears to be a major factor in determining the degree of airway
hyperresponsiveness. Treatment directed toward reducing inflammation can reduce airway
hyperresponsiveness and improve asthma control.

m Airway remodeling. In some persons who have asthma, airflow limitation may be only
partially reversible. Permanent structural changes can occur in the airway (figure 2-2);
these are associated with a progressive loss of lung function that is not prevented by or fully
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reversible by current therapy. Airway remodeling involves

L : BOX 2-2.
an activation of many of the structural cells, with
: . , FEATURES OF
consequent permanent changes in the airway that increase AIRWA Y

airflow obstruction and airway responsiveness and render
the patient less responsive to therapy (Holgate and Polosa
2006). 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 2-2). 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.

REMODELING

m Inflammation
m  Mucus hypersecretion
m Subepithelial fibrosis

m Airway smooth muscle
hypertrophy

m Angiogenesis

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 (figure 2-3). 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 (Cohn et al. 2004). 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 hyperresponsiveness. 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 (Akbari et al. 2006; Larche et al. 2003). 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 (Barnes 2002; Zimmermann et al.
2003).
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FIGURE 2-3. AIRWAY INFLAMMATION
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Inhaled antigen activates mast cells and Th2 cells in the airway. They in turn induce the production of mediators of
inflammation (such as histamine and leukotrienes) and cytokines including interleukin-4 and interleukin-5.
Interleukin-5 travels to the bone marrow and causes terminal differentiation of eosinophils. Circulating eosinophils
enter the area of allergic inflammation and begin migrating to the lung by rolling, through interactions with selectins,
and eventually adhering to endothelium through the binding of integrins to members of the immunoglobulin
superfamily of adhesion proteins: vascular-cell adhesion molecule 1 (VCAM-1) and intercellular adhesion molecule 1
(ICAM-1). As the eosinophils enter the matrix of the airway through the influence of various chemokines and
cytokines, their survival is prolonged by interleukin-4 and granulocyte-macrophage colony-stimulating factor
(GM-CSF). On activation, the eosinophil releases inflammatory mediators, such as leukotrienes and granule
proteins, to injure airway tissues. In addition, eosinophils can generate GM-CSF to prolong and potentiate their
survival and contribution to persistent airway inflammation. MCP-1, monocyte chemotactic protein; and MIP-1a.,
macrophage inflammatory protein.

Reprinted by permission from Busse WW, Lemanske RF. Advances in Immunology N Engl J Med 2001; 344: 350-
62. Copyright © 2001 Massachusetts Medical Society. All rights reserved.

Mast cells. Activation of mucosal mast cells releases bronchoconstrictor mediators (histamine,
cysteinyl-leukotrienes, prostaglandin D,) (Boyce 2003; Galli et al. 2005; Robinson 2004).
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 hyperresponsiveness (Brightling et al. 2002). Mast cells also

17




Section 2, Definition, Pathophysiology and Pathogenesis of Asthma, and Natural History of Asthma August 28, 2007

can release a large number of cytokines to change the airway environment and promote
inflammation even though exposure to allergens is limited.

Eosinophils. Increased numbers of eosinophils exist in the airways of most, but not all,
persons who have asthma (Chu and Martin 2001; Sampson 2000; Williams 2004). 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
(Leckie et al. 2000). 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 (Fahy et al. 1995). The regulation of neutrophil recruitment, activation, and alteration
in lung function is still under study, but leukotriene B, may contribute to these processes
(Jatakanon et al. 1999; Wenzel et al. 1997; Wenzel 2006).

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 (Kuipers and Lambrecht
2004).

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 (Peters-Golden 2004).

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
(Polito and Proud 1998). 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 to 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 (Zimmermann et al. 2003). Eotaxin is relatively selective for
eosinophils, whereas thymus and activation-regulated chemokines (TARCs) and

macrophage-derived chemokines (MDCs) recruit Th2 cells. There is an increasing appreciation
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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-13 and tumor necrosis factor-a (TNF-a), 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 (Busse 1996; Leff 2001). Recent studies have also shown
leukotriene B4 can contribute to the inflammatory process by recruitment of neutrophils (Gelfand
and Dakhama 2006).

Nitric oxide (NO) is produced predominantly from the action of inducible NO synthase in airway
epithelial cells; it is a potent vasodilator (Deykin et al. 2002; Strunk et al. 2003). 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 (Green et al. 2002).

Immunoglobulin E

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 (Boyce 2003; Sporik et al. 1995). 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 (Busse et al. 2001; Holgate et al. 2005). 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
(Barnes 2002). Some investigations have yielded promising results, such as the development
leukotriene modifiers and anti-IgE 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 inhibit the

Th2 inflammatory pathway may cause a broad spectrum of effects such as airway
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hyperresponsiveness 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 (figure 2—4).

FIGURE 2-4. HOST FACTORS AND ENVIRONMENTAL EXPOSURES
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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 (Eder et al.
2006). 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 underexpression of

Th1 (figure 2-5). 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 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
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FIGURE 2-5. CYTOKINE BALANCE
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Numerous factors, including alterations in the number or type of infections early in life, the widespread use of
antibiotics, adoption of the Western lifestyle, and repeated exposure to allergens, may affect the balance between
Th1-type and Th2-type cytokine responses and increase the likelihood that the immune response will be dominated
by Th2 cells and thus will ultimately lead to the expression of allergic diseases such as asthma.

Reprinted by permission from Busse WW, Lemanske RF. Advances in Immunology N Engl J Med 2001; 344: 350-
62. Copyright © 2001 Massachusetts Medical Society. All rights reserved.

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 enroliment
in childcare), and less frequent use of antibiotics (Eder et al. 2006; Gern et al. 1999; Gern and
Busse 2002; Horwood et al. 1985; Sears et al. 2003). 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 subpopulations 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
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ongoing and new insight into the pattern of airway injury that may lead to new therapeutic
targets.

Genetics. Itis 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 (Holgate 1999; Ober 2005). 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 hyperresponsiveness, 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 (Horwood et al. 1985). How specifically
sex and sex hormones, or related 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 and 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
Alternaria 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 (Huss et al. 2001; Sporik et al. 1990; Wahn et al. 1997). 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 (Rosenstreich et al. 1997).
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 parainfluenza virus in particular, cause bronchiolitis that parallels many features of
childhood asthma (Gern and Busse 2002; Sigurs et al. 2000). A number of long-term
prospective studies of children admitted to hospital with documented RSV have shown that
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approximately 40 percent of these infants will continue to wheeze or have asthma in later
childhood (Sigurs et al. 2000). 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 (Stein et al. 1999) or
repeated viral infections (other than lower respiratory tract infections) (llli et al. 2001; Shaheen
et al. 1996)—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 “nonallergic” 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 (Eder et al. 2006; llli et al. 2001).

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 (Malo et al.
2004; Strachan and Cook 1998a; Strachan and Cook 1998b).

In utero exposure to environmental tobacco 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) (Dezateux et al. 1999).

The role of air pollution in the development of asthma remains controversial and may be related
to allergic sensitization (American Thoracic Society 2000). 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
(McConnell et al. 2002). 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 (Ford 2005). 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.

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
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question is whether anti-inflammatory medication (i.e., ICSs), given early in the course of
disease might interrupt this process and prevent permanent declines in lung function. For early
initiation of ICSs 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 ICSs
prevents or slows this decline, in addition to providing long-term control of asthma. Reviews
were conducted in 2002 (EPR—Update 2002) and for the current report to evaluate the
literature on the effect of intervention with ICSs 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 (Martinez et al. 1995). 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 (FEV+)
occurred compared to children who did not have asthma (Morgan et al. 2005). 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 hyperresponsiveness
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 (Xuan et al. 2000). Thus, symptoms
neither predicted nor determined lung function deficits in this age group.

A study by Sears and colleagues (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 FEV/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 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 enroliment 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 (Zeiger et al. 1999). 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
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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
postbronchodilator FEV+), regardless of their symptom levels or the treatment they received
(CAMP 2000). However, a followup analysis of the CAMP data showed that a subgroup of the
children experienced progressive (at least 1 percent a year) reductions in lung growth,
regardless of treatment group (Covar et al. 2004). 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 FEV, are used to assess lung function
measures over time in childhood asthma, progressive declines are observed: the FEV4/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 percent versus 1.8 percent) (CAMP 2000). 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 FEV4/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 percent for boys
and 9.9 percent for girls) (Strunk et al. 2006).

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 (Martinez et al. 1995). 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 positive asthma
predictive index before 3 years of age; 97 percent of the children who did not have asthma after
6 years of age had a negative asthma predictive index before 3 years of age (Castro-Rodriguez
et al. 2000). 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 (Guilbert et al. 2006). 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: parental history of asthma, a physician diagnosis of atopic
dermatitis, or evidence of sensitization to aeroallergens, or (2) two of the following: evidence of
sensitization to foods, >4 percent peripheral blood eosinophilia, or 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

25



Section 2, Definition, Pathophysiology and Pathogenesis of Asthma, and Natural History of Asthma August 28, 2007

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 (Finucane et al.
1985).

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 (Peat et al. 1987). Seventy-three percent of the
study group underwent at least six spirometric evaluations. The slope for decline in lung
function (FEV,) was approximately 40 percent 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 percent 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 (Lange et al. 1998).
The average decline in FEV 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.

New studies have addressed this issue since the “Expert Panel Review—Update 2002”
(EPR—Update 2002). James and colleagues (2005) reanalyzed the data from the study of
decline in lung function from Busselton, Australia (Peat et al. 1987), 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 FEV, 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. Sherrill and coworkers (2003) reanalyzed 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, FEV, did not decline at a more rapid rate than normal. This was also true
for subjects who had asthma and COPD. Giriffith and colleagues (2001) studied decline in lung
function in 5,242 participants in the Cardiovascular Health Study who were over age 65 at
enrolliment. Each participant had up to three lung function measurements over a 7-year interval.
Subjects who had asthma had lower levels of FEV, 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 FEV, in participants who had asthma.
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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 FEV,.
Furthermore, there is emerging evidence of reductions in the FEV+/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 hyperresponsiveness, or the severity of symptoms, were evaluated for
EPR—Update 2002 and the current update. The Expert Panel does not recommend using ICSs
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 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 (Agertoft and Pedersen 1994), these observations were not verified in a recent long-term
randomized control trial (RCT) in 1,041 children 5-12 years of age (CAMP 2000). 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 FEV4 over the 5-year
treatment period, and they had postbronchodilator FEV, 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 (Martinez et al. 1995). 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 ICSs 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 (Guilbert et al. 2006).

Two recent studies addressed the possibility that ICSs 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 (Selroos et al. 2004) reported the results of an
observational study of adults who had mild-to-moderate asthma and were treated for 5 years
with an ICS. 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 ftrial.
Two recent long-term observational studies report an association between ICS therapy and
reduced decline in FEV, in adults who have asthma (Dijkstra et al. 2006; Lange et al. 2006).
However, long-term RCTs will be necessary to confirm a causal relationship.
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The START study (Pauwels et al. 2003) 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 ICS 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 FEV,) than at the end of the treatment period (+0.88 percent predicted
FEV+), suggesting no effect in the putative progressive loss in lung function in these subjects.

With respect to the potential role of ICSs in changing the natural course of asthma, the relevant
clinical question is: Are ICSs associated with less disease burden after discontinuation of
therapy? The best available evidence in children 5-12 years of age (CAMP 2000) and

2-3 years of age (Guilbert et al. 2006) demonstrated that, although ICSs provide superior
control and prevention of symptoms and exacerbations during treatment, symptoms and airway
hyperresponsiveness worsen when treatment is withdrawn (EPR—Update 2002; Guilbert et al.
2006). This evidence suggests that currently available therapy controls but does not modify the
underlying disease process.

IMPLICATIONS OF CURRENT INFORMATION ABOUT PATHOPHYSIOLOGY
AND PATHOGENESIS, AND NATURAL HISTORY FOR ASTHMA
MANAGEMENT

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, begin 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.
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SECTION 3, THE FOUR COMPONENTS OF ASTHMA MANAGEMENT

Introduction

The Expert Panel Reports presenting clinical practice guidelines for the diagnosis and

management of asthma have organized recommendations for asthma care around four

components considered essential to effective asthma management:

m Measures of assessment and monitoring, obtained by objective tests, physical examination,
patient history and patient report, to diagnose and assess the characteristics and severity of
asthma and to monitor whether asthma control is achieved and maintained

m Education for a partnership in asthma care

m  Control of environmental factors and comorbid conditions that affect asthma

m Pharmacologic therapy

This section updates information on each of these four components, based on the Expert

Panel’s review of the scientific literature. The sections that follow present specific clinical

recommendations for managing asthma long term and for managing exacerbations that
incorporate the four components
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SECTION 3, COMPONENT 1: MEASURES OF ASTHMA ASSESSMENT AND
MONITORING

Introduction

See section 1, “Overall Methods Used To Develop This Report,” for literature search strategy
and tally of results for the EPR—3: Full Report 2007 on this component, Measures of Asthma
Assessment and Monitoring. Two Evidence Tables were prepared: 1, Predictors of
Exacerbation; and 2, Usefulness of Peak Flow Measurement.

Recommendations for “Component 1: Measures of Asthma Assessment and Monitoring” are
presented in five sections: “Overview of Assessing and Monitoring Severity, Control, and
Responsiveness in Managing Asthma;” “Diagnosis of Asthma;” “Initial Assessment:
Characterization of Asthma and Classification of Asthma Severity;” “Periodic Assessment and
Monitoring of Asthma Control Essential for Asthma Management;” and “Referral to an Asthma
Specialist for Consultation or Comanagement.” The recommendations are based on the opinion

of the Expert Panel and review of the scientific literature.

Overview of Assessing and Monitoring Asthma Severity, Control, and
Responsiveness in Managing Asthma

KEY POINTS: OVERVIEW OF MEASURES OF ASTHMA
ASSESSMENT AND MONITORING

m The functions of assessment and monitoring are closely linked to the concepts of severity,
control, and responsiveness to treatment:

— Severity: the intrinsic intensity of the disease process. Severity is measured most easily
and directly in a patient not receiving long-term-control therapy.

— Control: the degree to which the manifestations of asthma (symptoms, functional
impairments, and risks of untoward events) are minimized and the goals of therapy are
met.

— Responsiveness: the ease with which asthma control is achieved by therapy.

m Both severity and control include the domains of current impairment and future risk:

— Impairment: frequency and intensity of symptoms and functional limitations the patient is
experiencing or has recently experienced

— Risk: the likelihood of either asthma exacerbations, progressive decline in lung function
(or, for children, reduced lung growth), or risk of adverse effects from medication
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m The concepts of severity and control are used as follows for managing asthma:

— During a patient’s initial presentation, if the patient is not currently taking long-term
control medication, asthma severity is assessed to guide clinical decisions on the
appropriate medication and other therapeutic interventions.

— Once therapy is initiated, the emphasis thereafter for clinical management is changed to
the assessment of asthma control. The level of asthma control will guide decisions
either to maintain or adjust therapy.

— For population-based evaluations, clinical research, or subsequent characterization of
the patient’s overall severity, asthma severity can be inferred after optimal therapy is
established by correlating levels of severity with the lowest level of treatment required to
maintain control. For clinical management, however, the emphasis is on assessing
asthma severity for initiating therapy and assessing control for monitoring and adjusting
therapy.

KEY DIFFERENCES FROM 1997 AND 2002 EXPERT PANEL
REPORTS

m The key elements of assessment and monitoring are refined to include the separate, but
related, concepts of severity, control, and responsiveness to treatment. Classifying severity
is emphasized for initiating therapy; assessing control is emphasized for monitoring and
adjusting therapy. Asthma severity and control are defined in terms of two domains:
impairment and risk.

m The distinction between the domains of impairment and risk for assessing asthma severity
and control emphasizes the need to consider separately asthma’s effects on quality of life
and functional capacity on an ongoing basis (i.e., in the present) and the risks it presents for
adverse events in the future, such as exacerbations and progressive loss of pulmonary
function. These domains of asthma may respond differentially to treatment.

Diagnosing a patient as having asthma is only the first step in reducing the symptoms,
functional limitations, impairment in quality of life, and risk of adverse events that are associated
with the disease. The ultimate goal of treatment is to enable a patient to live with none of these
manifestations of asthma, and an initial assessment of the severity of the disease allows an
estimate of the type and intensity of treatment needed. Responsiveness to asthma treatment is
variable; therefore, to achieve the goals of therapy, followup assessment must be made and
treatment should be adjusted accordingly. Even patients who have asthma that is well
controlled at the time of a clinical assessment must be monitored over time, for the processes
underlying asthma can vary in intensity over time, and treatment should be adjusted
accordingly.
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The functions of assessment and monitoring are closely linked to the concepts of severity,
control, and responsiveness to treatment:

m Severity: the intrinsic intensity of the disease process. Severity is most easily and directly
measured in a patient who is not currently receiving long-term control treatment.

m Control: the degree to which the manifestations of asthma (symptoms, functional
impairments, and risks of untoward events) are minimized and the goals of therapy are met.

m Responsiveness: the ease with which control is achieved by therapy.

An important point linking asthma severity, control, and responsiveness is that the goals are
identical for all levels of baseline asthma severity. A patient who has severe persistent asthma
compared to a patient who has mild persistent asthma, or a patient who is less responsive to
therapy may require more intensive intervention to achieve well-controlled asthma; however, the
goals are the same: in well-controlled asthma, the manifestations of asthma are minimized by
therapeutic intervention.

Although the severity of disease is most accurately assessed in patients before initiating
long-term control medication, many patients are already receiving treatment when first seen by
a new health care provider. In such cases, severity can be inferred from the least amount of
treatment required to maintain control. This approach presumes that the severity of asthma is
closely related to its responsiveness to treatment. Although this assumption may not be true for
all forms of asthma and all treatments, it does focus attention on what is important in managing
patients who have asthma: achieving a satisfactory level of control.

Both asthma severity and asthma control can be broken down into two domains: impairment
and risk. Impairment is an assessment of the frequency and intensity of symptoms and
functional limitations that a patient is experiencing or has recently experienced. Risk is an
estimate of the likelihood of either asthma exacerbations or of progressive loss of pulmonary
function over time.

m An assessment of the impairment domain for determining the severity of disease (in patients
on no long-term-control treatment before treatment is initiated) or the level of control (after
treatment is selected) usually can be elicited by careful, directed history and lung function
measurement. Standardized questionnaires like the Asthma Control Test (ACT) (Nathan et
al. 2004), the Childhood Asthma Control Test (Liu et al. 2007), the Asthma Control
Questionnaire (Juniper et al. 1999b), the Asthma Therapy Assessment Questionnaire
(ATAQ) control index (Vollmer et al. 1999), and others have been developed to facilitate and
standardize the assessment of the impairment domain of asthma control. Some patients,
however, appear to perceive the severity of airflow obstruction poorly (Bijl-Hofland et al.
2000; Kikuchi et al. 1994). These patients may have unconsciously accommodated to their
symptoms, or perhaps they have mistakenly attributed these symptoms to other causes, like
aging, obesity, or lack of fitness, so that they do not report them readily. For these patients,
some other measure, such as spirometry, may identify that the degree of airflow obstruction
is poorly recognized or perceived by the patient. A trial of therapy can be initiated and lead
to unexpected improvement in quality of life (“I did not realize how much better | could feel
until my asthma was treated.”).

m Assessment of the risk domain—that is, of adverse events in the future, especially of
exacerbations and of progressive, irreversible loss of pulmonary function—is more

38



August 28, 2007 Section 3, Component 1: Measures of Asthma Assessment and Monitoring

problematic. Some assessment of the risk of exacerbations can be inferred from the
medical history. Patients who have had exacerbations requiring emergency department
(ED) visits, hospitalization, or intensive care unit (ICU) admission, especially in the past
year, have a great risk of exacerbations in the future (Adams et al. 2000; Eisner et al. 2001;
Lieu et al. 1998). Conversely, the achievement of good control of asthma symptoms and
airflow obstruction from treatment with an inhaled corticosteroid (ICS) lowers the risk for
asthma exacerbations in the future (Bateman et al. 2004). It is not known, however,
whether the minimum treatment to control symptoms necessarily reduces the risk of
exacerbations. Some patients who have few current symptoms or impairment of quality of
life may still be at grave risk of severe, even life-threatening exacerbations (Ayres et al.
2004). Finally, little is known about the prevalence of a heightened risk of progressive loss
of pulmonary function among patients who have asthma or whether any current treatment
can prevent it.

m The test most used for assessing the risk of future adverse events is spirometry, especially
forced expiratory volume in 1 second (FEV) expressed as a percent of the predicted value
or as a proportion of the forced vital capacity (FVC) or FEV4/FVC. The need for a simple,
easily applied, more accurate test has prompted study of “biomarkers” whose deviations
from normal might correlate with the severity of risk. Many biomarkers have been
proposed—airway hyperresponsiveness, blood or sputum eosinophils or eosinophilic
cationic protein (ECP), fractional exhaled nitric oxide concentration (FeNO), serum
immunoglobulin E (IgE), number of positive skin tests, concentration of hydrogen ion,
inflammatory mediators, or various metabolites in an exhaled breath condensate (EBC).
Few studies, however, have validated or “anchored” assessment of these markers by
analyzing their relationship to the rate of adverse events or decline in pulmonary function
over time. Further complicating the matter is that the relationship between normalization of
a biomarker and normalization of risk of an adverse event may depend on the specific
treatment given. What is found true for treatment with an ICS may not be true for treatment
with a leuktotriene receptor antagonist (LTRA) or an inhaled long-acting beta,-agonist
(LABA), or vice versa.

In the future, assessment of a combination of historical features and of biomarkers may
allow accurate estimation of the risk of future adverse events, but it must be kept in mind
that laboratory tests only indirectly estimate control of risk. In the end, only symptoms,
exacerbations, and quality of life over time are the measures of asthma control.

m Assessment of response to therapy is important, but there is inconsistency about the
definition and measurement of “response.” In general, response to therapy describes the
ease with which adequate control is achieved by therapy. In a randomized controlled trial
(RCT) of interventions to achieve asthma control, decreased symptoms, decreased use of
short-acting beta,-agonist (SABA) for quick relief, improved functioning, improvement in
FEV4, reduction in exacerbations, fewer ED visits, and decreased side effects from
medication were equally weighted to develop a composite score that defines a responder to
therapy (Bateman et al. 2004). The investigators observed that a composite definition of a
responder correlates with asthma control. In a recent editorial, Stempel and Fuhlbrigge
(2005) noted that, in published clinical trials, response to therapy based on pre- or
postbronchodilator FEV varied widely in statistical significance, depending on the research
design and number of subjects included to attain statistical power. Furthermore, when
response is defined solely by FEV;, it can be influenced by disease activity independent of
the intervention. It may be significant to characterize other responses, such as decreased
airway responsiveness as measured by the response to methacholine, frequency of
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exacerbations, and decrease in nighttime awakening. This area of work is currently
developing and will be influenced by the outcome measures chosen by researchers
conducting intervention studies. Agreement is needed on what clinically significant
outcomes characterize response to therapy. Agreement is also needed on the time needed
to assess response accurately (Zhang et al. 2002), but this time may vary according to
treatment. It will take longer to determine whether a patient has responded to a treatment
whose principal benefit is reduction in the rate of exacerbations, such as an anti-IgE
monoclonal antibody (Bousquet et al. 2004), than to a treatment that acts as an acute
bronchodilator.

Another concept closely related to assessing and predicting response to therapy is resistance to
therapy. Of adult patients who have asthma, approximately 5 percent have poorly controlled
asthma, with frequent symptoms and exacerbations despite use of high-dose ICS (Barnes and
Woolcock 1998). Little is known about why some patients who have asthma do not respond
well to therapy. A high prevalence of comorbidity—such as uncontrolled gastroesophageal
reflux disease (GERD), allergic rhinitis, and psychiatric illness—has been described in this
population (Heaney et al. 2003). Patients who have a poor response to appropriate therapy
require referral to and consultation with an asthma specialist.

Diagnosis of Asthma

KEY POINTS: DIAGNOSIS OF ASTHMA

To establish a diagnosis of asthma, the clinician should determine that (EPR—2 1997):

— Episodic symptoms of airflow obstruction or airway hyperresponsiveness are present.

— Airflow obstruction is at least partially reversible.

— Alternative diagnoses are excluded.

Recommended methods to establish the diagnosis are (EPR—2 1997):

— Detailed medical history.

— Physical exam focusing on the upper respiratory tract, chest, and skin.

— Spirometry to demonstrate obstruction and assess reversibility, including in children
5 years of age or older. Reversibility is determined either by an increase in FEV, of

>12 percent from baseline or by an increase >10 percent of predicted FEV, after
inhalation of a short-acting bronchodilator.

— Additional studies as necessary to exclude alternate diagnoses.
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KEY DIFFERENCES FROM 1997 AND 2002 EXPERT PANEL
REPORTS

m Discussions have been added on the use of spirometry, especially in children, and on the
criteria for reversibility.

m Information has been added on vocal cord dysfunction (VCD) and cough variant asthma as
an alternative diagnosis. Reference has been added to updated information in another
component on comorbid conditions that may complicate diagnosis and treatment of asthma
(e.g., allergic bronchopulmonary aspergillosis (ABPA), obstructive sleep apnea (OSA), and
GERD).

The Expert Panel recommends that the clinician trying to establish a diagnosis of asthma
should determine that (EPR—2 1997):

m Episodic symptoms of airflow obstruction are present.
m Airflow obstruction is at least partially reversible.
m Alternative diagnoses are excluded.

Box 3—1 lists key indicators for considering a diagnosis of asthma. A careful medical history,
physical examination, pulmonary function tests, and additional tests will provide the information
needed to ensure a correct diagnosis of asthma. Each of these methods of assessment is
described in this section.

Clinical judgment is needed in conducting the assessment for asthma. Patients who have
asthma are heterogeneous and present signs and symptoms that vary widely from patient to
patient as well as within each patient over time.

MEDICAL HISTORY

The Expert Panel recommends that a detailed medical history of the new patient who is
thought to have asthma should address the items listed in figure 3—1 (EPR—2 1997). The
medical history can help:

m Identify the symptoms likely to be due to asthma. See figure 3—-2 for sample questions.

m Support the likelihood of asthma (e.g., patterns of symptoms, family history of asthma or
allergies).
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BOX 3-1. KEY INDICATORS FOR CONSIDERING A DIAGNOSIS OF
ASTHMA

Consider a diagnosis of asthma and performing spirometry if any of these indicators is present.”
These indicators are not diagnostic by themselves, but the presence of multiple key indicators
increases the probability of a diagnosis of asthma. Spirometry is needed to establish a
diagnosis of asthma.

m  Wheezing—high-pitched whistling sounds when breathing out—especially in children. (Lack
of wheezing and a normal chest examination do not exclude asthma.)

m History of any of the following:

— Cough, worse particularly at night
— Recurrent wheeze

— Recurrent difficulty in breathing
— Recurrent chest tightness

m Symptoms occur or worsen in the presence of:

— Exercise

— Viral infection

— Animals with fur or hair

— House-dust mites (in mattresses, pillows, upholstered furniture, carpets)
— Mold

— Smoke (tobacco, wood)

— Pollen

— Changes in weather

— Strong emotional expression (laughing or crying hard)
— Airborne chemicals or dusts

— Menstrual cycles

= Symptoms occur or worsen at night, awakening the patient.

*Eczema, hay fever, or a family history of asthma or atopic diseases are often associated with asthma, but they are
not key indicators.

PHYSICAL EXAMINATION

The upper respiratory tract, chest, and skin are the focus of the physical examination for
asthma. Physical findings that increase the probability of asthma are listed below. The
absence of these findings does not rule out asthma, because the disease is by definition
variable, and signs of airflow obstruction are often absent between attacks.

m Hyperexpansion of the thorax, especially in children; use of accessory muscles; appearance
of hunched shoulders; and chest deformity.

m Sounds of wheezing during normal breathing, or a prolonged phase of forced exhalation
(typical of airflow obstruction). Wheezing may only be heard during forced exhalation, but it
is not a reliable indicator of airflow limitation.
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m Increased nasal secretion, mucosal swelling, and/or nasal polyps.

m Atopic dermatitis/feczema or any other manifestation of an allergic skin condition.

PULMONARY FUNCTION TESTING (SPIROMETRY)

The Expert Panel recommends that spirometry measurements—FEV,, forced expiratory
volume in 6 seconds (FEV¢), FVC, FEV,/[FVC—before and after the patient inhales a
short-acting bronchodilator should be undertaken for patients in whom the diagnosis of
asthma is being considered, including children >5 years of age (EPR—2 1997). These
measurements help to determine whether there is airflow obstruction, its severity, and whether it
is reversible over the short term (Bye et al. 1992; Li and O'Connell 1996). (See box 3-2 for
further information.) Patients’ perception of airflow obstruction is highly variable, and spirometry
sometimes reveals obstruction much more severe than would have been estimated from the

history and physical examination.

BOX 3-2.

IMPORTANCE OF SPIROMETRY IN ASTHMA DIAGNOSIS

Objective assessments of pulmonary function
are necessary for the diagnosis of asthma
because medical history and physical
examination are not reliable means of
excluding other diagnoses or of characterizing
the status of lung impairment. Although
physicians generally seem able to identify a
lung abnormality as obstructive (Russell et al.
1986), they have a poor ability to assess the
degree of airflow obstruction (Nair et al. 2005;
Shim and Williams 1980) or to predict whether
the obstruction is reversible (Russell et al.
1986). Furthermore, pulmonary function
measures often do not correlate directly with
symptoms. One study reports that one-third of
the children who had moderate-to-severe
asthma were reclassified to a more severe
asthma category when pulmonary function
reports of FEV, were considered in addition to
symptom frequency (Stout et al. 2006).

Conversely, a majority of children in another
study who had mild-to-moderate asthma
classified by symptoms had normal FEV;
(Bacharier et al. 2004). These findings
emphasize the importance of using multiple
measures and the value of pulmonary function
testing in a comprehensive assessment of
asthma.

For diagnostic purposes, spirometry is
generally recommended over measurements
by a peak flow meter in the clinician’s office
because there is wide variability even in the
published predicted peak expiratory flow (PEF)
reference values. Reference values need to
be specific to each brand of peak flow meter,
and such normative brand-specific values
currently are not available for most brands.
Peak flow meters are designed as monitoring,
not as diagnostic, tools in the office.

Spirometry typically measures the maximal volume of air forcibly exhaled from the point of
maximal inhalation (FVC) and the volume of air exhaled during the first second of this maneuver
(FEV,). Spirometry is generally valuable in children >5 years of age, although some children
cannot conduct the maneuver adequately until after age 7. Healthy young children complete
exhalation of their entire vital capacity in a few seconds, but it can take older patients much
longer, especially patients who have airflow obstruction, because expiratory flow is so low at low
lung volumes. In these patients, sustaining a maximal expiratory effort for the time necessary
for complete exhalation may be more than 12 or 15 seconds—Ilong enough for some patients to
find the maneuver uncomfortable or associated with light headedness. This accounts for the
interest in measurement of the FEVg as a substitute for measurement of FVC in adults. In
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adults, FEVs has been shown to be equivalent to FVC for identifying obstructive and restrictive
patterns, using the American Thoracic Society (ATS) algorithm, and to be more reproducible
and less physically demanding than FVC (Swanney et al. 2004). Airflow obstruction is indicated
by a reduction in the values for both the FEV, and the FEV/FVC (or FEV4/ FEVj) relative to
reference or predicted values. See figure 3—3a and 3-3b for an example of a spirometric curve
for this test. Predicted values for FEV4/FVC are based on National Health and Nutrition
Examination Survey (NHANES) data, National Center for Health Statistics, Centers for Disease
Control and Prevention (CDC).

Significant reversibility is indicated by ATS standards as an increase in FEV, of >200 mL and
>12 percent from the baseline measure after inhalation of a short-acting bronchodilator (e.g.,
albuterol, 2—4 puffs of 90 mcg/puff) (ATS 1995; ATS/ERS et al. 2005; Pellegrino et al. 2005).
Some studies indicate that an increase >10 percent of the predicted FEV, after inhalation of a
short-acting bronchodilator may be less subject to bias than measuring percent change from
baseline and may have a higher likelihood of separating patients who have asthma from those
who have chronic obstructive pulmonary disease (COPD) (Appleton et al. 2005; Brand et al.
1992; Dales et al. 1988; Meslier et al. 1989). Some patients who have signs and symptoms of
asthma may not demonstrate reversibility until after a 2- to 3-week trial of oral corticosteroid
therapy is administered to help improve their asthma control. Furthermore, the spirometry
measured after a single treatment with SABA or after a short course of oral systemic
corticosteroid treatment plus acute administration of a bronchodilator may not indicate the
patient’s best achievable lung function; thus, followup spirometry measures are indicated as
asthma control improves.

Abnormalities of lung function are categorized as restrictive and obstructive defects. A reduced
ratio of FEV4/FVC or FEV4/FEV; indicates obstruction to the flow of air from the lungs, whereas
a proportionately reduced FVC (or FEV; in adults) with a normal or increased FEV/FVC (or
FEV./FEVg) ratio suggests a restrictive pattern. The severity of abnormality of spirometric
measurements is evaluated by comparison of the patient’s results with reference values based
on age, height, sex, and race (ATS 1995). Furthermore, chronic asthma may be associated
with decreased lung function with a loss of response to bronchodilator. Although asthma is
typically associated with an obstructive impairment that is reversible, neither this finding nor any
other single test or measure is adequate to diagnose asthma. Many diseases are associated
with this pattern of abnormality. The patient’s pattern of symptoms (along with other information
from the patient’s medical history) and exclusion of other possible diagnoses also are needed to
establish a diagnosis of asthma. In severe cases, the FVC also may be reduced due to trapping
of air in the lungs.

When pulmonary function measures are obtained, measuring pulmonary function before and
after bronchodilator treatment to determine reversibility is recommended. The degree of airway
reversibility correlates with airway inflammation, as measured by sputum eosinophilia and FeNO
(Covar et al. 2004a). In addition, those patients who have the greatest degree of reversibility in
response to SABA may be at the greatest risk of developing fixed airflow obstruction and have
the greatest loss of lung function (Ulrik and Backer 1999). The postbronchodilator FEV/
measure can then be used to follow lung growth patterns over time (Covar et al. 2004b).

The Expert Panel recommends that office-based physicians who care for asthma patients
should have access to spirometry, which is useful in both diagnosis and periodic
monitoring. Spirometry should be performed using equipment and techniques that meet
standards developed by the ATS (EPR—2 1997). Correct technique, calibration methods,
and maintenance of equipment are necessary to achieve consistently accurate test results
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(ATS/ERS et al. 2005). Maximal effort by the patient in performing the test is required to avoid
important errors in diagnosis and management. Training courses in the performance of
spirometry that are approved by the National Institute for Occupational Safety and Health are
available (800—-35—-NIOSH).

The Expert Panel recommends that when office spirometry shows severe abnormalities,
or if questions arise regarding test accuracy or interpretation, further assessment should
be performed in a specialized pulmonary function laboratory (EPR—2 1997).

DIFFERENTIAL DIAGNOSIS OF ASTHMA

The Expert Panel recommends consideration of alternative diagnoses, as appropriate.
Box 3-3 lists examples of possible alternative diagnoses for asthma that may be
considered during the evaluation of medical history, physical examination, and
pulmonary function. Additional studies are not routinely necessary but may be useful
when considering alternative diagnoses (EPR—2 1997):

m Additional pulmonary function studies (e.g., measurement of lung volumes and evaluation of
inspiratory loops) may be indicated, especially if there are questions about possible
coexisting COPD, a restrictive defect, VCD, or possible central airway obstruction. A
diffusing capacity test is helpful in differentiating between asthma and emphysema in
patients, such as smokers and older patients, who are at risk for both illnesses.

m Bronchoprovocation with methacholine, histamine, cold air, or exercise challenge may be
useful when asthma is suspected and spirometry is normal or near normal. For safety
reasons, bronchoprovocation testing should be carried out by a trained individual in an
appropriate facility and is not generally recommended if the FEV, is <65 percent predicted.
A positive methacholine bronchoprovocation test is diagnostic for the presence of airway
hyperresponsiveness, a characteristic feature of asthma that also can be present in other
conditions (e.qg., allergic rhinitis, cystic fibrosis, COPD, among others). Thus, although a
positive test is consistent with asthma, a negative bronchoprovocation may be more helpful
to rule out asthma.

m Chest x ray may be needed to exclude other diagnoses.

m Allergy testing (see component 3—Control of Environmental Factors and Comorbid
Conditions That Affect Asthma).

m Biomarkers of inflammation. The usefulness of measurements of biomarkers of
inflammation (e.g., total and differential cell count and mediator assays) in sputum, blood,
urine, and exhaled air as aids to the diagnosis and assessment of asthma is currently being
evaluated in clinical research trials (see “Monitoring Asthma Control With Minimally Invasive
Markers and Pharmacogenetics,” in the following section on “Periodic Assessment and
Monitoring of Asthma Control Essential for Asthma Management”).

Recurrent episodes of cough and wheezing are due most often to asthma in both children and
adults. Underdiagnosis of asthma is a frequent problem, especially in children who wheeze
when they have respiratory infections. These children are often labeled as having bronchitis,
bronchiolitis, or pneumonia even though the signs and symptoms are most compatible with a
diagnosis of asthma. The clinician needs, however, to be aware of other causes of airway
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BOX 3-3. DIFFERENTIAL DIAGNOSTIC POSSIBILITIES FOR
ASTHMA

Infants and Children

Upper airway diseases
m Allergic rhinitis and sinusitis

Obstructions involving large airways

m Foreign body in trachea or bronchus

Vocal cord dysfunction

Vascular rings or laryngeal webs

Laryngotracheomalacia, tracheal stenosis, or bronchostenosis
Enlarged lymph nodes or tumor

Obstructions involving small airways

m Viral bronchiolitis or obliterative bronchiolitis
Cystic fibrosis

Bronchopulmonary dysplasia

Heart disease

Other causes

m Recurrent cough not due to asthma
m Aspiration from swallowing mechanism dysfunction or gastroesophageal reflux

Adults

m  COPD (e.g., chronic bronchitis or emphysema)

m  Congestive heart failure

m  Pulmonary embolism

m  Mechanical obstruction of the airways (benign and malignant tumors)

m  Pulmonary infiltration with eosinophilia

m  Cough secondary to drugs (e.g., angiotensin-converting enzyme (ACE) inhibitors)
m Vocal cord dysfunction

obstruction leading to wheezing (See box 3-3.). See also “Diagnosis and Prognosis of Asthma
in Children” in the section “Managing Asthma Long Term in Children 0—4 Years of Age and
5-11 Years of Age,” for more detailed discussion about the diagnosis of asthma in young
children.

Cough variant asthma. Although chronic cough can be a sign of many health problems, it may
be the principal—or only—manifestation of asthma, especially in young children. This has led to
the term “cough variant asthma.” Monitoring of PEF or methacholine inhalation challenge, to
clarify whether there is bronchial hyperresponsiveness consistent with asthma, may be helpful
in diagnosis. The diagnosis of cough variant asthma is confirmed by a positive response to
asthma medication (Dicpinigaitis 2006). Treatment should follow the stepwise approach to
long-term management of asthma.
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Vocal cord dysfunction often mimics asthma. VCD is characterized by episodic dyspnea and
wheezing caused by intermittent paradoxical vocal cord adduction during inspiration (sometimes
with abnormal adduction during expiration as well). The cause of VCD is not well understood,
although some patients develop VCD in response to irritant triggers, such as fumes, cold air,
and exercise. Although VCD is clearly distinct from asthma, it is often confused with asthma,
leading to inappropriate medication of affected individuals with anti-asthma medications.
Asthma medications typically do little, if anything, to relieve symptoms if the patient has pure
VCD. VCD should be considered in the differential of difficult-to-treat, atypical asthma patients.
It is important to note, however, that VCD and asthma may coexist and that VCD may
complicate asthma management. Elite athletes, in particular, are prone to both exercise-
induced bronchospasm (EIB) and VCD, so careful workup is warranted for athletes who present
with exercise-related breathlessness (Rundell and Spiering 2003). During severe VCD
episodes, respiratory distress may be severe and lead to intubation. Once the trachea is
intubated, the wheezing and distress abate in VCD but not in asthma.

VCD can be difficult to diagnose. Variable flattening of the inspiratory flow loop on spirometry is
strongly suggestive of the diagnosis, but abnormalities of the inspiratory loop may well be
absent between episodes. The diagnosis of VCD comes from indirect or direct vocal cord
visualization during an episode, during which the abnormal adduction can be documented.
Therapy generally consists of speech therapy and relaxation techniques (Bucca et al. 1995;
Christopher et al. 1983; Newman et al. 1995).

Several conditions that may coexist with asthma can complicate diagnosis: ABPA, OSA, and
GERD (See “Component 3: Control of Environmental Factors and Comorbid Conditions That
Affect Asthma.”).

Initial Assessment: Characterization of Asthma and Classification of
Asthma Severity

KEY POINTS: INITIAL ASSESSMENT OF ASTHMA

m  Once the diagnosis has been established, information obtained from the diagnostic
evaluation, and additional information, if necessary, should be used to characterize the
patient’s asthma in order to guide decisions for therapy (EPR—2 1997):

— ldentify precipitating factors (e.g., exposure at home, work, daycare, or school to
inhalant allergens, or irritants such as tobacco smoke, or viral respiratory infections)
(Evidence A)

— ldentify comorbidities that may aggravate asthma (e.g., sinusitis, rhinitis, GERD)
(Evidence B)

— Classify asthma severity, using measures in both the impairment (Evidence B) and risk
domains (Evidence C)

m  Measures of pulmonary function, using spirometry, are recommended for assessing asthma
severity. Low FEV, indicates current obstruction (impairment domain) and risk for future
exacerbation (risk domain) (Evidence C). For children, FEV+/FVC appears to be a more
sensitive measure of severity in the impairment domain; FEV, is a useful measure of risk for
exacerbations (Evidence C).
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KEY DIFFERENCES FROM 1997 AND 2002 EXPERT PANEL
REPORTS

m The severity classification for asthma changed the category of mild intermittent to
intermittent in order to emphasize that even patients who have intermittent asthma can have
severe exacerbations. A note of emphasis has also been added that acute exacerbations
can be mild, moderate, or severe in any category of persistent asthma.

m Severity classification is defined in terms of two domains—impairment and risk—to
emphasize the need to consider separately asthma’s effects on quality of life and functional
capacity on an ongoing basis (i.e., in the present) and the risks asthma presents for adverse
events in the future, such as exacerbations and progressive loss of pulmonary function.
These domains of asthma may respond differentially to treatment.

m A new emphasis on using FEV,/FVC has been added for to classifying severity in children
because it may be a more sensitive measure than FEV;,.

The Expert Panel recommends that clinicians use information obtained from the
diagnostic evaluation, and any additional information, if necessary, to (EPR—2 1997):

Identify precipitating factors

Identify comorbid conditions that may aggravate asthma
Assess the patient’s knowledge and skills for self-management
Classify asthma severity

Once the diagnosis of asthma has been established, the next step in the initial assessment is to
characterize the patient’s asthma in order to guide decisions for selecting therapy. This
characterization is a basic description of the patient’'s asthma phenotype.

As noted earlier, the usefulness of measurements of biomarkers of inflammation (e.g., total and
differential cell count and mediator assays) in sputum, blood, urine, and exhaled air as aids to
the diagnosis and assessment of asthma is currently being evaluated in clinical research trials
(See “Monitoring Asthma Control With Minimally Invasive Markers and Pharmacogenetics,” in
the following section on “Periodic Assessment and Monitoring of Asthma Control Essential for
Asthma Management.”).

IDENTIFY PRECIPITATING FACTORS

The identification of factors that precipitate worsening of asthma—such as exposure to
allergens (e.g., pets, molds, seasonal pollens), irritants (e.g., environmental tobacco smoke
(ETS) and industrial pollutants (such as sulfur dioxide and ozone), or respiratory viruses
(including “common cold” viruses)—can assist in educating the patient to avoid unnecessary
exposures or at least to be alert to exposures that might indicate a need for increased
treatment. Information obtained from the medical history (See figure 3—1.) will aid this
assessment. See “Component 3: Control of Environmental Factors and Comorbid Conditions
That Affect Asthma” for additional tools to assess allergies and other relevant exposures, as
well as key messages for patient education on this topic.

48




August 28, 2007 Section 3, Component 1: Measures of Asthma Assessment and Monitoring

IDENTIFY COMORBID CONDITIONS THAT MAY AGGRAVATE ASTHMA

It is also important to identify whether the patient has chronic comorbid conditions that may
complicate the presentation or the treatment of asthma, such as sinusitis, rhinitis, GERD, OSA,
or ABPA (See “Component 3: Control of Environmental Factors and Comorbid Conditions That
Affect Asthma.”). Identification of these comorbid conditions is helpful, because treating them
adequately may improve overall control of asthma and lessen requirements for asthma
medications.

ASSESS THE PATIENT’S KNOWLEDGE AND SKILLS FOR SELF-MANAGEMENT

Successful management of asthma requires that the patient or patient’s caregiver have a
fundamental understanding of and skills for following the therapeutic recommendations,
including pharmacotherapy and measures to control factors that contribute to asthma severity.
Initial assessment of the patient, therefore, should include an evaluation of the patient’s self-
management skills. This evaluation will guide decisions about appropriate educational training.
See component 2—Education for a Partnership in Asthma Care for detailed discussion and
tools for integrating assessment and education into all phases of clinical management, including
the initial patient assessment.

CLASSIFY ASTHMA SEVERITY

The Expert Panel recommends that clinicians classify asthma severity by using the
domains of current impairment and future risk (Evidence B—secondary analyses of
clinical trials, and Evidence C—observational studies, for assessing impairment;
Evidence C, for distinguishing intermittent versus persistent asthma by risk of
exacerbations; Evidence D, for distinguishing different categories of persistent asthma
by varying frequencies of exacerbations).

Asthma severity is the intrinsic intensity of disease. Initial assessment of patients who have
confirmed asthma begins with a severity classification because the selection of type, amount,
and scheduling of therapy should then correspond to the level of asthma severity. This initial
assessment of asthma severity is made immediately after diagnosis, or when the patient is first
encountered, generally before the patient is taking some form of long-term control medication.
Assessment is made on the basis of current spirometry and the patient’s recall of symptoms
over the previous 2—4 weeks, because detailed recall of symptoms decreases over time. If the
assessment is made during a visit in which the patient is treated for an acute exacerbation, then
asking the patient to recall symptoms in the period before the onset of the current exacerbation
will suffice until a followup visit can be made.

For population-based evaluations, clinical research, or subsequent characterization of the
patient’s overall severity, asthma severity can be inferred after optimal therapy is established by
correlating levels of severity with the lowest level of treatment required to maintain control. For
clinical management, however, the emphasis is to assess asthma severity prior to initiating
therapy and, then, assess control for monitoring and adjusting therapy.

The severity classification of asthma shown in figures 3—4 a, b, and ¢ uses the two domains of
current impairment and future risk. The specific measures for classifying severity—symptoms,
use of SABA for quick relief, exacerbations, and pulmonary function—that were presented in
EPR—2 remain in the current report, although they have been organized into the new
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framework of measures of impairment and risk. As noted in the “Overview” section of this
component, the distinction between impairment and risk emphasizes the need to consider
separately asthma’s effects on quality of life and functional capacity on an ongoing basis (i.e., in
the present) and the risks asthma presents for adverse events in the future, such as
exacerbations and progressive loss of pulmonary function. Clinical trial data demonstrate that
these “domains” of asthma may respond differentially to treatment. Data further suggest that, in
estimating severity or control in either domain, different manifestations of asthma must be
assessed, because they do not necessarily correlate with each other (Bacharier et al. 2004;
Colice et al. 1999; Fuhlbrigge et al. 2002; Strunk et al. 2002). Thus, a composite of measures,
with a distinction between domains of impairment and risk, will be useful in classifying severity.

Assessment of Impairment
Assessment of severity requires assessing the following components of current impairment:
m  Symptoms

— Nighttime awakenings

— Need for SABA for quick relief of symptoms

— Work/school days missed

— Ability to engage in normal daily activities or in desired activities
— Quality-of-life assessments

m Lung function, measured by spirometry: FEV,, FVC (or FEVs), FEV4/FVC (or FEVsin
adults). Spirometry is the preferred method for measuring lung function to classify severity.
Peak flow has not been found to be a reliable variable for classifying severity (Eid et al.
2000; Llewellin et al. 2002), but it may serve as a useful tool for monitoring trends in asthma
control over time (See section, “Monitoring Lung Function.”).

Secondary analyses of clinical trial data and observational studies using the EPR—2 1997 or
similar Global Initiative for Asthma (GINA) criteria have confirmed that the parameters for the
impairment domain (symptom, activity levels, and pulmonary function) reflect increasing
gradients of severity in adults (Antonicelli et al. 2004, Diette et al. 2004; EPR—2 1997; Schatz
et al. 2003, 2005b).

Whether the ranges of pulmonary function for severity of asthma previously defined in
guidelines (EPR—2 1997) apply well to children has been questioned in cross-sectional studies
that found normal FEV, values (many over 90 percent predicted) in a majority of the children,
5-18 years of age, regardless of their asthma severity as classified on the basis of symptoms
(Bacharier et al. 2004; Paull et al. 2005; Spahn et al. 2004). Two of those studies reported that,
in contrast to FEV, measures, FEV,/FVC decreased with increasing asthma severity and thus
appeared to be a more sensitive measure of severity (Bacharier et al. 2004; Paull et al. 2005).
On the other hand, analysis of a large, longitudinal study of children confirmed a relationship
between the severity of airflow obstruction and the risk of exacerbations (Fuhlbrigge et al.
2001). Increasing risk correlated with the FEV, cutoffs for increasing levels of severity as
defined in EPR—2 (Fuhlbrigge et al. 2006). It is emphasized that these studies also found that
even children who had normal values of lung function experienced exacerbations. In addition,
children who have low lung function are at greatest risk of developing fixed airflow obstruction
over time (Rasmussen et al. 2002). Cumulatively, these studies underscore the importance of
measuring several variables in the assessment of asthma. Making treatment decisions for
children should be based on frequency and severity of past exacerbations and symptoms, with
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pulmonary function measures as an additional guide. FEV, appears to be a useful measure
indicating risk for exacerbations; FEV,/FVC appears to be a more sensitive measure of severity
in the impairment domain. The Expert Panel has updated the pulmonary function measures for
assessing asthma severity and control in children by adding suggested ranges for FEV,/FVC.

Assessment of Risk

A closely related and second dimension of severity is the concept of risk of adverse events,
including exacerbations and risk of death. Assessment of the risk of future adverse events
requires careful medical history, observation, and clinician judgment. Documentation of warning
signs and adverse events will be necessary when a patient is felt to be at increased risk.
Patients who are deemed at increased risk of adverse outcomes will need close monitoring and
frequent assessment by their clinicians.

m Exacerbations of asthma are acute or subacute episodes of progressively worsening
shortness of breath, cough, wheezing, and chest tightness—or some combination of these
symptoms. Exacerbations are characterized by decreases in expiratory airflow that can be
documented and quantified by simple measurement of lung function (spirometry or PEF).
Exacerbations of asthma can vary widely among individuals and within individuals, from very
rare to frequent. Although the classification of severity focuses on the frequency of
exacerbations, it is important to note that the severity of disease does not necessarily
correlate with the intensity of exacerbations, which can vary from mild to very severe and
life-threatening. Patients at any level of severity, even intermittent asthma, can have severe
exacerbations. For example, a person who has intermittent asthma can have a severe
exacerbation during a viral illness or when exposed to allergens to which he or she is
sensitized or to noxious fumes and irritants. Accordingly, the Expert Panel has modified the
designation of “mild intermittent asthma” in the previous guidelines (EPR—2 1997;
EPR—Update 2002) to become “intermittent asthma” to emphasize that patients at any level
of severity—including intermittent—can have severe exacerbations. The duration of
exacerbations may vary from a few hours to a few days. These unpredictable variations in
exacerbations can present treatment dilemmas for the clinician who strives to prevent future
exacerbations and considers when to initiate chronic anti-inflammatory therapy.

The frequency of exacerbations requiring intervention with oral systemic corticosteroids has
been correlated in observational studies with the designation of persistent, rather than
intermittent, asthma (Fuhlbrigge et al. 2001, 2006). Determination of whether the level of
severity is mild, moderate, or severe will depend on consideration of both the frequency and
the intensity of the exacerbations. No data are available to correspond specific numbers
with each severity category. In general, the more frequent and the more intense the
exacerbations (e.g., requiring urgent, unscheduled clinical care, hospitalization, or ICU
admission), the greater the degree of underlying disease severity.

m Predictors that have been reported to be associated with increased risk of exacerbations
(See Evidence Table 1, Predictors of Exacerbations.) or death include:

— Severe airflow obstruction, as detected by spirometry (Adams et al. 2000; Connolly et al.
1998; Fuhlbrigge et al. 2001, 2006; Kitch et al. 2004).

— Persistent severe airflow obstruction (Kitch et al. 2004).
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— Two or more ED visits or hospitalizations for asthma in the past year; any history of
intubation or ICU admission, especially if in the past 5 years (Belessis et al. 2004; Cowie
et al. 2001).

— Patients report that they feel in danger or frightened by their asthma (Janson-Bjerklie et
al. 1993; Ng 2000).

— Certain demographic or patient characteristics: female, nonwhite (Diette et al. 2002),
nonuse of ICS therapy, and current smoking (Eisner et al. 2001).

— Psychosocial factors: depression (Eisner et al. 2005; Goodwin et al. 2004), increased
stress (Goodwin et al. 2004), socioeconomic factors (Griswold et al. 2005).

— Attitudes and beliefs about taking medications (Adams et al. 2000; Apter and Szefler
2004).

For population-based management, risk stratification is used to identify patients at increased
risk of morbidity and health care resource use. Several validated psychometric instruments
have been shown to predict future risk of hospitalization and ED visits (Schatz et al. 2005a).

Periodic Assessment and Monitoring of Asthma Control Essential for
Asthma Management

KEY POINTS: PERIODIC ASSESSMENT OF ASTHMA
CONTROL

m The goals of therapy are to achieve asthma control by (Evidence A):
— Reducing impairment:

+ Prevent chronic and troublesome symptoms (e.g., coughing or breathlessness in the
daytime, in the night, or after exertion)

+ Require infrequent use (<2 days a week) of inhaled SABA for quick relief of
symptoms

¢ Maintain (near) “normal” pulmonary function

+ Maintain normal activity levels (including exercise and other physical activity and
attendance at work or school)

+ Meet patients’ and families’ expectations of and satisfaction with asthma care
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— Reducing risk:

¢ Prevent recurrent exacerbations of asthma and minimize the need for ED visits or
hospitalizations

¢ Prevent progressive loss of lung function; for children, prevent reduced lung growth
+ Provide optimal pharmacotherapy with minimal or no adverse effects

m Periodic assessments (at 1- to 6-month intervals) and ongoing monitoring of asthma control
are recommended to determine if the goals of therapy are being met and if adjustments in
therapy are needed (Evidence B, extrapolation from clinical trials; and Evidence C,
observational studies). Measurements of the following are recommended:

— Signs and symptoms of asthma
— Pulmonary function

— Quality of life/functional status
— History of asthma exacerbations

— Pharmacotherapy (checking for adherence to therapy and potential side effects from
medication)

— Patient—provider communication and patient satisfaction

m Clinician assessment and patient self-assessment are the primary methods for monitoring
asthma. Population-based assessment is used by health organizations, such as managed
care organizations and disease management programs (EPR—2 1997).

m The following frequencies for spirometry tests are recommended: (1) at the time of initial
assessment (Evidence C), (2) after treatment is initiated and symptoms and PEF have
stabilized, (3) during periods of progressive or prolonged loss of asthma control, and (4) at
least every 1-2 years (Evidence D).

m Use of minimally invasive markers (“biomarkers”) to monitor asthma control and guide
treatment decisions for therapy is of increasing interest. Some markers, such as spirometry
measures, are currently and widely used in clinical care; others, such as sputum eosinophils
and FeNO, may also be useful, but they require further evaluation in both children and
adults before they can be recommended as clinical tools for routine asthma management
(Evidence D).

m Provide to all patients a written asthma action plan based on signs and symptoms and/or
PEF; written action plans are particularly recommended for patients who have moderate or
severe persistent asthma, a history of severe exacerbations, or poorly controlled asthma
(Evidence B).

m  Whether peak flow monitoring, symptom monitoring (available data show similar benefits for
each), or a combination of approaches is used, self-monitoring is important to the effective
self-management of asthma (Evidence A).
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Patients should be taught to recognize symptom patterns indicating inadequate asthma
control and the need for additional therapy (Evidence A).

Consider peak flow monitoring for patients who have moderate or severe persistent asthma,
patients who have a history of severe exacerbations (Evidence B), and patients who poorly
perceive airflow obstruction and worsening asthma (Evidence D). Long-term daily peak flow
monitoring can be helpful to (Evidence B):

— Detect early changes in asthma control that require adjustment in treatment.
— Evaluate responses to changes in treatment.
— Provide a quantitative measure of impairment.

KEY DIFFERENCES FROM 1997 AND 2002 EXPERT PANEL
REPORTS

Periodic assessment of asthma control is emphasized.

This update (EPR—3: Full Report 2007) makes a stronger distinction than previous
guidelines between classifying asthma severity and assessing asthma control.
Interpretation of previous asthma guidelines raised questions about applying the severity
classifications once treatment is established and also resulted in placing more emphasis on
severity than on ongoing monitoring of whether therapeutic goals were met. This update
(EPR—3: Full Report 2007) clarifies the issue:

— For initiating treatment, asthma severity should be classified, and the initial treatment
should correspond to the appropriate severity category.

— Once treatment is established, the emphasis is on assessing asthma control to
determine if the goals for therapy have been met and if adjustments in therapy (step up
or step down) would be appropriate.

Assessment of asthma control includes the two domains of impairment and risk.

Peak flow monitoring: The recommendation to assess diurnal variation was deleted. New
text was added regarding the patients most likely to benefit from routine peak flow
monitoring. Emphasis was added that evidence suggests equal benefits to either peak flow
or symptom-based monitoring; the important issue continues to be having a monitoring plan
in place.

Parameters for lung function, specifically FEV4/FVC, were added as measures of asthma
control for children.

Minimally invasive markers and pharmacogenetic approaches for monitoring asthma. New
text was added. These approaches have gained increasing attention in clinical research,
and some applications may be useful in the near future for the clinical management of
asthma. The concepts are introduced here, although most require further evaluation before
they can be recommended as tools for routine asthma management.
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GOALS OF THERAPY: ASTHMA CONTROL

The purpose of periodic assessment and ongoing monitoring is to determine whether the goals
of asthma therapy are being achieved and asthma is controlled. When asthma is not controlled,
it is associated with significant asthma burden (Fuhlbrigge et al. 2002), decreased quality of life
(Schatz et al. 2005b), and increased health care utilization (Schatz et al. 2005a; Vollmer et al.
2002). The level of asthma control (well controlled, not well controlled, or poorly controlled) is
the degree to which both dimensions of the manifestations of asthma—impairment and
risk—are minimized by therapeutic intervention. The level of control at the time of followup
assessment will determine clinical actions—that is, whether to maintain or adjust therapy. In
previous guidelines (EPR—2 1997; GINA 2002), parameters for control were selected on the
basis of research that used individual outcomes for evaluating the effectiveness of asthma
treatments. The composite list of goals reflected the Panel’s opinions of a complete list of
relevant outcomes that could define asthma control. A recent large international trial
demonstrated that significant reductions in the rate of severe exacerbations and improvements
in quality of life were achieved by aiming at achieving guideline-defined asthma control and by
adjusting therapy to achieve it. At the end of 1 year, 30 percent of the patients achieved total
control (i.e., the absence of any sign or symptom of asthma), and 60 percent had achieved well-
controlled asthma (Bateman et al. 2004).

Interpretation of previous asthma guidelines, in which severity classifications before treatment
corresponded to recommended steps of treatment, has raised questions about applying severity
classifications once treatment is established and what elements of asthma should be used to
monitor asthma during clinical followup (Graham 2006; Wolfenden et al. 2003). This update
(EPR—3: Full Report 2007) clarifies the issue. For initiating treatment, asthma severity should
be classified, and the initial treatment should correspond to the appropriate category of severity.
Once treatment is established, the emphasis is on assessing asthma control to determine if the
goals for therapy have been met and if adjustments in therapy (step up or step down) would be
appropriate.

The Expert Panel recommends that asthma control be defined as follows (Evidence A):
Asthma Control
m Reduce impairment

— Prevent chronic and troublesome symptoms (e.g., coughing or breathlessness in the
daytime, in the night, or after exertion)

— Require infrequent use (<2 days a week) of SABA for quick relief of symptoms
— Maintain (near) “normal” pulmonary function

— Maintain normal activity levels (including exercise and other physical activity and
attendance at work or school)

— Meet patients’ and families’ expectations of and satisfaction with asthma care
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m Reduce risk

— Prevent recurrent exacerbations of asthma and minimize the need for ED visits or
hospitalizations

— Prevent progressive loss of lung function; for children, prevent reduced lung growth
— Provide optimal pharmacotherapy with minimal or no adverse effects

See figures 3-5a, b, and c for classification of asthma control in three different age groups.
Specific discussion of measures for assessment are in the following section. In general:

m Assessment of impairment is in the form of questions, such as those presented in figure 3—6
and within figure 3—7. The focus of these questions is to assess the degree of asthma
control in the present. The key elements include current pulmonary function and patient’s
recall of symptoms, physical activity, quality of life, and need for SABA for quick relief of
symptoms over the previous 2—4 weeks.

m Assessing the risk of exacerbations is through questions regarding the use of medications,
particularly oral corticosteroids, or urgent care visits. Low FEV, is associated with increased
risk for severe exacerbations (Fuhlbrigge et al. 2001).

m Assessment of the risk of progressive loss function, or, for children, the risk of reduced lung
growth (measured by prolonged failure to attain predicted lung function values for age)
requires longitudinal assessment of lung function, preferably using spirometry.

m Assessment of the risk of side effects from medication does not directly correspond to the
varying levels of asthma control. For example, a patient might have well-controlled asthma
with high doses of ICS and chronic oral corticosteroids but is likely to experience some
adverse effects from this intense therapy. The risk of side effects can vary in intensity from
none to very troublesome and worrisome; see component 4—Medications for discussion of
potential adverse effects associated with different asthma medications. Although not
directly correlated to control, the risk or evidence of side effects should be included in the
overall assessment of the risk domain of asthma control.

m Future work on assessment of asthma control tools will define the relative value of including
specific biological markers and test how well the tool predicts the risk of exacerbations.

MEASURES FOR PERIODIC ASSESSMENT AND MONITORING OF ASTHMA CONTROL

The Expert Panel recommends that ongoing monitoring of asthma control be performed
to determine whether all the goals of therapy are met—that is, reducing both impairment
and risk (Evidence B); see figures 3-5 a, b, and c for assessing asthma control for
different age groups.

The Expert Panel recommends that the frequency of visits to a clinician for review of
asthma control is a matter of clinical judgment; in general, patients who have intermittent
or mild persistent asthma that has been under control for at least 3 months should be
seen by a clinician about every 6 months, and patients who have uncontrolled and/or
severe persistent asthma and those who need additional supervision to help them follow
their treatment plan need to be seen more often (EPR—2 1997).
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The assessment measures for control monitor six areas described in this section and are
recommended based on the opinion of the Expert Panel and review of the scientific literature. A
seventh area, monitoring asthma control with minimally invasive markers, is of increasing
interest, but many of these markers require further evaluation before they can be recommended
widely for routine asthma care.

m Monitoring signs and symptoms of asthma
m  Monitoring pulmonary function

— Spirometry
— Peak flow monitoring

m  Monitoring quality of life

m Monitoring history of asthma exacerbations

m  Monitoring pharmacotherapy for adherence and for potential side effects
m  Monitoring patient—provider communication and patient satisfaction

m Monitoring asthma control with minimally invasive markers and pharmacogenetics (requires
further evaluation)

Monitoring Signs and Symptoms of Asthma

The Expert Panel recommends that every patient who has asthma should be taught to
recognize symptom patterns that indicate inadequate asthma control (Evidence A) (See
also “Component 2: Education for a Partnership in Asthma Care.”). Either symptom and/or
PEF monitoring should be used as a means to determine the need for intervention, including
additional medication, in the context of a written asthma action plan.

The Expert Panel recommends that symptoms and clinical signs of asthma should be
assessed at each health care visit through physical examination and appropriate
questions (EPR—2 1997). This is important for optimal asthma care.

The Expert Panel recommends that the detailed symptoms history should be based on a
short (2—4 weeks) recall period (EPR—2 1997). Patients’ detailed recall of symptoms
decreases over time; therefore, the clinician may choose to assess over a 2-week, 3-week, or
4-week recall period. Symptom assessment for periods longer than 4 weeks should reflect
more global symptom assessment, such as inquiring whether the patient’s asthma has been
better or worse since the last visit and inquiring whether the patient has encountered any
particular difficulties during specific seasons or events. Figure 3—7 provides an example of a set
of questions that can be used to characterize both global (long-term recall) and recent
(short-term recall) asthma symptoms.
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The Expert Panel recommends that assessment of the patient’s symptom history should
include at least four key symptom expressions (Evidence B, extrapolation from clinical
trials; and Evidence C, from observational studies):

m Daytime asthma symptoms (including wheezing, cough, chest tightness, or shortness of
breath)

m Nocturnal awakening as a result of asthma symptoms
m Frequency of use of SABA for relief of symptoms

m Inability or difficulty performing normal activities (including exercise) because of asthma
symptoms

Monitoring Pulmonary Function

The Expert Panel recommends that, in addition to assessing symptoms, it is also
important to assess pulmonary function periodically (Evidence B, extrapolation from
clinical trials; and Evidence C, from observational studies). The main methods are
spirometry and peak flow monitoring.

Low FEV,is associated with increased risk of severe asthma exacerbations (Fuhlbrigge et al.
2001). Regular monitoring of pulmonary function is particularly important for asthma patients
who do not perceive their symptoms until airflow obstruction is severe. There is no readily
available method of detecting the “poor perceivers.” The literature reports that patients who had
a near-fatal asthma exacerbation, as well as older patients, are more likely to have poor
perception of airflow obstruction (Connolly et al. 1992; Kikuchi et al. 1994).

Spirometry

The Expert Panel recommends the following frequencies for spirometry measurements:
(1) at the time of initial assessment (Evidence C); (2) after treatment is initiated and
symptoms and PEF have stabilized, to document attainment of (near) “normal” airway
function; (3) during a period of progressive or prolonged loss of asthma control; and

(4) at least every 1-2 years to assess the maintenance of airway function (Evidence B,
extrapolation from clinical trials). Spirometry may be indicated more often than every 1-
2 years, depending on the clinical severity and response to management (Evidence D).
These spirometry measures should be followed over the patient’s lifetime to detect
potential for decline and rate of decline of pulmonary function over time (Evidence C).

As noted previously, adjusting therapy according to the level of asthma control improves the
patient’s quality of life and reduces morbidity due to asthma (Bateman et al. 2004). Measures of
control in this and related studies, as well as in numerous clinical trials that examine drug
efficacy, include measures of lung function obtained by spirometry. Lung function declines in
adults as they grow older, and adults who have asthma have greater declines, on average, than
adults who do not have asthma and do not smoke. For children, lung function increases as they
grow older, until maximal lung function is achieved, which occurs for most individuals by 20
years of age. Children who have asthma may have reductions in lung growth compared to
children who do not have asthma. The postbronchodilator FEV, measure can be used to follow
lung growth patterns over time (Covar et al. 2004a). Observations of reduced lung growth may
reflect a progressive worsening of asthma control that should be treated accordingly.
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Spirometry with measurement of the FEV, is also useful:

m As a periodic (e.g., yearly) check on the accuracy of the peak flow meter (Miles et al. 1995)
for patients who are monitoring PEF.

m  When more precision is desired in measuring lung function (e.g., when evaluating response
to bronchodilator or nonspecific airway responsiveness or when assessing response to a
“step down” in pharmacotherapy).

m  When PEF results are unreliable (e.g., in some very young or elderly patients, when
neuromuscular or orthopedic problems are present, or technical artifact is suspected (see
below)) and the physician needs the quality checks that are available only with spirometry
(Hankinson and Wagner 1993).

Peak Flow Monitoring
The Expert Panel recommends the following:

m If peak flow monitoring is performed, the written asthma action plan should use the
patient’s personal best peak flow as the reference value (EPR—Update 2002).

m Consider long-term daily peak flow monitoring for:

— Patients who have moderate or severe persistent asthma (Evidence B).

— Patients who have a history of severe exacerbations (Evidence B).

— Patients who poorly perceive airflow obstruction and worsening asthma
(Evidence D).

— Patients who prefer this monitoring method (Evidence D).

m Long-term daily peak flow monitoring can be helpful to (EPR—Update 2002):

— Detect early changes in disease states that require treatment.
— Evaluate responses to changes in therapy.
— Afford a quantitative measure of impairment.

m Peak flow monitoring during exacerbations will help determine the severity of the
exacerbations and guide therapeutic decisions in the home, school, clinicians’ office,
or ED (See “Component 2: Education for a Partnership in Asthma Care” and
section 5, “Managing Exacerbations of Asthma.”).

m Consider home peak flow monitoring during exacerbations of asthma for:

— Patients who have a history of severe exacerbations (Evidence B).
— Patients who have moderate or severe persistent asthma (Evidence B).
— Patients who have difficulty perceiving signs of worsening asthma (Evidence D).

PEF measurements, using either handheld mechanical or electronic metered devices, provide a
means to obtain simple, quantitative, and reproducible assessments of the existence and
severity of airflow obstruction. It must be stressed that peak flow meters function best as tools
for ongoing monitoring, not diagnosis. Because the measurement of PEF is dependent on
effort and technique, patients need instructions, demonstrations, and frequent reviews of
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technique. See “Component 2: Education for a Partnership in Asthma Care” for detailed
instructions on using peak flow meters. The accuracy of peak flow monitoring devices may
decrease over time (Irvin et al. 1997); therefore, measurements that are at odds with the clinical
status of the patient may be related to technical and not physiologic factors, and consideration
should be given to reviewing technique with the patient or replacing the device the patient is
currently using. The patient’s measured personal best peak flow is the most appropriate
reference value for the patient’s action plan.

In clinical trials, peak flow values have been used as major outcome measures to monitor both
asthma control and treatment responses, short (Lazarus et al. 2001) and long term (Boushey et
al. 2005). In the context of both impairment and risk domains for asthma severity reviewed
previously, it should be noted that peak flow values may not correlate with other asthma
outcome measures such as treatment failure (Leone et al. 2001) or asthma exacerbations
(Lazarus et al. 2001). Although peak flow monitoring to guide chronic asthma management has
been reported to be valuable in studies more reflective of clinical practice, the results are not
consistent enough for this tool to be recommended uniformly for all asthma patients (Jain et al.
1998) (See Evidence Table 2, Usefulness of Peak Flow Measurement, and EPR—Update
2002.). Thus, the relative usefulness of peak flow measurements as monitoring tools can be
individualized, based on the patient’s age (decreased utility in preschool children and the
elderly), socioeconomic status (minority and poor children show greatest benefit) (Yoos et al.
2002), asthma pattern (of questionable utility to monitor individuals who have histories of rapid
onset of severe airflow obstruction), asthma severity (Llewellin et al. 2002), ability to perceive
signs and symptoms of early worsening of asthma (Jain et al. 1998), and the clinician’s and
patient’s opinions as to their contribution in achieving and maintaining acceptable asthma
control.

Peak Flow Versus Symptom-Based Monitoring Action Plan

A systematic review of the evidence in 2002 concluded that, although studies available at that
time were limited, studies did not clearly show that a peak flow monitoring-based action plan
was better than a symptom monitoring-based plan in improving outcomes but that it did show
similar benefits.

Evidence generated since the 2002 review does not change these recommendations.
The Expert Panel recommends the following:

m Either peak flow monitoring or symptom monitoring, if taught and followed correctly,
may be equally effective (Evidence B).

m  Whether peak flow monitoring, symptom monitoring, or a combination of approaches
is used, self-monitoring is important to the effective self-management of asthma
(Evidence A). The nature and intensity of self-monitoring should be individualized, based
on such factors as asthma severity, the patient’s ability to perceive airflow obstruction,
availability of peak flow meters, and patient preferences. Patient preferences for objective
measures or certain patient circumstances, such as inability either to perceive or to report
signs and symptoms of worsening asthma, warrant the use of peak flow monitoring and
justify the associated time, energy, and costs to the clinician and patient (Evidence D).
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m Provide to all patients a written asthma action plan that includes daily treatment and
recognizing and handing worsening asthma, including self-adjustment of medications
in response to acute symptoms or changes in PEF measures. Written action plans
are particularly recommended for patients who have moderate or severe persistent
asthma, a history of severe exacerbations, or poorly controlled asthma (Evidence B).
Either peak flow or symptom self-monitoring appears to increase patients’ awareness of the
disease status and control, thereby helping patients “tune in” to their disease; and action
plans enhance clinician—patient communication. Thus, the nature of the plan, whether it is
based on symptoms or based on peak flow, is not the important issue; rather, it is having a
plan in place versus not having one at all. For additional discussion of written asthma action
plans, see component 2—Education for Partnership in Asthma Care and section 4,
“Managing Asthma Long Term in Children, School Issues.”

Monitoring Quality of Life

The Expert Panel recommends that several key areas of quality of life and related loss of
physical function should be assessed periodically for each person who has asthma
(Evidence C). These include:

m  Any work or school missed because of asthma
m Any reduction in usual activities (either home/work/school or recreation/exercise)
m Any disturbances in sleep due to asthma

m Any change in caregivers’ activities due to a child’s asthma (for caregivers of children who
have asthma)

See figure 3—7 for sample questions that characterize quality-of-life concerns for persons who
have asthma.

The goals of asthma treatment include improving quality of life for people who have asthma in
addition to controlling symptoms, reducing the risk of exacerbations, and preventing
asthma-related death. It is important, therefore, to examine how the disease expression and
control are affecting the patient’s quality of life. Several dimensions of quality of life may be
important to track; these include physical function, role function, and mental health function.
Clinical asthma status parameters correlate only moderately with quality-of-life measures.
Correlations between symptoms and quality of life are often in the low-to-moderate range, while
correlations with pulmonary function measures are quite weak. These observations suggest
that perceptions and experiences of patients must be assessed directly and not imputed from
measures of clinical status. Quality of life appears to be a distinct component of asthma health
status, along with nighttime symptoms, daytime symptoms, and SABA use (Juniper et al. 2004).

In general, the impact of asthma is greater on the physical functioning component of life quality
than on mental functioning (Adams et al. 2006; Graham et al. 2000; Stahl et al. 2003).
However, when loss of physical functioning in valued life activities occurs, a higher correlation
with quality of life is found among adults who have asthma. Valued life activities are those that
individuals find most meaningful or pleasurable, and loss of these has been found to have a
significant association with an increase in clinical asthma severity, patients’ perception of
asthma severity, and decrease in general physical function (Katz et al. 2004). Similarly, among
adolescents who have asthma, quality of life was found to correlate with shortness of breath
during exercise (Hallstrand et al. 2003). In contrast, in younger children (mean age of
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9.3 £ 2.2 years), quality of life was more associated with the level of anxiety (Annett et al. 2001).
Significant reduction in quality of life is also apparent when people who have asthma also have
comorbid chronic conditions, such as diabetes, arthritis, heart disease, stroke, cancer, and
osteoporosis (Adams et al. 2006).

The predictors of quality of life among people who have asthma may be related to levels of
asthma severity. Lung function, however, was not found to be an independent predictor of
quality of life at any level of severity, whereas shortness of breath was found to predict quality of
life at all levels of asthma severity (Moy et al. 2001; Wijnhoven et al. 2001). Asthma symptom
frequency has been found to be the most significant determinant of the subjective experience of
asthma and perception of quality of life (Schatz et al. 2005a). Another important reason to
monitor health-related quality of life is that it predicts health care utilization among patients who
have asthma (Eisner et al. 2002; Magid et al. 2004) and for this reason may be a useful method
of identifying patients who are at risk of exacerbation. Patients’ reports of impaired quality of life
to their primary care providers (PCPs) also were found to result in increased interventions,
especially patient education and counseling, as well as medication changes (Jacobs et al.
2001).

Quality of life, perceptions of asthma control, and depression are psychosocial factors worth
assessing over time, because they may affect directly the ability to engage in self-management
of asthma and affect indirectly asthma morbidity and mortality outcomes. Both asthma-specific
and generic quality-of-life measures are associated with patients’ perceived control of asthma
(Katz et al. 2002). The coping resources and specific coping style used by patients who have
respiratory disease have been associated with quality of life. Among patients who have asthma,
a more emotional or avoidant coping style, low self-efficacy, and low mastery feelings were
found to be independently associated with poor quality of life (Hesselink et al. 2004).

Many instruments have been developed and tested to assess quality of life among persons who
have asthma in all age groups. Both asthma-specific and generic quality-of-life instruments
have been tested and validated (See box 3—4.). Specific measures are more useful for
assessing an individual’s response to treatment and are more sensitive than generic measures
in detecting the impact of changes in asthma severity or control (Graham et al. 2000). Generic
measures are more useful in assessing the broad impact of asthma on the quality of life and
functioning in a population of people (Graham et al. 2000; Noonan et al. 1995) and for
comparing populations across diagnoses of chronic illness (Graham et al. 2000; Mancuso et al.
2001).

BOX 3-4. INSTRUMENTS FOR ASSESSING ASTHMA-SPECIFIC
AND GENERIC QUALITY OF LIFE

Asthma-Specific Quality of Life

m  Mini Asthma Quality of Life Questionnaire (Juniper et al. 1999a)

m  Asthma Quality of Life Questionnaire (Katz et al. 1999; Marks et al. 1993)
m |ITG Asthma Short Form (Bayliss et al. 2000)

m  Asthma Quality of Life for Children (Juniper et al. 1996)

Generic Quality of Life

m SF-36 (Bousquet et al. 1994)
m  SF-12 (Ware et al. 1996)
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Most of these instruments, however, are more suited for use in research studies than in clinical
settings. Certain concerns preclude the Expert Panel’s recommendation of the general
adoption of these instruments at this time for routine encounters. These concerns include lack
of experience with the use of the instruments in clinical practice and the time involved in
administering the surveys. A few questionnaires have been shortened (Juniper et al. 1996) or
tested by alternate methods of administration, such as telephone surveys (Pinnock et al. 2005).

Still, the importance of this concept to people who have asthma warrants that clinicians assess
and monitor the effect of asthma on quality of life. See figure 3—7 for sample questions that may
be used in the clinical setting for characterizing quality-of-life concerns for persons who have
asthma.

Monitoring History of Asthma Exacerbations

The Expert Panel recommends that, during periodic assessments, clinicians should
question the patient and evaluate any records of patient self-monitoring (figure 3-7) to
detect exacerbations, both those that are self-treated and those treated by other health
care providers (Evidence C). Exacerbations of asthma are episodes of marked increases in
symptoms and reductions in lung function that interfere with the ability to perform usual activities
unless quick relief therapy, such as SABA and additional corticosteroid treatment, is used. (See
section 5 on “Managing Exacerbations of Asthma,” for the classification of severity of
exacerbations.) The most common cause of severe exacerbations is infection with a respiratory
virus, especially rhinovirus, but exacerbations may be brought on by exposures to allergens or
irritants, air pollutants, certain medications, and, possibly, emotional stress. Exacerbations also
can be triggered by withdrawal of ICS or other long-term-control therapy. (See “Component 3:
Control of Environmental Factors and Comorbid Conditions That Affect Asthma” for a review of
literature on causes of exacerbations.)

It is important to evaluate the frequency, rate of onset, severity, and causes of exacerbations. A
history of previous exacerbations, especially in the past year, is the strongest predictor of future
severe exacerbations leading to ED visits and hospitalizations (Adams et al. 2000; Eisner et al.
2001; Ford et al. 2001; Lieu et al. 1998). The patient should be asked about precipitating
exposures and other factors. Specific inquiry into unscheduled visits to health care providers,
telephone calls for assistance, and use of urgent or emergency care facilities is helpful.

Severity of the exacerbation can be estimated by the increased need for oral corticosteroids.
Finally, any hospitalizations should be documented, including the facility, duration of stay, and
any use of critical care or intubation. To facilitate continuity of care, the clinician then can
request summaries of all care received.

Monitoring Pharmacotherapy for Adherence and Potential Side Effects

The Expert Panel recommends monitoring the following factors at each visit: patient’s
adherence to the regimen, inhaler technique, and side effects of medications

(Evidence C). See sample questions in figure 3—7 for assessing the patient’s adherence to,
concerns about, or adverse experiences with the drug regimen. See component 2—Education
for a Partnership in Asthma Care for further discussion of patient’s adherence to treatment.

Monitoring Patient—-Provider Communication and Patient Satisfaction

The Expert Panel recommends that health care providers should routinely assess the
effectiveness of patient—clinician communication (Evidence D). (See figure 3—7 for sample
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questions.) Open and unrestricted communication among the clinician, the patient, and the
patient’s family is essential to ensure successful self-management by the patient who has
asthma. A patient’s negative attitude toward medication and/or reluctance toward self-
management are risk factors for severe exacerbations (Adams et al. 2000). Every effort should
be made to encourage open discussion of concerns and expectation of therapy. See
“Component 2: Education for a Partnership in Asthma Care” for specific strategies to enhance
communication and patient adherence to the treatment plan.

The Expert Panel recommends that two aspects of patient satisfaction should be
monitored: satisfaction with asthma control and satisfaction with the quality of care
(Evidence D). Patients’ satisfaction with their asthma care and resolution of fears and concerns
are important goals and will increase adherence to the treatment plan (Haynes et al. 1979;
Meichenbaum and Turk 1987). See figures 3—2, 3—7, and 3-8 for examples of questions to use
in monitoring patient satisfaction.

Monitoring Asthma Control With Minimally Invasive Markers and Pharmacogenetics

The Expert Panel recommends some minimally invasive markers for monitoring asthma
control—such as spirometry and airway hyperresponsiveness—that are appropriately
used, currently and widely, in asthma care (Evidence B). Other markers, such as sputum
eosinophils and FeNO, are increasingly used in clinical research and will require further
evaluation in adults and children before they can be recommended as a clinical tool for
routine asthma management (Evidence D).

The interest in minimally invasive markers of asthma control arises from concerns over the
possible dissociation between the severity of symptoms and impairments in function in the
present, and the severity of the risk of exacerbations or progressive loss of pulmonary function
in the future. For example, in a patient who reported daily symptoms, twice weekly nocturnal
awakenings from asthma, shortness of breath on climbing stairs, and two exacerbations
requiring ED treatment in the previous 12 months when first seen, does the resolution of all
symptoms while taking treatment with a low dose of an ICS necessarily mean that his/her risk of
exacerbations in the future is now acceptably low? A similar question might be asked of a
patient treated with a high dose of an ICS and a LABA. If symptoms are completely controlled,
can treatment be tapered without jeopardizing the patient’s protection against future
exacerbations? Must high-dose therapy for asthma be continued in a patient whose symptoms
and function are well controlled but whose spirometry reveals a severely reduced but stable
airflow obstruction (e.g., FEV4 = 55 percent predicted)? Thus, although direct questioning is the
best approach for assessing impairment, measurements of “biomarkers” are being examined as
a way of assessing risk and thereby guiding adjustments in treatment.

The goal is to find a marker for asthma akin to hemoglobin A1C for diabetes (Its elevation is an
index of the control of diabetes, and its reduction by therapy is known to reduce the risks of
cardiovascular and renal complications.). To be practical, the marker should be measurable
with minimal discomfort and risk to the patient and at minimal cost.

Spirometry: Perhaps the oldest marker of asthma impairment and risk is maximal expiratory
flow, most commonly measured as FEV; and expressed as a percentage of predicted. Two
large, retrospective cohort studies have shown that a reduction in FEV, at an annual visit is
associated with increases in the risk of an attack of wheezing and shortness of breath over the
next 12 or 36 months for pediatric and adult cohorts, respectively, and that the risk is greatest
for those who have values consistent with “severe asthma,” as described by the guidelines
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(<60 percent predicted); the risk is next greatest for those who have an FEV, qualifying as
“‘moderate asthma” (60—79 percent predicted); and the risk is least for those who have an FEV;
for “mild asthma” (80—100 percent predicted) (Fuhlbrigge et al. 2001; Fuhlbrigge et al. 2006;
Kitch et al. 2004). The validity is less well established of using a reduction in FEV, as a marker
of increased risk of progressive loss of pulmonary function in patients.

Airway responsiveness is measured by delivering serially increasing doses of a provocative
agent, like methacholine, and calculating the “provocative dose” causing a 20 percent fall in
FEV, (“PC20”). Making this measurement is time consuming, expensive, and so far has been
disappointing in predicting exacerbations in patients weaned from ICS treatment (Deykin et al.
2005). More promising, but still under investigation, is measurement of the PD15 to mannitol
(Leuppi et al. 2005), possibly because it provokes bronchoconstriction indirectly, through the
activation of mast cells in the bronchial mucosa. A system for delivering progressively
increasing doses from simple inhaler devices has been developed (Leuppi et al. 2002), but at
the time of this writing, the system has been approved for use only in Australia.

Sputum eosinophils: Two approaches to measuring the intensity of eosinophilic inflammation
deserve mention. One is to analyze the cells and mediators in the sputum induced by inhalation
of hypertonic saline aerosol (Djukanovic et al. 2002). The other is to measure the concentration
of gases or volatile substances in exhaled air.

Analysis of induced sputum has attracted much attention, and analysis of the number or
proportion of eosinophils in the sample holds up well in distinguishing patients who have or do
not have asthma in repeatability, in association with other markers of asthma severity, and in
predicting responsiveness to starting or withdrawing ICS treatment (Deykin et al. 2005). Its
principal drawbacks are the difficulties in standardizing the methods for obtaining, preparing,
and analyzing the samples, even across specialized centers, and the demands on the time of
highly trained technical staff for obtaining and processing the samples. Still, a controlled
prospective study has shown that adjusting ICS treatment to control sputum eosinophilia—as
opposed to controlling symptoms, SABA use, nocturnal awakenings, and pulmonary
function—significantly reduced both the rate of exacerbations and the cumulative dose of ICS
(Green et al. 2002).

Fractional exhaled nitric oxide: Increases in FeNO are thought to reflect the intensity of
eosinophilic inflammation of the bronchial mucosa. Like sputum eosinophil counts,
measurement of FeNO distinguishes patients who do or do not have asthma, is repeatable, is
associated with other markers of asthma severity, and, in some but not all studies, predicts
responsiveness to starting or withdrawing ICS or oral corticosteroid treatment (Kharitonov et al.
1997; Pijnenburg et al. 2005; Taylor 2006). A device for measuring FeNO has been approved
by the U.S. Food and Drug Administration (FDA); and a prospective, controlled study has shown
that when ICS treatment was adjusted to control FeNO, as opposed to controlling the standard
indices of asthma, the cumulative dose of ICS was reduced, with no worsening of the frequency
of asthma exacerbations (Smith et al. 2005).

Other methods include measurement of compounds, like hydrogen ion (pH),
isoprostanes, leukotriene metabolites, and products of nitrosylation in EBC (Hunt 2002).
The condensate is collected by passing exhaled air through a cold tube for 10—20 minutes.
Several studies have shown differences in the concentrations of various compounds in the EBC
of healthy persons and those who have asthma, but work remains to be done to establish the
range of normal values, repeatability, association with other markers of asthma severity, and
responsiveness to treatment.
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A recent study in children suggests that low pulmonary function and high indicators of markers
of allergic airway inflammation—such as FeNO, blood eosinophil count, and IggE—predict
greater response to ICS than to LTRAs in children (Szefler et al. 2005). Several studies indicate
that monitoring biomarkers—such as measures of hyperresponsiveness, sputum eosinophils,
and FeNO—can be used to guide treatment decisions (Green et al. 2002; Smith et al. 2005;
Sont et al. 1999). Each of these studies has shown a reduction in asthma exacerbations with
the biomarker-based treatment approach, as compared to treatment based on symptoms and
pulmonary function, although the trend toward decreased exacerbations did not reach statistical
significance in one of the studies (Smith et al. 2005). In addition, FeNO and sputum
eosinophilis may be used in diagnosing asthma, as their sensitivity and specificity approach that
of methacholine challenges, and both have sensitivities greater than SABA reversibility (Dupont
et al. 2003; Smith et al. 2004).

Once these tools are refined for application to the clinical setting, they could be useful in guiding
treatment selection to achieve and monitor asthma control quickly. It is important that tools for
using biomarkers to diagnose or monitor asthma be tested in both children and adults, because
the presentation of the disease may differ between age groups.

Pharmacogenetics in Managing Asthma

Pharmacogenetics is the study of the genetic causes of between-person variation in drug
treatment response. To date, three genes have been identified that influence response to
specific asthma medications: LTRA (Alox 5) (Drazen 1999; Lima et al. 2006), SABA (B2AR)
(Israel et al. 2000, 2004; Silverman et al. 2003; Taylor et al. 2000), and ICS (CRHR1) (Tantisira
et al. 2004). Itis not clear that the functional variants responsible for these associations have
been identified. The ADRB2 gene has been studied the most. Multiple studies have shown that
individuals homozygous for Arg/Arg at position 16 of the protein have about a 3 percent
reduction in peak flow when compared to Gly/Gly homozygotes. Because individuals having
Arg/Arg homozygotes account for only 16 percent of the Caucasian population in the United
States, this is a small amount of variability in the clinical phenotype in a small percentage of the
population and thus is of questionable clinical significance. Studies of the influence of the
homozygous Arg-16 genetic variant on response to LABA are inconclusive. Some studies show
reduced lung function and increased symptoms (Wechsler et al. 2006); others show no adverse
effects (Bleecker et al. 2006; Taylor et al. 2000) (see component 4—Medications). None of
these genotypes, in isolation, explains a sufficient amount of variation in the drug-response
phenotype to warrant clinical testing at this time. It is likely, however, that prediction of
response to asthma treatment will be a clinical reality in the near future.

METHODS FOR PERIODIC ASSESSMENT AND MONITORING OF ASTHMA CONTROL

Each of the key measures used in the periodic assessment of asthma (i.e., signs and
symptoms, pulmonary function, quality of life, history of exacerbations, pharmacotherapy, and
patient—provider communication and patient satisfaction) can be obtained by several methods.
The principal methods include the clinician’s assessment and the patient’s (and/or parent’s or
caregiver’s) self-assessment. In addition, population-based assessment of asthma care is
being developed in the managed care field.
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Clinician Assessment

The Expert Panel recommends that patients who have intermittent or mild or moderate
persistent asthma (i.e., requiring steps 1, 2, 3, or 4 treatment) that has been under control
for at least 3 months should be seen by a clinician about every 6 months. Patients who
have uncontrolled and/or severe persistent asthma (i.e., requiring steps 5 or 6 treatment)
and those who need additional supervision to help them follow their treatment plan
should be seen more often (EPR—2 1997).

The frequency of visits to a clinician for review of asthma control is a matter of clinical judgment.
Clinical assessment of asthma should be obtained through medical history and physical
examination with appropriate pulmonary function testing. Optimal followup assessment of
medical history may be achieved best via a consistent set of questions (figure 3-7).

Patient Self-Assessment

The Expert Panel recommends that clinicians should encourage patients to use self-
assessment tools to determine from the perspective of the patient and/or the patient’s
family whether the asthma is well controlled (EPR—2 1997). The two general methods are
(1) a daily diary and (2) a periodic self-assessment form to be filled out by the patient and/or
family member, usually at the time of the followup visits to the clinician. Patients are less likely
to see completion of diaries and forms as a burden if they receive feedback from the clinician
that allows them to see value in self-monitoring.

m The daily diary should include the key factors to be monitored at home: symptoms and/or
peak flow, medication use, and restricted activity (See “Component 2: Education for a
Partnership in Asthma Care.”). Monitoring with a daily diary will be most useful to patients
whose asthma is not yet under control and who are trying new treatments. It is also useful
for those who need help in identifying environmental or occupational exposures that make
their asthma worse.

m The self-assessment questionnaires that can be completed at office visits are intended to
capture the patient’s and family’s impression of asthma control, self-management skills, and
overall satisfaction with care. Several multidimensional instruments have been developed to
assess control. Four of those that have been validated in more than one study for their
psychometric quality are listed in figure 3—8. Two that have given permission are
reproduced in that figure. Each of these four validated tools includes the impairment domain
by measuring the dimension of symptoms, activity limitations, and need for quick relief
medication, but not all include the physiological dimension of lung function. Only one
includes a biological marker. Most of the questionnaires do not assess the risk domain of
asthma control. Figure 3-9 is a sample self-assessment tool that incorporates both
impairment and risk domains; however, this instrument has not had standardized
assessment for validity and reliability.

Population-Based Assessment

Asthma care is of increasing interest in various health care settings. Important regulatory
organizations for the health care industry (e.g., the National Committee on Quality Assurance)
have included the care of persons who have asthma as a key indicator of the quality of
managed care. In this context, periodic population-based assessment of asthma care has
begun to emerge as an issue for patients and their clinical care providers. This type of
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assessment often uses population experience, such as hospitalization or ED visit rates, to
examine care within different clinical settings and among different providers. Complex,
standardized population surveys (including lengthy health-status instruments) are being tested
experimentally in the managed care setting.

Referral to an Asthma Specialist for Consultation or Comanagement

The Expert Panel recommends referral for consultation or care to a specialist in asthma
care (usually, a fellowship-trained allergist or pulmonologist; occasionally, other
physicians who have expertise in asthma management, developed through additional
training and experience) when (Evidence D):

m Patient has had a life-threatening asthma exacerbation.

m Patient is not meeting the goals of asthma therapy after 3—6 months of treatment. An earlier
referral or consultation is appropriate if the physician concludes that the patient is
unresponsive to therapy.

m Signs and symptoms are atypical, or there are problems in differential diagnosis.

m Other conditions complicate asthma or its diagnosis (e.g., sinusitis, nasal polyps,
aspergillosis, severe rhinitis, VCD, GERD, COPD).

m Additional diagnostic testing is indicated (e.g., allergy skin testing, rhinoscopy, complete
pulmonary function studies, provocative challenge, bronchoscopy).

m Patient requires additional education and guidance on complications of therapy, problems
with adherence, or allergen avoidance.

m Patient is being considered for immunotherapy.

m Patient requires step 4 care or higher (step 3 for children 0—4 years of age). Consider
referral if patient requires step 3 care (step 2 for children 0—4 years of age).

m Patient has required more than two bursts of oral corticosteroids in 1 year or has an
exacerbation requiring hospitalization.

m Patient requires confirmation of a history that suggests that an occupational or
environmental inhalant or ingested substance is provoking or contributing to asthma.
Depending on the complexities of diagnosis, treatment, or the intervention required in the
work environment, it may be appropriate in some cases for the specialist to manage the
patient over a period of time or to comanage with the PCP.

In addition, patients who have significant psychiatric, psychosocial, or family problems that
interfere with their asthma therapy may need referral to an appropriate mental health
professional for counseling or treatment. These problems have been shown to interfere with a
patient’s ability to adhere to treatment (Strunk et al. 1985, 1987).
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FIGURE 3-1.

SUGGESTED ITEMS FOR MEDICAL HISTORY”*

A detailed medical history of the new patient who is known or thought to have asthma should address the
following items:

1.

Symptoms

Cough

Wheezing
Shortness of breath
Chest tightness
Sputum production

Pattern of symptoms

Perennial, seasonal, or both

Continual, episodic, or both

Onset, duration, frequency (number of days or nights, per
week or month)

Diurnal variations, especially nocturnal and on awakening in
early morning

Precipitating and/or aggravating factors

Viral respiratory infections

Environmental allergens, indoor (e.g., mold, house-dust mite,
cockroach, animal dander or secretory products) and
outdoor (e.g., pollen)

Characteristics of home including age, location, cooling and
heating system, wood-burning stove, humidifier, carpeting
over concrete, presence of molds or mildew, characteristics
of rooms where patient spends time (e.g., bedroom and
living room with attention to bedding, floor covering, stuffed
furniture)

Smoking (patient and others in home or daycare)

Exercise

Occupational chemicals or allergens

Environmental change (e.g., moving to new home; going on
vacation; and/or alterations in workplace, work processes,
or materials used)

Irritants (e.g., tobacco smoke, strong odors, air pollutants,
occupational chemicals, dusts and particulates, vapors,
gases, and aerosols)

Emotions (e.g., fear, anger, frustration, hard crying or
laughing)

Stress (e.g., fear, anger, frustration)

Drugs (e.g., aspirin; and other nonsteroidal anti-inflammatory
drugs, beta-blockers including eye drops, others)

Food, food additives, and preservatives (e.g., sulfites)

Changes in weather, exposure to cold air

Endocrine factors (e.g., menses, pregnancy, thyroid disease)

Comorbid conditions (e.g. sinusitis, rhinitis, GERD)

Development of disease and treatment

Age of onset and diagnosis

History of early-life injury to airways (e.g., bronchopulmonary
dysplasia, pneumonia, parental smoking)

Progression of disease (better or worse)

Present management and response, including plans for
managing exacerbations

Frequency of using SABA

Need for oral corticosteroids and frequency of use

Family history
History of asthma, allergy, sinusitis, rhinitis,
eczema, or nasal polyps in close relatives

Social history

Daycare, workplace, and school characteristics
that may interfere with adherence

Social factors that interfere with adherence,
such as substance abuse

Social support/social networks

Level of education completed

Employment

History of exacerbations

Usual prodromal signs and symptoms

Rapidity of onset

Duration

Frequency

Severity (need for urgent care, hospitalization,
ICU admission)

Life-threatening exacerbations (e.g., intubation,
intensive care unit admission)

Number and severity of exacerbations in the
past year.

Usual patterns and management (what works?)

Impact of asthma on patient and family

Episodes of unscheduled care (ED, urgent care,
hospitalization)

Number of days missed from school/work

Limitation of activity, especially sports and
strenuous work

History of nocturnal awakening

Effect on growth, development, behavior, school
or work performance, and lifestyle

Impact on family routines, activities, or dynamics

Economic impact

Assessment of patient’s and family’s
perceptions of disease

Patient’s, parents’, and spouse’s or partner’s
knowledge of asthma and belief in the
chronicity of asthma and in the efficacy of
treatment

Patient’s perception and beliefs regarding use
and long-term effects of medications

Ability of patient and parents, spouse, or partner
to cope with disease

Level of family support and patient’s and
parents’, spouse’s, or partner’s capacity to
recognize severity of an exacerbation

Economic resources

Sociocultural beliefs

*This list does not represent a standardized assessment or diagnostic instrument. The validity and reliability of this list have not been
assessed.
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FIGURE 3-2. SAMPLE QUESTIONS* FOR THE DIAGNOSIS AND
INITIAL ASSESSMENT OF ASTHMA

A “yes” answer to any question suggests that an asthma diagnosis is likely.

In the past 12 months...
m Have you had a sudden severe episode or recurrent episodes of coughing, wheezing

(high-pitched whistling sounds when breathing out), chest tightness, or shortness of
breath?
m Have you had colds that “go to the chest” or take more than 10 days to get over?

m Have you had coughing, wheezing, or shortness of breath during a particular season or
time of the year?

m Have you had coughing, wheezing, or shortness of breath in certain places or when
exposed to certain things (e.g., animals, tobacco smoke, perfumes)?

m Have you used any medications that help you breathe better? How often?
m  Are your symptoms relieved when the medications are used?

In the past 4 weeks, have you had coughing, wheezing, or shortness of breath...
m At night that has awakened you?

m Upon awakening?

m After running, moderate exercise, or other physical activity?

*These questions are examples and do not represent a standardized assessment or diagnostic instrument. The
validity and reliability of these questions have not been assessed.

70



August 28, 2007

Section 3, Component 1: Measures of Asthma Assessment and Monitoring

FIGURE 3-3a.
VOLUME CURVES

SAMPLE SPIROMETRY VOLUME TIME AND FLOW

5 / Post Bronchodilator

Volume (L)

Pre Bronchodilator
2 Pre FEV1 271L
Post FEV1 3.07 L (13% increase)

Time (s)

10

Flow (L/s)

Post Bronchodilator

/ Pre FEV1 2.71L

Post FEV1 3.07 L (13% increase)

Pre Bronchodilator

Volume (L)

Key: FEV4, forced expiratory volume in 1 second

FIGURE 3-3b.
POSTBRONCHODILATOR

REPORT OF SPIROMETRY FINDINGS PRE- AND

Prebronchodilator

Test Time:

Study: ID: date: 9:38 a.m.

bronch Height: 8/7/106 System:

Age: 59 175cm Sex: M 72017

FEV4/

Trial FVC FEV, FVC (%)

1 4.34 2.68 61.8%

2 4.44 2.62 58.9%

3 4.55 2.71 59.6%
Best Values 4.56 2.71 59.4%
Predicted 4.23 3.40 80.5%
Values*

Percent 107.8% 79.7% 73.8%
Predicted
Interpretations:

FEV, and FEV./FVC are below normal range. The reduced
rate at which air is exhaled indicates obstruction to airflow.

*Predicted values from Knudson et al. (1983)

Postbronchodilator

Test Time:

Study: ID: date: 9:58 a.m.

bronch Height: 8/7/06 System:

Age: 59 175cm Sex: M 72017

FEV4/

Trial FVC FEV, FVC (%)

1 4.73 2.94 62.2%

2 4.76 3.07 64.5%

3 4.78 3.04 63.5%
Best Values 4.78 3.07 64.3%
Reference 4.56 2.71
Values
Difference (L)  0.22 0.36
Difference (%) 4.8% 13.4%

Interpretations:
Significant increases in FEV4, with bronchodilator (>12%

increase after bronchodilator indicates a significant change).

Key: FEVj, forced expiratory volume in 1 second; FVC, forced vital capacity
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FIGURE 3-4a. CLASSIFYING ASTHMA SEVERITY IN CHILDREN
0-4 YEARS OF AGE

m Classifying severity in children who are not currently taking long-term control
medication.

Classification of Asthma Severity

Components of (Children 0-4 years of age)

Severity Persistent
Intermittent Mild Moderate Severe
>2 days/week . Throughout
Symptoms <2 days/week but not daily Daily the day
nghttlme 0 1-2x/month 3-4x/month >1x/week
awakenings
Impairment )
Short-acting
beta,-agonist use q
for symptom <2 days/week ~2 days/we_ek Daily SRR E S
but not daily day
control (not
prevention of EIB)
IMESAE B ) None Minor limitation Some limitation ~ Extremely limited

normal activity

>2 exacerbations in 6 months requiring oral steroids,
. 0-1/year or >4 wheezing episodes/1 year lasting >1 day
. Exacerbations AND risk factors for persistent asthma
Risk requiring oral

systemic Consider severity and interval since last exacerbati
corticosteroids <4— [requency and severity may fluctuate over time

Exacerbations i occur in patients in any severity category

m Level of severity is determined by both impairment and risk. Assess impairment domain by caregiver’s recall of previous 2—4 weeks.
Assign severity to the most severe category in which any feature occurs.

At present, there are inadequate data to correspond frequencies of exacerbations with different levels of asthma severity. For treatment
purposes, patients who had 22 exacerbations requiring oral corticosteroids in the past 6 months, or 24 wheezing episodes in the past
year, and who have risk factors for persistent asthma may be considered the same as patients who have persistent asthma, even in the
absence of impairment levels consistent with persistent asthma.

m Classifying severity in patients after asthma becomes well controlled, by lowest level
of treatment required to maintain control.*

Classification of Asthma Severity

Lowest level of Intermittent Persistent
treatment required .
6 Rl el Mild Moderate Severe
(See figure 4-1a for Step 1 Step 2 Step 3 or 4 Step 5or6

treatment steps.)

Key: EIB, exercise-induced bronchospasm

*Notes:

For population-based evaluations, clinical research, or characterization of a patient’s overall asthma severity after control is achieved.
For clinical management, the focus is on monitoring the level of control (See figure 3-5a.), not the level of severity, once treatment is
established.

m See figure 3-5a for definition of asthma control.
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FIGURE 3-4b.

CLASSIFYING ASTHMA SEVERITY IN CHILDREN
5-11 YEARS OF AGE

medication.

Components of

m Classifying severity in children who are not currently taking long-term control

Classification of Asthma Severity
(Children 5-11 years of age)

Severity : Persistent
Intermittent .
Mild Moderate Severe
<2 days/week >2 days/week Daily Throughout
Symptoms but not daily the day
Nighttime » >1x/week but Often
awakenings Sdne ety not nightly 7x/week
Short-acting
beta,-agonist use .
for symptom <2 days/week 2 days/wegk Daily SEvEEl s
but not daily per day
control (not
) prevention of EIB)
Impairment )
Interference with . P S Extremely
L None Minor limitation Some limitation L
normal activity limited
= Normal FEV,
between
exacerbations
Lung function * FEV,; >80% *FEV,; = >80% <FEV,=60-80% < FEV,; <60%
predicted predicted predicted predicted
* FEV,/FVC >85% * FEV,/FVC * FEV,/FVC = * FEV,/FVC
>80% 75-80% <75%
X . >2 i D ————
. B . 0-1/year (see note) | >2 in 1 year (see note)
Risk requiring oral Consider severity and interval since last exacerbation. Frequency and

severity may fluctuate over time for patients in any severity category.

Relative annual risk of exacerbations may be related to FEV,

systemic
corticosteroids

m Level of severity is determined by both impairment and risk. Assess impairment domain by patient’s/caregiver’s recall of the previous
2-4 weeks and spirometry. Assign severity to the most severe category in which any feature occurs.

m At present, there are inadequate data to correspond frequencies of exacerbations with different levels of asthma severity. In general,
more frequent and intense exacerbations (e.g., requiring urgent, unscheduled care, hospitalization, or ICU admission) indicate greater
underlying disease severity. For treatment purposes, patients who had 22 exacerbations requiring oral systemic corticosteroids in the

persistent asthma.

m Classifying severity in patients after asthma becomes well controlled, by lowest level
of treatment required to maintain control.*

Classification of Asthma Severity

Lowest level of Intermittent Persistent
treatment required .
to maintain control Mild Moderate Severe
reatont sten Step 1 Step 2 Step 3 or4 Step 5o0r 6

for treatment steps.)

Key: EIB, exercise-induced bronchospasm; FEV4, forced expiratory volume in second; FVC, forced vital capacity; ICU, intensive
care unit

*Notes:

m For population-based evaluations, clinical research, or characterization of a patient’s overall asthma severity after control is achieved.
For clinical management, the focus is on monitoring the level of control (See figure 3-5b.), not the level of severity, once treatment is
established.

m  See figure 3-5b for definition of asthma control.

past year may be considered the same as patients who have persistent asthma, even in the absence of impairment levels consistent with
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FIGURE 3-4c. CLASSIFYING ASTHMA SEVERITY IN YOUTHS
>12 YEARS OF AGE AND ADULTS

m Classifying severity for patients who are not currently taking long-term control
medications.

Classification of Asthma Severity

Components of (Youths >12 years of age and adults)
Seve rlty Persistent
Intermittent Mild Moderate Severe
<2 days/week >2 days/week Daily Throughout
Symptoms but not daily the day
Nighttime <2x/month 3-4x/month >1x/wegk but Often 7x/week
awakenings not nightly
Short-acting <2 days/week >2 days/week Daily Several times
beta,-agonist use but not per day
Impairment for symptom control >1x/day
(not prevention
Normal FEV,/FVC: RiiEIE)
8-19yr 85% Interference with None Minor limitation Some limitation Extremely limited
20-39yr 80% normal activity
40-59yr 75%
60-80yr 70% « Normal FEV,
between
exacerbations
i) e « FEV, >80% « FEV, >80% * FEV, >60% but = FEV, <60%
9 predicted predicted <80% predicted predicted
« FEV,/FVC = FEV,/FVC « FEV,/FVC = FEV,/FVC
normal normal reduced 5% reduced >5%

(Seelzgfg) >2/year (See Note) m——————————————l-

Exacerbations

requiring oral Consider severity and interval since last exacerbation. Frequency and wp-

Risk systemic severity may fluctuate over time for patients in any severity category.

corticosteroids
Relative annual risk of exacerbations may be related to FEV,

m Level of severity is determined by assessment of both impairment and risk. Assess impairment domain by patient’s/caregiver’s recall of
previous 2—4 weeks and spirometry. Assign severity to the most severe category in which any feature occurs.

m At present, there are inadequate data to correspond frequencies of exacerbations with different levels of asthma severity. In general,
more frequent and intense exacerbations (e.g., requiring urgent, unscheduled care, hospitalization, or ICU admission) indicate greater
underlying disease severity. For treatment purposes, patients who had 22 exacerbations requiring oral systemic corticosteroids in the
past year may be considered the same as patients who have persistent asthma, even in the absence of impairment levels consistent with
persistent asthma.

m Classifying severity in patients after asthma becomes well controlled, by lowest level
of treatment required to maintain control.*

Classification of Asthma Severity

Lowest level of Intermittent Persistent
treatment required
to maintain control

(See figure 4-5
for treatment steps.) Step 1 Step 2 Step 3 or 4 Step 5o0r6

Mild Moderate Severe

Key: EIB, exercise-induced bronchospasm; FEV4, forced expiratory volume in 1 second; FVC, forced vital capacity; ICU, intensive
care unit

*Notes:

m For population-based evaluations, clinical research, or characterization of a patient’s overall asthma severity after control is achieved.
For clinical management, the focus is on monitoring the level of control (See figure 3-5c.), not the level of severity, once treatment is
established.

m See figure 3-5c for definition of asthma control.
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FIGURE 3-5a. ASSESSING ASTHMA CONTROL IN CHILDREN
0-4 YEARS OF AGE

Classification of Asthma Control

Components of Control (Children 0-4 years of age)

Well Not Well Very Poorly
Controlled Controlled Controlled
Symptoms <2 days/week >2 days/week Throughout the day
Nighttime awakenings 1x/month >1x/month >1x/week
. Interference. V.V'th None Some limitation Extremely limited
Impairment normal activity
Short-acting
beta,-agonist use
for symptom control <2 days/week >2 days/week Several times per day
(not prevention
of EIB)
Exacerbations
requiring oral systemic 0-1/year 2-3/year >3/year

corticosteroids

RS Medication side effects can vary in intensity from none to very
Treatment-related troublesome and worrisome. The level of intensity does not
adverse effects correlate to specific levels of control but should be considered
in the overall assessment of risk.

Key: EIB, exercise-induced bronchospasm; ICU, intensive care unit

Notes:

The level of control is based on the most severe impairment or risk category. Assess
impairment domain by caregiver’s recall of previous 2—4 weeks. Symptom assessment for
longer periods should reflect a global assessment, such as inquiring whether the patient’s
asthma is better or worse since the last visit.

At present, there are inadequate data to correspond frequencies of exacerbations with
different levels of asthma control. In general, more frequent and intense exacerbations (e.g.,
requiring urgent, unscheduled care, hospitalization, or ICU admission) indicate poorer
disease control. For treatment purposes, patients who had =2 exacerbations requiring oral
systemic corticosteroids in the past year may be considered the same as patients who have
not-well-controlled asthma, even in the absence of impairment levels consistent with
persistent asthma.
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FIGURE 3-5b.
5-11 YEARS OF AGE

ASSESSING ASTHMA CONTROL IN CHILDREN

Classification of Asthma Control

Components of Control
Well Controlled

<2 days/week but

Symptoms not more than
once on each day
N'ghtt'me <1x/month
awakenings
Interference with N

normal activity

Short-acting
beta,-agonist use
for symptom control
(not prevention of EIB)

Impairment
<2 days/week

Lung function

= FEV, or peak flow >80% predicted/

personal best
= FEV,/FVC >80%

Exacerbations requiring

oral systemic
corticosteroids

. Reduction in lung growth
Risk

Not Well
Controlled

>2 days/week or
multiple times on
<2 days/week

>2x/month

Some limitation

>2 days/week

60-80% predicted/
personal best

75-80%

Evaluation requires long-term followup.

(Children 5-11 years of age)

Very Poorly
Controlled

Throughout the day

>2x/week

Extremely limited

Several times per day

<60% predicted/
personal best

<75%

0-1/year >2/year (see note)

Consider severity and interval since last exacerbation

Medication side effects can vary in intensity from none to very

Treatment-related
adverse effects
assessment of risk.

troublesome and worrisome. The level of intensity does not correlate
to specific levels of control but should be considered in the overall

Key: EIB, exercise-induced bronchospasm; FEV4, forced expiratory volume in 1 second; FVC, forced vital capacity; ICU, intensive

care unit

Notes:

m The level of control is based on the most severe impairment or risk category. Assess
impairment domain by patient’s/caregiver’s recall of previous 2—4 weeks and by
spirometry/or peak flow measures. Symptom assessment for longer periods should reflect a
global assessment, such as inquiring whether the patient’s asthma is better or worse since

the last visit.

m At present, there are inadequate data to correspond frequencies of exacerbations with
different levels of asthma control. In general, more frequent and intense exacerbations
(e.g., requiring urgent, unscheduled care, hospitalization, or ICU admission) indicate poorer
disease control. For treatment purposes, patients who had =2 exacerbations requiring oral
systemic corticosteroids in the past year may be considered the same as patients who have
not-well-controlled asthma, even in the absence of impairment levels consistent with

not-well-controlled asthma.
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FIGURE 3-5c. ASSESSING ASTHMA CONTROL IN
YOUTHS >12 YEARS OF AGE AND ADULTS

Classification of Asthma Control
(Youths 212 years of age and adults)
Components of Control

Not Very Poorly
Well-Controlled = Well-Controlled Controlled
Symptoms <2 days/week >2 days/week Throughout the day
Nighttime awakening <2x/month 1-3x/week >4x/week
Interference with normal None Some limitation Extremely limited
activity
Short-acting beta,-agonist use <2 days/week >2 days/week Several times per day
for symptom control (not
Impairment  Prevention of EIB)
FEV, or peak flow >80% predicted/ 60-80% predicted/ <60% predicted/
personal best personal best personal best
Validated Questionnaires
ATAQ 0 1-2 3-4
ACQ <0.75* >1.5 N/A
ACT >20 16-19 <15

0-1/year >2/year (see note)
Consider severity and interval since last exacerbation

Exacerbations

Progressive loss of lung Evaluation requires long-term followup care
Risk function
Treatment-related adverse Medication side effects can vary in intensity from none to very
effects troublesome and worrisome. The level of intensity does not correlate to

specific levels of control but should be considered in the overall
assessment of risk.

*ACQ values of 0.76—-1.4 are indeterminate regarding well-controlled asthma.

Key: EIB, exercise-induced bronchospasm; FEV4, forced expiratory volume in 1 second. See figure 3-8 for full name and source of
ATAQ, ACQ, ACT.

Notes:

The level of control is based on the most severe impairment or risk category. Assess
impairment domain by patient’s recall of previous 2—4 weeks and by spirometry/or peak flow
measures. Symptom assessment for longer periods should reflect a global assessment,
such as inquiring whether the patient’'s asthma is better or worse since the last visit.

At present, there are inadequate data to correspond frequencies of exacerbations with
different levels of asthma control. In general, more frequent and intense exacerbations
(e.g., requiring urgent, unscheduled care, hospitalization, or ICU admission) indicate poorer
disease control. For treatment purposes, patients who had =2 exacerbations requiring oral
systemic corticosteroids in the past year may be considered the same as patients who have
not-well-controlled asthma, even in the absence of impairment levels consistent with
not-well-controlled asthma.
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FIGURE 3-6. SAMPLE QUESTIONS FOR ASSESSING AND
MONITORING ASTHMA CONTROL

Monitoring Asthma Control

Ask the patient:
m Has your asthma awakened you at night or early morning?

m Have you needed more quick-relief bronchodilator medication (inhaled short-

acting beta,-agonist) than usual?

m Have you needed any urgent medical care for your asthma, such as unscheduled

visits to your doctor, an urgent care clinic, or the emergency department?
m Are you participating in your usual and desired activities?

m If you are measuring your peak flow, has it been below your personal best?

Actions to consider:
m Assess whether the medications are being taken as prescribed.

m  Assess whether the medications are being inhaled with correct technique.

m  Assess lung function with spirometry and compare to previous measurement.

m  Adjust medications, as needed; either step up if control is inadequate or step
down if control is maximized, to achieve the best control with the lowest dose of

medication.

Source: Adapted and reprinted from “Global Initiative for Asthma: Pocket Guide for Asthma Management

and Prevention.” NIH Publication No. 96-3659B. Bethesda, MD: Department of Health and Human
Services, National Institutes of Health, National Heart, Lung, and Blood Institute. 1995
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FIGURE 3-7. COMPONENTS OF THE CLINICIAN’S FOLLOWUP
ASSESSMENT: SAMPLE ROUTINE CLINICAL ASSESSMENT

QUESTIONS*™

Monitoring Signs and Symptoms

Monitoring Pharmacotherapy

(Global assessment) “Has your asthma been better or

worse since your last visit?”

“Has your asthma worsened during specific seasons

or events?”

(Recent assessment) “In the past 2 weeks, how many

days have you:

m  Had problems with coughing, wheezing,
shortness of breath, or chest tightness during the
day?”

m  Awakened at night from sleep because of
coughing or other asthma symptoms?”

m  Awakened in the morning with asthma symptoms
that did not improve within 15 minutes of inhaling
a short-acting betaz-agonist?”
Had symptoms while exercising or playing?”
Been unable to perform a usual activity, including
exercise, because of asthma?”

Monitoring Pulmonary Function

Lung Function

“What is the highest and lowest your peak flow has
been since your last visit?”
“Has your peak flow dropped below __ L/min
(80 percent of personal best) since your last visit?”
“What did you do when this occurred?”

Peak Flow Monitoring Technique

“Please show me how you measure your peak flow.”
“When do you usually measure your peak flow?”

Monitoring Quality of Life/Functional Status

Medications

“What medications are you taking?”

“How do you feel about taking medication?”

“How often do you take each medication?”

“How much do you take each time?”

“Have you missed or stopped taking any regular doses of
your medications for any reason?”

“Have you had trouble filling your prescriptions (e.g., for
financial reasons, not on formulary)?”

“How many puffs of your inhaled short-acting betaz-agonist
(quick-relief medicine) do you use per day?”

“How many [name inhaled short-acting betas-agonist]
inhalers [or pumps] have you been through in the past
month?”

“Have you tried any other medicines or remedies?”

Side Effects

“Has your asthma medicine caused you any problems?”

m  Shakiness, nervousness, bad taste, sore throat, cough,
upset stomach, hoarseness, skin changes (e.g.,
bruising)

Inhaler Technique
“Please show me how you use your inhaler.”

Monitoring Patient—Provider Communication and
Patient Satisfaction

“Since your last visit, how many days has your asthma
caused you to:

m  Miss work or school?”

m  Reduce your activities?”

m (For caregivers) Change your activity because of
your child’s asthma?”

“Since your last visit, have you had any unscheduled
or emergency department visits or hospital stays?”

Monitoring Exacerbation History

“Since your last visit, have you had any
episodes/times when your asthma symptoms were
a lot worse than usual?”
If yes, “What do you think caused the
symptoms to get worse?”
If yes, “What did you do to control the
symptoms?”
“Have there been any changes in your home or work
environment (e.g., new smokers or pets)?”

“What questions have you had about your asthma daily
self-management plan and action plan?”
“What problems have you had following your daily self-
management plan? Your action plan?”
“How do you feel about making your own decisions about
therapy?”
“Has anything prevented you from getting the treatment you
need for your asthma from me or anyone else?”
“Have the costs of your asthma treatment interfered with
your ability to get asthma care?”
“How satisfied are you with your asthma care?”
“How can we improve your asthma care?”
“Let’s review some important information:
m When should you increase your medications? Which
medication(s)?”
m When should you call me [your doctor or nurse
practitioner]? Do you know the after-hours phone
number?”

m If you can’t reach me, what emergency department
would you go to?”

*These questions are examples and do not represent a standardized assessment instrument. The validity and reliability of these

questions have not been assessed.
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FIGURE 3-8. VALIDATED INSTRUMENTS FOR ASSESSMENT AND MONITORING OF ASTHMA

Asthma Control Questionnaire (Juniper et al. 1999b)

Asthma Therapy Assessment Questionnaire (Vollmer et al. 1999) (See below.)
Asthma Control Test (Nathan et al. 2004) (See below.)

Asthma Control score (Boulet et al. 2002)

ASTHMA THERAPY ASSESSMENT QUESTIONNAIRE® (ATAQ) ASTHMA CONTROL TEST™

This survey was designed to help you describe your asthma and how your asthma affects how you
feel and what you are able to do. To complete it, please mark an X in the one box that best describes

1. In the past 4 weeks did you miss any work, school, or normal daily your answer.
activities because of your asthma? (1 point for YES) 1. In the past4 weeks, how much of the time did your asthma keep you from getting as much done
at work or at home?
. i All of the time Most of the time Some of the time A little of the time  None of the time
2. Inthe past 4 weeks, did you wake up at night because of your v v v v v
” :
asthma? (1 point for YES) o1 Oz 0O e Os
3. Do you believe your asthma was well controlled in the past 4 weeks? 2. During the pastd weeks, how often have you had shortness of breath?
(1 point for NO) More than 3to6 Once or twice
once a day Once a day times a week a week Not at all
4. Do you use an inhaler for quick relief from asthma symptoms? If yes, v v v v v
what is the highest number of puffs in 1 day you took of this inhaler? (1 my 02 Os 04 Os
point for more than 12)
3. During the past 4 weeks, how often did your asthma symptoms (wheezing, coughing, shortness
. . . L . of breath, chest tightness or pain) wake you up at night or earlier than usual in the morning?
Total points = 0—4, with more points indicating more control problems 4 or more 2to3
nights a week nights a week Once a week Once or Twice Not at all
. , o v v v v v
Source: Adapted and reprinted with permission from Merck and Co., Inc. e . O e e

Copyright © 1997, 1998, 1999 Merck and Co., Inc. All Rights Reserved.

4, During the past 4 weeks, how often have you used your rescue inhaler or nebulizer medication
(such as Albuterol, Ventolin®, Proventil®, Maxair®, or Primatene Mist®)?

3 or more 1or2 20r3 Once a week
times per day times per day times per week or less Not at all
v v v v v
|y O= Os 04 Os

5. How would you rate your asthma control during the past 4 weeks?

Not Controlled Poorly Somewhat Well Completely
atall Controlled Controlled Controlled Controlled
[l 2 s 4 s

For information an the interpretation and scoring of the Asthma Control Test™ (ACT™), visit www gualitymetric comfact
Source: Reprinted with permission from QualityMetnc Incorporated, Asthma Control Test™ Copyright @, QualityMetric
Incorporated 2002, 2004, All Rights Reserved.
CAUTION: The sample questionnaires in figure 3-8 assess only the impairment domain of asthma control and NOT the risk domain. Measure of
risk, such as exacerbations, urgent care, hospitalizations, and declines in lung function, are important elements of assessing the level of asthma
control.
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FIGURE 3-9. SAMPLE* PATIENT SELF-ASSESSMENT SHEET FOR
FOLLOWUP VISITS

Name: Date:

Your Asthma Control

How many days in the past week have you 0 1 2 3 4 5 6
had chest tightness, cough, shortness of

breath, or wheezing (whistling in your

chest)?

How many nights in the past week have you 0 1 2 3 4 5 6
had chest tightness, cough, shortness of
breath, or wheezing (whistling in your

chest)?

Do you perform peak flow readings at yes no

home?

If yes, did you bring your peak flow chart? yes no

How many days in the past week has 0 1 2 3 4 5 6

asthma restricted your physical activity?

Have you had any asthma attacks since yes no
your last visit?

Have you had any unscheduled visits to a yes no
doctor, including to the emergency
department, since your last visit?

How well controlled is your asthma, in your very well controlled
opinion? somewhat controlled
not well controlled

Average number of puffs per day

Taking your medicine

What problems have you had taking your medicine or following your asthma action plan?

Please ask the doctor or nurse to review how you take your medicine.

Your questions

What questions or concerns would you like to discuss with the doctor?

How satisfied are you with your very satisfied
asthma care? somewhat satisfied
not satisfied

*These questions are examples and do not represent a standardized assessment instrument. Other examples of asthma control
questions: Asthma Control Questionnaire (Juniper); Asthma Therapy Assessment Questionnaire (Volmer); Asthma Control Test
(Nathan); Asthma Control Score (Boulet)
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SECTION 3, COMPONENT 2: EDUCATION FOR A PARTNERSHIP IN
ASTHMA CARE

KEY POINTS: EDUCATION FOR A PARTNERSHIP IN
ASTHMA CARE

m Asthma self-management education is essential to provide patients with the skills necessary
to control asthma and improve outcomes (Evidence A).

m Asthma self-management education should be integrated into all aspects of asthma care,
and it requires repetition and reinforcement. It should:

— Begin at the time of diagnosis and continue through followup care (Evidence B).
— Involve all members of the health care team (Evidence B).

— Introduce the key educational messages by the principal clinician, and negotiate
agreements about the goals of treatment, specific medications, and the actions patients
will take to reach the agreed-upon goals to control asthma (Evidence B).

— Reinforce and expand key messages (e.g., the patient’s level of asthma control, inhaler
techniques, self-monitoring, and use of a written asthma action plan) by all members of
the health care team (Evidence B).

— Ocecur at all points of care where health professionals interact with patients who have
asthma, including clinics, medical offices, EDs and hospitals, pharmacies, homes, and
community sites (e.g., schools, community centers) (Evidence A or B, depending on
point of care).

+ Strong evidence supports self-management education in the clinic setting
(Evidence A).

+ Observational studies and limited clinical trials support consideration of focused,
targeted patient education in the ED setting (e.g., teaching inhaler technique and
providing an ED asthma discharge plan with instructions for discharge medications
and for increasing medication or seeking medical care if asthma should worsen).
Studies demonstrate the benefits of education in the hospital setting (Evidence B).

+ Studies of pharmacy-based education directed toward understanding medications
and teaching inhaler and self-monitoring skills show the potential of using community
pharmacies as a point of care for self-management education. Studies report
difficulties in implementation, but they also demonstrate benefits in improving asthma
self-management skills and asthma outcomes (Evidence B).

+ Studies demonstrate the benefits of programs provided in the patient’s home for
multifaceted allergen control, although further evaluation of cost-effectiveness and
feasibility for widespread implementation will be helpful (Evidence A).
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¢ Some, but not all, school-based programs have demonstrated success in reducing
symptoms and urgent health care use and in improving school attendance and
performance. Proven school-based programs should be considered for
implementation because of their potential to reach large numbers of children who
have asthma and provide an “asthma-friendly” learning environment for students who
have asthma (Evidence B).

¢ Emerging evidence suggests the potential for using computer and Internet programs
incorporated into asthma care (Evidence B).

Provide all patients with a written asthma action plan that includes two aspects: (1) daily
management and (2) how to recognize and handle worsening asthma. Written action plans
are particularly recommended for patients who have moderate or severe persistent asthma,
a history of severe exacerbations, or poorly controlled asthma (Evidence B).

Regular review, by an informed clinician, of the status of the patient’s asthma control is an
essential part of asthma self-management education (Evidence B). Teach and reinforce at
every opportunity (EPR—2 1997):

Basic facts about asthma
What defines well-controlled asthma and the patient’s current level of control
Roles of medications

Skills: e.g., inhaler technique, use of a valved holding chamber (VHC) or spacer, and
self-monitoring

When and how to handle signs and symptoms of worsening asthma
When and where to seek care

Environmental exposure control measures

Develop an active partnership with the patient and family by (EPR—2 1997):

Establishing open communications.

Identifying and addressing patient and family concerns about asthma and asthma
treatment.

Identifying patient/parent/child treatment preferences regarding treatment and barriers to
its implementation.

Developing treatment goals together with patient and family.

Encouraging active self-assessment and self-management of asthma.
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Encourage adherence by:

— Choosing a treatment regimen that achieves outcomes and addresses preferences that
are important to the patient/caregiver (Evidence B).

— Reviewing the success of the treatment plan with the patient/caregiver at each visit and
making adjustments as needed (Evidence B).

Tailor the asthma self-management teaching approach to the needs of each patient.
Maintain sensitivity to cultural beliefs and ethnocultural practices (Evidence C).

Encourage development and evaluation of community-based interventions that provide
opportunities to reach a wide population of patients and their families, particularly those
patients at high risk of asthma morbidity and mortality (Evidence D).

Asthma self-management education that is provided by trained health professionals should
be considered for policies and reimbursements as an integral part of effective asthma care;
the education improves patient outcomes (Evidence A) and can be cost-effective in
improving patient outcomes (Evidence B).

KEY POINTS: PROVIDER EDUCATION

Implement multidimensional, interactive clinician education in asthma care including, for
example, case discussions involving active participation by the learners (Evidence B).

Consider participation in programs to enhance skills in communicating with patients
(Evidence B).

Encourage development and use of clinical pathways for management of acute asthma
(Evidence B).

Develop, implement, and evaluate system-based interventions to support clinical
decisionmaking and to support quality care for asthma (Evidence B).

KEY DIFFERENCES FROM 1997 AND 2002 EXPERT PANEL
REPORTS

Patient Education:

Emphasis on the many potential points of care and sites available in which to provide
asthma education, including review of new evidence regarding the efficacy of asthma self-
management education outside the usual office setting.

Greater emphasis on the two aspects of the written asthma action plan—(1) daily
management, and (2) how to recognize and handle worsening asthma. Use of the
terminology “written asthma action plan” encompasses both aspects. This change
addresses confusion over the previous guidelines’ use of different terms. One term is now
used for the written asthma action plan, although in some studies cited, investigators may
have used a variation of this term.

New sections on the impact of cultural and ethnic factors and health literacy that affect
delivery of asthma self-management education.
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Provider Education:

m  New section with review of system-based interventions to improve the quality of asthma
care, to support clinical decisionmaking, and to enhance clinical information systems

m Review of tested programs that use effective strategies to provide clinician education in
asthma care, e.g., multidimensional approaches, interactive formats, and practice-based
case studies

Introduction

See section 1, “Overall Methods Used To Develop This Report,” for literature search strategy
and tally of results for EPR—3: Full Report 2007 on this component, Education for a
Partnership in Asthma Care. Six Evidence Tables were prepared: 3, Asthma Self-Management
Education for Adults; 4, Asthma Self-Management Education for Children; 5, Asthma
Self-Management Education in Community Settings; 6, Cost-Effectiveness of Asthma
Self-Management Education; 7, Methods for Improving Clinical Behaviors: Implementing
Guidelines; 8, Methods for Improving Systems Support.

Education for a Partnership in Asthma Care requires education for the patient or caregiver about
asthma self-management as well as education for clinicians to enhance skills in teaching
patients self-management and provide support to implement guidelines-recommended
practices. In this component, recommendations are presented on asthma self-management
education at multiple points of care, tools for asthma self-management, and provider education.

Evidence is now abundant that asthma self-management education is effective in improving
outcomes of chronic asthma. Specific training in self-management skills is necessary to
produce behavior that modifies the outcomes of chronic illnesses such as asthma. Expert care,
with regular review by health professionals, is necessary but not sufficient to improve outcomes.
Patients must actively participate in their own care, which means consciously using strategies
and taking actions to minimize exposure to factors that make asthma harder to control and
adjusting treatments to improve disease control.

The ultimate goal of both expert care and patient self-management is to reduce the impact of
asthma on related morbidity, functional ability, and quality of life. The benefits of educating
people who have asthma in the self-management skills of self-assessment, use of medications,
and actions to prevent or control exacerbations, include reduction in urgent care visits and
hospitalizations, reduction of asthma-related health care costs, and improvement in health
status (Bartholomew et al. 2000; Cicutto et al. 2005; Cordina et al. 2001; Cowie et al. 1997;
Gibson et al. 2000; Guevara et al. 2003; Krieger et al. 2005; Krishna et al. 2003; Madge et al.
1997; MeGhan [sic] et al. 2003; Morgan et al. 2004; Powell and Gibson 2003; Teach et al. 2006;
Wesseldine et al. 1999). Other benefits of value from self-management education are reduction
in symptoms, less limitation of activity, improvement in quality of life and perceived control of
asthma, and improved medication adherence (Bonner et al. 2002; Christiansen et al. 1997;
Clark et al. 2004; Evans et al. 1999a; Janson et al. 2003; McLean et al. 2003; Perneger et al.
2002; Saini et al. 2004; Thoonen et al. 2003). Cost-analysis studies have shown that asthma
education can be delivered in a cost-effective manner and that morbidity is reduced as a result,
especially in high-risk subjects (Gallefoss and Bakke 2001; Kattan et al. 1997; Powell and
Gibson 2003; Schermer et al. 2002; Sullivan et al. 2002).
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Although not all controlled trials of asthma self-management education have shown positive
results, it is notable that controlled studies have demonstrated benefit from patient education
programs delivered in a wide range of points of care, including clinics, EDs, hospitals,
pharmacies, doctors’ offices, schools, and community settings. These results have been
achieved through face-to-face educational strategies and the use of new electronic
technologies. Referenced studies are from multiple countries. Some outcomes may be
dependent on the context of care and may not be completely generalizable.

Asthma Self-Management Education at Multiple Points of Care

The Expert Panel recommends that patients be educated at multiple points of care where
health professionals and health educators may interact with patients who have asthma
(Evidence A or B, depending on point of care). For people who have asthma, many points of
care exist outside traditional clinic, office, or hospital settings. An emerging body of evidence
suggests that educating people at these points of care creates opportunities to provide an
essential link between the patient and the primary clinician, forming a network of support for the
patient and clinician outside the clinician’s office. In this way, a network of asthma education
capability is built that ensures no person who has asthma is left without knowledge or skills.

Although it is beyond the scope of this document to address the issues of asthma education of
persons who are not family members and are not health care professionals, those individuals
who come into contact with persons with asthma on a regular basis (e.g., teachers, coaches,
daycare workers, employers, etc.) should receive some basic education about asthma.
Education of these individuals about asthma may help reduce asthma morbidity and mortality
and may contribute to earlier diagnosis of this disease. Teachers and coaches should know
how to recognize worsening asthma, administer quick-relief medications, and know how and
when to call for emergency services.

CLINIC/OFFICE-BASED EDUCATION
Adults—Teach Asthma Self-Management Skills To Promote Asthma Control
The Expert Panel recommends that:

m Clinicians provide to patients asthma self-management education that includes the
following essential items: asthma information and training in asthma management
skills (Evidence A), self-monitoring (either symptom— or peak flow—based)
(Evidence A), written asthma action plan (Evidence B), and regular assessment by a
consistent clinician (Evidence B). (See Evidence Table 3: Asthma Self-Management
Education for Adults.)

m Clinicians involve patients in decisions about the type of self-monitoring of asthma
control that they will do (Evidence B)

m Clinicians provide all patients with a written asthma action plan that includes
instructions for (1) daily management, and (2) recognizing and handling worsening
asthma, including self-adjustment of medications in response to acute symptoms or
changes in PEF measures. Written asthma action plans are particularly
recommended for patients who have moderate or severe persistent asthma, a history
of severe exacerbations, or poorly controlled asthma (Evidence B).
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m Clinicians involve adult patients in the treatment decisionmaking within the context of
a therapeutic partnership (Evidence B).

m Health professionals and others trained in asthma self-management education be
used to implement and teach asthma self-management programs (Evidence B).

m Because poor attendance at multiple sessions may be a problem in some
populations, consider introducing key messages and essential skills of self-
management in the first session and adjusting subsequent sessions to the needs of
the patients in the groups (Evidence D). Research comparing lengthy versus
condensed or shorter sessions is encouraged. (See Evidence Table 3, Asthma Self-
Management for Adults.)

Written Asthma Action Plans, Clinician Review, and Self-Monitoring

In a large, scientific review of 36 RCTs involving 6,090 adults who had asthma, asthma
self-management—accompanied by regular review of medications and asthma control by a
medical practitioner—improved health outcomes significantly more than usual care (Gibson et
al. 2003). All interventions included education, while 15 tested “optimal self-management” that
included self-monitoring of symptoms and/or peak flow, regular review by a clinician, and a
written asthma action plan. These intervention trials were conducted in primary care, specialty
care, hospital inpatient, or community settings. The results of the statistical analysis overall,
including meta-analysis where possible, showed self-management education significantly
reduced hospitalizations, unscheduled acute visits, and missed work days, as well as improving
quality of life. Subgroup analyses compared the intensity of the intervention (optimal
self-management with regular review, self-monitoring, and a written asthma action plan versus
self-monitoring and regular review versus self-monitoring only versus regular review only versus
written asthma action plan with either self-monitoring or regular review). Optimal
self-management, including self-monitoring of symptoms and/or peak flow and a written asthma
action plan, significantly reduced hospitalizations and ED visits for asthma. There was
insufficient power to compare the subgroups with less intensive interventions. There was little
effect on lung function: FEV, did not change. A statistically significant small mean increase
(14.5 L/min, p <0.05) in PEF occurred, however.

Self-management education that included a written asthma action plan appeared more effective
than other forms of self-management education. The intensity (number of sessions) of teaching
and the number of different components taught had little impact.

Regular review of progress by a concerned clinician is the basis for the patient—clinician
partnership necessary to achieve asthma control. In another scientific review, the equivalence
and efficacy of different options for asthma self-management were analyzed in 15 RCTs (Powell
and Gibson 2003). In six studies, regular clinical review by physicians who adjusted ICS
medications was compared to self-management education allowing self-adjustment of
medications by using a written asthma action plan. These two methods for achieving asthma
control were found to be equivalent. No significant differences in hospitalization, ED visits,
unscheduled doctor’s visits, or frequency of nocturnal asthma symptoms were found between
patients who self-adjusted their medication and those whose medications were adjusted by their
physicians. Two of three studies found no difference between clinician review and
self-management in the days lost from work or school, while the third study reported a
significant effect of peak-flow-based self-management on work or school absenteeism. Lung
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function, as measured by FEV,, was not significantly improved with peak-flow-based
self-adjustment of medications as compared to physician adjustment of medications.

The evidence from this analysis indicates that these two methods of adjusting medications for
asthma control (change by physician during office visit or patient self-management according to
a written asthma action plan) are equivalent, and the choice depends on the comfort and
agreement between the clinician and the patient. Patient self-monitoring is an important tool for
patients to assess the level of their asthma control and to adjust treatment according to their
action plan.

When self-management is the chosen method for maintaining asthma control, peak-flow-based
self-management is equivalent to symptom-based self-management as long as either method
also includes a written asthma action plan with instructions on how to recognize and handle
worsening asthma, including self-adjustment of medications. In three studies, both methods
were found to have an equal impact on ED visits, and one study found peak flow monitoring was
more effective in reducing ED visits (Powell and Gibson 2003). As noted in “Component 1:
Measures of Asthma Assessment,” the important point is for patients to have a plan for
monitoring their asthma, regardless of whether it is peak flow or symptom based. Therefore, the
Expert Panel recommends that clinicians involve patients in decisions about the type of self-
monitoring they will do. All patients may benefit from a written asthma action plan that includes
instructions for (1) daily management, and (2) recognizing and handling worsening asthma,
including self-adjustment of medications in response to acute symptoms or changes in PEF
measures. Written action plans are particularly recommended for patients who have moderate
or severe asthma, a history of severe exacerbations, or poorly controlled asthma. (See
“Component 1: Measures of Asthma Assessment” for further discussion of tools for assessing
asthma control.)

Other studies offer evidence of varying effectiveness of patient education. Those studies
conducted as RCTs with positive findings confirm the results of the large scientific reviews
(Janson et al. 2003; Magar et al. 2005; Marabini et al. 2002; Perneger et al. 2002; Thoonen et
al. 2003). In these trials, one conducted across multiple practices in primary care settings
(Thoonen et al. 2003), providing self-management education including an asthma action plan for
exacerbations resulted in reduced symptoms, fewer days of restricted activity, and improvement
in quality of life. Self-management education also resulted in improved self-confidence to
manage asthma (Perneger et al. 2002) and improved adherence to ICS therapy (Janson et al.
2003; Magar et al. 2005) (Evidence B).

Education that provides information only, without skills training, improves knowledge but does
not reduce hospitalizations, ED visits, unscheduled doctor’s visits, or lost work days; nor does it
improve lung function and medication use (Gibson et al. 2002). In this review, patients’ reports
of symptoms improved in only 2 of the 12 RCTs of information-only programs.

Patient—Provider Partnership

The value of establishing the patient—clinician partnership when teaching asthma
self-management was shown in another RCT of asthma education (Marabini et al. 2002) in
which investigators purposely formed partnerships with patients in the intervention group. The
control group received education on medication use, role of environmental triggers, and
metered-dose inhaler (MDI) technique but no partnership. The educational intervention
delivered in the context of the therapeutic relationship produced improved symptom control,
quality of life, and lung function measured as FEV, in patients in the group who had moderate or
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severe asthma only. This finding suggests asthma self-management education, reinforced in
the context of a therapeutic partnership between clinician and patient, may be especially
valuable in patients who have moderate or severe asthma.

Another recent RCT (Wilson et al. 2005, 2006) used the context of the patient-clinician
partnership to test the impact of shared decisionmaking about asthma treatment, compared to
guideline-based clinician decisionmaking and usual care, in adults who had poorly controlled
asthma. Clinician care managers (nurse practitioners, pharmacists, respiratory therapists) met
with the patients to adjust therapy in two visits, 1 month apart, followed by three brief telephone
calls (at 3, 6, and 9 months) to assess patients’ progress in both intervention groups. The
unique features of shared decisionmaking included identifying patients’ goals and preferences
regarding treatment and negotiating a treatment regimen to accommodate best each patient’s
goals and preferences. Establishing rapport, providing educational information, teaching inhaler
technique, writing the prescription, and preparing a written asthma action plan for the patient
occurred in both the guidelines and shared-decision groups. The shared-decision group had
significantly greater adherence to long-term control medication compared to the guidelines
group, and both interventions produced significantly better adherence to asthma control
medications than usual care over 12 months of followup.

The results of these two important RCTs suggest the value of shared decisionmaking about
asthma treatment in adults. Therefore, the Expert Panel concludes that clinicians should
involve adult patients in the treatment decisionmaking within the context of a therapeutic
partnership.

Health Professionals Who Teach Self-Management

A variety of health professionals deliver health education effectively. Recent studies have
focused on nurse-educators. Often, specially trained nurses provide asthma education. Three
RCTs and three observational studies used advanced practice nurses trained in asthma to
deliver self-management education to adults in outpatient settings. In one RCT, a
hospital-based nurse specialist delivered self-management education during three sessions
(Levy et al. 2000). Compared to patients receiving usual care, the educated patients
significantly increased use of ICS; decreased use of SABA for quick relief of symptoms;
achieved higher mean and less variable PEF; and had significantly lower symptom scores,
doctor visits, and urgent care visits for asthma after 6 months. The reduction in asthma
morbidity in this study may have been related to the strong emphasis, during the educational
sessions, placed on improving asthma self-management skills during exacerbations. In another
RCT, self-management education with peak flow monitoring and a written asthma action plan,
individualized to the patient’s severity, was delivered in one session that was then reinforced

in two subsequent visits (Janson et al. 2003). Compared to the control condition (monitoring
only), self-management education significantly improved adherence to ICS medications, quality
of life, and perceived control of asthma. In an attempt to reduce high hospitalization rates and
health care utilization, another RCT (Urek et al. 2005) examined the effectiveness of three
educational interventions in adults: “asthma school,” an educational booklet, and individual
verbal instruction. Asthma school, which included three 4-hour sessions of group education,
produced the most significant improvement in quality of life; individual verbal instruction
produced the best overall response in terms of both asthma control and quality of life.

Hopman and colleagues (2004) used nurse specialists to educate children and adults who had
asthma through a standardized 2-hour asthma education program given across seven clinical
centers in a large, multisite observational study. The program resulted in significant
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improvements (decreases) in hospital utilization and missed activity days over 6 months. Two
other observational studies of adults who had asthma, in which patients were taught and cared
for by specially trained asthma nurses (Lindberg et al. 2002), showed significantly reduced
symptoms and days of activity limitation as well as significantly decreased markers of airway
inflammation (Janson et al. 2001). In an attempt to reduce sick days lost from work, a 4-week
inpatient asthma rehabilitation program was tested in an observational study that included
asthma education, pharmacological optimization, physical training, and coping skill training.
The program resulted in significantly reduced sick leave over 3 years (Nathell 2005).
Rehabilitation programs that require patients to live in the treatment setting are expensive and
rare in the United States, but such programs may be useful for those who have severe asthma
and are significantly limited by their asthma.

Respiratory therapists also provide asthma education in hospital, ED, and clinic settings and
may direct clinical pathways and algorithms in hospital settings. There are no published RCTs
of asthma education programs delivered by respiratory therapists. An observational trial of

60 pediatric patients who attended a special clinic focusing on inhaler technique demonstrated
that MDI technique improved significantly after MDI demonstration, teaching, and reinforcement
(Minai et al. 2004). Respiratory therapists also participate actively in clinical protocols or
pathways that are implemented in acute care settings for management of acute exacerbations
in hospitalized patients. Studies of the efficacy and value of clinical pathways is reviewed in the
“Provider Education Section: Methods of Improving System Supports—Clinical Pathways.”

The Expert Panel encourages using health professionals and others trained in asthma
self-management education to implement and teach asthma self-management programs.

Education With Multiple Sessions

Negative studies that found little or no benefit of asthma self-management education frequently
contained significant design flaws or methodological errors. Several were underpowered to
detect significant differences between groups (Couturaud et al. 2002; Cowie et al. 2002; Neri et
al. 2001) due to small sample size and significant attrition. (See Evidence Table 3, Asthma
Self-Management for Adults.) Cowie and colleagues (2002) modified the education according to
age level but found no incremental benefit from this adjustment. Many of these patients were
recruited from EDs immediately after treatment for an acute exacerbation, when they were
presumably more open to education, but significant attrition from or no attendance at the
educational sessions scheduled outside of the medical care context occurred (Bolton et al.
1991; Ford et al. 1997). Taken together, these studies demonstrate the problems that are
created when education programs are not integrated into the patient’s regular medical care as
well as the low participation of intervention patients in educational programs designed with
multiple sessions over time. Because poor attendance at multiple sessions may be a problem
in some populations, the Expert Panel’s opinion is that the key messages and essential skills of
self-management should be introduced in the first session and that subsequent sessions should
be adjusted to the needs of the patients in the groups.

Children—Teach Asthma Self-Management Skills To Promote Asthma Control
The Expert Panel recommends that asthma self-management education be incorporated

into routine care for children who have asthma (Evidence A). (See Evidence Table 4,
Asthma Self-Management Education for Children.)
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A meta-analysis of 32 controlled trials of educational interventions for self-management in
children and adolescents, involving 3,706 patients, showed significant effects of education in
improving the child’s self-efficacy and lung function as well as in reducing days with restricted
activity, school absences, and ED visits (Guevara et al. 2003). No effects were seen on
hospitalizations (Guevara et al. 2003; Wolf et al. 2003). The authors conducted subgroup
analyses to determine the effect of peak flow versus symptom-based monitoring strategies,
individual versus group format, single versus multiple sessions, and moderate or severe asthma
versus mild or moderate asthma, but the small number of studies in each subgroup did not
provide sufficient statistical power to detect significant differences.

Several other controlled studies have also shown positive effects for self-management
education in children. A multicenter RCT of education delivered by asthma counselors through
group sessions, individual meetings, and telephone followup showed that education significantly
reduced days with asthma symptoms (Evans et al. 1999a). An RCT of education that combined
group sessions, individual meetings, and having the family accompany the patient during doctor
visits both decreased frequency of symptoms and activity restriction and increased the families’
ability and confidence to self-manage asthma (Bonner et al. 2002). A small RCT (N = 33) with
minority families found that group education that emphasized collaborative learning and use of
cultural resources increased asthma knowledge and reduced ED visits significantly compared to
more didactic group education and to a no-intervention control (La Roche et al. 2006). A trial of
training to improve children’s technique in using a breath-activated inhalation device showed
that individual training provided by nurses in a single visit improved inhalation technique and
that instructions to practice at home for 2 weeks resulted in further improvements (Agertoft and
Pedersen 1998). These studies provide strong evidence for the benefit of providing structured
self-management education to children who have asthma as well as their families in conjunction
with ambulatory care for asthma.

EMERGENCY DEPARTMENT/HOSPITAL-BASED EDUCATION
Adults
The Expert Panel recommends that:

m At thetime of discharge from the ED, clinicians offer brief and focused asthma
education (Evidence D) and provide patients with an ED asthma discharge plan with
instructions to the patients and family for how to use it (Evidence B).

m Before patients are discharged home, assess inhaler techniques for all prescribed
medications and reinforce correct technique (Evidence B).

m At thetime of discharge from the ED, patients be referred for followup asthma care
appointment (either PCP or asthma specialist) within 1-4 weeks (Evidence B). If
appropriate, consider referral to an asthma self-management education program
(Evidence B).

m Before patients are discharged from a hospitalization for asthma exacerbations, give
them asthma self-management education (Evidence B).
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Emergency Department Asthma Education

Visits to the ED for asthma exacerbation have been characterized as a moment of opportunity
for providing asthma education, inhaler technique training, and referral for followup with the
PCP; yet there are very few RCTs of asthma education in the ED for patients who have
exacerbations. Previous asthma guidelines (EPR 1991; EPR—2 1997) have recommended at
least some asthma education at the time of discharge from the ED for an exacerbation. One
observational study conducted in the EDs of a province of Canada found that only 78 percent of
patients received even brief education, and the focus was usually on medicines (46 percent) or
inhaler technique (73 percent). Only 38 percent were counseled on triggers of exacerbations,
and only 32 percent were referred to an asthma education program (Gervais et al. 2005).

Patients who present to the ED with acute asthma are a source for identifying self-management
problems. Observational studies (Griswold et al. 2005; Radeos et al. 2001) show that many of
these patients have poor knowledge of self-management and have a high frequency of ED visits
(Boulet et al. 1996; Griswold et al. 2005). Moreover, many adults seem to delay seeking care
for acute asthma for a variety of reasons, including fear of being treated with systemic steroids
(Janson and Becker 1998). These observations suggest a role for asthma education, yet there
is little evidence from RCTs of the benefit of targeted education in the ED setting. A survey of
77 asthma researchers based in EDs showed that, despite agreeing that patient education was
very important, few EDs have or use asthma education programs (Emond et al. 2000).

Targeting high-risk patients for asthma education at the ED visit has been explored in two RCTs
(Bolton et al. 1991; Cote et al. 2001) and in two observational studies (Kelso et al. 1995, 1996).
In one RCT, limited education in the ED in inhaler technique and use of a written asthma action
plan was compared to a comprehensive, structured educational program and usual care (Cote
et al. 2001). ED revisits were not different among the groups in the first 6 months after the
intervention, but revisits declined significantly more in the structured education group by

12 months; however, reinforcement of self-management education was provided at the 6-month
point only to the structured education group. In a second RCT, Bolton and coworkers (1991)
provided three asthma education sessions to patients after a visit to the ED. Despite significant
attrition from attendance at sessions, followup was completed with 76 percent of the study
sample, and, adjusting for baseline differences, the intervention group had fewer ED visits than
controls at 12-month followup (p = .06). In a race-specific reanalysis of the Bolton and
colleagues (1991) study data, Ford and coworkers (1997) found that African American and
Caucasian patients experienced similar benefits from the program.

Teaching Inhaler Technique in the Emergency Department

Most other RCTs of education for adults in the ED setting focus on teaching inhaler technique
for delivery of SABA. Numata and coworkers (2002) conducted an RCT in the ED to compare
teaching MDI technique to 61 adults who had asthma and nebulizer delivery of bronchodilator to
32 adults who had COPD. Median teaching time required to teach and administer MDI-
delivered bronchodilator medication was 6.5 minutes. The authors concluded that teaching use
of MDI with spacer delivery of bronchodilator is feasible in the ED for treatment of acute asthma
exacerbation. This study suggests that patients can learn about and use MDls in the acute care
setting and that the ED provides an opportunity to teach correct inhaler technique.

Despite being provided with MDIs and instructions for using them, a significant proportion of
children continue to use nebulizers at home after discharge from the ED (Cheng et al. 2002).
Use of MDIs by children may be complicated, however, by numerous errors in technique,
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potentially rendering the devices ineffective. Scarfone and colleagues (2002) evaluated
children’s skills in using an MDI and a peak flow meter in the ED and found a significant
proportion were using these devices incorrectly with a large number of errors. Dry-powder
inhaler (DPI) use appears to be associated with a rate of poor inhalation technique similar to
that of the use of MDIs (Melani et al. 2004). Inhaler technique may be improved with tailored
educational interventions aimed at specific problems (Hesselink et al. 2004).

The Expert Panel concludes that it is important to assess inhaler techniques for all prescribed
medications and reinforce correct technique before patients are discharged home.

Referral for Followup Care

ED clinicians encourage patients seen for acute exacerbation to follow up with their PCPs, and
ED clinicians often encourage participation in an asthma education program. Robichaud et al.
(2004) found that ED clinicians can motivate some patients to attend an asthma educational
program following discharge from the ED by giving a brief educational message and facilitating
followup attendance at the educational program. However, others have found that ED
discharge instructions that include recommending attendance at an educational session and
keeping an appointment with a PCP are not adhered to in any consistent way, and even when
appointments are kept, there is no impact on long-term outcomes (Baren et al. 2001, 2006). In
one RCT, however, the short-term outcome of contact with the PCP did improve (Baren et al.
2001). These studies refer specifically to referral to the PCP.

The findings may not be true for facilitated referrals to an asthma specialist. Both an
observational study (Schatz et al. 2005) and an interventional study (Zeiger et al. 1991) suggest
that better outcomes may result for patients referred from the ED to asthma specialists.

Although evidence from RCTs is limited regarding the optimal referral site (e.g., PCP or asthma
specialist), the Expert Panel concludes that patients should be referred for a followup asthma
care appointment within 1—4 weeks of discharge from the ED. The followup appointment should
include patient education; if appropriate, consider referral to an asthma self-management
education program. Because there are so few studies of self-management education in the ED
setting, and because the several interventions to improve patient followup have not
demonstrated benefit, more research is needed to understand how to make education effective
at this point of care.

Hospital-Based Asthma Education

Patients who are admitted to the hospital for acute severe asthma exacerbations represent
another opportunity for teaching asthma self-management. Castro and colleagues (2003)
conducted an RCT to determine if an intensive asthma intervention program led by specially
trained nurses could prevent readmissions of adult patients who were noted to be high users of
health care. The multiple-component intervention included asthma education, a written asthma
action plan, extra social support, and telephone followup calls after discharge. The combination
of all of these produced a significant decrease in readmissions for asthma and in total
hospitalizations compared to patients in usual care. The effect of the individual components of
the intervention was not determined. Similarly, another hospital-based randomized trial of an
inpatient education program (George et al. 1999) targeted to young, economically
disadvantaged adults who were admitted with acute asthma showed that inpatient asthma
education, assistance with discharge planning, postdischarge followup telephone calls, and
scheduled followup clinic visits had an impact after discharge. Patients who received the
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intervention had a higher followup rate, fewer subsequent ED visits, and fewer repeat
hospitalizations.

In another RCT of asthma self-management education during hospital admission, 80 patients
admitted with acute asthma received two 30-minute self-management education sessions and a
written asthma action plan (Morice and Wrench 2001). The education group improved
knowledge of asthma management compared to controls, but no significant differences between
groups occurred in number of readmissions. Using a brief self-management intervention during
hospital admission was found to reduce patients’ daytime wheezing, nighttime awakenings,
activity limitations, and hospital readmission (Osman et al. 2002). The session was

40-60 minutes of self-management education and included a written asthma action plan. All of
these outcomes were improved compared to control patients but were more significant in
patients for whom it was a first-time admission. The results of these trials suggest that asthma
education at the time of hospitalization can have a significant effect in reducing repeat
hospitalizations for asthma exacerbations.

Children

The Expert Panel recommends that asthma education programs that have been shown to
be effective be delivered to children during or following discharge from the ED or the
hospital (Evidence B). More research is needed to understand how to make education
maximally effective at this point of care.

The Expert Panel recommends that:

m At thetime of discharge from the ED, clinicians offer brief and focused asthma
education (Evidence D) and provide patients with an ED asthma discharge plan with
instructions to the patients and family for how to use it (Evidence B).

m Before patients are discharged home, assess inhaler techniques for all prescribed
medications and reinforce correct technique (Evidence B).

m Atthe time of discharge from the ED, patients be referred for followup asthma care
appointment (either PCP or asthma specialist) within 1-4 weeks (Evidence B). If
appropriate, consider referral to an asthma self-management education program
(Evidence B).

m Before patients are discharged from a hospitalization for asthma exacerbations, give
them asthma self-management education (Evidence B).

A meta-analysis of eight controlled studies of educational interventions for children or
adolescents following ED visits or hospital admissions found no significant benefit for health
status or readmission and concluded that more research is needed (Haby et al. 2001). The
authors of the meta-analysis noted trends toward clinically relevant, yet not statistically
significant, decreases in ED visits, unscheduled visits, and hospitalizations. Haby and
colleagues recommended more studies with larger sample sizes to assess adequately the
effectiveness of educational interventions after use of emergency care. Two successful studies
included in this meta-analysis showed very different approaches. An RCT of a nurse-led
discharge program (consisting of a 20-minute patient education program and a written asthma
action plan) significantly reduced unscheduled doctor visits, ED visits, and readmissions to
hospital over 12 months (Wesseldine et al. 1999). In another RCT, a nurse-led training program
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administered during admission with one outpatient followup visit to the nurse resulted in reduced
hospital admissions in the following 14 months (Madge et al. 1997).

Five recent RCTs show mixed results for the effectiveness of education postdischarge from the
ED. Walders and colleagues (2006) provided all participants with medical care by a specialist,
including written asthma action plans, peak flow meters, and spacer devices. Participants who
also received an intervention that included an asthma education session, a session on
problem-solving based on an individualized asthma risk profile, and access to an asthma advice
telephone service had significantly fewer ED visits at 12-month followup than the controls who
received no education (Walders et al. 2006). Teach and coworkers (2006) scheduled a followup
visit, within 2 weeks, to a specialized asthma clinic located in the ED, where followup care and
education were provided. The intervention group received a written asthma action plan and
referrals to ongoing primary care, plus education about asthma self-monitoring and
management as well as environmental modification and trigger control. Compared with
controls, the intervention group had significantly greater ICS use, fewer ED visits, and improved
quality of life in the 6-month followup period (Teach et al. 2006). Sockrider and colleagues
(2006) provided children and their families with tailored education, including a customized
asthma action plan and an educational summary, before discharge from the ED for an acute
episode of asthma. At 2-week followup, intervention families had significantly greater
confidence than controls in their ability to manage asthma. At 9-month followup, among
participants who had intermittent asthma, children whose families received education had
significantly fewer ED visits than controls, but there was no difference between groups for
children who had persistent asthma (Sockrider et al. 2006). Two other controlled trials of brief
education, by telephone postdischarge from the ED (Khan et al. 2004) and by a combination of
computer instruction and interaction with a nurse practitioner (Sundberg et al. 2005), did not
improve patients’ health status.

Two recent controlled trials to see if telephone reminders after discharge from the ED increased
followup appointments with primary care showed positive findings at short-term but not
long-term followup. In one study, appointment rates, quality of life, and asthma symptoms
improved relative to controls at 6 months, but no difference was found at 12 months (Sin et al.
2004). In the second study, the number of appointments was higher and symptoms were lower
at 2 weeks, but these differences had disappeared at 12 months (Smith et al. 2004).

In an RCT (Zorc et al. 2003), followup primary care appointments for children seen in the ED for
acute asthma were scheduled by ED staff, but patients had no higher rate of attendance than
when visits were simply requested. Furthermore, there was no change in return visits to the ED,
missed school, or use of long-term control medications.

Based on these findings, the Expert Panel concludes that asthma education programs that have
been shown to be effective should be delivered to children during or following discharge from
the ED or the hospital. More research is needed to understand how to make education
maximally effective at this point of care.

EDUCATIONAL INTERVENTIONS BY PHARMACISTS
The Expert Panel recommends that use of interventions provided by pharmacists be

considered; such programs are feasible, and they merit further studies of effectiveness
(Evidence B).

106



August 28, 2007 Section 3, Component 2: Education for a Partnership in Asthma Care

Controlled trials of asthma education delivered by pharmacists have shown mixed results
(Barbanel et al. 2003; Basheti et al. 2005; Bynum et al. 2001; Cordina et al. 2001; McLean et al.
2003; Saini et al. 2004; Stergachis et al. 2002). Four of these RCTs recruited community
pharmacies, provided training for their pharmacists, and evaluated the impact of pharmacist
teaching on patient outcomes (Cordina et al. 2001; McLean et al. 2003; Saini et al. 2004;
Stergachis et al. 2002). All of these studies involved repeated contacts with patients. One
study showed reduced hospitalizations and improved inhaler technique (Cordina et al. 2001). A
second study found reduced asthma severity, better lung function, less use of albuterol, and
better perceived control of asthma (Saini et al. 2004). The third study showed reductions in
daytime and nighttime symptoms, use of SABA, and doctor visits, as well as improvements in
PEF and quality of life (McLean et al. 2003). The fourth study found no differences between
intervention patients and controls on any measure (Stergachis et al. 2002). These studies
noted difficulties in providing asthma education in a community pharmacy, but they
demonstrated that community pharmacies may serve as effective venues for scheduled
followup visits for specialized asthma care. A small study of patients randomized within a single
pharmacy found significant reduction in symptoms for the intervention group (Barbanel et al.
2003). Another small study found that counseling by a pharmacist improved inhaler technique
(Basheti et al. 2005). Finally, another study evaluated interactive telepharmacy video
counseling, using compressed video, connecting adolescents in schools with pharmacists
working from a remote site; this study found improvements in inhaler technique (Bynum et al.
2001).

The Expert Panel concludes that, despite the difficulties observed, use of interventions provided
by pharmacists is feasible, may help improve self-management skills and asthma outcomes,
and merits more clinical studies of pharmacists’ providing education interventions.

EDUCATIONAL INTERVENTIONS IN SCHOOL SETTINGS

The Expert Panel recommends that implementation of school-based asthma education
programs proven to be effective be considered to provide to as many children who have
asthma as possible the opportunity to learn asthma self-management skills and to help
provide an “asthma-friendly” learning environment for students who have asthma
(Evidence B).

Several studies suggest that comprehensive school-based asthma education programs can
improve health and quality of life in students who have persistent asthma. Five controlled trials
of education in schools for children who have asthma have shown reduced symptoms for
children receiving asthma education (Butz et al. 2005; Christiansen et al. 1997; Cicutto et al.
2005; Clark et al. 2004; MeGhan [sic] et al. 2003). Three of these studies have also shown
reductions in the use of acute health care services (Butz et al. 2005; Cicutto et al. 2005;
MeGhan [sic] et al. 2003). One program provided education for elementary school children,
plus educational components for principals, custodians, and other school staff, resulting in
reduced asthma morbidity, improved asthma management, and decreased school absences
(Clark et al. 2004). A secondary analysis of this trial found that the program also had effects on
students who had moderate or severe symptoms but no diagnosis; effects included reductions
in daytime and nighttime symptoms and in days with restricted activity (Joseph et al. 2005).
Two studies have shown that parents who did not attend the educational sessions had improved
asthma management skills after completing learning assignments with children at home (Clark
et al. 2004; Evans et al. 2001).
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An innovative trial of peer education in the schools, in which older students were trained to
deliver education to younger students, improved quality of life in participating students (Shah et
al. 2001). Teacher-led asthma education interventions have been successful in improving
asthma outcomes in secondary schools and in improving school policies. In a very large trial,
teachers were trained to deliver asthma education to students who had and did not have
asthma. This study revealed positive changes in students’ knowledge of asthma, their
perception that asthma could be controlled, and their tolerance of asthma in others (Henry et al.
2004). Five-year followup showed that this program was still being taught by 71 percent of the
teachers who had been trained.

Three other RCTs of school-based education showed no significant effect on student health
(Patterson et al. 2005; Velsor-Friedrich et al. 2005) or school staff efforts to communicate with
community physicians about students’ symptoms (Halterman et al. 2005). Another RCT tested
the effectiveness of an asthma educational intervention in improving asthma knowledge,
self-efficacy, and quality of life in rural families (Butz et al. 2005). Children 6—12 years of age
who had persistent asthma were recruited from rural elementary schools and randomized into
the control (standard asthma education) group or into an interactive educational intervention
consisting of three educational workshops, an asthma coloring book, and parental educational
workshops. Parent/caregiver and child asthma knowledge, self-efficacy, and quality of life were
assessed at baseline and at 10 months after enroliment. Children’s self-efficacy, children’s
asthma knowledge, and parental asthma knowledge increased significantly in the intervention
group, but no significant increase in parental self-efficacy or children’s or parental quality of life
was found at followup.

Asthma education video gaming media were shown to be useful in improving asthma
self-management knowledge and asthma quality of life for high-risk, low-income, inner-city
children who have asthma (Shames et al. 2004).

Taken together, these studies suggest that asthma education delivered in schools can improve
health and quality of life in students who have asthma.

COMMUNITY-BASED INTERVENTIONS
Asthma Education

It is the opinion of the Expert Panel that, although studies of community-based asthma
education do not demonstrate benefits in health status, they do show that asthma
education programs delivered by trained community residents are feasible, can result in
behavior change and improved quality of life, and deserve further research (Evidence C).
(See Evidence Table 5, Asthma Self-Management Education in Community Settings.)

Community-based asthma interventions (those delivered in various community settings) can
positively affect large numbers of persons who have asthma, especially in poor, inner-city
communities. A controlled trial of asthma outreach and education, delivered by trained
community residents in a community center, found no difference in acute care visits between
intervention and comparison communities, but the study found reduced numbers of acute care
visits for those who had high levels of participation in the program (Fisher et al. 2004).
Surprisingly, socially isolated residents were more likely to participate in program activities than
those who were socially active. An observational study of education for caregivers of children
who had asthma, delivered by trained, community peer educators, found significant increases in
asthma knowledge, management behavior, and quality of life; these increases were sustained
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at 3, 6, and 12 months (Bryant-Stephens and Li 2004). An asthma education program that
included the interventions of group and individual education sessions taught by a nurse and a
physiotherapist resulted in significantly fewer primary care visits and less absenteeism from
work (Gallefoss and Bakke 2001). In an observational study, hospital inpatient asthma
education combined with outpatient followup asthma education in the community for children
and families improved asthma knowledge (Ochsner et al. 2002). The inclusion of a child-life
specialist in community-based and family-support interventions appears to be beneficial in
promoting psychological adjustment of children who have chronic health conditions, such as
asthma, especially if the child has low self-esteem (Chernoff et al. 2002).

HOME-BASED INTERVENTIONS
Home-Based Asthma Education for Caregivers

The Expert Panel recommends that asthma education delivered in the homes of
caregivers of young children be considered and that this area needs more research
(Evidence C).

A controlled trial of a home-based asthma education intervention for caregivers of young
children showed that the intervention significantly reduced the amount of reported bother from
asthma symptoms and increased symptom-free days and caregiver quality of life for children 1—
3 years of age (Brown et al. 2002). The age of the children who had asthma appeared to
moderate the intervention effect of home-based asthma education for caregivers in relation to
both asthma morbidity and caregivers’ quality of life. A single-group study of home-based
asthma education intervention for Latino caregivers of children who have asthma (average age,
7 years) showed reductions in bedroom allergens and increases in allergen-control devices
(e.g., mattress covers) at followup (Jones et al. 2001). These studies suggest that the home
may be a useful point of care for education interventions.

Home-Based Allergen-Control Interventions

The Expert Panel recommends that multifaceted allergen education and control
interventions delivered in the home setting and that have been shown to be effective in
reducing exposures to cockroach, rodent, and dust-mite allergen and associated asthma
morbidity be considered for asthma patients sensitive to those allergens (Evidence A).
Further research to evaluate the cost-effectiveness and the feasibility of widespread
implementation of those programs will be helpful.

Avoiding allergens is often difficult (Leickly et al. 1998). The home may be a useful point of care
for educational interventions to reduce household allergens and to increase the use of
allergen-control devices in the home. Eight controlled trials have evaluated allergen-control
interventions that combined education for families about implementing allergen-control
strategies with provision of tools and supplies needed to carry them out (Carter et al. 2001;
Custovic et al. 2000; Eggleston et al. 2005; Klinnert et al. 2005; Krieger et al. 2005; McConnell
et al. 2005; Morgan et al. 2004; Woodcock et al. 2003). Some of these studies added
professional allergen-reduction services (Carter et al. 2001; Custovic et al. 2000; Eggleston et
al. 2005; Morgan et al. 2004), and several provided broader education about asthma
management as well (Klinnert et al. 2005; Krieger et al. 2005). Four of the studies delivered
allergen-control education through multiple home visits (Eggleston et al. 2005; Klinnert et al.
2005; Krieger et al. 2005; Morgan et al. 2004).
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In general, the aim of these trials was to test multifaceted strategies to reduce the burden of
allergens in the homes of asthma patients and to improve health outcomes rather than the
efficacy of specific allergen-control techniques by themselves. An innovative trial of home
intervention to control allergens included both a placebo control and a “no-visit” control to
assess the relative effect of the intervention versus home visits to prompt allergen-control
measures by families of children who have asthma (Carter et al. 2001). The intervention and
placebo control (permeable mattress covers and instructions to wash bedding in cold water)
groups did not differ significantly, but both groups had reduced acute care visits when compared
to the no-visit control group, suggesting that the home visit itself resulted in improved asthma
control. This study did not provide information about how families in the no-visit control group
reduced allergens or improved asthma control.

Another trial evaluated allergen-control measures in the homes of infants who had atopic
parents and no pets; measures included using impermeable bedding covers, replacing carpet
with vinyl flooring in the infant’'s room, and asking participants to wash bed linens in hot water.
Over the 1-year followup, the intervention group had significantly less wheeze with shortness of
breath, less wheeze after vigorous activity, and less medicine prescribed by PCPs for control of
wheezy attacks (Custovic et al. 2000). This study suggests that prenatal intervention in
high-risk infants can reduce the risk of asthma symptoms during the first year of life.

One large trial relied primarily on repeated home visits to educate the family in allergen-control
techniques and to provide them with HEPA-filter vacuum cleaners and mattress covers. The
intervention was tailored to the child’'s allergen-sensitivity profile, and professional pest control
was applied for children allergic to cockroach (Morgan et al. 2004). Over the 2-year followup
period, significant reductions occurred in cat, dust-mite, and cockroach allergens in the child’s
bedroom, and these were associated with reductions in daytime and nighttime symptoms, fewer
school absences in both years, and reductions in ED visits in the first followup year. This study
suggests that education about relevant environmental control in the home, coupled with the
provision of tools for allergen control, can enable families to reduce allergen levels and asthma
morbidity effectively.

A clinical RCT of home environmental intervention with inner-city children who had mild
persistent asthma demonstrated that tailored, multifaceted environmental treatment and
education can reduce airborne particulate matter in inner-city homes, resulting in a modest
effect on asthma morbidity, with decreased asthma symptoms, but no improvement in lung
function (Eggleston et al. 2005). The intervention group received home-based education,
cockroach and rodent extermination, allergen-proof mattress and pillow encasings, and
HEPA-filter air cleaners. Outcomes were measured by home evaluations at 6 and 12 months,
clinic evaluation at 12 months, and multiple telephone interviews.

Three RCTs, assessing the effect of home-based education on allergens and control
interventions, used community health workers. One RCT showed that a home-based
allergen-control and education intervention (delivered by trained community health workers to
families of children who had asthma), focusing on training residents to apply cockroach-control
measures themselves during a five-visit period, could successfully reduce the number of
cockroaches in the home and cockroach-allergen levels in the children’s bedding (McConnell et
al. 2005). No measures of health outcomes were reported. A second trial provided
allergen-control education, as well as resources and support for behavior change, by trained
community heath workers in seven visits (Krieger et al. 2005). This study found reductions in
the use of emergency health care services by children who had asthma and improvements in
the quality of life of their caregivers. A third trial of allergen control and both allergen-specific
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and general asthma education with children relied on 15 home visits over a period of 12 months
by nurses trained in community outreach (Klinnert et al. 2005). Compared to controls, this
intervention significantly reduced cockroach-allergen and children’s cotinine levels but had no
effect on health outcomes.

In adults, a trial of dust-mite-allergen control that relied on allergen-impermeable bed covers
alone, without instructions to wash linens in hot water or any other education, found no
significant differences in mattress dust, morning PEF, or percent of patients who were able to
control asthma without ICSs (Woodcock et al. 2003). This study, which involved no educational
component, suggests that the role of education in maintaining allergen control is important.

Several studies with strong education components were successful in reducing allergen
exposures in the home and/or reducing asthma morbidity, whether education was delivered by
community workers or research staff. More research is needed to increase our understanding
about how the combination of home-based education interventions and the provision of tools for
allergen control in high-risk asthma populations can reduce the burden of allergen exposure and
affect asthma morbidity. Studies are also needed to evaluate the cost-effectiveness and
feasibility of widespread implementation of all allergen-control interventions delivered in
patients’ homes.

Summary statement on asthma self-management education at points of care outside the
health care system:

According to the review of RCTs, asthma education can be delivered at multiple points of care
other than clinics, EDs, and hospitals. With the support of clinicians, effective educational
interventions should be provided at points of care outside the traditional health care setting,
including schools (Butz et al. 2005; Christiansen et al. 1997; Cicutto et al. 2005; Clark et al.
2004; MeGhan [sic] et al. 2003), pharmacies (Cordina et al. 2001; McLean et al. 2003; Saini et
al. 2004), and homes. For example, pharmacy-based education directed toward understanding
medications and teaching inhaler skills as well as home-based interventions to increase patient
and family capacity to control allergen and irritant exposure (Custovic et al. 2000; Eggleston et
al. 2005; Klinnert et al. 2005; Krieger et al. 2005; McConnell et al. 2005; Morgan et al. 2004) are
strategies that will enhance overall asthma self-management support.

OTHER OPPORTUNITIES FOR ASTHMA EDUCATION
Education for Children Using Computer-Based Technology

The Expert Panel recommends that computer-based programs that are incorporated into
asthma care be considered for adolescents and children (Evidence B).

Four controlled trials have tested the ability of interactive computer asthma-education programs
to improve children’s asthma self-management behavior, health outcomes, and use of
emergency health services. Two studies of computer-based asthma-education programs that
children completed over a series of clinic visits reported positive results including: reduced
symptoms and hospitalizations, and increased clinic followup visits (Bartholomew et al. 2000);
reduced symptoms and ED visits, and less use of ICSs (Krishna et al. 2003). In two other trials
of computer-based education, no improvements were found in health status or use of
emergency health services. One study involved three opportunities to complete the program
over three clinic visits (Homer et al. 2000); the other study involved a single 20-minute
opportunity to complete the program at home with guidance from a nurse (Huss et al. 2003).
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Two other trials tested computer-based programs to facilitate recording symptoms,
communicating with health care providers, and making decisions about treatment. A trial of a
device used at home to monitor symptoms and medication use, obtain immediate programmed
feedback, and communicate results to health care providers over a telephone link found
reductions in days with activity limitation, reports of peak flow in yellow or red zones, and urgent
telephone calls to the doctor (Guendelman et al. 2002). A trial that tested an interactive,
Internet-based system, allowing specialists to monitor patient diaries of symptoms and peak
flow and to adjust therapy quickly, rapidly improved patients’ control of symptoms and quality of
life (Rasmussen et al. 2005).

An observational study found that asking children and adolescents to videotape their
asthma-management practices at home provided detailed evidence of problems with adherence
and inhaler technique (Rich et al. 2000). Reviewing these videotape narratives with the patient
may help clinicians improve teaching and care of patients.

Taken together, these studies suggest that new technologies, including computer and
Internet-based education and communication with physicians, can improve patients’ control of
asthma. More research is needed in these areas.

Education on Tobacco Avoidance for Women Who Are Pregnant and Members of
Households With Infants and Young Children

The Expert Panel recommends that all patients who have asthma and women who are
pregnant be advised not to smoke and not to be exposed to ETS (Evidence C). Query
patients about their smoking status, and consider specifically referring to smoking
cessation programs adults who smoke and have young children who have asthma in the
household (Evidence B).

Several studies strongly suggest that maternal smoking during pregnancy results in harmful in
utero exposure of the fetus and increases the risk of the child’s developing recurrent wheezing
and asthma in the first 5 years of life (Agabiti et al. 1999; Gergen et al. 1998; Gilliland et al.
2001). Children exposed in utero to maternal smoking demonstrate persistent deficits in lung
function measured by spirometry (Kelso et al. 1995). Children not exposed in utero but exposed
postnatally to tobacco smoke in the home also have an increased risk of wheezing and asthma
by age 5 (Gergen et al. 1998). Heavy postnatal tobacco smoke markedly increases the risk for
persistent asthma in the child (Infante-Rivard et al. 1999). In addition, children 4—16 years of
age who were exposed to pre- and postnatal tobacco smoke and had high cotinine levels were
found to have increased wheezing, increased school absences, and decreased lung function
(Mannino et al. 2001).

It is now well established that exposure to ETS increases the severity of asthma, increases the
risk of asthma-related ED visits and hospitalizations, and decreases the quality of life in both
children and adults (Eisner 2002; Mannino et al. 2002; Morkjaroenpong et al. 2002). In adult,
nonsmoking persons who have asthma, recent secondhand smoke exposure (as directly
measured by 7-day nicotine badge) and long-term 3-month exposure (as measured by levels of
both nicotine and cotinine in hair) are associated with increased asthma severity and poorer
asthma outcomes (Eisner et al. 2005). In terms of public health, these results support efforts to
prohibit smoking in public places.
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An important RCT (Wilson et al. 2001) used three nurse-led education sessions with parents
who were smokers; the sessions incorporated behavior change strategies, asthma education,
and repeated feedback of their children’s urinary cotinine levels. The intervention significantly
reduced medical visits for acute asthma in these tobacco-exposed, low-income, minority
children.

Because of the marked impact of tobacco as an irritant for most people who have asthma plus
the negative health consequences of smoking to the smoker, the smoking status of all patients
should be obtained, and appropriate advice and support should be offered to all patients who
smoke.

Case Management for High-Risk Patients

The Expert Panel recommends that case or care management by trained health
professionals be considered for patients who have poorly controlled asthma and have
recurrent visits to the ED or hospital (Evidence B).

Case or care management is the strategy of using expert guidelines to focus management of
patients who have asthma and have high levels of health care service use on specific, stepwise
goals to reduce morbidity and costs, as well as the risk of mortality from asthma. Three RCTs
(Greineder et al. 1999; Hughes et al. 1991; Kelly et al. 2000) found that case management
reduced ED visits, hospitalizations, and health care costs among children who had asthma and
were high users of health care resources. In all three trials, the intervention included intensive
education of patients combined with case management by nurses. One study (Greineder et al.
1999) found a 39 percent reduction in ED use in the group that received asthma education
alone, but the extent to which this was attributable to the education rather than to developmental
changes cannot be determined. However, case management with education resulted in a

73 percent decrease in ED visits—a reduction of 34 percentage points compared with education
alone (p = 0.0002). Hospitalizations were reduced by 43 percent in the control group and by

84 percent in the case-management group. Total use of services outside the study group health
plans was reduced 28 percent in control and 82 percent in case-management groups. All
between-group differences were statistically significant. The positive effect of asthma education
was significantly enhanced by followup case management, with continued contact with the
nurse case manager. Care-management processes are tools to improve the efficiency and
quality of primary care delivery. These tools are often used by organizations that provide care
for chronic ilinesses, such as asthma and diabetes, to low-income populations.

Another study (Delaronde 2002) explored using case management to increase use of ICSs
among 249 persons who had asthma, were in a managed care program, were identified as
receiving three or more SABA prescriptions for 3 consecutive months, but had no prescription
for anti-inflammatory medications. The results of this study and another observational study
with more intensive followup (Delaronde et al. 2005) showed that case management may
improve medication use by patients who do not use asthma medications as prescribed.
Patients who received intensive case-management intervention were four times more likely to
be prescribed anti-inflammatory medications.

Taken together, the findings of these studies suggest that case (or care) management can be
effective in improving asthma control in selected populations of individuals who have poorly
controlled asthma.

113



Section 3, Component 2: Education for a Partnership in Asthma Care August 28, 2007

COST-EFFECTIVENESS

The Expert Panel recommends that asthma self-management education that is provided
by trained health professionals be considered for policies and reimbursements as an
integral part of effective asthma care; the education improves patient outcomes
(Evidence A) and can be cost-effective (Evidence B). (See Evidence Table 6,
Cost-Effectiveness of Asthma Self-Management Education.)

Cost-effectiveness analyses provide evidence of the financial impact of interventions as well as
their clinical benefits. The analyses relate costs to a measure of clinical effectiveness of the
intervention. The cost-effectiveness ratio is the ratio of the difference in costs between two
alternatives to the difference in effectiveness between the same two alternatives. When an
intervention that has a certain cost improves a significant clinical outcome and total costs are
decreased, the intervention is considered cost-effective. For example, if self-management
education improves overall control of asthma, with fewer days of symptoms, fewer ED visits,
and fewer hospitalizations, then the intervention may result in lower overall direct medical costs.
If these educated patients also have fewer missed work or school days, then indirect costs are
reduced as well.

The cost-effectiveness and/or cost savings of asthma self-management education has been
shown in six RCTs (Gallefoss and Bakke 2001; Kamps et al. 2004; Kauppinen et al. 1999;
Schermer et al. 2002; Sullivan et al. 2002, 2005) and one observational study (Tinkelman and
Wilson 2004). Sullivan and colleagues (2002) conducted a prospective cost analysis of an
inner-city asthma-management program being studied in an RCT of 1,033 inner-city children
who had asthma. The primary efficacy end point was the mean number of days with asthma
symptoms self-reported over a 2-week period. Masters-level social workers worked with adult
family members to improve asthma-management skills. Children attended two child-only group
sessions for skill development. Compared with usual care, the intervention improved outcomes
at average cost of $9.20 per symptom-free day. Cost savings increased as severity of a child’s
asthma increased. Cost-effectiveness was greater in subgroups of children who had more
severe asthma because, for the modest increase in cost of the intervention, substantial
reductions occurred in the total cost of medical care. Later, Sullivan and colleagues (2005)
evaluated the cost-effectiveness of interventions designed to improve the quality of care
delivered to children who had asthma and their outcomes. In this three-arm, cluster RCT,
peer-led physician education was compared to combined peer-led education with a multilevel,
nurse-led educational intervention to improve asthma care and compared to usual care. The
primary clinical outcome, symptom-free days, was highest (13.3 days) for the combined
intervention compared to peer-led education alone (6.5 days) and compared to usual care, but
this outcome was achieved at an increased cost of asthma care (cost-effectiveness ratio of
$18/symptom-free day for peer-led education and $68/symptom-free day for the combined
intervention). The higher costs were attributable to the cost of implementing and maintaining
the interventions.

Two other RCTs demonstrat