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Preface

…on opening the cavity of the chest, the lungs 
did not collapse as they usually do when the air 
is admitted but remained distended, as if they 
had lost their power of contracting: the air cells 
on the surface of the trachea were somewhat 
in�amed.

James Wilson, December 15, 1784. Description of an 
autopsy �nding on Dr. Samuel Johnson who had a history 
of being “troubled for several years with asthma” (Bailie M. 
The Morbid Anatomy of Some of the Most Important Parts of 
the Human Body, London: W Bulmer, 1803). Cited by Peter 
Warren Canadian Respiratory Journal 2009;16:14.

Since Hippocrates �rst used the term “asthma” more than 
2000 years ago to describe episodic bouts of dyspnea, to the 
modern day recognition of the natural history of chronic 
obstructive pulmonary disease (COPD) detailed in the sem-
inal work of Fletcher and colleagues in 1976 (The Natural 
History of Chronic Bronchitis and Emphysema, New York: 
Oxford University Press 1976), to the more recent debate 
about the de�nition and features of the asthma–COPD 
overlap, major progress has been made in gaining a better 
understanding of the characteristics and pathophysiology 
of obstructive airway diseases.

Unfortunately, asthma, COPD, and overlap are still 
responsible for an enormous human and socio-economic 
burden. Asthma is considered to a�ect more than 300 mil-
lion individuals worldwide and COPD a�ects more than 210 
million people, although it is still o�en under-diagnosed. 
�e epidemiology of asthma–COPD overlap is still uncer-
tain but a considerable number of patients who have asthma 
or COPD demonstrate evidence of this overlap. Allergy 
and smoking are two main causes of asthma and COPD, 
respectively; but various other genetic, developmental, and 
environmental factors have been identi�ed as contributors 
to these illnesses.

�ere has been a recent debate about airways diseases 
taxonomy, as illustrated in the recent publication commis-
sioned by The Lancet “A�er asthma: rede�ning airways 

diseases” in 2017. In this article, Pavord et al., suggested 
how important it is to “deconstruct” airway disease into its 
components before planning the treatment and focusing on 
traits that are identi�able and treatable. �e recent devel-
opment of imaging techniques, noninvasive airway in�am-
mation assessment tools, and novel biomarkers can allow 
such phenotyping, or even better, endotyping of the disease, 
allowing for a more precise targeting of therapy.

However, in this rapidly changing environment of dis-
ease rede�nition and progress in our understanding of dis-
eases mechanisms, there is an important need to provide 
guidance to the clinician who may become confused with 
these new concepts and sophisticated assessment tools, 
which unfortunately are frequently not available in primary 
care settings. When we consider the current care gaps in the 
management of obstructive airway diseases such as insuf-
�cient preventive measures, insu�cient use of pulmonary 
function testing to objectively assess airway obstruction 
and hyperresponsiveness, the lack of formal patient educa-
tion on disease self-management and the persistent problem 
of poor adherence to therapy and follow-up, among other 
de�ciencies, we realize that in many instances, proper care 
is not being provided, resulting in poor disease control and 
frequent unnecessary acute healthcare overuse.

We believe however that a good understanding of basic 
disease mechanisms, development of a practical multidisci-
plinary approach to patient assessment and treatment, with 
judicious selection of the most appropriate nonpharma-
cological and pharmacological therapies for patients with 
airways diseases could lead to a signi�cant improvement in 
clinical outcomes, even for those patients presenting with 
severe disease.

In this book, we bene�ted from the expertise of world 
leaders in the �eld of asthma and COPD who have inte-
grated the most recent evidence from cutting-edge research, 
into clinical management, using illustrative case examples, 
algorithms, tables, and �gures to facilitate understanding 
of current concepts and recommendations. It thoroughly 
reviews similarities and di�erences between asthma, COPD 
and the overlap (previously called asthma–COPD overlap 
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syndrome—ACO), regardless of whether one is inclined to 
accept or refute ACO as a diagnosis.

�is book is intended to be a practical guide that will 
help clinicians distinguish and appreciate overlap nuances 
between obstructive airway diseases on a pathological and 
clinical basis, in order to develop appropriate manage-
ment and treatment plans. We hope it will be useful to all 

those interested and/or involved in the care of patients with 
chronic obstructive airway diseases.

Jonathan A. Bernstein
Louis-Philippe Boulet

Michael E. Wechsler
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1
Definitions of asthma and COPD and overlap

KRYSTELLE GODBOUT, VANESSA M. MCDONALD, AND PETER G. GIBSON

1.1 INTRODUCTION

Asthma and chronic obstructive pulmonary disease 
(COPD) are the two most prevalent chronic respiratory 
diseases and are therefore frequently encountered by clini-
cians. Although considered distinct diseases, overlap in the 
features of these two conditions is increasingly recognized, 
making straightforward distinction more challenging. 
Clinicians who manage patients with overlapping features 
of asthma and COPD struggle with a lack of evidence to 
guide them in obtaining a diagnosis and selecting a ther-
apy. Recent guidelines have attempted to address this prob-
lem.1–3 �e criteria proposed by these latest guidelines and 
how they perform when applied to real-world patients are 
addressed in this chapter.

1.2 ASTHMA AND COPD

Asthma and COPD have been recognized and described for 
several centuries. �e de�nitions have however dramati-
cally evolved since the 1990s as our knowledge of the dis-
eases increased. �e most signi�cant change probably lies in 
the recognition of chronic airway in�ammation as a crucial 
feature in the pathophysiology of both diseases and its fur-
ther measurement in clinical practice.

Several de�nitions arising from respiratory societies now 
exist for both asthma and COPD, but none is clearly supe-
rior to another. De�nitions from the strategy documents 
of the Global Initiative for Asthma (GINA) and the Global 
Initiative for Chronic Obstructive Lung Disease (GOLD) 
are shown below.

Definition of asthma

Asthma is a heterogeneous disease, usually 
characterized by chronic airway inflamma-
tion. It is defined by the history of respiratory 
symptoms such as wheeze, shortness of breath, 
chest tightness and cough that vary over time 
and in intensity, together with variable airflow 
limitation.4

Definition of COPD

COPD, a common preventable and treatable 
disease, is characterized by persistent airflow 
limitation that is usually progressive and asso-
ciated with an enhanced chronic inflammatory 
response in the airway and the lung to noxious 
particles or gases. Exacerbations and comor-
bidities contribute to the overall severity in indi-
vidual patients.5

1.1 Introduction 1
1.2 Asthma and COPD 1

1.2.1 Traditional method for definition and 
diagnosis 2

1.2.2 Diagnostic criteria for asthma and  
COPD 2

1.3 Overlap of asthma and COPD: A new entity? 2
1.3.1 Relevance of identifying and defining ACO 3
1.3.2 Definitions arising from studies 3

1.3.3 Selecting characteristics for defining ACO 3
1.3.4 Definitions and criteria arising from 

guidelines 4
1.4 Clinical vignettes 5
1.5 Applying de�nitions to clinical vignettes and 

related issues 6
1.6 Asthma, COPD, or ACO, does it matter? 8
1.7 Conclusions 9
References 9



2 De�nitions of asthma and COPD and overlap

�e terms chronic bronchitis and emphysema were 
previously included in the de�nition of COPD6 but were 
abandoned in the �rst GOLD strategy documents in 2001 
to be regarded as phenotypes of COPD. However, they also 
exist as independent disorders when they are identi�ed 
without the presence of the �xed air�ow limitation neces-
sary for the diagnosis of COPD (Figure 1.1). Emphysema is 
diagnosed on pathology or radiology and is characterized 
by an abnormal permanent enlargement of the airspaces 

distal to the terminal bronchioles.6 Chronic bronchitis on 
the other hand is a clinical diagnosis identi�ed by the pres-
ence of cough and sputum production for at least 3 months 
per year during two consecutive years.6

1.2.1  TRADITIONAL METHOD FOR 
DEFINITION AND DIAGNOSIS

As the exact mechanisms leading to the development of 
asthma and COPD remain unknown, their de�nitions are 
syndromic, stressing the typical characteristics seen in each 
disease. �ese features, summarized in Table 1.1, also serve 
to distinguish between the two disorders in clinical practice.

However, the reality is that asthma and COPD are het-
erogeneous diseases and few patients display all features. 
For example, asthmatics may not demonstrate the typical 
eosinophilic airway in�ammation or airway hyperrespon-
siveness (AHR) seen in asthma.2 Furthermore, no feature is 
speci�c for only one disease, and there is considerable over-
lap between the two diseases. �erefore, relying on these 
nonspeci�c characteristics for diagnosis may lead to diag-
nostic inaccuracies (Table 1.2).

1.2.2  DIAGNOSTIC CRITERIA FOR 
ASTHMA AND COPD

Despite their overlapping features, clinical-practice guide-
lines have developed criteria to help distinguish between 
asthma and COPD. Many respiratory societies have pub-
lished their own criteria but they usually involve the same 
phenotypic characteristics. For asthma, its de�nition con-
sists of the association of compatible symptoms and variable 
air�ow limitation (Table 1.3). �e diagnosis of COPD on the 
other hand only requires the demonstration of chronic air-
�ow limitation, although it is suspected on clinical grounds 
by chronic respiratory symptoms, history of exposure to 
a risk factor, and family history of COPD. GOLD strategy 
recommend the use of a �xed post-bronchodilator (BD) 
forced expiratory volume in one second/ forced vital capacity 
(FEV1/FVC) ratio lower than 0.7 for a diagnosis of COPD.5

1.3  OVERLAP OF ASTHMA AND COPD: 
A NEW ENTITY?

As mentioned above, asthma and COPD share several phe-
notypic features and are frequently di�cult to di�erentiate 
in clinical practice, although traditionally considered as dis-
tinct entities in guidelines. Coexistence of the two obstruc-
tive diseases has been recognized for decades as illustrated 
in the Venn diagram from the 1995 American �oracic 
Society (ATS) COPD guidelines (Figure 1.1). However, this 
topic received little attention until recently, when the sci-
enti�c community took interest in phenotyping of asthma 
and COPD. Since then, the subject has been extensively 
reviewed,7–10 and most studies on obstructive diseases now 
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Figure 1.1 Nonproportional Venn diagram of COPD show-
ing subsets of patients with chronic bronchitis, emphy-
sema, and asthma produced by the American Thoracic 
Society.6 The subsets comprising COPD are shaded. 
Subset areas are not proportional to actual relative subset 
sizes. Asthma is by de�nition associated with reversible 
air�ow obstruction, although in variant asthma special 
maneuvers may be necessary to make the obstruction 
evident. Patients with asthma whose air�ow obstruction 
is completely reversible (subset 9) are not considered to 
have COPD. Because in many cases it is virtually impos-
sible to differentiate patients with asthma whose air�ow 
obstruction does not remit completely from persons with 
chronic bronchitis and emphysema who have partially 
reversible air�ow obstruction with airway hyperreactiv-
ity, patients with unremitting asthma are classi�ed as 
having COPD (subsets 6, 7, and 8). Chronic bronchitis 
and emphysema with air�ow obstruction usually occur 
together (subset 5), and some patients may have asthma 
associated with these two disorders (subset 8). Individuals 
with asthma exposed to chronic irritation, as from ciga-
rette smoke, may develop chronic productive cough, a 
feature of chronic bronchitis (subset 6). Such patients are 
often referred to in the United States as having asthmatic 
bronchitis or the asthmatic form of COPD. Persons with 
chronic bronchitis and/or emphysema without air�ow 
obstruction (subsets 1, 2, and 11) are not classi�ed as 
having COPD. Patients with airway obstruction due to 
diseases with known etiology or speci�c pathology, such 
as cystic �brosis or obliterative bronchiolitis (subset 10), 
are not included in this de�nition.

(Reprinted with permission of the American Thoracic 
Society. Copyright ©2016 American Thoracic Society. 
From Standards for the diagnosis and care of patients 
with chronic obstructive pulmonary disease. Am J 
Respir Crit Care Med 152(5), S77–121, 1995.)



1.3 Overlap of asthma and COPD: A new entity? / 1.3.3 Selecting characteristics for de�ning ACO 3

recognize the overlap as a speci�c phenotype of asthma and 
COPD. �eir overlap is also increasingly considered as a 
separate entity and the term asthma-COPD overlap (ACO) 
has been widely adopted to describe it.

1.3.1  RELEVANCE OF IDENTIFYING AND 
DEFINING ACO

We may question the importance of recognizing ACO inde-
pendently from asthma and COPD in clinical practice. First, 
the literature has shown that the overlap between asthma and 
COPD is common, a�ecting 20% of patients with obstruc-
tive airway disease and 2% of the general population.7  
Clinical �ndings regarding ACO are then relevant for a large 
proportion of patients identi�ed with air�ow limitation. 
Furthermore, studies have consistently shown that ACO is 
associated with a greater morbidity and worse prognosis com-
pared with asthma or COPD alone, emphasizing an increased 
need to recognize and treat these patients earlier in the course 
of disease to improve their clinical outcomes. Finally, the 
response to treatment in this large subgroup of obstructive 
airway disease is unknown, as they have been excluded from 
large randomized-control trials in asthma and COPD. �e 
potential bene�ts and harms of medication, particularly long-
actingβ-2-agonists (LABA) and inhaled corticosteroids (ICS), 
could be di�erent from other obstructive airway diseases.

1.3.2  DEFINITIONS ARISING FROM 
STUDIES

Currently, one major problem with ACO lies in the absence 
of a widely accepted de�nition. �e concept is that ACO 
is the coexistence of both asthma and COPD in the same 
patient. Evidence of irreversible air�ow limitation, which 
is the key diagnostic criterion of COPD, seems to be well 
accepted. Apart from clinical feature, no other characteris-
tic has been widely accepted for its inclusion in the de�ni-
tion of ACO. Consequently, de�nitions used for ACO vary 
among studies, although they usually fall in one of three 
classi�cation schemes illustrated in Figure 1.2.8

In addition to these criteria, some studies also require 
a significant smoking history or evidence of emphysema 
for the diagnosis of ACO. As a result, there is consider-
able heterogeneity in the studied populations, making 
any results difficult to generalize and apply to clinical 
practice.

1.3.3  SELECTING CHARACTERISTICS FOR 
DEFINING ACO

To better describe and de�ne ACO, its clinical and physi-
ological features have been studied, o�en plotting them 
against those of asthma and COPD alone to highlight dif-
ferences. Table 1.1 displays a summary of the �ndings.

Table 1.1 Clinical and physiological characteristics of asthma, COPD, and ACO

Features Asthma COPD ACO

Airway in�ammation Predominantly eosinophilic Predominantly neutrophilic Eosinophilic and/or 
neutrophilic11,12

Symptoms Circadian variability Constant with day to day 
variation

More wheezing and dyspnea 
than asthma or COPD13

Triggered by a variety of 
stimuli

Exertional Con�icting data about 
cough and phlegm13

Past history Allergies Exposure to noxious 
particles or gases

Smoking common9 and 
necessary for diagnosis in 
some studies12,14–17

Family history of asthma 
and atopy

Family history of COPD Atopy more common than in 
COPD7,10,14

Lung function and AHR Variable air�ow limitation Chronic air�ow limitation Chronic air�ow limitation 
similar to COPD9

Hyperresponsiveness Signi�cant BDR in less than 
half 7,14,18,19

AHR very common and more 
severe than in asthma20

Exacerbation and 
comorbidities

Exacerbations occur Comorbidities and 
exacerbations contribute 
to impairment

Exacerbations more frequent 
and severe than in asthma 
and COPD9,13

Systemic in�ammation Systemic in�ammation21,22

Comorbidities usually 
present7,13

Note: AHR, airway hyperresponsiveness; BDR, bronchodilator reversibility.



4 De�nitions of asthma and COPD and overlap

Needless to say, the clinical characteristics of the stud-
ied ACO populations are in�uenced by the de�nition used 
for its identi�cation and the population it is derived from 
(i.e, asthma with features of COPD or COPD with features 
of asthma).7 Nevertheless, the phenotypic characteristics of 
patients with ACO include features of both, with the excep-
tion of exacerbations, which tend to be more frequent and 
severe in ACO populations.

An alternate way of de�ning ACO is to select pheno-
typic features that can predict the di�erent risk, quality of 
life, and treatment response seen in ACO. Bronchodilator 
reversibility (BDR) has proven ine�ective in detecting 
asthma in patients with COPD.1 It is also is not reproduc-
ible, not related to other asthma features,33 and does not 
predict ICS responsiveness in this population.34 However, 
ICS responsiveness was predicted by a high sputum eosino-
phil count, which also proved to be a useful marker to detect 
COPD patients with asthma.17 Fraction of exhaled nitric 
oxide (FeNO) failed to demonstrate the same results.35 As 
for chronic air�ow limitation, it was shown to be predictive 
of an enhanced response to long-acting muscarinic antag-
onists (LAMA) in patients with asthma.36,37 Given these 
results, it may be concluded that sputum eosinophilia and 
�xed air�ow limitation are useful criteria for de�ning ACO 
in a way BDR and FeNO are not.

1.3.4  DEFINITIONS AND CRITERIA 
ARISING FROM GUIDELINES

Despite the lack of high quality evidence, some respiratory 
societies have proposed criteria to diagnose ACO in clinical 
practice guidelines. In 2012 the respiratory community in 
Spain was the �rst to publish a consensus statement speci�-
cally on the subject of the asthma-COPD overlap phenotype 

Table 1.2 Issues with using the typical clinical and physiological features to differentiate between asthma and COPD

Features Problems in differentiating asthma and COPD

Airway in�ammation Heterogeneity in in�ammation occurs in both diseases
Eosinophilic COPD and neutrophilic asthma frequently encountered11,23

Age of onset Asthma can start anytime in life
e.g., late onset non allergic asthma, occupational asthma

Symptoms May be speci�c to the underlying pathophysiological component rather than the diagnosis
e.g., mucus hypersecretion (chronic bronchitis) can occur in asthma

Atopy Association with atopy is weak in adult-onset asthma24,25

Atopy occurs in around 20% of COPD26,27

Smoking 25%–45% of COPD patients are never smokers28

Lung function and  
AHR

A subgroup of asthmatics develop chronic air�ow limitation, particularly in severe, long standing 
asthma29

BDR and AHR are common in COPD30

Disease course Some asthmatics experience a steep rate of decline in FEV1 despite treatment31

High proportion of COPD show stable lung function32

Note:  AHR, airway hyperresponsiveness; BDR, bronchodilator response.

Table 1.3 Diagnostic criteria for asthma from GINA4

Criteria for asthma diagnosis

Variable respiratory symptoms
Wheezing
Shortness of breath
Chest tightness
Cough

Airflow limitation

Reduced FEV1/FVC (< 0.75–0.8 in adults) at least once

Excessive variability in lung function
Positive bronchodilator reversibility test
Excessive variability in PEF
Increase in lung function with treatment
Positive exercise challenge test
Positive bronchial challenge test
Excessive variation in lung function between visits

Note:  PEF, peak expiratory �ow.

ACO

Diagnosis of asthma
+ Diagnosis of COPD

Diagnosis of asthma
+ Incomplete reversibility of 

airflow obstruction

Airflow variability
+ Incomplete reversibility of 

airflow obstruction

Figure 1.2 ACO de�nitions used in studies.
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in COPD.1 Diagnostic criteria for ACO were developed by 
selecting statements that reached a level of agreement of 
more than 70% among COPD experts in the country (Table 
1.4). �ese Spanish criteria were also adopted by the Finnish 
Respiratory Society in their latest COPD guidelines, in which 
ACO was given special attention.38 However, they added 
“typical PEF” (peak expiratory �ow) as a minor criterion.

GINA and GOLD since joined forces in 2014 in order to 
release a consensus document for patients presenting with 
chronic airway disease, including ACO as a speci�c entity.2 �e 
strategy documents include a descriptive de�nition of ACO:

ACO definition from GINA/GOLD consensus 
document

Asthma-COPD overlap (ACO) is characterized 
by persistent airflow limitation with several fea-
tures usually associated with asthma and several 
features usually associated with COPD. ACO is 
therefore identified in clinical practice by the 
features that it shares with both asthma and 
COPD.

A specific definition for ACO cannot be 
developed until more evidence is available 
about its clinical phenotypes and underlying 
mechanisms.2

Because the GINA/GOLD task force was unable to clearly 
identify criteria for the diagnosis of ACO, they developed 
a syndromic approach to be applied a�er an initial evalua-
tion con�rming the presence of chronic airway disease. �e 
method involves a comparison of classical clinical features 
of asthma and COPD present in the same patient (Table 1.5). 
�ree or more features of one disease provides a high like-
lihood of the correct diagnosis and if there are a similar 
number of asthma and COPD features, then the overlap 
of asthma-COPD overlap can be considered. Spirometry 
is recommended a�erward to con�rm the diagnosis of 
obstructive disease. �e result of this test serves as support 
for the diagnosis made with the syndromic approach, as no 
spirometric �nding is speci�c for either disease.

�e Czech COPD guidelines of 2013 also included an 
asthma-COPD phenotype diagnosed with the criteria pre-
sented in Table 1.4.3 �ese criteria are similar to those of the 
Spanish consensus statement, with the addition of AHR and 
FeNO as features for diagnosis.

�e current guidelines do not identify pathognomonic 
criteria for ACO, but rather list features that increase the 
probability of diagnosis of asthma, COPD, or ACO. �ere 
are similarities between most of these guidelines, which 
suggest some consensus between international bodies on 
how to diagnose ACO.

1.4 CLINICAL VIGNETTES

�e utility of the guidelines for the diagnosis of ACO can 
best be assessed by their application to real-life clinical 
vignettes. We present four clinical scenarios of patients with 
obstructive airway diseases referred to a specialist clinic. 
�ese clinical vignettes are real world and illustrate di�-
culties or issues encountered when attempting to classify 
airway diseases.

Table 1.4 Diagnostic criteria for asthma-COPD overlap 
from the Spanish consensus Statement and the Czech 
Pneumological and Phthisiological Society

Spanish Czech

DEFINITE DIAGNOSIS OF COPD
Not speci�ed FEV1/FVC < LLN

MAJOR CRITERIA
Very positive 

bronchodilator test
Very positive 

bronchodilator test
(↑ FEV1 ≥ 15% and 

≥400 mL)
(↑ FEV1 ≥ 15% and 

≥400 mL)
Eosinophilia in sputum 

(threshold not speci�ed)
Sputum eosinophils ≥ 3% 

and/or FENO ≥ 45–50 ppb
Personal history of asthma 

before the age of 40
Personal history of asthma

Positive bronchial 
challenge test

MINOR CRITERIA
Positive bronchodilator 

test
Positive bronchodilator 

test
(↑ FEV1 ≥ 12% and 

≥200 mL)
(↑ FEV1 ≥ 12% and 

≥200 mL)
High total IgE High total IgE
Personal history of atopy Personal history of atopy

Note: ACO is con�rmed by the presence of 2 major criteria or 
1 major plus 2 minor criteria in addition to a COPD 
diagnosis. FeNO, fraction of exhaled nitric oxide; IgE, 
Immunoglobulin E; LLN, lower limit of normal values.

CLINICAL VIGNETTE 1.1: A MALE 
PATIENT WITH ASTHMA AND A 
SIGNIFICANT SMOKING HISTORY

A 53-year-old male with a diagnosis of atopic asthma 
since age two presents to clinic as a result of wors-
ening symptoms. In the last 3 years, he noticed 
an increase in his exertional dyspnea and is now 
bothered by a daily production of white phlegm. A 
short-acting β-agonist (SABA) provides only minimal 
symptom relief.

He is a former cigarette smoker with a history of 18 
pack years, and he currently smokes marijuana twice 
weekly. He is prescribed a combination ICS/LABA, 
LAMA, and SABA for asthma; a nasal corticosteroid 
spray for allergic rhinitis; and a proton pump inhibitor 
for gastroesophageal reflux.
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1.5  APPLYING DEFINITIONS TO CLINICAL 
VIGNETTES AND RELATED ISSUES

�e diagnostic criteria of asthma, COPD, and ACO pre-
sented were applied to the clinical vignettes. Results are 
shown in Table 1.6.

Despite some clear di�erences, all clinical vignettes were 
classi�ed as having both asthma and COPD by the respective 
GINA and GOLD strategy documents. �is is because the 
de�nitions of airway diseases were developed to have a high 
sensitivity, at the expense of their speci�city. Patients �tted 
under one de�nition consequently form a heterogeneous pop-
ulation, with diverse clinical characteristics, prognosis, and 

Atopy was previously confirmed by positive skin 
prick tests and an elevated total Immunoglobulin E 
(IgE) (234 kU/L). Centrilobular emphysema was found 
on a former CT-scan but the current chest X-ray is nor-
mal. His spirometry shows severe obstruction without 
improvement post-BD (post-BD FEV1 1.06 L [32%] and 
FEV1/FVC [33%]). Sputum induction was performed, 
which provoked a 53% fall in FEV1 after 2.5 minutes 
on hypertonic saline, confirming AHR. The sputum 
cell counts were normal (2.75% eosinophils and 47% 
neutrophils) suggesting a paucigranulocytic inflam-
matory phenotype. A FeNO was normal at 11.8 ppb.

CLINICAL VIGNETTE 1.2: A FEMALE 
WITH LONG-STANDING ASTHMA 
AND CHRONIC AIRFLOW LIMITATION

A 70-year-old woman presents to the clinic following 
an increase in her respiratory symptoms over the last 5 
years. She is now severely dyspneic and has a chronic 
cough productive of white phlegm. The symptoms 
are worse at night, and they increase with cold air and 
dust exposure.

She was diagnosed with asthma at age 5 and has 
been treated for this condition ever since. She is cur-
rently on a combination ICS/LABA, LAMA, SABA, and 
a daily macrolide antibiotic, azithromycin. She has 
never smoked nor did she have significant passive 
smoke exposure as a child.

She has symptoms of allergic rhinitis with positive 
skin prick tests to house dust mite and elevated total 
IgE (334 kU/L). Her spirometry demonstrates moder-
ate airflow obstruction without significant improve-
ment post-BD (post-BD FEV1 1.10 L [53%] and FEV1/
FVC [48%]). A hypertonic saline challenge was posi-
tive. Sputum eosinophils were increased (4.5%) and a 
FeNO was increased (68 ppb) consistent with eosino-
philic airway inflammation.

CLINICAL VIGNETTE 1.3: A FEMALE 
COPD PATIENT WITH EOSINOPHILIC 
INFLAMMATION

A 62-year-old female is referred for a new onset of 
cough, wheezing and shortness of breath following 
a hospitalization for pneumonia, 2 months ago. The 
symptoms are worse early in the morning and often 
wake her up at night.

One year ago, she was found to have abnormal 
lung function during a preoperative assessment for 
a knee replacement (spirometry unavailable). She was 

CLINICAL VIGNETTE 1.4: AN OLDER 
FEMALE WITH VARIABLE AIRFLOW 
LIMITATION

A 72-year-old female presents with intermittent 
breathlessness without other respiratory symptoms. 
She reports no diurnal variation in her symptoms 
but they are more severe in spring and triggered by 
smoke exposure.

She was diagnosed with asthma at age 60 based 
on a spirometry, which demonstrated a 29% increase 
in FEV1 post-BD (pre-BD FEV1 1.64 L [64%] and FEV1/
FVC [33%]; post-BD FEV1 2.11 L [82%] and FEV1/FVC 
[63%]). She is currently treated with a combination 
ICS/LABA and SABA. She has no history of smoking 
or passive smoke exposure.

Her current spirometry shows a normal FEV1 (2.22 L 
[91%]) with a FEV1/FVC ratio of 67% (only post-BD spi-
rometry available). She is nonatopic (skin prick tests 
negative and total IgE 27 kU/L). She was unable to pro-
duce sputum for analysis, but her FeNO was 26 ppb.

put on a LAMA and SABA despite being asymptom-
atic at the time. Subsequently she stopped smoking 
but her history was significant for 77 pack years. She 
has no personal history of asthma, atopy, or previous 
respiratory difficulties.

Her current spirometry demonstrated a severe 
obstructive defect (pre-BD FEV1 1.01 L [48%] and 
FEV1/FVC [60%]) with a significant increase in her 
FEV1 of 300 mL or 29% post-BD (post-BD FEV1 
1.31 L [61%] and FEV1/FVC [66%]). Her DLCO is low at 
71%. Sputum induction provoked a 17% drop in FEV1 
after 1.5 minutes on hypertonic saline, consistent with 
AHR. The sputum analysis revealed an eosinophilic 
bronchitis with 35% eosinophils. Her blood eosino-
phils were also elevated at 1000/microL but her FeNO 
was normal at 13 ppb.
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Table 1.6 Diagnostic criteria applied to clinical vignettes

Asthma Dx 
GINA

COPD Dx 
GOLD

ACO Dx

Spanish GINA/GOLD Czech

Clinical vignette 1.1 POSITIVE POSITIVE 1–2 majors,a 
2 minors

5 asthma 2 majors, 2 minors

POSITIVE 7 COPD POSITIVE

(COPD)
Clinical vignette 1.2 POSITIVE POSITIVE 2 majors, 

2 minors
6 asthma 3 majors, 3 minors

POSITIVE 5 COPD POSITIVE

(ASTHMA)
Clinical vignette 1.3 POSITIVE POSITIVE 1 major, 1 minor 4 asthma 2 majors, 1 minor

NEGATIVE 6 COPD POSITIVE

(COPD) (COPD)
Clinical vignette 1.4 POSITIVE POSITIVE 1 major, 1 minor 6 asthma 2 majors and 1 

minor but no 
de�nite diagnosis 
of COPDb

NEGATIVE 3 COPD NEGATIVE

(COPD) (ASTHMA) (ASTHMA)

Note:  Criteria for asthma, COPD and ACO were applied to the clinical vignettes. When the criteria for ACO were not met, the diagnosis 
(asthma or CPOD) was given in parenthesis.

a The Spanish consensus statement does not specify their sputum eosinophilia threshold, which varies between 2% and 3% according to 
references. We could therefore not determine whether 2.75% was a positive criterion.

b The Czech guidelines require an FEV1/FVC < LLN (lower limit of normal) to diagnose COPD.

Table 1.5 Syndromic diagnosis of airway diseases according to GINA/GOLD

Feature More likely to be asthma if several of More likely to be COPD if several of

Age of onset • Onset before age 20 years • Onset after age 40 years
Pattern of respiratory 

symptoms
• Variation in symptoms over minutes, hours, or 

days
• Symptoms worse during the night or early 

morning
• Symptoms triggered by exercise, emotions 

including laughter, dust, or exposure to 
allergens

• Persistence of symptoms despite 
treatment

• Good and bad days but always daily 
symptoms and exertional dyspnea

• Chronic cough and sputum preceded 
onset of dyspnea, unrelated to triggers

Lung function • Record of variable air�ow limitation 
(spirometry, peak �ow)

• Record of persistent air�ow limitation 
(post-bronchodilator FEV1/FVC < 0.7)

Lung function between 
symptoms

• Lung function normal between symptoms • Lung function abnormal between 
symptoms

Past history or family 
history

• Previous doctor diagnosis of asthma
• Family history of asthma, and other allergic 

conditions (allergic rhinitis or eczema)

• Previous doctor diagnosis of COPD, 
chronic bronchitis or emphysema

• Heavy exposure to a risk factor: 
tobacco smoke, biomass fuels

Time course • No worsening of symptoms over time. 
Symptoms vary either seasonally, or from 
year to year

• May improve spontaneously or have an 
immediate response to BD or to ICS over weeks

• Symptoms slowly worsening over time 
(progressive course over years)

• Rapid-acting bronchodilator treatment 
provides only limited relief

Chest X-ray • Normal • Severe hyperin�ation

Source:  Data from Global Initiative for Asthma (GINA) and Global Initiative for Chronic Obstructive Lung Disease (GOLD). “Diagnosis of Diseases 
of Chronic Air�ow Limitation: Asthma, COPD and Asthma-COPD Overlap (ACO)” 2015. Available at http://www.ginasthma.org/. With 
permission.

http://www.ginasthma.org/
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treatment responses. �is lack of speci�city earned asthma 
and COPD the designation “umbrella terms.” ACO is no dif-
ferent, usually including three separate phenotypes: COPD 
with features of asthma (Clinical vignette 1.3), asthma with 
current or past history of smoking (Clinical vignette 1.1), 
and long-standing asthma with partially reversible air�ow 
limitation (Clinical vignette 1.2). �e suitability of reclassi-
fying these various phenotypes with likely di�erent under-
lying pathophysiology under a single de�nition is unclear. 
In particular, the inclusion of the group with long-standing 
asthma and no history of smoking or exposure to noxious 
particles has been debated. Although it is generally accepted 
as an ACO phenotype, some still prefer the use of a distinc-
tive denomination, such as irreversible asthma or asthma 
with chronic obstruction.39

However, if all the above clinical vignettes had a diag-
nosis of both asthma and COPD, none of them were cat-
egorized as having ACO with all the de�nitions (Table 1.6). 
�is shows that diagnosing ACO is more complex than the 
mere demonstration of concurrent variable air�ow limita-
tion (in keeping with GINA diagnosis of asthma) and �xed 
air�ow limitation (GOLD diagnosis of COPD), a de�nition 
frequently used for ACO in recent studies. Other features 
of asthma (patterns of symptoms, in�ammation, associated 
conditions, risk factors) must be considered to establish a 
real overlap diagnosis. �is is largely explained by the lack 
of speci�city of variable air�ow limitation in the COPD 
population (Table 1.2), where it does not necessarily repre-
sent an asthmatic phenotype.33

�ere has also been disagreement between the di�erent 
set of criteria for ACO (Table 1.6), illustrating the impreci-
sion in the current ACO de�nition and the resulting incon-
sistency in the existing diagnostic sets.

In the case of the GINA/GOLD syndromic approach, no 
case achieved a diagnosis of ACO (considered when there is 
an equal number of asthma and COPD characteristics) even 
though all the cases had three or more features of asthma 
and COPD, making both diagnoses likely. �is �nding high-
lights the principal weakness of the GINA/GOLD approach: 
the equal weight given to each feature in predicting the 
diagnosis of asthma and COPD. Yet, COPD is principally 
associated with age and smoking,40 and eczema and famil-
ial asthma are strongest predictors for asthma.41 �e GINA/
GOLD approach however has the advantage of requiring no 
specialized testing. With the two other sets of diagnostic 
criteria (Spanish and Czech), long-standing asthmatics with 
chronic air�ow limitation achieved more stability in their 
diagnoses (Clinical vignettes 1.1 and 1.2) than those present-
ing with late onset of symptoms (Clinical vignettes 1.3 and 
1.4), once again highlighting the complexity in de�ning the 
asthmatic phenotype in the COPD population.

Making the diagnosis of chronic air�ow limitation lies in 
the demonstration of a low FEV1/FVC ratio. However, this 
ratio falls with age, making the distinction between normality 
and obstruction more di�cult in older patients. Using a �xed 
FEV1/FVC ratio as advised by GOLD strategy documents 
has been linked to over diagnosis in healthy older adults,42,43 

but also under diagnosis in the young adult population.44 To 
avoid these diagnostic inaccuracies, some respiratory soci-
eties, like the ATS and ERS advise using the lower limit of 
normal threshold (��h centile of a normal population) as 
diagnostic of air�ow limitation.45 However, there is currently 
no literature supporting the superiority of this method that 
can also lead to underdiagnosis.46 Clinical vignette 1.4 illus-
trated how this area of uncertainty may a�ect the diagnosis 
of airway disease. In this clinical vignette, the post-BD FEV1/
FVC of 67% is above the lower limit of normal values (LLN) 
(66% in that case) but below 70%. �e patient was thus clas-
si�ed as having COPD by the GOLD criteria but not by the 
Czech guidelines that use the LLN threshold. Missing the 
COPD diagnostic criteria, she could not be classi�ed as hav-
ing ACO despite �lling the other Czech criteria (Table 1.6).

1.6  ASTHMA, COPD, OR ACO, DOES IT 
MATTER?

We have presented how airway diseases are currently clas-
si�ed, the imprecision in their de�nitions, and the some-
times di�cult task of making a speci�c diagnosis. Given the 
limitations, one question is to be asked: Does making the 
distinction matter?

�e purpose of accurately categorizing patients with air-
way disease is to select the appropriate treatment, predict 
the evolution, and de�ne a group for research. However, the 
heterogeneity and complexity of the populations selected 
with the current de�nitions make these objectives di�cult 
to achieve. �e emergence of ACO as a unique clinical entity 
aimed to address these issues. However, ACO is still poorly 
de�ned and is likely as heterogeneous as asthma and COPD 
diagnoses alone. �erefore, existing classi�cations only par-
tially resolves issues pertaining to the ACO de�nition.

A revised taxonomy of obstructive airway disease is 
needed, although the best classi�cation method is still sub-
ject to debate. One widespread approach consists in further 
dividing asthma and COPD in clusters with shared biologi-
cal mechanisms, whether con�rmed or hypothesized. �is 
approach using phenotypes and endotypes will be further 
discussed in Chapter 12.

Another strategy recently put forward is to consider airway 
diseases as a continuum with possible shared biological mech-
anisms, therefore abandoning the labels of asthma, COPD, 
and ACO. �is approach, far from new, was �rst advanced 
more than 50 years ago in what would later become the Dutch 
hypothesis. Based on the hypothesis that asthma and COPD 
share common origins with expression modulated by endog-
enous (age and sex) and exogenous (environmental) factors, 
Orie and colleagues recommended a broader vision of air-
way diseases, unhampered by the diagnostic labels of asthma 
and COPD.47 �ey suggested the use of a single generic term 
(chronic nonspeci�c lung disease) for airway diseases with 
further characterization using predetermined phenotypic 
features. �e concept was recently modernized by the present 
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authors22,48,49 and later by Agusti et al., who suggested a label-
free de�nition of airway disease based on the identi�cation of 
“treatable traits.”50 �is approach was put forward to facili-
tate personalized medicine in which the choice of therapy 
is guided by the presence of speci�c characteristics and bio-
markers rather than the underlying airway diagnostic. Agusti 
proposed to de�ne airway disease by these targets for inter-
vention that he named treatable traits. �ese so-called traits 
can be a manifestation of the airway disease itself or represent 
a comorbidity, risk factor, or behavioral problem, contributing 
to the airway disease. Although this concept is appealing, it 
is still largely hypothetical. Evidence exists for some treatable 
traits (e.g., sputum eosinophils predict a response to cortico-
steroids independently of the underlying diagnosis, whether 
asthma or COPD) but further research is needed before imple-
menting this approach.

1.7 CONCLUSIONS

Asthma and COPD are currently de�ned as composites of 
typical clinical and physiological features. However, none of 
the de�ning characteristics are restricted to one condition, 
leading to considerable heterogeneity in the asthmatic and 
COPD populations as well as a signi�cant overlap between 
the two entities. �e recognition and recent interest in 
these overlapping features led to the creation of the over-
lap syndrome, frequently referred to as ACO. Although the 
acknowledgment of this important subgroup of obstructive 
diseases is mostly accepted, ACO is still ill-de�ned. �e 
criteria required for its diagnosis are still subject to debate, 
and that further limits its research and use in clinical prac-
tice. �en again, given the imprecision in the current clas-
si�cation of obstructive airway disease and the emergence 
of individualized medicine, a new taxonomy is inevitable. 
Interesting suggestions have been presented as to what form 
this will take and over what time period will it be adopted, 
but only future research will be able to adequately address 
these questions.
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2.1 INTRODUCTION

CLINICAL VIGNETTE 2.1

A 52-year-old woman presents to discuss her chronic 
obstructive pulmonary disease (COPD) and specifi-
cally the problem she is having with exacerbations 
and the amount of time she has missed work. She is 
a heavy smoker, and has been diagnosed with COPD 
by prior physicians. However, she also has a history of 
childhood asthma and allergic rhinitis. Recent spirom-
etry is consistent with obstructive lung disease (OLD) 
although she had some reversibility (250 mL and 20%) 
with a post-bronchodilator forced expiratory volume 
in 1 second (FEV1) of 60% predicted.

CLINICAL VIGNETTE 2.2

A 46-year-old woman presents for evaluation of symp-
toms of increasing shortness of breath and recurrent 
episodes of “bronchitis.” She is a nonsmoker but her 
father smoked. She immigrated to the United States 
approximately 10 years ago, and while growing up, 
she frequently helped her mother in preparing meals 
in a two-room house with an open fire for cooking and 

heating. She reports frequent respiratory infections as 
a child and young adult. She has never been diagnosed 
with asthma but has two siblings who have asthma.

OLD is a group of respiratory disorders characterized by 
airway obstruction, and is a leading cause of morbidity 
and mortality worldwide. �e most common examples of 
OLD are asthma and COPD. However, many patients pres-
ent with overlapping features of both asthma and COPD. 
In 2015, the Global Initiative for Asthma (GINA)1 and the 
Global Initiative for Chronic Obstructive Lung Disease 
(GOLD)2 issued a joint document describing this pheno-
type and identifying it as a distinct clinical entity, asthma-
COPD overlap syndrome (ACOS, more recently named 
ACO) (Figure 2.1).

All three disorders (asthma, COPD, and ACO) present with 
similar clinical features (dyspnea, coughing, wheezing, and 
expectoration) and share pathophysiologic mechanisms such 
as airway limitation and underlying airway in�ammation. 
Some experts have cautioned against labeling ACO as a unique 
disease entity because studies addressing this patient popula-
tion are limited.3 Historically, clinical trials have consistently 
excluded these patients: patients with COPD excluded from 
asthma clinical trials and patients with a history of asthma 
excluded from COPD clinical trials. As the focus on character-
izing this population increases, reliable data on the epidemiol-
ogy of the disease and its relationship to asthma and COPD 
will improve.
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2.2 ASTHMA

Asthma is a disease of reversible air�ow obstruction, bron-
chial hyperresponsiveness, and underlying airway in�am-
mation.4 Wheezing in young children is a common, but 
heterogeneous condition. Its presence in children under 
6 years is frequently a benign condition re�ecting smaller 
airways that improves or resolves as the child grows.5

2.2.1 RISK FACTORS

A family history of asthma is a strong risk factor for 
persistence of wheeze and persistence of wheezing into 
adolescence is associated with a high rate of persistence 
of wheeze into adulthood and development of asthma. 
Identical twins are more likely to both be asthmatic com-
pared with nonidentical twins, suggesting a genetic com-
ponent.6 Yet, in approximately half of the identical twins 
with one asthmatic twin, both twins do not have asthma, 
indicating the importance of complex gene–environment 
interactions and/or nongenetic factors.

A second factor important in the development of asthma 
is atopy, with sensitization and exposure to airborne allergens 
(e.g., house-dust mites). �e increasing prevalence of asthma 
worldwide has been associated with a parallel increase in 
atopic sensitization and other allergic disorders such as eczema 
and rhinitis. Weinmayr et al. observed that the prevalence 
rates of asthma symptoms and atopic sensitization in children 
are linked, yet, the prevalence rates vary widely between coun-
tries, and the link between atopic sensitization and asthma 
symptoms may be modi�ed by other factors such as economic 
development.7 Economic development and urbanization have 
a direct impact on a child’s living conditions and health status; 
with the rate of asthma increasing as communities adopt west-
ern lifestyles.8 Analyzing data from the World Health Survey 
performed in 64 countries, Sembajwe and colleagues observed 
a bimodal distribution of asthma symptoms. Interestingly, the 
highest distribution of asthma symptoms was found in high- 
and low-income countries whereas middle-income countries 

had the lowest prevalence.9 �is U-shape pattern may represent 
competing e�ects of multiple factors on asthma risk that are 
unique to high-income and low-income countries. Within the 
United States, signi�cant e�ort has been focused on the “inner-
city asthma epidemic” and trying to understand which factors 
present in poor urban environments are associated with a high 
asthma prevalence and morbidity. However, the independent 
e�ects of race/ethnicity, poverty, and area of residence are 
debated. Some analyses have observed that a large proportion 
of the racial/ethnic  di�erences in the prevalence of asthma are 
explained by factors related to income, area of residence, and 
level of  education.10 In contrast, other studies suggest the dif-
ferences in asthma prevalence are largely explained by demo-
graphic factors and not by living in an urban neighborhood11; 
the prevalence of current asthma is higher in inner-city versus 
non–inner-city areas, but this di�erence is not signi�cant a�er 
adjusting for race/ethnicity, region, age, and sex. In adjusted 
models, black race, Puerto Rican ethnicity, and lower house-
hold income are independent risk factors for current asthma, 
but not residence in poor or urban areas. Several other factors 
may contribute to the risk of developing asthma, including 
changes in diet; physical activity and obesity; infectious disease 
and microbial exposures, including viral respiratory infections 
(respiratory syncytial virus [RSV] and rhinovirus); increased 
exposure to antibiotics; environmental factors (exposure to 
indoor irritants including tobacco smoke); psychosocial stress-
ors including violence; occupational exposures; and the e�ects 
of industrial and motor vehicle pollution.12 Finally, gender 
a�ects the risk of asthma in an age-dependent manner, but the 
complex biological mechanisms that cause these sex-associated 
di�erences is not yet fully understood.

2.2.2 PREVALENCE

�e prevalence of asthma continues to rise. In the United 
States, the 2010 National Health Interview Survey (NHIS) 
sample estimated that one in 12 people (8%) of the population 
had asthma, compared with 1 in 14 (7%) in 2001. �e NHIS 
data also demonstrate that race and ethnicity play a role. �e 
asthma prevalence among white persons (7.2%) is intermedi-
ate between the prevalence seen in black persons (11.2%) and 
that seen among Asian (5.2%) and Hispanic persons (6.5%). 
Among Hispanics, Puerto Ricans (16.1%) are more likely to 
have asthma compared with Mexican persons (5.4%). In addi-
tion, the overall prevalence rate in females is greater than in 
males. However, age modi�es the e�ect of gender on asthma 
prevalence. Among adults 18 years and older, females are 
more likely than males to have asthma. However, the pattern 
is reversed among children. �e current asthma prevalence is 
higher among male children aged 0–4 years (7.7%) and aged 
5–14 years (12.4%), compared with female children in the 
same age group (4.7% and 8.8%, respectively) (Figure 2.2).13

Asthma prevalence also varies by geography, but whether 
this variation is a result of environmental exposures or related 
to sociodemographic features of the population within a given 
geographic area remains uncertain. �e International Study 
of Asthma and Allergies in Childhood (ISAAC) compared 

Asthma

ACO

COPD

Figure 2.1 Venn diagram illustrating the overlapping 
nature of asthma, COPD, and asthma-COPD overlap.
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the prevalence of disease, between two age groups (13–14 and 
6–7 years old), across a wide array of countries. ISAAC Phase 
One reported marked variations in the prevalence of asthma 
symptoms, with up to ��een-fold di�erences between coun-
tries. �e major di�erences between populations were thought 
to be due to environmental factors.14 A follow-up evaluation 
using the same methodology in 2009 showed continued wide 
variations in the symptom prevalence of childhood asthma 
worldwide, with up to a 13-fold di�erence between countries 
among 6–7-year-old age group and 9-fold di�erence in the 
13–14-year-old age group based on questionnaire data.15 In 
addition, the authors con�rmed prior reports of an association 
between asthma prevalence and economic development, with 
asthma symptoms being more prevalent in a
uent countries. 
However, despite a lower prevalence of asthma, persons in less 
a
uent countries reported more severe disease.

2.2.3 MORBIDITY AND MORTALITY

Asthma is a leading cause of activity limitation and is the 
primary cause for days lost from school in children. In 2008 
the condition accounted for an estimated 14.4  million lost 
school days in children as well as 14.2 million lost work 
days in adults.16 Rates of hospital admissions demonstrate 
a U-shaped distribution with highest rates among children 
under 15 years old and older adults over the age of 65. �e 
association between other factors such as race/ ethnicity, 
region, sex, and asthma morbidity are similar to those 
reported for asthma prevalence.11 Additional factors, such 
as chronic rhinitis and gastroesophageal re�ux disease 
(GERD), are known to worsen asthma severity and systemic 
processes including cardiovascular disease, obesity, and 
depression which have also been associated with an increase 
in asthma morbidity.17 Importantly, asthma in older adults 
(persons over the age of 65) is associated with di�erent risk 
factors, including an increased number of comorbid con-
ditions, which in�uence the presentation, diagnosis, and 
management. As discussed, the di�erentiation between 

asthma and COPD in this age group can be di�cult due to 
substantial overlap in disease presentation and symptoms. 
Routine collection of data on hospital discharges is almost 
entirely restricted to high-income countries, limiting the 
value of admission rates for surveillance of the burden of 
asthma on a global scale.

Asthma deaths are rare among children and increase 
with age. �e Global Burden of Disease Study (GBD) Study 
reported that age-standardized death rates from asthma fell 
by about one-third between 1990 and 2010. �is improve-
ment was seen across all ages and in both males and 
females.18 Within the United States, the number of deaths 
due to asthma is also decreasing. �e death rate in 2009 was 
approximately 27% lower than the number of deaths seen 
in 1999, with the age-adjusted death rate for females being 
approximately 50% greater than the rate seen in males and 
75% higher among blacks compared with whites. Black 
women had the highest age-adjusted mortality rate due to 
asthma.19 Age-adjusted death rates in Hispanics are lower 
than non-Hispanic blacks, but higher than non-Hispanic 
whites, with Puerto Ricans demonstrating higher age-
adjusted death rates than all other Hispanic subgroups and 
non-Hispanic whites and blacks.20

2.3 COPD

COPD is “a common preventable and treatable disease 
characterized by persistent air�ow limitation that is usu-
ally progressive and associated with an enhanced chronic 
in�ammatory response in the airways and the lung to 
noxious particles or gases.”2 Traditionally, COPD is sub-
divided into the two phenotypes: chronic bronchitis and 
emphysema. However, based on a better understanding of 
the multiple in�uences (environmental, clinical, biological, 
and genetic), which lead to di�erences in outcome and/or 
management, there is recent support for de�ning additional 
phenotypes within the umbrella term of COPD.21–23
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2.3.1 RISK FACTORS

�e most important risk factor for developing COPD is 
tobacco exposure, which results in an accelerated FEV1 
decline with age. Smoking duration and pack years are 
directly associated with the diagnosis of COPD, a�er con-
trolling for current smoking behavior.24 Yet, not all smokers 
develop COPD, which in a subset of smokers is likely based 
on genetic risk factors, making them less “susceptible” to 
the damaging e�ects of smoking tobacco. Similarly, not 
all patients that develop COPD have signi�cant smoking 
exposure, therefore, implicating occupational and other 
exposures in the development of COPD.25 �e American 
�oracic Society (ATS) estimates that approximately 15% 
of COPD cases in the general population is attributable 
to occupational sources26 supported by a meta-analysis 
of population-based studies that demonstrated an asso-
ciation between the presence of obstructive disease and 
self-reported occupational exposure to vapor-gas, dust, or 
fumes.27 Looking globally, Ryu and colleagues conducted a 
meta-analysis of epidemiological studies investigating the 
relationship between COPD and occupational exposure to 
vapors, gases, dusts, or fumes (VGDF). In a random e�ects 
model meta-analysis, the pooled OR for exposure to VGDF 
was 1.43 for COPD (95% CI: 1.19–1.73) compared with no 
exposure to VGDF.28

Outside of the workplace, environmental exposures and 
respiratory infections are also associated with the develop-
ment of COPD.25 Furthermore, air pollution may in�uence 
the development of COPD and associated morbidity. Air 
pollution can a�ect lung development in childhood,29 and 
exposure over several days to elevated levels of air pollution 
has been clearly shown to exacerbate preexisting COPD, 
resulting in increased morbidity and mortality.30 Gender 
also in�uences the prevalence and morbidity associated 
with COPD. �ere is evidence for sex-speci�c susceptibility 
to environmental exposures with nonsmokers who develop 
COPD more likely to be women.31 In addition, women with 
COPD are more likely to have a chronic bronchitis phe-
notype, potentially related to sex-speci�c environmental 
exposures. �ese include higher exposure risk to indoor air 
pollutants, such as biomass fuel fumes used for cooking and 
heating in low-income countries and di�erences in types 
of occupational exposures, such as cleaning agents, which 
are more commonly used by females compared to males in 
higher-income countries.32 Finally, genetic factors are very 
important in the developing lung and even more so are 
“gene by environment” interactions, which are thought to 
play a pivotal role in susceptibility to environmental expo-
sures and disease development. In addition, several other 
genes have been implicated in COPD susceptibility.33 For 
example, alpha-1 antitrypsin de�ciency is the best described 
known genetic risk factor for susceptibility to develop 
COPD.

In addition to the accelerated decline in lung func-
tion associated with environmental exposures, impaired 
lung growth in childhood is another pathophysiologic 

mechanism related to the development of COPD. Normal 
individuals achieve maximum lung growth in young adult-
hood followed by a plateau and then a slow decline with age 
(Figure  2.3). Prospective cohorts have demonstrated that 
factors, such as asthma, may lead to a pattern of reduced 
lung growth early in life leading to lower maximally 
attained lung volumes in young adulthood and subsequent 
increased risk for developing COPD later in life.34–36 �e 
combination of low maximally attained lung volume in 
young adulthood and environmental exposures are additive 
and potentially synergistic to further increasing the risk of 
developing COPD.

2.3.2 PREVALENCE

Accurate ascertainment of the true prevalence of COPD 
has been di�cult. Recent estimates suggest more that 
15   million people in the United States37 and more that 
210  million people worldwide38 have COPD, but the 
prevalence of COPD varies by diagnostic criteria used. 
�e GOLD and the Burden of Obstructive Lung Disease 
(BOLD) both recommend spirometry as the gold standard 
for diagnosing COPD, as estimates of COPD prevalence 
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Figure 2.3 Longitudinal lung function growth and 
decline curves. Lung function growth and decline curves 
during the �rst three decades of life are shown. Lung 
function, as the percentage of the maximum forced 
expiratory volume in 1  second (FEV1) in a person without 
lung disease is plotted by age. (a) the normal pattern 
of lung function growth and decline is characterized by 
an increase during childhood/adolescence, a plateau 
in early adulthood, and a gradual decline into old age 
(blue line). Abnormal growth and decline curves include 
(b) reduced growth (red line), (c) normal growth with an 
early/rapid decline (yellow line). A person can develop 
COPD from either the reduced growth curve or an early/
rapid decline curve.

(Adapted from Speizer, F. E. and Tager, I. B., 
Epidemiol Rev., 1, 124–142, 1979; McGeachie, M. J.,  
Yates, K. P., Zhou, X. et al., N Engl J Med., 374, 
1842–1852, 2016.)
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based on spirometry double the estimates derived from 
self-reported information. Further variability is related 
to di�erences in the quality of measurement, use of pre- 
 versus post-bronchodilator values and inconsistency in the 
values for de�ning obstruction present in the literature.39,40 
Rycro� and colleagues, who published a review of all litera-
ture reviews between 2000 and 2010, noted estimates for 
COPD prevalence varied from 0.2% (Japan) to 37% (United 
States) and that the higher estimates were based on GOLD 
spirometry criteria to de�ne COPD.41

COPD has traditionally been a disease of men. 
However, in the United States, the prevalence of COPD 
in women has surpassed the prevalence in men. Although 
recent estimates from NHIS (2009 and 1998), demonstrate 
that prevalence of COPD appears to have stabilized, the 
prevalence remains higher in women than in men.42 �e 
rapid increase in the prevalence, morbidity, and mortality 
of COPD in women over the last three decades has largely 
been attributed to the increase in tobacco abuse among 
women. However, there is evidence that care providers 
continue to harbor a gender bias, leading to underdiagno-
sis and/or delayed diagnosis of COPD in women, which 
may impact their morbidity.32

�e prevalence of COPD is also known to vary by other 
demographic factors. Puerto Rican and non-Hispanic 
white adults have a higher prevalence of disease compared 
to non-Hispanic blacks and Mexican American adults, 
while adults with family income below the poverty level 
have a higher prevalence of disease across all racial and 
ethnic groups but with a similar relative distribution by 
race/ethnicity.42 Prevalence also varies by urban/rural sta-
tus and region within the United States.43–45 Worldwide, 
the prevalence of COPD has not stabilized. In developing 
countries, where exposure to smoke from coal and bio-
mass fossil fuels used in heating and cooking is common, 
a continued increase in the prevalence of COPD has been 
demonstrated.46

2.3.3 MORBIDITY AND MORTALITY

Within the United States, the overall age-adjusted death 
rate for COPD stabilized between 1999 and 2010, how-
ever, there was a decline in the death rates for persons aged 
55–64 years and 65–74 years that was o�set by an increase 
in adults aged 45–54 years and American Indian/Alaska 
natives.45 In contrast, the progress in primary prevention 
seen in the United States is not reported globally. �e World 
Health Organization (WHO) reports that, globally, the 
morbidity and mortality associated with COPD continue to 
increase. COPD is now the fourth-leading cause of death 
and by 2030 is expected to rise to the third-leading cause of 
death. In 2005 almost 90% of these deaths occurred in low- 
to middle-income countries. Independent of geography, 
there is increased understanding that COPD is a systemic 
in�ammatory disease as COPD patients report a higher 
prevalence of comorbid conditions, which signi�cantly 

impact diagnosis, management, and associated morbidity. 
In addition, the presence of multiple comorbidities has a 
cumulative e�ect on mortality.47

2.4 ACO

Asthma and COPD overlap (ACO) is used to describe 
patients with an overlapping phenotype where asthma 
patients exhibit COPD features/symptoms and/or COPD 
patients exhibit asthma features/symptoms. However, there 
is currently no consensus de�nition for this entity, which 
limits our ability to capture the prevalence of this complex 
disease accurately. Similar to asthma and COPD, ACO 
includes several phenotypes where risk factors, clinical pre-
sentation, and response to treatment may vary.

2.4.1 RISK FACTORS

ACO shares risk factors and clinical characteristics with 
asthma alone, but among young adults, people with ACO 
were noted to have an earlier age of asthma onset and more 
frequent hospitalizations.48 ACO may arise from severe, 
early onset asthma that develops a component of �xed air-
�ow obstruction. �is is consistent with recent data pub-
lished from the longitudinal cohort of children enrolled in 
the Childhood Asthma Management Program (CAMP) fol-
lowed until young adulthood.35 Childhood impairment of 
lung function was a signi�cant predictor of abnormal lon-
gitudinal patterns of lung-function growth and decline. In 
the CAMP population, 11% of the cohort met the GOLD 
spirometry criteria for COPD, and these individuals were 
more likely to have a reduced pattern of lung growth. 
Others have reported similar �ndings. Silva et al. observed 
that  physician-diagnosed asthma was signi�cantly associ-
ated with an increased risk for chronic bronchitis, emphy-
sema, and COPD,49 while Tagiyeva et al. found that wheezy 
bronchitis and asthma are associated with an increased risk 
for COPD and reduced lung function (Tagiyeva et al. 2016). 
Similarly, Tai and colleagues reported that children with 
severe asthma are at increased risk for developing COPD.50 
Shritcli�e et al. found that among a random population 
sample aged 25–75 years, childhood asthma emerged as 
the strongest predictor for GOLD-de�ned COPD.51 In their 
analysis, diagnosis of childhood asthma was associated 
with an increased risk for developing COPD that equated a 
22-year increase in age or a 62-pack-year smoking exposure.

2.4.2 PREVALENCE

�e prevalence of ACO varies based on the population  studied: 
general population sample vs. smokers vs. individuals with 
known OLD. Population-based surveys from the United States 
suggest a prevalence of 3.1%.52 �e prevalence of ACO in gen-
eral population samples globally is similar. In an Italian general 
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population sample, De Marco reported estimates of 1.6%, 2.1%, 
and 4.5%, for people age 20–44 years versus 45–64 years ver-
sus 65–84 years, respectively,53 whereas Chung and colleagues 
observed that 2.3% of the South Korean population met cri-
teria for ACO, based on the National Health and Nutrition 
Examination Survey.54 Among high-risk populations, smokers 
or subjects with known OLD, the prevalence of ACO is much 
higher with estimates ranging between 12% and 55%, depend-
ing on the population being studied, the de�nition of ACO 
being used, and how that information is being gathered (e.g., self-
report, medical records, or prospective/retrospective review).55

Kumbhare and colleagues analyzed the 2012 Behavioral 
Risk Factor Surveillance System (BRFSS) to examine the 
relative distribution of asthma, COPD, and ACO within 
the United States. Overall, the prevalence of ACO was 
lower than the prevalence of either asthma or COPD alone. 
However, the relative distribution of each diagnosis changes 
with age. For people between the ages of 35 and 45 years, the 
relative prevalence of asthma is greater than the prevalence 
of either COPD or ACO. However, between the ages of 45 
and 85 years, the prevalence of COPD and ACO increase 
while the prevalence of asthma decreases. A�er age 85, the 
absolute prevalence of all three conditions declines but the 
relative prevalence of COPD remains higher than that of 
either asthma or ACO (Figure 2.4).52

As expected, the prevalence of ACO varies with smok-
ing status. Patients with ACO report rates of current or 
former cigarette smoking that are intermediate between 
rates reported for patients with COPD alone and persons 
with asthma. However, the prevalence of current or former 
tobacco use is reported to be only slightly lower among per-
sons with ACO compared to persons with COPD alone. 
Among asthma patients who smoke, the degree of smok-
ing is a signi�cant predictor of ACO.56 In addition, other 

demographic factors play a role in the relative distribution 
between the three diagnoses. ACO is more prevalent in 
women, people of a nonwhite race, lower-income popu-
lations, and those with a lower education level relative to 
persons diagnosed with asthma or COPD. Finally, ACO 
populations have a greater prevalence of obese and mor-
bidly obese subjects.52

2.4.3 MORBIDITY AND MORTALITY

Patients with ACO re�ect an associated morbidity of disease 
greater than that reported for either asthma or COPD alone. 
Retrospective analyses suggest an increase in resource uti-
lization and costs compared to asthma or COPD alone.57 
Additional cross-sectional data suggests patientswith ACO 
have more respiratory-related exacerbations and hospitali-
zations.53 Other reports suggests ACO had a signi�cant 
impact on physical performance and a�ects health-related 
quality of life (HRQL), the latter58 which has been reported 
to be worse for persons with ACO compared to those with 
asthma or COPD alone.59 Consistent with this observation 
is preliminary data published in abstract form only, which 
suggests an increased mortality in persons with ACO com-
pared with either asthma or COPD alone. �is is in contrast 
to longitudinal data from subjects over a 15 year period, 
which demonstrated that the mortality rate of ACO was 
similar to patients with COPD, although higher than that of 
patients with asthma or controls. In addition, ACO patients 
have an increase in comorbid conditions. Kumbhare and 
colleagues reported that ACO patients had a higher preva-
lence of comorbidities compared with asthma or COPD 
patients alone, and this relationship persisted despite con-
trolling for age, sex, race, marital status, income, employ-
ment, body mass index, and smoking status.52 Some authors 
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have suggested the increase in morbidity associated with 
ACO is secondary to health impairment of the comorbid 
conditions.54

2.5 CONCLUDING REMARKS

OLD (asthma, COPD, and ACO) is a leading cause of mor-
bidity and mortality worldwide. As our knowledge of the 
clinical phenotypes and underlying mechanisms within 
asthma, COPD, and asthma-COPD overlap improves, the 
epidemiology will continue to evolve. A “diagnostic label–
free” (i.e., COPD vs. asthma vs. ACO) approach has been 
recommended in some publications,60 and others propose 
focusing on the unique phenotypes that have therapeutic 
and/or prognostic implications.61,62 Regardless, a consen-
sus approach to diagnosis of ACO is essential for generat-
ing meaningful and consistent worldwide epidemiologic 
information about this condition.
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3.1 CLINICAL VIGNETTE

CLINICAL VIGNETTE 3.1

A 10-year old, otherwise healthy male is brought to your office by his mother for wheezing over the last month. The 
wheezing is episodic and occurs during vigorous exercise, or exposure to cigarette smoke or dusty rooms. The boy 
describes that his “breathing feels tight,” and is accompanied by nonproductive coughing. The patient’s mother and 
father are lifelong nonsmokers, and there are no sources of indoor air pollutants in the home, such as kerosene heaters, 
wood-burning stoves, or fireplaces.

The patient’s mother and father received “health-related genetic risk assessments” through an online commercial 
genotyping service prior to changes in the regulation of those services in 2013. The mother self-identifies as African 
American, while her husband self-identifies as Caucasian of central European descent. The patient’s mother has no rel-
evant family history of lung disease, while the patient’s father has a strong family history of emphysema and liver disease. 
The patient’s paternal grandfather smoked cigarettes and was identified as having alpha-1 antitrypsin deficiency (AATD) 
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3.3 BACKGROUND

ACO has been recognized as a distinct entity by both the 
Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) and the Global Initiative for Asthma (GINA),9 the 
leading international organizations on obstructive lung dis-
eases. While the GOLD/GINA guidelines of 2014 acknow-
ledge the burden and importance of this syndrome, they also 
make mention of the di�erent underlying mechanisms and 
phenotypes that make up the spectrum of ACO disease, the 
uncertainty associated with de�nitively diagnosing ACO, 
and the lack of novel therapeutic options for this disease 
entity. �e guidelines include a call for further research into 
this evolving area of obstructive lung disease, and genetic 
research has the potential to play a key role in further de�n-
ing both the diagnosis and management of ACO.

Genetic investigation has already greatly in�uenced our 
knowledge of asthma and COPD. �is chapter will sum-
marize the principles of genome-wide association studies 
(GWAS), discuss genetic variants implicated in asthma and 
COPD, and then summarize the challenges and limitations 
of current genetic studies in ACO.

3.4  GENETIC RESEARCH 
METHODOLOGY

3.4.1 HUMAN GENETIC VARIATION

When discussing genetic studies, certain biological princi - 
ples are important to review. �e approximately three bil-
lion base pairs that make up the human DNA sequence are 
organized in 23 pairs of chromosomes: 22 autosomes and a 

after presenting with severe emphysema at an early age. The patient’s father was told after a blood test that he was a 
“carrier” of the gene for AATD by his doctor, and he saw this on his commercial genetic risk report as well.

The patient’s mother is concerned because both of their commercial genetic risk assessments stated that they had 
greater-than-average risk for both asthma and chronic obstructive pulmonary disease (COPD), and she asks what effect 
this may have on her child’s health. The mother also wants to know whether her son has asthma, COPD, or both.

CLINICAL VIGNETTE 3.2

Based on the clinical presentation, this child likely has asthma as a cause of his wheezing. A thorough history and 
physical should focus on wheeze triggers, family history, associated atopic and allergic comorbidities, and identifying 
potential alternative sources of wheezing. Additional testing, such as spirometry and allergy testing, may be indicated. 
If asthma is diagnosed, symptom severity will help guide therapy with bronchodilators, inhaled corticosteroids, and 
additional medications as per current guidelines. It is unlikely that the patient has COPD at age 10. However, he and his 
family members should be advised about the dangers of tobacco smoking as a risk factor for COPD and other diseases, 
as he may be exposed to the opportunity to smoke in his teenage years or earlier.

But how does the genetic data play into decision-making with this child? While Food and Drug Administration 
(FDA) regulations have changed the way commercially available health-related genetic data is reported to consumers, 
patients and their family members may still have received these data previously, potentially with little or no guidance 
in interpretation. Most commercially-available genetic data of this sort prior to 2013 were not approved by the United 
States FDA,1,2 and not performed in a lab compliant with the Clinical Laboratory Improvement Amendments (CLIA) 
standards set forth by the United States government, and should not be used for clinical interpretation. The patient’s 
father reports a family history of AATD along with knowledge of carrier status through medical testing by his physician, 
although it is unclear which mutations in the SERPINA1 gene responsible for AATD might be present. The Z-allele and 
S-allele are the most common pathogenic mutations among populations of European genetic ancestry.3,4

In this case, a thorough family history should be obta ined focusing on emphysema, COPD, and liver disease, in addition 
to asthma, allergies, and atopy, to guide clinical decision-making regarding the child’s risk for AATD. If it is determined 
that the patient’s risk of inheriting AAT alleles is significant, the family should be referred to an expert in AATD or a genetic 
counselor to discuss diagnostic testing and counseling regarding the risk for the potential future fathering of children.5 If 
the patient has even one copy of the SERPINA1 Z-allele (MZ genotype), studies have shown that his risk for emphysema, 
COPD, and liver disease are higher than control populations.6,7 Intravenous augmentation therapy is indicated in patients 
with severe AATD (most commonly due to ZZ genotype) and reduced forced expiratory volume in 1 second (FEV1).8

Currently, there is no clinically available genetic test to distinguish between asthma, COPD, or asthma-COPD overlap 
(ACO). However, genetic research has made great strides in determining genetic risk factors that may contribute to the 
pathogenesis of these complex diseases, and has helped reveal pathways for potential treatment and for further study.

 3.2 CLINICAL VIGNETTE: MANAGEMENT
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pair of sex chromosomes. While the vast majority (greater 
than 99.9%) of human DNA is identical between any two 
individuals, certain areas of the genome are polymorphic 
due to distant mutation and recombination events. At any 
area of variation in the human genome, di�erences in 
DNA sequence—known as genetic variants—can consist 
of changes a�ecting only one base pair position or larger 
changes involving multiple nucleotide positions. Simple 
one-base changes are known as single nucleotide polymor-
phisms (SNPs). Small insertions or deletions encompass-
ing tens to hundreds of base pairs are commonly referred 
to as “indels.” In addition, larger structural changes such 
as translocations or copy number variants (CNV) can be 
sources of variation in the genome encompassing hundreds 
to millions of base pairs.

Humans are diploid organisms, and they inherit one 
haploid copy of the genome from each parent. �is inheri-
tance leads to both a maternal allele and a paternal allele at 
each locus within the genome. �e speci�c pattern of alleles 
passed on to o�spring by one parent makes up a haplotype, 
while the information obtained from the combination of 
both alleles is referred to as the genotype. Characteristic 
patterns of polymorphisms may develop in di�erent popula - 
tions due to natural selection, population dri�, founder 
e�ects, and other forces. Most variation in the human genome 
is found outside of protein-coding regions. Polymorphisms 
in protein-coding regions (exons) can change the translated 
protein sequence (nonsynonymous variant), or the protein 
can remain unchanged (synonymous variant).

Heritable diseases can be passed to o�spring through 
multiple patterns of inheritance. Broadly, genetic diseases 
can be classi�ed as Mendelian or non-Mendelian (complex). 
Classic Mendelian diseases such as sickle cell anemia are 
caused by highly penetrant rare variants that result in an 
amino acid change in the translated protein. �is aberrant 
amino acid causes a structural change in the protein that 
changes its activity, and the resultant defective protein is the 
pathologic cause of the disease phenotype in homozygotes. 
In contrast, the genetic contribution to complex diseases 
such as asthma and COPD is thought to occur through 
regulatory variation at multiple genetic loci rather than 
direct changes in protein structure. While each regulatory 
variant contributes only a small risk of disease individually, 
the combined burden of multiple risk variants at di�erent 
genetic loci may exceed a threshold a�er which the disease 
phenotype is displayed.

3.4.2  COMPLEX DISEASES: GENES AND 
ENVIRONMENT

While this chapter is primarily focused on the relationship 
of genetic variation to disease, the complex interaction of 
multiple genetic variants and environmental exposures 
contribute to both COPD and asthma. Environmental 
factors such as cigarette smoke, dusts, and allergens may 
modulate genetic e�ects on lung disease through gene-by-
environment interactions, epigenetic mechanisms, or direct 
in�ammatory e�ects mediated by the immune system.

3.4.3 HISTORY OF GENETIC STUDIES

Genetic research methodology evolved drastically over the 
last few decades, leading to major changes in how we under-
stand complex respiratory disease. Twin-study methodolo - 
gies yielded information on the heritability of COPD and 
asthma as early as the 1970s, and twin studies continue to be 
a powerful tool for both genetic and epige netic investigation 
using modern techniques. In the 1980s and 1990s, familial 
linkage studies helped locate genetic risk factors on the mega-
base scale.10 In the 1990s and early 2000s, investigation of 
candidate genes led to many new disease associations for indi-
vidual genes. Most recently, the application of genome-wide 
genotyping approaches as well as whole genome sequencing 
has led to an explosion of new genetic data in the realms of 
asthma and COPD.11

3.4.4 GWAS METHODOLOGY

GWAS rely on a simple, yet powerful, methodology. In a 
typical case-control GWAS, subjects are ascertained on a 
trait of interest (e.g., smokers with COPD, individuals with 
an asthma diagnosis), and their genetic information is com-
pared to controls (e.g., smokers without COPD, individuals 
who do not have asthma). Family- or pedigree-based GWAS 
are alternative study designs that recruit a�ected probands 
(e.g., child with atopic asthma) and their family members 
who may or may not be a�ected by the disease. Genotyping 
is performed at millions of SNPs for each subject. Each 
directly genotyped SNP is representative of a block of poly-
morphisms in linkage disequilibrium, meaning that the 
genotypes of all SNPs in the block are correlated with the 
genotyped SNP (tag SNP). �e patterns of linkage disequi-
librium between SNPs allow statistical imputation of the 
values of the unmeasured SNPs, enabling the investigator to 
gain reliable genome-wide genetic information while only 
testing a subset of all the polymorphisms in the genome.

For each SNP, statistical testing is performed to deter-
mine whether a disproportionately large number of a par-
ticular allele is found in those subjects with the phenotypic 
trait (risk allele) or without the phenotypic trait (protective 
allele). Because millions of individual SNPs are tested at once 
for association with the phenotype, rigorous correction for 
multiple testing is required to avoid false positives; statisti-
cal signi�cance is generally only declared when the p-value 
for association between a particular SNP and the phenotypic 
trait is less than 5 × 10–8. Because of this stringent cuto�, one 
of the major limitations of GWAS is recruiting enough sub-
jects to achieve the necessary statistical power.

When a statistically signi�cant association between a 
genetic variant and a phenotype is discovered, it indicates 
one of two possibilities. In rare situations, the measured SNP 
itself is directly responsible for the association; however, the 
association is more commonly driven by another causal vari-
ant that is in linkage disequilibrium with the measured SNP. 
Once the causal variant is identi�ed, additional investigation 
and validation are required to establish a biologically plausible 
mechanism relating the causal variant to the disease process.
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GWAS results are o�en presented using two character-
istic �gures. First, the Manhattan Plot (Figure 3.1) displays 
results for every SNP investigated in the GWAS plotted by 
chromosome on the x-axis, along with the negative base-10 
logarithm of the p-value for association on the y-axis. In this 
�gure, a point higher on the y-axis indicates greater statisti-
cal evidence for a region’s association with the phenotype, 
and the genome-wide signi�cance threshold is o�en noted 
on the y-axis. �e second type of plot is a Local Association 
Plot (Figure 3.2), also called a LocusZoom plot,12 which 
examines SNPs within a smaller region of the genome in 
more detail. Similar to the Manhattan Plot, SNPs in the 
Local Association Plot are organized by base-pair position 
on the x-axis and negative base-10 logarithm of the p-value 
on the y-axis. �is plot also contains additional information 
about the position of nearby genes, and color codes the plot-
ted points to convey information about the linkage disequi-
librium values between SNPs within the locus.

3.4.5  GWAS ADVANTAGES AND 
DISADVANTAGES

GWAS has many advantages over previous genetic study 
designs. GWAS is considered an unbiased or “hypothesis-
free” study design, because analysis is not in�uenced by 
prior information about the function of any particular 

gene. New disease associations may be found at any posi-
tion in the genome without any prior knowledge related to 
the locus. Since a person’s DNA sequence is established at 
conception, genetic variation is not confounded by environ-
mental exposures or unmeasured variables. Once genetic 
information is obtained for a group of subjects, those data 
could be used to examine multiple di�erent related pheno-
types, as long as care is taken to account for the method of 
ascertainment.

Disadvantages of GWAS methodology include the large 
sample size requirements for adequate power to discover 
associations and the aforementioned need for additional 
studies to �nd and validate the speci�c causal variant. 
Additionally, sampling from a nonhomogeneous popula-
tion can lead to spurious association results driven by pop-
ulation strati�cation, in which both the disease frequency 
and a particular allele frequency cluster within a subgroup 
that is not representative of the larger population. On the 
other hand, genetic association results found in one cohort 
may not be applicable to members of a separate cohort with 
di�erent genetic ancestry (such as di�erent racial groups), 
so GWAS cohorts must be diverse in order for the results 
to be generalizable. Overall, this has led to a strategy of 
larger studies that recruit subjects from multiple genetic 
ancestry groups, while analysis strategies require that each 
genetic ancestry group be analyzed separately to control for 
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population strati�cation. �e end result of this strategy is 
a requirement for even larger study samples. While geno-
typing costs have dropped signi�cantly over the last decade, 
the cost of obtaining thorough phenotype data on patients 
has remained relatively constant. Because of all of these fac-
tors, careful planning and study design is required to con-
duct a GWAS, and an understanding of these limitations is 
required to appropriately interpret the results.

3.4.6  GWAS IN ASTHMA, COPD, AND 
ACO

Numerous GWAS have been previously performed for 
asthma and COPD (and related phenotypes), yielding 
many novel associations (Tables 3.1 and 3.2). �ese asso-
ciations have led to a better understanding of the genetic 
basis of obstructive lung diseases, and genetic associations 
identi�ed in asthma and COPD may play a role in our 
understanding of ACO as well. Conversely, genetic studies 
of ACO as a phenotype have been limited by multiple fac-
tors: a lack of accurate disease de�nitions for case-control 
studies, few ACO-related biomarkers (such as character-
istic biochemical assays, imaging �ndings, or pulmonary 
function testing �ndings), and lower sample size due in 
part to the fact that many ACO studies are subgroups of 
larger investigations of either asthma or COPD. However, 
GWAS may be a promising methodology to investigate 
ACO. Genetic studies may help in�uence characterization 

of ACO subtypes related to disease mechanisms, may lead 
to more accurate identi�cation of subjects at risk of ACO 
and to more accurate diagnosis of ACO, and may poten-
tially identify novel therapeutic targets.

3.5  GENETIC INVESTIGATIONS OF 
ASTHMA

3.5.1 ASTHMA PHENOTYPES

Asthma is largely a clinical diagnosis (as de�ned by GINA 
guidelines15) that relies on characteristic symptomatology, 
associated comorbidities, such as atopy, family history, and 
physical exam �ndings. Laboratory testing such as metha-
choline challenge testing, circulating eosinophil counts, 
IgE levels, and exhaled nitric oxide levels are supportive of 
the diagnosis, but have not been fully integrated as diag-
nostic tools into clinical practice guidelines. Asthma sever-
ity is also de�ned primarily by clinical presentation and 
symptoms, although spirometry also is included in current 
guidelines. While heterogeneity in subphenotypes such as 
atopic and nonatopic asthma is apparent, unambiguous 
de�nitions of these speci�c phenotypes for the purposes of 
genetic studies have been elusive. Most asthma studies have 
relied on a doctor’s diagnosis of asthma as the primary phe-
notype, while a subset of investigations has further classi-
�ed subjects as atopic or nonatopic.
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3.5.2 ZPBP2/ORMDL3/GSDMB/IKFZ3

One of the earliest GWAS examining asthma and asthma-
related phenotypes met with success despite relatively small 
discovery populations. �is study by Mo�att et al.,16 repre-
senting the GABRIEL consortium, compared 994 patients 
with asthma with 1243 nonasthmatics, using both family-
based and case-control panels of subjects. A�er genotyping 
and association analysis, a group of SNPs in linkage dis-
equilibrium with each other at the 17q21 locus was found to 
be signi�cantly associated with asthma. Further conditional 
analysis with a focus on the 17q21 region identi�ed three 
SNPs that showed statistically independent e�ects within 
the linkage disequilibrium block. �e top SNP, rs7216389, 
yielded an odds ratio of 1.45 for association with asthma 
(p-value 9 × 10–11). In two replication populations, the 17q21 
region consistently showed statistical signi�cance and com-
parable e�ect sizes to the discovery analysis. �is entire 
block of SNPs was in close proximity to the Zona Pellucida 

Binding Protein 2 (ZPBP2), Gasdermin B (GSDMB), 
IKAROS family zinc �nger 3 (IKZF3), and Orosomucoid-
like 3 (ORMDL3) genes.

Once the potential risk alleles in the 17q21 region were 
identi�ed, additional gene expression assays were per-
formed to identify genes with increased or decreased lev-
els of expression associated with these genetic variants 
(expression quantitative trait loci or eQTLs). �e asthma 
risk variant at the rs7216389 SNP was associated with 
higher levels of ORMDL3 gene expression and was shown 
to account for 29.5% of the variance in expression of the 
ORMDL3 gene.16 A subsequent study by Verlaan et al. quan-
tifying allelic expression di�erences at the 17q21 locus pro-
vided a more detailed map of regulatory variation at this 
region and showed that the asthma-associated SNPs within 
17q21 exerted regulatory e�ects on ZPBP2, GSDMB, and 
ORMDL3 through chromatin remodeling e�ects.17 When 
taken together with the GWAS data, these additional results 
support the hypothesis that causal variants in the 17q21 

Table 3.1 Genome-wide signi�cant associations with asthma phenotypes

Chromosome region Genes Phenotype

1q23.1 PYHIN1 Asthma, among subjects of African descent23

1q31.3 DENND1B Asthma32

2q12.1 IL1RL1/IL18R1 Asthma21

3q27.3 RTP2 Asthma, among subjects of Latino descent23

5q22.1 TSLP Asthma23

5q31.1 RAD50/IL13 Asthma21

6p21.32 HLA-DQ/HLA-DR Asthma21

9p24.1 IL33 Asthma21

15q22.33 SMAD3 Asthma23

17q21 ZPBP2/ORMDL3/GSDMB/IKFZ3 Asthma, childhood onset16

22q12.3 IL2RB Asthma23

Table 3.2 Genome-wide signi�cant associations with COPD and related phenotypes

Chromosome region Genes Phenotype

4p15.2 DHX15 Upper to lower lobe emphysema ratio among Chinese72

4q22.1 FAM13A COPD60

4q24 NPNT COPD56

4q31 HHIP COPD50

6p21.32 HLA-DQB1/HLA-DQA2 COPD56

6p21.32 PPT2/AGER Quantitative emphysema72

11q22.3 MMP12 Severe COPD14

12q23.1 SNRPF/CCDC38 Quantitative emphysema72

14q22.33 RIN3 COPD14

15q25 CHRNA3/CHRNA5/IREB2 COPD50

17q21 TGFB2 Severe COPD14

17q21.31 KANSL1 COPD56

17q25.1 TSEN4 COPD in never smokers56

17q25.2 MGAT5B Upper to lower lobe emphysema ratio among Chinese72

19p13.2 MAN2B1 Upper to lower lobe emphysema ratio among Hispanics72

19q13 RAB4B/EGLN2/CYP2A6 COPD52
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region exerts their e�ect on asthma risk through di�er-
ences in gene expression of both the ORMDL3 and GSDMB 
genes. Both ORMDL3 and GSDMB are biologically plau-
sible e�ectors of asthma pathogenesis. Yeast homologs of 
the ORMDL3 gene product are involved in sphingolipid 
regulation and metabolism,18 and dysregulation of homolo-
gous sphingolipids pathways in human airways have been 
shown to contribute to airway in�ammation in asthma.19 
GSDMB is involved in maintaining the di�erentiation state 
of epithelial cells,20 and it is highly expressed in both CD4 
and CD8 T-cells, which could have implications for airway 
immune response.17

�e 17q21 locus has been robustly replicated in sub-
sequent GWAS. In a follow-up study conducted by the 
GABRIEL Consortium,21 the 17q21 locus showed a sig-
ni�cant association with childhood onset asthma. In a 
separate large candidate gene study performed by the EVE 
consortium,22 and in a later GWAS meta-analysis by the 
same group23 including multiple asthma study populations, 
the 17q21 locus association was replicated in subjects of 
European, Latino, and African ancestry in the discovery 
phase. Notably, while some SNPs within the 17q21 region 
showed association in each ethnic and racial group, the 
African-descent replication populations in the candidate 
gene study did not corroborate the ORMDL3 association 
at rs7216389, although other genotyped SNPs in the area 
did show a signi�cant association. It has been hypothesized 
that this result may re�ect the limited ability of genotyp-
ing platforms to accurately assess the more diverse com-
mon variation within populations of African descent.22 
Additional studies further con�rmed and re�ned the 17q21 
locus asthma association24–26 with additional associations 
to childhood age of onset,21,27,28 greater asthma severity,27 
more frequent exacerbations,29,30 and an interaction with 
smoking.31

3.5.3 DENND1B

Sleiman et al. performed an asthma GWAS meta-analysis 
utilizing several cohorts of children of both European 
and African ancestry.32 �e discovery phase of this study 
focused on 793 subjects with persistent asthma treated 
with inhaled glucocorticoid therapy and 1988 matched 
controls, all of whom were North Americans of European 
ancestry. �is investigation revealed several SNPs within a 
locus at 1q31.3 that were statistically signi�cantly associ-
ated with asthma, and these associations were replicated 
in cohorts of European children (917 adults and children 
with asthma, 1546 children and adults without asthma) 
and North American children of African ancestry (1667 
children with asthma, 2045 children without asthma). �e 
DENN/MADD containing domain 1B (DENND1B) gene in 
this locus is a plausible asthma candidate, as its gene prod-
uct is a protein found in natural killer cells, memory T-cells, 
and dendritic cells that interact with tumor-necrosis-factor 
alpha receptor type-133 to modulate in�ammatory signal-
ing cascades.34

3.5.4 IL33 AND IL1RL1 REGIONS

In 2010, Mo�att et al.21 published the GABRIEL Consor- 
tium’s expanded investigation of genetic variants associ-
ated with asthma including 10,365 subjects with asthma 
as well as 16,110 controls in an ancestry-matched case-
control GWAS meta-analysis. �is study found statistically 
signi�cant associations between atopic asthma and genetic 
variants in �ve additional loci. Two of these regions were 
the chromosome 9p24.1 locus �anking Interleukin (IL)33 
and the chromosome 2q12.1 locus near IL1RL1/IL18R1. 
While both of these loci had previously been implicated 
in asthma in a study of eosinophil count in an Icelandic 
population,35 the association at 9p24.1 was a�rmed as 
genome-wide signi�cant in the Mo�att study.

IL-33, the protein product of the IL33 gene, is a mem-
ber of the IL-1-like cytokine family that interacts with the 
IL1RL1 receptor36 to activate human eosinophils and reg-
ulate eosinophil-mediated in�ammation,37 like that seen 
in asthma. In addition, IL33 has been detected in airway 
epithelial cells, and increased expression of IL33 has been 
documented in the airway smooth muscle cells of subjects 
with severe asthma.38 IL-33 has also been shown to regu-
late �2-mediated in�ammation by activating members of 
the nuclear factor kappa B (NF-κB) and mitogen-activated 
protein (MAP) kinase pathways. �us the causal variants 
within these asthma-associated loci are hypothesized to 
exert their action through modulating eosinophilic in�am-
mation and �2 immune response pathways in the lung.

Subsequent studies have replicated the genome-wide sig-
ni�cant signal at the chromosome 2q12.1 locus23 containing 
IL1RL1, and genetic variants in the 2q12.1 locus �anking IL33 
also approached genome-wide signi�cance in the same study.

3.5.5 TSLP

In their 2011 GWAS of the EVE consortium cohorts, 
Torgerson et al.23 provided genome-wide validation of an 
association with thymic stromal lymphopoietin (TSLP), 
which had been noted in the candidate gene era.39 �e 
asthma-associated SNP on chromosome 5q22.1 was near 
the TSLP gene, and increased expression of TSLP had pre-
viously been shown to correlate with disease severity in 
asthmatic airways40 by Ying and colleagues. Further work 
also linked increased expression of TSLP with increased 
expression of �2 cytokines and selective in�ltration of 
CD4(+)/CCR4(+) T-cells in biopsy specimens from asth-
matic airways.40 Subsequent genetic association studies 
replicated the 5q22.1 association with other asthma phe-
notypes,41 including asthma with hay fever.42 Additional 
study led to the design of a monoclonal antibody against 
the TSLP protein that prevented receptor interaction. A 
double-blind, randomized, placebo-controlled, proof-
of-concept study showed that subjects treated with the 
monoclonal antibody showed decreased levels of allergen-
induced bronchoconstriction and decreased markers of 
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systemic in�ammation at multiple timepoints when com-
pared to placebo,43 and the antibody is now undergoing 
additional clinical trials.

3.5.6  ADDITIONAL ASTHMA LOCI: 
HLA-DQ, SMAD3, IL13, IL2RB, RTP2

Many additional loci have been implicated in asthma 
through GWAS. While not all have been robustly repli-
cated to date, they remain as potential objectives for fur-
ther studies. In their expanded GABRIEL Consortium 
study,21 Mo�att et al. discovered associations with genetic 
variants near the HLA-DQ region (chromosome 6p21.32). 
�e HLA-DQ locus was again associated with asthma 
in a GWAS by Li et al.44 albeit not at a genome-wide sig-
ni�cance level. �e GABRIEL group also found genome-
wide signi�cant asthma associations for loci near SMAD3 
(chromosome 15q22.33) and a locus near IL2RB (chromo-
some 22q12.3).21 A locus near IL13 (chromosome 5q31.1) 
had approached genome-wide signi�cant association with 
asthma,44 and achieved genome-wide signi�cance level in 
�xed e�ect meta-analysis in the GABRIEL study, but not 
in the random e�ects model. While it did not reach sig-
ni�cance in meta-analysis of all racial subgroups, PYHIN1 
(chromosome 1q23.1) showed genome-wide signi�cant 
association in individuals identifying as African American 
and African Caribbean. Evidence of further ancestry-
speci�c associations is supported by loci near PYHIN1 
(chromosome 1)23 and C11orf71 (chromosome 11),23 which 
approached genome-wide signi�cance in populations of 
African descent. Similarly, the chromosome 3q27.3 locus 
near RTP2 was associated with asthma among Latino sub-
jects in the initial phase of the EVE study,23 but not in repli-
cation. Association studies that identify distinct phenotypic 
subpopulations have also provided additional insight into 
classi�cation of asthma within narrower target populations, 
such as the GWAS of early childhood asthma with severe 
exacerbations by Bønnelykke et al.13 (Figure 3.1). Additional 
loci such as PDE4D (chromosome 5q12)45 and RORA (chro-
mosome 15q22)21 approached genome-wide signi�cance 
in previous studies and may still overcome this stringent 
threshold if larger samples sizes are examined.

3.5.7 CANDIDATE GENE ASSOCIATIONS

While GWAS has discovered multiple genes associated with 
asthma and asthma-related phenotypes, prior methodolo-
gies such as linkage studies and candidate gene analyses 
have led to important genetic associations that may rep-
resent viable targets for further study and pharmacologic 
intervention. Notable genes include disintegrin and metal-
lopeptidase domain 33 (ADAM33) on chromosome 20p13,46 
dipeptidyl peptidase X (DPP10)47 in the same region of 
chromosome 2q14 containing IL-1, and �laggrin48 (FLG) 
on chromosome 1q21.3. Mechanistic roles have been impli-
cated for these genes in phenotypes such as asthma, asthma 
progression, and atopic dermatitis with asthma. Despite the 

evidence presented through these additional studies, these 
regions have not been identi�ed as signi�cant in GWAS to 
date.

3.6  GENETIC INVESTIGATIONS OF 
COPD

3.6.1 COPD PHENOTYPES

COPD is a chronic, progressive disease characterized by 
air�ow obstruction. Both genetic and environmental risk 
factors such as cigarette smoking play a role in susceptibil-
ity to COPD. However, even early classi�cations of COPD 
patients recognized that multiple subtypes exist, de�ned by 
phenotypic features such as chronic bronchitis, emphysema, 
and the frequency of exacerbations. �is disease heteroge-
neity led to a multitude of COPD-related phenotypes used 
in genetic association studies, each of which may relate to 
di�erent aspects of disease pathogenesis. Most larger GWAS 
investigations of COPD have reported associations to 
COPD de�ned by the GOLD spirometric criteria,49 de�ned 
by the ratio of FEV1 to forced vital capacity (FVC) less than 
0.7; severity grade is subsequently de�ned by FEV1. Many  
genetic studies have focused on moderate, severe, or very 
severe disease (FEV1 < 80% predicted, corresponding to 
GOLD spirometric stages 2–4). In contrast to genetic stud-
ies of asthma, in which the majority of subjects have lim-
ited tobacco smoke exposure, COPD GWAS have generally 
focused on smokers with and without COPD.

3.6.2 CHRNA3/CHRNA5/IREB2

One of the �rst GWAS to report genome-wide signi�cant 
associations with COPD was conducted by Pillai et al.50 
in 2009, which discovered genome-wide signi�cant asso-
ciations at the chromosome 15q25 region, near a complex 
cluster of genes including iron-responsive-element binding 
protein 2 (IREB2), nicotinic cholinergic receptors alpha3 
(CHRNA3), and alpha5 (CHRNA5). �e discovery phase 
of this GWAS used the GenKOLS Norwegian case-control 
study population, with replication in the International 
COPD Genetics Network (ICGN) family-based study and 
a case-control population composed of cases from the 
National Emphysema Treatment Trial (NETT) and con-
trols from the Normative Aging Study (NAS). SNPs within 
this complex region have consistently shown association 
with COPD in multiple subsequent studies of COPD,14,51,52 
emphysema,53 smoking,54 and lung function.55,56

3.6.3 HHIP

In an article by Wilk et al.57 and a companion article 
by Pillai et al.50 in 2009, the hedgehog-interacting pro-
tein (HHIP) locus on chromosome 4q31 was signi�cantly 
associated with lung function (as measured by FEV1) and 
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reached near-genome-wide signi�cance in the COPD asso-
ciation analysis (p-value 1.47 × 10–7). Further work by Zhou 
et al.58 demonstrated that lung tissue samples from subjects 
with COPD showed long-range regulation of HHIP mRNA 
expression and protein levels through di�erential binding 
of the Sp3 transcription factor in an upstream enhancer 
region of HHIP; this same region contained previously 
COPD-associated GWAS variants that were responsible for 
the di�erential binding of Sp3. Subsequent studies linked 
lower levels of HHIP to emphysema susceptibility in mice59 
as well as changes in extracellular matrix and cell prolifera-
tion in murine lung tissue, further supporting the mecha-
nistic link of COPD-associated variants in HHIP. �is locus 
has been robustly replicated in multiple subsequent GWAS 
of COPD,14,52 emphysema,53 and lung function.56

3.6.4 FAM13A

An additional COPD-associated locus was discovered on 
chromosome 4q22.1 (Figure 3.2) by Cho et al.60 in a GWAS 
meta-analysis including the GenKols cohort, the NETT/NAS 
cohort, and subjects from Evaluating COPD Longitudinally 
to Identify Predictive Surrogate Endpoints (ECLIPSE). 
Replication con�rmed the �nding in a subset of the Genetic 
Epidemiology of COPD study (COPDGene), ICGN, and the 
Boston Early-Onset COPD Study. Signi�cantly associated 
SNPs centered on the FAM13A gene, and this locus has been 
replicated in additional studies.14

3.6.5 RAB4B/EGLN2/CYP2A6

Further reinforcing the genetic connection between COPD 
and smoking-related behaviors, a study by Cho et al.52 in 
2012 identi�ed a genome-wide signi�cant association with 
COPD at the 19q13 locus near the genes member-RAS 
Oncogene Family (RAB4B), Egl-9 family hypoxia-Inducible 
Factor 2 (EGLN2), and cytochrome P450 2A6 (CYP2A6). 
While the RAB4B/EGLN2/CYP2A6 locus had previously 
been implicated in GWAS of smoking-related behaviors,54,61 
the direct pathogenic links between this locus, smoking, 
and COPD have not been fully investigated.

3.6.6 MMP12, RIN3, AND TGFB2

In a large GWAS meta-analysis including the COPDGene, 
ECLIPSE, NETT/NAS, GenKOLS, and ICGN cohorts includ-
ing 6633 COPD cases and 5704 controls, Cho et al.14 showed 
a signi�cant association with moderate-to-severe COPD 
(GOLD stage 2–4) at one novel locus as well as con�rming 
previously discovered associations with COPD. �e �rst locus 
was near the matrix metalloproteinase-12 (MMP12) locus on 
chromosome 11q22.3. Hautamaki and colleagues previously 
showed that MMP12-de�cient mice did not develop emphy-
sema in response to cigarette smoking.62 �is proteolytic 
enzyme has also been associated with FEV1, COPD risk, and 
time of COPD onset in previous candidate gene studies in 
humans.63 Polymorphisms in the MMP12 gene promoter were 

also previously associated with decreased promoter activity 
and decreased binding of activator protein-1 (AP-1),64 while 
decreased binding of AP-1 was associated with decreased 
expression of MMP12.65 �is body of evidence supports the 
role of MMP12 in COPD through dysregulated proteolytic 
activity on extracellular matrix proteins in the lung, although 
precisely de�ning its role has remained a challenge.

Two additional loci stood out in the Cho et al. meta-
analysis14 when testing for association with more severe 
COPD. �e ras and rab interactor 3 (RIN3) locus at chro-
mosome 14q32 and the transforming growth factor beta-2 
(TGFB2) at chromosome 1q41 both approached genome-
wide signi�cance for association with severe COPD (GOLD 
stage 3–4).

3.6.7  AGER/PPT2 AND EMPHYSEMA-
ASSOCIATED LOCI

Associations between lung function (FEV1 and FEV1/FVC) 
and SNPs within the AGER gene on chromosome 6p21 
were discovered in a large population-based GWAS66 and 
subsequent meta-analysis67 in 2010. Additional work by 
Wu et al.68 and Cheng et al.69 showed that systemic soluble 
receptor for advanced glycation end products (sRAGE) pro-
tein levels were increased in COPD, and that the sRAGE 
protein was a biomarker of emphysema in COPD patients. 
In addition, Cheng et al. demonstrated that the rs2070600 
SNP in the AGER locus was associated with circulating 
sRAGE levels. While the rs2070600 SNP has shown prom-
ise in GWAS of COPD,70,71 additional SNPs in the AGER/
PPT2 region reached genome-wide signi�cance in the 
Multi-Ethnic Study of Athersclerosis (MESA) GWAS meta-
analysis of quantitative emphysema72 and in an emphysema 
GWAS meta-analysis53 including subjects from COPDGene, 
ECLIPSE, GenKOLS, and others. Despite the current lack of 
robust genome-wide associations of variants in the AGER 
gene with COPD susceptibility, associations with both lung 
function and emphysema phenotypes make this gene locus 
a promising candidate for future studies of COPD.

�e MESA meta-analysis discovered an additional asso-
ciation with quantitative emphysema at the 12q23.1 locus 
near SNRPF/CCDC38. Examination of upper-to-lower lobe 
ratio of emphysema distribution yielded additional associa-
tions within speci�c racial and ethnic groups as well.

3.6.8  ALPHA-1 ANTITRYPSIN DEFICIENCY 
AND SERPINA1

AATD was �rst discovered in 1963 by Laurell and Eriksson73 
using protein electrophoresis. Severe AATD has long been 
recognized as a genetic cause of emphysema74 among 
smokers, and the link between rare polymorphisms in the 
SERPINA1 gene (Z and S alleles) and protein dysfunction of 
AAT has been well-described at a molecular level.3 While 
lung disease in AATD follows an autosomal recessive inheri-
tance pattern, additional genetic and environmental factors 
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modify emphysema risk among those with polymorphisms 
in AAT.75

Due to statistical issues and study design, a genome-
wide signi�cant association between known risk alleles 
in the SERPINA1 gene and either COPD or emphysema 
has been elusive. �e Z and S alleles are rare variants in 
North American and European populations (Z-allele 
frequency: 0.014–0.049; S-allele frequency: 0.056–0.14),4 
and many GWAS have removed rare variants from analy-
sis due to methodological problems with quality control 
and statistical power. In addition, most GWAS of COPD 
and emphysema have speci�cally excluded subjects with 
AATD. However, several studies have shown that hetero-
zygote carriers may be at increased risk of air�ow obstruc-
tion,6,7 and the genetic signal of this increased risk may 
still be present in population studies of lung function 
and case-control studies of COPD. Further supporting 
the increased risk associated with Z-allele heterozygosity, 
variants in linkage disequilibrium with the Z allele in the 
RIN3 locus were associated with emphysema in a GWAS 
meta-analysis by Cho et al.53 �is association was attenu-
ated by conditioning upon the Z allele, further supporting 
the involvement of SERPINA1. Cho et al. concluded that 
these tagging SNPs may be capturing a signal related to 
pathogenic variants in SERPINA1, but further investiga-
tion is needed to de�nitively identify the causal variants in 
this association region.

3.6.9 THE UNITED KINGDOM BIOBANK

�e UK Biobank Lung Exome Variant Evaluation (UK 
BiLEVE) study56 published a well-powered GWAS of lung 
function. �ey also investigated the relationships of their 
novel genome-wide signi�cant lung function loci to COPD. 
�ey discovered that the NPNT (chromosome 4q24), HLA-
DQB1/HLA-DQA2 (chromosome 6p21.32, rs9274600), and 
KANSL1 (chromosome 17q21.31) loci achieved genome-
wide signi�cant association with COPD (GOLD stage 
2–4) in a meta-analysis of never- and heavy-smoking case- 
control datasets. Additionally, the TSEN4 locus (chromo-
some 17q25.1) showed signi�cant association with COPD 
among never smokers. �us these genes may represent 
links between the genetic architecture of lung function and 
COPD.

3.6.10 FUTURE STUDIES

As of the writing of this chapter, large, well-powered GWAS 
meta-analyses from groups such as the International COPD 
Genetics Consortium76 and the UK BiLEVE group77 are 
underway. �e sample sizes of these studies are signi�-
cantly larger than previous investigations, and they will 
likely reveal multiple new associations with lung function 
and COPD that may lead to treatment targets and further 
mechanistic insight. Additionally, whole genome sequenc-
ing projects like the Trans-Omics for Precision Medicine 

(TOPMed) initiative o�er new opportunities for pinpoint-
ing causal variants and investigating rare variants in COPD 
and asthma.

3.7  GENETIC INVESTIGATIONS OF 
ASTHMA-COPD OVERLAP

Variants hypothesized to identify promising genes for fur-
ther study in ACO come from many sources: variants asso-
ciated with ACO, variants associated with both asthma and 
COPD in a meta-analysis strategy, and variants associated 
with phenotypes shared between COPD and asthma (e.g., 
lung function, pharmacologic response to bronchodila-
tors, in�ammatory pathways). In each experimental design, 
robust replication among ACO populations will contribute 
to the veracity of the �ndings. Each of these techniques may 
identify associations with di�erent genetic aspects of ACO 
and provide di�erent insights into similarities between 
asthma, COPD, and ACO.

ACO has only recently been formally recognized 
through  international guidelines, and accordingly there 
are fewer genetic studies that have directly investigated this 
syndrome. A GWAS by Hardin et al.78 was the �rst study 
to investigate genetic variation in subjects with ACO in 
the COPDGene cohort. �is study compared subjects with 
COPD that also carried a physician’s diagnosis of asthma 
(n = 450) to subjects with COPD alone (n = 3120). �e investi-
gation found several suggestive associations (Figure 3.3), but 
none reached genome-wide signi�cance levels. Suggestive 
associations included the CSMD1 (chromosome 8p23.2), 
SOX5 (chromosome 12p12.1), and RMST (chromosome 
12q23.1) loci among non-Hispanic whites. �e CSMD1 gene 
has previously been associated with emphysema,79 while 
the SOX5 gene has previously been associated with COPD 
and lung development.80 �e analysis of African Americans 
revealed suggestive associations at the PKD1L1 (chromosome 
7p12.3), ATP11A (chromosome 13q34), and REEP3 loci (chro-
mosome 10q21.3), though the p-values were not genome-wide 
signi�cant. Meta-analysis of the two racial groups revealed 
suggestive associations in a cluster of SNPs near the GPR65 
locus on chromosome 14q31.3, as well as two variants in the 
CYP11B2 locus on chromosome 8q24.3. Similar to the expe-
rience in other complex disease GWAS, this study was likely 
underpowered due to a relatively small sample size.

In an alternative study design, Smolonska and colleagues 
utilized an asthma case-control study and a separate COPD 
study in a GWAS meta-analysis to identify common genetic 
variants that a�ected both conditions.81 Results of this meta-
analysis revealed one genome-wide signi�cant association 
with obstructive lung disease and two loci with suggestive 
associations at sub-genome-wide signi�cance levels. �e 
G-protein subunit gamma 5 pseudogene 5 (GNG5P5) locus 
was associated with obstructive lung disease at genome-
wide signi�cance in meta-analysis (chromosome 13q14.2). 
�e two additional sub-genome-wide signi�cant loci were 
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of interest due to their connection to in�ammatory path-
ways. �e �rst of these loci (chromosome 2p24.3) is a com-
plex region containing multiple genes, pseudogenes, and 
long noncoding RNA, as well as the DEAD-box polypep-
tide 1 (DDX1) gene approximately 139 kb away. �e second 
locus (chromosome 5q23.1) contains the COMM domain 
containing 10 (COMMD10) protein. Both the DDX1 and 
COMMD10 genes play a regulatory role in the NF-κB path-
way; DDX1 acts as a coactivator of NF-κB transcription 
by interacting with the subunits of NF-κB directly, while 
COMMD10 interacts with other members of the COMM 
domain containing proteins to inhibit NF-κB pathway acti-
vation. While this study did not directly investigate ACO, it 
highlighted a method to increase statistical power by inves-
tigating genetic variation shared between both diseases.

GWAS and meta-analyses of phenotypes related to both 
asthma and COPD provide interesting candidate genes for 
future ACO investigations, particularly in the studies of 
lung function. Decreased lung function is a unifying feature  
between asthma, COPD, and ACO. It stands to reason that 
genes related to lung function might also be involved in ACO. 
Population-based investigations of lung function have ben-
e�tted from large sample sizes as well as robust and objective 
phenotyping through spirometry. Multiple genome-wide 
signi�cant loci have been identi�ed related to measure of 
lung function such as FEV1,56,66,67,82,83 FVC,83,84 and the ratio 
of FEV1 to FVC (Tables 3.3 through 3.5).67,82,83,85

3.8  CHALLENGES FOR FUTURE 
GENETIC STUDIES OF ACO

�e most prominent challenge in studying ACO through 
GWAS methodologies is the lack of statistical power due 
to small sample sizes. While larger studies of ACO may be 
necessary to identify genome-wide signi�cant associations, 
other methodological concerns must also be addressed. 
First, there may be a fundamental di�erence on the genetic 
level between subtypes of ACO patients. For example, a 

hypothetical ACO patient might be characterized by severe 
persistent asthma since childhood that leads to chronic 
progressive air�ow obstruction over time, atopic symp-
toms and triggers, frequent exacerbations, and minimal 
or no emphysema or other COPD-related phenotypes. A 
second ACO patient may have had a diagnosis of intermit-
tent asthma during childhood, smoked tobacco throughout 
their adult life, and experience the onset in middle age of 
manifestations of COPD such as persistent obstruction and 
emphysema along with some degree of reversible air�ow 
obstruction and some asthma-like features. Currently, it is 
unclear whether these two patients share common genetic 
pathways. Most investigations of ACO to date have used 
subjects from studies of COPD. Fewer data exist in the 
group of subjects with long-standing asthma with �xed air-
�ow obstruction in the absence of tobacco smoke exposure.

Second, while the GINA/GOLD guidelines give much-
needed credibility to the diagnosis of ACO, unambiguous 
objective diagnostic criteria are needed to clearly de�ne 
ACO for genetic studies. While the diagnosis of COPD by 
spirometry is well-established, asthma phenotyping for 
large-scale genetic studies has largely relied on various com-
binations of a physician’s clinical diagnosis, asthma-related 
medication use, and symptoms. E�orts to further classify 
asthma subjects into atopic and nonatopic subgroups have 
also di�ered by study. Additional supportive diagnostic tests 
such as exhaled nitric oxide and biomarkers related to atopy 
might help to further re�ne phenotyping and decrease noise 
in the genetic signal. Gene expression signatures related to 
�2 in�ammatory pro�les have been hypothesized to de�ne 
relevant subphenotypes of asthma by Woodru� et al.,86 
and similar e�orts related to other disease characteristics 
could re�ne our classi�cations of asthma, COPD, and ACO. 
Christenson and colleagues examined a �2 gene expres-
sion signature in asthma and COPD cohorts in order to 
determine associations with clinical features of COPD.87 
�is study did not reveal associations between �2 gene 
expression signatures and subjects diagnosed with the ACO. 
However, this �2 gene expression signature did correlate 
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with clinical features among subjects with COPD such as 
lower lung function, bronchodilator response, peripheral 
blood eosinophilia, and improvement in hyperin�ation in 
response to corticosteroid therapy.

�ird, current genetic studies of ACO have not been 
able to adequately represent groups that show health dis-
parities related to asthma and COPD. Women and African 
Americans have higher rates of ACO than other groups; 
however, these have represented only a small portion of 
most investigations in the �eld. While the GWAS of Hardin 

and colleagues78 did include women and African Americans 
with ACO, a larger strati�ed analysis would be necessary to 
better de�ne genetic associations that could contribute to 
these disparities.

3.9  OPPORTUNITIES FOR FUTURE ACO 
STUDIES

Current genetic investigations of ACO are largely lim-
ited by power. Large-scale meta-analyses have attempted 
to address these limitations in complex diseases such as 
COPD and asthma, and similar strategies using well-phe-
notyped subjects may increase power in studies of ACO. 
Additionally, large-scale genotyping e�orts connected to 
extensive medical records such as the UK Biobank may 
allow investigators to choose sampling populations with 
adequate statistical power.

Evolving genetic technologies as well as evolving 
methods in epigenetics, gene expression, proteomics, and 
network medicine are revolutionizing the investigation 
of obstructive lung diseases. Whole genome sequencing 
projects are re�ning our ability to examine rare vari-
ants and their e�ects on complex disease. E�orts like the 
TOPMed project sponsored by the National Institutes 

Table 3.3 GWAS associations with forced expiratory volume in one second (FEV1)

Chromosome region Genes Phenotype

1p12 SPAG17/TBX15 Low vs. high FEV1
56

1q21.3 MCL1/ENSA FEV1
83

2q22.1 DARS/CSCR4 Low vs. high FEV1
56

2q35 TNS1 FEV1
66

3p14.3 SLMAP Low vs. high FEV1
56

3q25.32 RSRC1 Low vs. high FEV1 in heavy smokers56

3q26.2 MECOM/EVI1 FEV1
82

4q24 GSTCD/INTS12/NPNT FEV1
67

4q24 TET2 Low vs. high FEV1 in never smokers56

4q24 NPNT Low vs. high FEV1 in never smokers56

5q32 HTR4 FEV1
66

6p21.32 HLA-DQB1/HLADQA2 Low vs. high FEV1 in never smokers56

6p22.1 ZKSCAN3 FEV1
82

10p13 CDC123 FEV1
82

10q22.3 C10orf11 FEV1
82

12p11.22 TBX3 FEV1
83

12p11.22 CCDC91 Low vs. high FEV1 in never smokers56

12q24.21 RBM19/TBX5 Low vs. high FEV1 in heavy smokers56

14q32.12 TRIP11 FEV1
83

14q32.12 RIN3 FEV1
83

17q21.31 KANSL1 Low vs. high FEV1 in never smokers56

17q24.3 KCNJ2 FEV1-by-smoking interaction term85

17q25.1 TSEN54 Low vs. high FEV1 in never smokers56

20p12.3 FERMT1/BMP2 Low vs. high FEV1
56

22q11.21 MICAL3 Low vs. high FEV1
56

22q12.1 MIAT/MN1 FEV1
83

Table 3.4 GWAS associations with forced vital capacity 
(FVC)

Chromosome region Genes Phenotype

2p16.1 EFEMP1 FVC84

2q21.3 TMEM163 FVC84

3q25.32 AK097794 FVC83

6p24.3 BMP6 FVC84

9q34.3 LHX3 FVC83

11p11.2 HSD17B12 FVC84

11p11.2 PRDM11 FVC84

12p11.22 PTHLH/CCDC91 FVC83

16q23.1 WWOX FVC84

17q24.3 KCNJ2 FVC84
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of Health are creating a wealth of genomic data consist-
ing of more than 60,000 complete human genomes that 
can be leveraged to investigate asthma, COPD, and ACO. 
Epigenetic studies of di�erential DNA methylation, tran-
scription-factor binding, and histone modi�cation are 
providing information about transcriptional regulation 
that may a�ect disease pathways. RNA sequencing allows 
for the quanti�cation of gene expression in multiple tissue 
types. Reviews of these �ndings in these �elds and inte-
grative analyses of these complementary technologies are 
discussed elsewhere.88,89

3.10 CONCLUSIONS

GWAS have yielded valuable insights into the pathogenesis of 
COPD and asthma. While larger studies are needed to com-
pletely de�ne the genetic architecture responsible for COPD, 

asthma, and ACO, substantial progress has been made. 
Promising candidate genes for ACO include those derived 
from studies of COPD, asthma, and lung function. While 
current guidelines rely on clinical diagnosis, further study 
may allow us to contribute to the accurate de�nition of ACO 
through genetic risk markers. Ultimately, understanding of 
the genetic mechanisms contributing to ACO may lead to 
novel therapeutic targets for this disease, as well as personal-
ized strategies for treatment.
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Table 3.5 GWAS associations with FEV1/FVC ratio

Chromosome region Genes Phenotype

1p36.13 MFAP2 FEV1/FVC82

1q41 TGFB2-LYPLAL1 FEV1/FVC82

1q41 LYPLAL1/RNUSF-1 FEV1/FVC83

2p24.2 KCNS3/NT55C1B FEV1/FVC83

2q36.3 PID1 FEV1/FVC67

2q36.3 DNER FEV1/FVC-by-smoking interaction term85

2q37.3 HDAC4-FLJ43879 FEV1/FVC82

3p24.2 RARB FEV1/FVC82

4q22.1 FAM13A FEV1/FVC67

4q24 NPNT FEV1/FVC83

4q31.21 HHIP FEV1/FVC67

5q15 SPATA9-RHOBTB3 FEV1/FVC82

5q32 HTR4 FEV1/FVC67

5q33.3 ADAM19 FEV1/FVC67

6p21.32 AGER/PPT2 FEV1/FVC67

6p21.32 HLA-DQB1 FEV1/FVC-by-smoking interaction term85

6p21.33 NCR3-AIF1 FEV1/FVC82

6q21 ARMC2 FEV1/FVC82

6q24.1 GPR126/LOC153910 FEV1/FVC67

6q24.2 GPR126/LOC153910 FEV1/FVC83

9q22.32 PTCH1 FEV1/FVC67

9q33.1 ASTN2 FEV1/FVC83

10p13 CDC123 FEV1/FVC82

12q13.3 LRP1 FEV1/FVC82

12q23.1 CCDC38 FEV1/FVC82

15q23 THSD4 FEV1/FVC66

16p13.13 EMP2/TEKT5 FEV1/FVC83

16q21 MMP15 FEV1/FVC82

16q23.1 CFDP1 FEV1/FVC82

19q13.2 LTBP4 FEV1/FVC83

21q22.11 KCNE2-LINC00310/C21 or f82 FEV1/FVC82

Xp22.2 AP1S2/GRPR FEV1/FVC83
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4
Asthma-chronic obstructive pulmonary 
disease overlap: A distinct 
pathophysiological and clinical entity

RAKHEE K. RAMAKRISHNAN, BASSAM MAHBOUB, AND QUTAYBA HAMID

4.1 INTRODUCTION

Asthma and chronic obstructive pulmonary disease (COPD) 
are two of the most common obstructive airway diseases. 
�e amount of individuals a�ected by asthma is continually 
on the rise, with over 300 million asthmatics worldwide and 
roughly 250,000 asthma-associated deaths.1 Certain risk 
factors including environmental factors (such as allergen 
exposure, air pollution, occupational exposure, respiratory 
infections) and genetic predisposition (such as atopy, fam-
ily history of asthma, airway hyperresponsiveness and low 

lung function) have been held responsible for the dramatic 
rise in the occurrence of this disease.2,3 �e global burden 
of COPD is estimated at 384 million individuals a�ected by 
COPD and a rising mortality rate.4 Tobacco smoke consti-
tutes the primary risk factor for the development of COPD5 
and unsurprisingly, most COPD patients are either former, 
passively exposed, or active smokers.6

Furthermore, some patients demonstrate phenotypic char-
acteristics of both asthma as well as COPD.7 In some instances, 
a history of asthma with features of eosinophilic T helper type 
2 (�2) in�ammation associated with increased blood immu-
noglobulin E (IgE), peripheral eosino-phil levels and airway 
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CLINICAL VIGNETTE 4.1

A 49-year-old male presents to the clinic with a case of dyspnea upon exertion. He also complains of post-viral cough that “goes 
all the way down to his chest” and which requires an antibiotic. He is prescribed steroid tablets once or twice for one week.

His past medical history revealed seasonal hay fever with occasional wheeze and cough, sometimes after playing 
football, for which he used to take salbutamol for relief. He started smoking at the age of 23 and currently smokes one 
pack a day. His past medical history is otherwise unremarkable. 

On physical examination, he showed mild decrease in air entry on both sides with end expiratory wheeze. Spirometry 
reported a FEV1 of 62% predicted and FVC of 70% predicted, which was irreversible with bronchodilators indicating 
persistent airflow obstruction. His allergy profiles were normal.
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hyperresponsiveness (AHR) may precede the development of 
COPD in cigarette smokers.7 �e Global Initiative for Asthma 
(GINA) and the Global Initiative for Chronic Obstructive 
Lung Disease (GOLD) committees together termed this mixed 
phenotype asthma-COPD overlap (ACO) in order to highlight 
the therapeutic and diagnostic challenges that are frequently 
encountered by physicians who manage these patients.8

Presently, ACO is a poorly characterized disease but it is 
more prevalent than previously realized a�er applying the 
proposed characteristics of this condition to patients with a 
diagnosis of asthma or COPD. However, there remains no 
universally accepted case de�nition of ACO. �e prevalence 
of ACO is estimated to include one-half of asthma and one-
third of COPD cases.9 ACO appears to be more prevalent 
in the elderly, women, former and current smokers.10 A lon-
gitudinal study in young European adults reported that the 
ACO subjects were associated with early-onset asthma, �xed 
air�ow obstruction and highest hospitalization rates and 
therefore, ACO seemed to represent a severe form of asthma.11 
Asthma and COPD emerge as two distinct entities in the early 
or mild stage of the disease, which may eventually converge 
in the same patient later in life as their disease becomes more 
severe. �us, the increasing prevalence of asthma and COPD 
likely increases the probability of overlap with increasing age. 
Patients with long-standing asthma, who are also former or 
current smokers, are particularly more susceptible to ACO. 
Some potential risk factors for ACO include smoking, increas-
ing age, frequent respiratory exacerbations and AHR.

Patients demonstrating features of both asthma and COPD 
are frequently observed in clinical settings. A recent study high-
lighted the applicability of ACO characteristics to a patient pre-
diagnosed with asthma.12 �e 64-year-old current smoker with 
a medical history of childhood asthma presented with deterio-
rating clinical symptoms. �e patient displayed clinical features 
such as increased blood eosinophil count (429/µL) and total IgE 
levels (1089 U/mL), positive skin prick tests and increased post-
bronchodilator forced expiratory volume in 1 second (FEV1), 
which are suggestive of asthma. However, the patient being a 
heavy smoker also exhibited clinical features such as persistent 
clinical symptoms and air�ow limitation post therapy with 
long-acting β2-agonist (LABA)/inhaled corticosteroids (ICS)/
long- acting muscarinic antagonist (LAMA), which are sugges-
tive of COPD. Despite regular therapy with LABA/ICS/LAMA, 
the post-bronchodilator FEV1 continued to decrease indicating a 
rapid decline in lung function. Another recent case report illus-
trated the case of a 77-year-old ex-smoker COPD patient who 
resumed smoking.13 �e patient demonstrated marked eosino-
philia which constituted 61.5% of the total peripheral white blood 
cells. �e patient further showed low FEV1 along with emphyse-
matous changes and di�use bilateral pulmonary in�ltrates in 
the lung. Treatment with prednisolone remarkably improved his 
peripheral blood eosinophil count and the abnormal shadows 
on his chest X-ray �lm. Prednisolone in combination with bron-
chodilators led to better management of his clinical symptoms 
and this case was categorized as elderly ACO.

Asthma and COPD share common symptoms such as 
cough, increased sputum production, and shortness of 

breath further confounding the ability of physicians to cor-
rectly diagnose these diseases.14 At the same time, they also 
di�er from each other with respect to their disease progres-
sion, pathogenesis, prognosis, and treatment options.15 It is 
essential to di�erentiate asthma cases from COPD cases 
to advise the correct treatment regimen. However, early 
 diagnosis and deciding on proper treatment present a chal-
lenge to even some experienced specialists and primary care 
physicians.16 �erefore, it is important to follow a system-
atic guideline-based approach to appropriately diagnose 
and treat these lung diseases. Against this background, the 
current chapter investigates the pathophysiology of asthma, 
COPD, and ACO, to improve their early detection and to 
help distinguish one from the other. �e information pre-
sented in this chapter may be used to improve the guidelines 
for pharmacological treatment options for these diseases.

4.2  ASTHMA AND COPD – SIMILARITIES 
AND DIFFERENCES

Asthma and COPD possess similarities in some of their clini-
cal features. For instance, air�ow limitation, and symptoms, 
including cough, sputum, wheezing, and dyspnea, are shared 
by both conditions. Chronic in�ammation is common to 
both diseases and is associated with cellular and structural 
changes leading to airway remodeling and airway wall thick-
ening, which constricts the airways and initiates air�ow 
restriction.17–19 However, they exhibit distinct pathophysi-
ological features. Although airway in�ammation is common 
to both, asthma is predominantly eosinophilic while COPD 
is predominantly neutrophilic. Eosinophils, mast cells, 
T lymphocytes and CD4+ cells are predominantly involved 
in asthma and neutrophils, macrophages, T lymphocytes and 
CD8+ cells are predominantly involved in COPD (Figure 4.1). 
Neutrophil in�ltration into the airway wall is also commonly 
observed in the severe forms of both diseases. Moreover, 
while asthma displays a �2 cytokine bias, COPD is biased 
toward �1 cytokines and cytotoxic T  cells.20,21 Smooth 
muscle thickening in mainly observed in the large airways 
in severe asthma and are more common in the small air-
ways in COPD.22 Expiratory air�ow limitation also demon-
strates subtle di�erences between the two  conditions. Air�ow 
limitation is mostly episodic in asthma with complete or 
near complete reversibility observed during treatment or 
periods of  stability.20 In contrast, the air�ow limitation is 
more persistent and o�en progressive in COPD.21 Although 
reversibility of airway obstruction with treatment is a char-
acteristic of early asthma, the reversibility gradually reduces 
and can even disappear with the progression of the disease. 
More severe cases of asthma may present with limited revers-
ibility and additionally, patients with COPD also frequently 
exhibit reversibility of airway obstruction.23,24 �us broadly, 
while asthma is characterized by reversible air�ow obstruc-
tion and COPD by largely irreversible air�ow obstruction, a 
considerable number of asthma patients do exhibit persistent 
obstruction and substantial COPD patients do present with 
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reversible obstruction.25 �e airways also undergo structural 
changes that result in airway remodeling in both diseases. 
�e narrowing of the airway lumen due to in�ammatory 
cells and mucus hypersecretion, secondary to proliferation of 
mucus-producing goblet cells, resulting in thickening of the 
airway mucosa layer and bronchial wall are characteristically 
seen in both asthma and COPD.19 However, the obliteration 
and �brosis of alveolar attachments is unique to COPD.26

Furthermore, asthma and COPD also tend to di�er in 
their clinical presentation. Asthma usually develops dur-
ing the early childhood years, then proceeds to a remis-
sion phase in the adolescent or young adulthood years and 
may reappear during middle age. However, in adult-onset 
asthma, the patients typically start exhibiting symptoms 
in their 40s or 50s.27 Long-term exposure to biomass fuel 
or cigarette smoke is the key risk factor responsible for the 
manifestation of COPD.28,29 Patients with a long smoking 
history pose a conundrum to physicians due to the di�culty 
in distinguishing between asthma and COPD as the patient 
may have features of both diseases.6 Additionally, aging is 
another major risk factor for COPD, with COPD being rare 
before the age of 30 and its occurrence increasing exponen-
tially beyond the age of 40. Whereas asthma is a disease 
that can continue into old age, the life expectancy in COPD 
patients is considerably reduced. It must be highlighted that 
although common phenotypic and clinical characteristics 
are observed in asthma and COPD, they constitute distinct 
diseases with di�erent origins.30 Moreover, there does not 
exist a curative treatment for either asthma or COPD.

�us, in general, asthma is a �2 cytokine-driven disease, 
which is more frequently associated with atopy that develops 
in the early childhood, showing signs of reversible air�ow 
obstruction with an episodic course, and a favorable progno-
sis with good response to anti-in�ammatory and/or broncho-
dilator therapeutics. In contrast, COPD is typically observed 
in cigarette smokers, develops in mid-to-later life, with signs 
of partly reversible or irreversible air�ow obstruction and/or 
smoking-induced emphysema and chronic bronchitis, which 

contribute to an accelerated decline in lung function and pre-
mature death. It is essential to understand the pathophysiolo-
gies of asthma and COPD in depth in order to improve our 
understanding of ACO. Furthermore, studying ACO may 
provide mechanistic insights into the development of COPD.

4.3 PATHOPHYSIOLOGY OF ASTHMA

Asthma is a chronic immunologically-mediated lung disease 
associated with defects in the normal airway repair mecha-
nisms, resulting in airway in�ammation and remodeling, 
which together contribute to most of the clinical manifesta-
tion of the disease. Asthma is thus, typically characterized 
by in�ammation and remodeling of the airways, including 
both the smaller and larger airways, with episodic airway 
obstruction as well as AHR, resulting in intermittent clinical 
symptoms of coughing, wheezing, chest tightness, and breath-
lessness.31 As shown in Figure 4.2a, histological airway sec-
tions from asthma patients typically show chronic in�ltration 
of in�ammatory cells along with thickening of sub-epithelial 
reticular basement membrane and smooth muscle layers.

4.3.1 ATOPY

Atopy denotes the genetic predisposition to develop an intensi-
�ed allergic immune response to commonly encountered aller-
gens such as inhaled and food allergens. Atopy is a signi�cant 
risk factor for asthma development and a considerable propor-
tion of asthma patients are atopic. Nevertheless, not all individu-
als with atopy are asthmatics and not all asthma patients exhibit 
increased allergic response. �e pathogenesis of asthma is invari-
ably associated with dysregulated immune responses, involving 
increased eosinophil in�ltration into lungs, increased serum IgE 
levels, excessive release of in�ammatory mediators from mast 
cells, airway in�ammation and a skewed �1/�2 response.32 
Blood eosinophilia is a widely accepted marker of atopy. Asthma 
patients demonstrate increased sensitivity of the airways to a 
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Figure 4.1 In�ammatory components and their role in asthma and COPD. The �gure compares the key in�ammatory cells 
and mediators involved in asthma and COPD, and their effects on the pathogenesis of asthma and COPD.
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variety of speci�c and non-speci�c stimuli, including allergens 
and chemical stimulants. For instance, in individuals geneti-
cally predisposed to atopy, repeated exposures to environmental 
allergens elicits an increased �2 cytokine response that pro-
motes speci�c IgE responses, however non-atopic patients may 
have similar immunologic �2 cytokine responses without elic-
iting speci�c IgE responses.

4.3.2 AIRWAY HYPERRESPONSIVENESS

AHR refers to the heightened bronchoconstrictor response 
to inhaled speci�c stimuli (such as allergens) or non- speci�c 
stimuli (such as dry and cold air). AHR is a hallmark of asthma 
and o�en serves as a risk factor for disease  development. �e 
distal airways in particular are highly sensitive to stimuli, such 
as cigarette smoke, perfumes, cold air, and other non-speci�c 
stimuli.2,17 Various factors can contribute to hyperrespon-
siveness; the most notable of which are epithelial shedding, 
enhanced neurogenic activity, enhanced smooth muscle mass 
and reactivity, greater airway wall thickness, reduced airway 
diameter, airway in�ammation, enhanced (peri)bronchial 
vascularity and loss of elastic recoil.33 For instance, epithelial 
shedding promotes AHR through sensory nerve exposure 
leading to re�ex neural e�ects on the airways, loss of enzymes 
responsible for degrading the in�ammatory mediators, and 
loss of barrier function allowing allergen penetration.34 In 
asthma patients, the underlying eosinophilic in�ammation,35 
airway smooth muscle alterations,36 small airway dysfunc-
tion37 and altered glucocorticoid response38 are important 
predictors of the degree of hyperresponsiveness.

4.3.3 AIRWAY REMODELING

Some of the major structural and pathological traits of asthma 
include increased mass of airway smooth muscles due to 
migration, hyperplasia or hypertrophy, epithelial shedding, 

mucus gland hyperplasia resulting in mucus hypersecretion, 
and in�ltration of in�ammatory cells into the bronchial wall 
resulting in chronic in�ammation; all of which contributes to 
airway remodeling and subsequent sub-epithelial �brosis due 
to abnormal repair mechanisms.39 �ese changes are more pro-
nounced in poorly controlled or untreated asthma which leads 
to reversible or irreversible structural changes in the cells and 
tissues along the respiratory tract.40 �e structural remodeling 
of the airways is the major contributor to the long-term nar-
rowing of airways in asthma and to the progression of major 
asthma symptoms, such as sputum, cough, and shortness of 
breath, also common to COPD.19 Bronchospasm, referring to 
the sharp contractions experienced by the bronchial smooth 
muscles, also contributes to airway narrowing. Moreover, the 
airway capillaries may dilate and leak. As a consequence of this 
microvascular leakage, edema, impaired mucociliary clear-
ance and increased airway secretion are observed, which may 
further add to the narrowing and hyperresponsivenes of the 
airways.34 In addition, asthmatic airways are o�en obstructed 
by hypersecretion of mucus, and associated irreversible struc-
tural airway remodeling.26 Uncontrolled asthma is associated 
with proliferation of mucus-secreting goblet cells in the air-
ways causing the mucus glands to expand with hypersecretion 
of mucus that can occlude the airways due to the development 
of viscid mucus plugs.41 Asthma is also characterized by dam-
age to the epithelial cells lining the airways causing them to 
peel away. Sub-epithelial changes may also occur, such as col-
lagen deposition, primarily collagen type I, type III and type V, 
in the sub-epithelial layer contributing to sub-epithelial reticu-
lar basement thickening and sub-epithelial �brosis.40

4.3.4 AIRWAY INFLAMMATION

In�ammation is another important contributing factor in the 
pathogenesis of asthma. In asthma, in�ammatory cells, par-
ticularly eosinophils and T cells, are recruited into the central 

(a) (b)

Figure 4.2 Histological illustration of asthma and COPD sections. (a) Asthma airway section showing thickening of the 
sub-epithelial layer with chronic in�ammatory in�ltrate and a thickened layer of smooth muscle cells. (b) COPD airway sec-
tion showing transitional epithelium, thickening of the basement membrane, and sub-epithelial �brosis.
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airways, distal lung,42,43 and lung parenchyma.44 Abundant 
concentration of �2 cytokines, such as IL-4, IL-5, IL-9 and 
IL-13, as well as chemokines, such as eotaxin and RANTES, 
can also be observed in these sites43,45 (Figure 4.1). �e eosino-
phil in�ltration and mast cell activation frequently observed in 
asthma are driven by the activation of �2 cells. In addition to 
the classical �2 pathways, pathways involving GATA-3, IL-33, 
type 2 innate lymphoid cells and CRTH2 receptors have been 
reported to play a signi�cant role in eosinophil recruitment.46 
IgE-mediated bronchi hypersensitivity to aeroallergens such as 
pollen, fungal spores, dust mites, and dander, is a characteris-
tic feature in 50% of asthma patients, and it is o�en associated 
with increased mucus secretion. While allergen-induced air-
way in�ammation is predominantly eosinophilic, eosinophils 
also play a prominent role in non-allergic asthma.

Asthma a�ects the entire length of the respiratory tract, 
including the trachea, bronchi and bronchioles. In addition 
to the central airways, in�ammation and remodeling of 
the airways are observed in the small airways as well as the 
lung parenchyma.47 However, in asthma, lung parenchymal 
changes are usually rare and are more o�en associated with 
acute exacerbations or the severe form of the disease.48

�us, asthma is a heterogeneous disease with many dif-
ferent clinical phenotypes arising from the complex interplay 
between the various environmental factors and susceptibility 
genes.49 Although individually-tailored therapeutic options 
are available to manage most of the clinical manifestations of 
asthma, this chronic disease still remains incurable.1

4.4 PATHOPHYSIOLOGY OF COPD

Tobacco smoke is the main risk factor responsible for the 
development of COPD.5 Whereas biomass smoke predomi-
nantly induces airway remodeling and less emphysema, 
cigarette smoke exposure contributes to airway remodeling 
and centrilobular emphysema.50 Hereditary predisposition 
makes individuals with alpha-1-protease inhibitor de�-
ciency more susceptible to developing COPD at an earlier 
age.3 Alpha-1-antitrypsin de�ciency results in unobstructed 
proteolytic injury to the alveolar capillary membrane and 
this di�ers from a mutation in the protein sequence of alpha-
1-protease inhibitor which primarily triggers increased lung 
in�ammation.5,6 �is de�ciency leads to accelerated airway 
remodeling, less conspicuous than the events triggered by 
cigarette smoke such as panlobular emphysema.51

In�ammation and remodeling of the large and small 
airways in particular are the sentinel pathological charac-
teristics of COPD that result in the destruction of the respi-
ratory bronchioles and distal lung parenchyma leading to 
emphysematous lung changes.52 In addition to the structural 
changes in the small conducting airways, emphysema pro-
motes air�ow limitation and is an independent contribu-
tor toward air�ow obstruction in COPD.53 Emphysematous 
lesions together with its chronic in�ammatory in�ltrates 
cause dilatation and destruction of the lung parenchymal tis-
sue reducing the elastic recoiling capacity of the lung to drive 

out air and thereby, resulting in decreased maximum expira-
tory air�ow.52 Patients with COPD who experience recurrent 
lung infections have further accelerated damage to their lung 
tissue. Comorbidities, including depression, diabetes, hyper-
tension, osteoporosis, lung cancer, or coronary artery disease, 
which dramatically worsen symptoms and impair the quality 
of life, are frequently observed in the later stages of COPD.

4.4.1 AIRWAY HYPERRESPONSIVENESS

Although a characteristic of asthma, AHR has emerged as 
a risk factor for disease development in COPD as well.54 A 
recent study has correlated the degree of bronchial hyper-
responsiveness in COPD to residual volume which is asso-
ciated with small airway dysfunction.55 Furthermore, the 
pattern of airway in�ammation characteristically observed 
in COPD patients, with elevated neutrophil, lymphocyte, and 
macrophage counts in bronchial biopsy and sputum sam-
ples55 and elevated eosinophil and CD8 lymphocyte counts in 
peripheral lung tissues,56 also contribute to bronchial hyper-
responsiveness. AHR in COPD is considered however to be 
largely due to airway caliber, as opposed to in�ammatory 
bronchoconstriction as is the case in asthma.56

4.4.2 AIRWAY OBSTRUCTION

Patients with COPD su�er from persistent and o�en progres-
sive air�ow limitation with concomitant chronic in�amma-
tion of the airways and lungs. Pathologically, small airway 
abnormalities and parenchymal destruction are two di�er-
ent but o�en co-existing features. Pathological changes in the 
small conducting airways result in air�ow limitation due to 
narrowing and destruction of the airway lumen as well as to 
active airway constriction that contribute to increased air-
way resistance. In contrast, pathological changes in the lung 
parenchyma result in air�ow limitation due to the reduction 
in the elastic recoil of the lung because of damage to the paren-
chyma, in addition to reduction in the elastic load on the air-
ways because of damage to the alveolar walls directly attached 
to the airways (alveolar attachments). �us, COPD involves 
structural and pathological alterations to the airways, the lung 
parenchyma, and the lung vasculature,57 which correlate with 
the clinical disease presentation and the observed alterations in 
lung function tests. �ickening of the smooth muscle layer in 
the peripheral airways in COPD patients can be correlated to 
the degree of air�ow limitation, with increased area of smooth 
muscles contributing to more severe airway obstruction and 
lower FEV1.58 �e increased smooth muscle mass contributes 
to airway wall thickening, via hyperplasia and hypertrophy of 
the smooth muscle cells, possibly in response to the activity of 
growth factors, cytokines, and in�ammatory mediators.

4.4.3  CIGARETTE SMOKE-INDUCED 
DAMAGE

Cigarette smoke induces pathological changes in the small 
airways in smokers even in the absence of air�ow limitation.59 
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An in�ammatory response in the peripheral airways is one 
of the earliest histologic abnormality observed in smok-
ers, suggesting early pathological changes in the peripheral 
airways of smokers may develop before the occurrence of 
COPD.60 Cigarette smoking damages the lung epithelium 
resulting in the release of endogenous damage-associated 
molecular pattern (DAMP) molecules. �e receptor for 
advanced glycation end-products (RAGE) and high-mobil-
ity group box 1 (HMGB1) are elevated in smokers’ lungs 
and may interact with toll-like receptors and activate an 
innate immune response.61 Several pathological lesions 
in the peripheral airways of smokers with COPD, such as 
in�ammatory cell in�ltrate, squamous cell and goblet cell 
hyperplasia and metaplasia, mucus gland hypertrophy, 
increased smooth muscle cell hyperplasia and hypertrophy, 
and �brosis, all contribute to airway lumen narrowing and 
loss of tethering function of the lung parenchyma, thereby 
reducing expiratory air�ow in COPD.57 Cigarette smoking-
induced damage to the airway epithelium leads to goblet 
cell and squamous cell metaplasia and mucosal ulcers.59 �e 
peripheral airway epithelium of COPD smokers is enriched 
with mucus- secreting goblet cells and their increased num-
bers can be correlated to the degree of lung function decline, 
as measured by the FEV1/forced vital capacity (FVC) ratio.62 
�e functional consequence of goblet cell metaplasia is the 
development of airway obstruction through excess mucus 
secretion. Occlusion of the airway lumen by in�ammatory 
exudates or mucus plugs is a common observation in COPD 
smokers.63

4.4.4  INFLAMMATION AND REMODELING

�e establishment of COPD in smokers is associated with a 
parallel increase in the in�ammatory response and struc-
tural abnormalities in the airways and lung parenchyma.58,64 
In�ammation in COPD is not con�ned to the lungs as ele-
vated levels of in�ammatory mediators are observed in the 
blood, which may worsen comorbidities, including depres-
sion, metabolic syndrome, heart failure, ischemic heart 
 disease, renal disease, and anemia.65

Various in�ammatory cell subtypes in�ltrate the peri-
pheral airways, central airways and lung parenchyma in 
smokers with COPD (Figure 4.1). �e characteristic pat-
tern of in�ammation in COPD involves increased neutro-
phil and macrophage in�ltration which is driven by �1, 
�17 and CD8+ T cells, and the lack of mast cell activa-
tion generally accounts for the irreversibility. An increased 
number of macrophages and lymphocytes, in particular 
CD8+ T and B lymphocytes, are detected in smokers who 
develop COPD.58,63 In�ammation can contribute to mild 
air�ow limitation and functional bronchial constriction 
by the release of in�ammatory mediators acting directly 
on the bronchiolar smooth muscles.57 On the other hand, 
chronic in�ammation also results in �brosis of the air-
ways and increase in smooth muscle mass, either directly 
by in�ammation or indirectly by chronically increasing 

muscle tone.57 �ese changes increase the airway wall thick-
ness and promotes narrowing of the airways and air�ow 
 limitation. Furthermore, the in�ammation of the airways 
induces obliteration of the alveolar attachments and reduces 
the tethering function of the lung parenchyma, causing 
deformation and narrowing of the airway walls.66

Fibrosis is an important aspect of airway and alveolar 
wall remodeling in COPD. Human lung �broblasts are sub-
jected to oxidative stress due to cigarette smoking, resulting 
in the initiation of repair mechanisms and collagen depo-
sition.67 Fibrotic remodeling may also involve an interac-
tion between in�ammatory cells and �broblasts. Mast cells, 
with pro�brotic and prorepair properties, are increasingly 
observed in the airways of COPD patients, especially in 
those having centrilobular emphysema.68 In addition to an 
increase in smooth muscle mass and in�ammatory media-
tors, �brosis also signi�cantly contributes to increasing 
the thickness of the airway wall and inducing changes in 
its mechanical characteristics (Figure 4.2b). �e pathologi-
cal changes of the small airways in COPD is followed by 
a repair process, culminating in �brosis and airway wall 
thickening.69

�us, in�ammation, smooth muscle hypertrophy and 
�brosis lead to thickening of the airway wall and may ini-
tiate the detachment of the airways from the lung paren-
chyma, further stimulating airway closure.

4.5 PATHOPHYSIOLOGY OF ACO

Asthma and COPD overlap (ACO) represents a subset of 
asthma and COPD patients that demonstrate overlapping 
characteristics in their immune responses (Figure 4.3). 
ACO cannot be constrained to a clinical phenotype, as 
COPD subgroups or endotypes may show similar biological 
characteristics to asthma. For instance, the drivers of air-
way in�ammation in asthma are super�cially quite di�erent 
from those in COPD. While airway in�ammation is driven 
by eosinophilic and �2 pathways in asthma, neutrophils 
play a predominant role in COPD. However, increasing data 
suggests this demarcation of the two diseases to be oversim-
pli�ed. Nevertheless, mounting evidence suggests eosino-
philic and �2 type in�ammation, a hallmark of asthma, is 
also involved to some extent in COPD.

4.5.1 AIRWAY INFLAMMATION

Eosinophils are a commonly used biomarker to measure 
treatment response to therapeutics in asthma. Eosinophils 
are becoming increasing relevant in COPD as 30%–40% 
of COPD patients exhibit elevated eosinophil count in 
both their sputum as well as peripheral blood.70 Small ran-
domized controlled trials (RCTs) have demonstrated that 
treatment with systemic and ICS induce slight improve-
ments in FEV1 and symptom scores in COPD patients.71–73 
Additionally, therapeutic intervention to minimize sputum 
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eosinophil counts in COPD is associated with a decline 
in severe exacerbations.74 Furthermore, two large parallel 
RCTs have demonstrated that supplementing LABA with 
ICS leads to improved exacerbation rates in COPD patients 
with elevated blood eosinophil counts.75 �ese �ndings 
taken together suggest that elevated eosinophil counts are 
observed in a subgroup of COPD patients and are associ-
ated with their response to therapeutics. Furthermore, an 
abundant neutrophil population has been reported in the 
airways of many asthmatics, in particular older asthmatics 
exhibiting moderate to severe symptoms.

�e �2 bias in asthma may no longer be unique to 
asthma due to the display of asthmatic biosignature in 
COPD airways. �e type 2-associated in�ammation is less 
thoroughly studied in COPD and this may be due to the 
di�culty in directly assessing the �2 cytokine levels, such 
as IL-4, IL-5 and IL-13, in biospecimens. A transcriptomics 
study demonstrated the enrichment of genes implicated in 
the �2 in�ammatory pathway, comprising the “asthma” 
genomic signature, in the COPD airways when compared 
to healthy controls and smokers without COPD.76 More 
importantly in this study, the COPD patients who displayed 
a �2 gene expression pro�le were found to have tissue and 
peripheral eosinophilia, improved bronchodilator revers-
ibility and a more favorable response to ICS compared with 
COPD patients without the �2 biosignature. �ese COPD 
patients with their airway-enriched �2 biosignature may 
be speculated to represent ACO, although additional stud-
ies are essential to validate this speculation. �us, in addi-
tion to eosinophilic in�ammation, a type 2-proin�ammatory 
pathway may play a role in the pathophysiology of COPD in a 
subset of patients. Although less de�ned in asthma, systemic 
in�ammation with elevated levels of TNF-α, IL-6, surfactant 
protein A, C-reactive protein, and reduced plasma levels of 
soluble RAGE is a common observation in ACO resembling 
the systemic in�ammatory pro�le of COPD.77

Ghebre et al. employed cluster analysis to distinguish 
between asthma and COPD.78 �ree distinct biological 
clusters were identi�ed based on sputum cytokine pro�l-
ing: asthma predominant with eosinophilic and high type 
2 cytokines, asthma and COPD overlap with neutrophilia, 
and COPD predominant with mixed eosinophilia and neu-
trophilia. �is study demonstrated the largest overlap among 
study participants with a predominance of non-eosinophilic 
or type 2 in�ammation, and helped establish ACO on a 
biological level. �us, considerable overlap exists between 
asthma and COPD and this overlap may be much broader 
than eosinophilic and type 2 in�ammation, and may involve 
the in�ammatory mediators from both diseases (Figure 4.4).

4.5.2 AIRWAY OBSTRUCTION

ACO patients are also characterized by incompletely revers-
ible airway obstruction with increased air�ow  variability.79 
Due to the lack of clinical trials investigating ACO, the 
majority of our understanding about the disease stems 
from studies on patients having features of both asthma 
and COPD (Figure 4.3). �ese include patients with asthma 
who are smokers, asthmatics who develop incompletely 
reversible air�ow obstruction and COPD patients who are 
non-smokers. Asthma patients who smoke resemble COPD 
and have less likelihood of developing an eosinophilic 
in�ammation80 and more likelihood of increased airway 
neutrophilia.81 Incomplete reversible air�ow obstruction 
is observed in some patients with long-term asthma.82 
Furthermore, asthmatic patients with incomplete revers-
ibility of air�ow obstruction exhibited increased airway 
neutrophils.83 In a study with older adults (>55 years) having 
stable asthma and/or COPD, 65% of the participants exhib-
ited an overlap with an intermediate rate of atopy (64%).79 
Patients with overlap syndrome also had the highest spu-
tum neutrophil and total cell population. �e data from 
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Figure 4.3 Characterization of ACO patients. ACO represents a subset of asthma and COPD patients that demonstrate 
overlapping characteristics in their immune responses. DLCO, diffusing capacity of the lung for carbon monoxide; COPD, 
chronic obstructive pulmonary disease; AHR, airway hyperresponsiveness.
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this study implicates ACO to be more common in the older 
population and to resemble COPD in terms of the pattern of 
airway in�ammation with increased neutrophil in�ltration.

4.5.3 AIRWAY REMODELING

�e overlap syndrome is also characterized by increased 
airway remodeling with high-resolution computed tomog-
raphy (HR-CT) showing increased bronchial wall thick-
ening.84 Although both asthma and COPD show features 
such as goblet cell hyperplasia and thickening of the airway 
epithelium, which contribute to airway remodeling, these 
features are more pronounced in asthma than in COPD.85

Even among smokers, patients with ACO demonstrate 
more airway disease and less emphysema. Upon phenotyp-
ing ACO versus pure COPD patients, patients with ACO 
displayed greater airway wall thickness, less emphysema, 
and more frequent and severe respiratory exacerbations than 
COPD patients.86 In another study using inspiratory and expi-
ratory CT images, ACO patients were found to have less gas 
trapping and less emphysema burden post-bronchodilators 
compared to pure COPD.87 Although genome-wide associa-
tion studies have implied a weak genetic component in ACO, 
genetic analysis of ACO revealed signi�cant hits in GPR65, 
SOX5, and CSMD1 genes.86 �ese cumulative results suggest 

a link between ACO and the molecular drivers of asthma, 
and cigarette smoke appears to amplify these drivers.

4.6 CONCLUSIONS

Asthma is typically characterized by pathological changes 
that a�ect both the small and large airways. Airway in�am-
mation in asthma is predominantly eosinophilic involv-
ing �2 lymphocyte- and �2 cytokine-driven pattern of 
in�ammation. Airway obstruction runs an episodic course 
in asthma and is usually completely reversible. Spasms of 
the thickened smooth muscle layer, increased airway mucus 
secretion and heightened in�ammatory in�ltrates contrib-
ute to this airway obstruction. In contrast, COPD targets 
the small airways in particular and patients with COPD 
o�en exhibit co-existing conditions of chronic bronchitis 
with airways in�ltrated by in�ammatory cells, and emphy-
sema with in�ammatory in�ltrates around areas of alveo-
lar tissue breakdown. Airway in�ammation in COPD is 
predominantly neutrophilic involving cytotoxic CD8+ T 
lymphocytes. �e persistent airway obstruction in COPD is 
usually irreversible and is a consequence of a combination of 
factors, including constriction of the smooth muscle layer, 
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excess airway mucus and loss of elastic recoil resulting in 
closure of the airways.

�e ACO phenotype may be characterized by neutrophilic, 
type 2 and eosinophilic immune responses. An attempt to 
list the proposed characteristic features of ACO derived from 
current understanding of its pathology is seen in Table 4.1. 
However, the best possible way to characterize the ACO sub-
set in order to attain maximum therapeutic bene�t remains 
an enigma. �e GINA and the GOLD committees in col-
laboration have released the 2015 Asthma, COPD, and ACO 
document, which provides guidelines for the identi�cation 
of ACO patients and treatment regimens to be followed. 
�e majority of the studies on ACO are cross-sectional and 
lack randomized controlled therapeutic intervention. Also, 
biomarker studies suggest that clinical characteristics alone 
cannot be used to identify the patients most likely to respond 
to directed therapies, such as ICS. �erapeutic approaches to 
ACO must focus on novel therapeutics in addition to the cur-
rent arsenal of oral corticosteroids, ICS, LABA, LAMA and 
omalizumab. ACO-relevant in�ammatory pathways and the 
proteolytic cascade responsible for lung tissue breakdown 
may serve as putative targets for these therapies with the 
objective to prevent irreversible structural changes.

No large scale therapeutic trials currently exist on ACO 
patients. Generally, ACO patients are at an increased risk of 

respiratory exacerbations, and present with more symptoms 
(cough and dyspnea) and worse health status than patients 
with either pure asthma or pure COPD. ACO patients are 
heavily burdened by their symptoms and poor quality of 
life and there exists an increased risk of hospitalizations in 
this subset of patients. Furthermore, they experience rapid 
deterioration in their lung function when compared to pure 
asthma or pure COPD patients, and are at the highest risk 
of COPD-related mortality. Even with the great burden and 
poor prognosis associated with ACO patients, literature-
based evidence is scarce to guide therapeutic decisions in 
these patients. Although there is an increasing belief that 
ICS would be e�ective in providing a better response in 
ACO patients, there is a striking scarcity of data to support 
this belief. Nonetheless, until more reliable research data 
are made available, the rational �rst line therapy for ACO 
patients includes a combination of ICS and LABA.

�us, the signi�cant burden of this disease on patients 
necessitates high quality therapeutic clinical trials to be 
conducted in order to determine optimal management 
approaches for ACO patients. �ere also exists an urgent 
need to characterize easily accessible and inexpensive 
biomarkers so as to correctly identify ACO patients and 
guide therapeutic decisions. Further studies are inevitable 
to understand the underlying mechanisms of ACO that 

Table 4.1 Pathological characteristics of asthma, COPD, and ACO. ACO is a poorly characterized disease at present and is 
de�ned by the features it shares with both asthma and COPD.

Feature Asthma COPD ACO

Airway involvement Central and peripheral 
airways

Peripheral airways Central and peripheral 
airways

Airway in�ammation Predominantly eosinophilic 
with Th2 pattern

Predominantly neutrophilic 
with Th1 pattern

Predominantly neutrophilic 
with eosinophilic and Th2 
pattern

In�ammatory in�ltrate Eosinophils, mast cells, 
T lymphocytes and  
CD4+ cells

Neutrophils, macrophages, 
T lymphocytes and CD8+ 
cells

Eosinophils, neutrophils, and 
T lymphocytes

Atopy High Low Intermediate
Airway hyperresponsiveness Common Rare Intermediate
Air�ow limitation/Airway 

obstruction
Episodic and mostly 

reversible
Persistent and mostly 

irreversible 
Fixed and incompletely 

reversible
Airway wall remodeling Epithelial shedding, early 

sub-epithelial reticular 
basement membrane 
thickening, sub-epithelial 
�brosis, goblet cell and 
mucus gland hypertrophy 
and hyperplasia, airway 
smooth muscle 
hypertrophy and 
hyperplasia (large 
airways), vascular 
congestion, edema

Airway smooth muscle 
hypertrophy and 
hyperplasia (small 
airways), squamous and 
goblet cell metaplasia, 
goblet cell and mucus 
gland hypertrophy and 
hyperplasia, airway wall 
�brosis, loss of alveolar 
attachments

Mucosal edema, epithelial 
damage, basement 
membrane thickening, 
smooth muscle 
hypertrophy and 
hyperplasia, goblet cell 
hyperplasia, mucus 
hypersecretion

Alveolar wall destruction Absent Present with alveolar wall 
�brosis

Present
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should aid in the identi�cation of novel therapeutic targets 
and the development of improved treatment and manage-
ment strategies for ACO patients.
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CLINICAL VIGNETTE 5.1

A 65-year-old woman presents with history of lifelong asthma and allergies for evaluation of increased respira-
tory symptoms. She has never smoked. She is allergic to dogs, but owns multiple dogs and is active in dog shows 
throughout the region. Her medications include: fluticasone/salmeterol 250 mcg/50 mcg, one inhalation, once daily; 
montelukast, 10 mg daily; and tiotropium, one inhalation, once daily. She has been on omalizumab for the past  
5 years in an attempt to reduce asthma exacerbations and because of documented elevated IgE. This treatment regime 
has resulted in improved asthma control.

A physical exam reveals an elderly, obese woman (BMI = 40 kg/m2). Lungs have soft, expiratory wheezes throughout 
with good air movement. Heart sounds are normal. There is no jugular venous distension or peripheral edema.

Pulmonary function tests (PFTs) (absolute, [% predicted])
Total lung capacity (TLC) = 3.85 (L) (89)
Functional residual capacity (FRC) = 2.53(L) (104)
Residual volume (RV) = 2.29(L) (124)
Forced vital capacity (FVC) = 1.49(L) (57)
Forced expiratory volume in 1 second (FEV1) = 0.74 (L) (37)
FEV1/FVC = 0.49 (lower limit of normal [LLN] = 0.66)
No bronchodilator response
sGaw (L/cmH20*s) = 0.10 (reduced)
Diffusing capacity of the lungs for carbon monoxide (DLCO) (ml/min/mmHg) = 17.34 (105)
DLCO/VA (ml/min/mmHg/L) = 5.47 (105)
VA (L) = 3.17 (73)

Impression: This is the case of an older, allergic asthmatic with fixed airflow limitation, gas trapping, elevated air-
way resistance (as seen by reduced sGaw), and normal DLCO. Despite a lack of response to bronchodilator, she shows 
improvement in symptoms from bronchodilators, suggesting a likely beneficial effect on reducing gas trapping or air-
way resistance not detected by spirometry.
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CLINICAL VIGNETTE 5.2

A 23-year-old female presents with asthma since childhood for further evaluation. She is a current 2-pack-per-day smoker 
for the past 8 years. Previous allergy evaluation reveals that she was nonatopic. Her medications include budesonide/
formoterol 160 mcg/4.5 mcg, two inhalations, twice daily, and montelukast, 10 mg, once daily. Despite this treatment 
regime, she continues to experience respiratory symptoms. As a result, she continues to use albuterol rescue medication 
4–6 times per day.

A physical exam shows an obese woman (BMI = 35 kg/m2). Lung auscultation reveals diffuse inspiratory and expira-
tory wheezes. Heart sounds are normal but mildly tachycardic. There is no jugular venous distention and no peripheral 
edema.

PFTs (absolute, [% predicted])
FVC (L) = 4.14 (105)
FEV1 (L) = 2.86 (84)
FEV1/FVC = 0.69 (LLN = 0.76)
No bronchodilator response

Impression: This is a young, obese asthmatic who is a smoker with fixed airflow limitation. The negative BDR and 
low FEV1/FVC suggests ACO, which may be due to asthma in the setting of persistent smoking. Alternatively, the 
patient may have a suboptimal response to or adherence with asthma therapy. Obesity may be complicating her 
clinical condition.

CLINICAL VIGNETTE 5.3

A 27-year-old female who has a history of being born prematurely and has a diagnosis of bronchopulmonary dys-
plasia and is experiencing increased dyspnea with exercise. She has evidence of mild emphysema on chest CT. She 
is allergic only to dust mites, and reports frequent bouts of wheezing and shortness of breath as a child. There is no 
history of smoking. She is being treated with beclomethasone HFA 40 mcg, two inhalations, twice daily, and has been 
prescribed albuterol as a rescue medication. She has no daily or nocturnal symptoms other than symptoms consistent 
with mild exercise-induced bronchospasm.

A physical exam shows a thin, young woman with clear lungs on auscultation and normal heart exam.

PFTs (absolute [% predicted])
FVC = 3.29(L) (98)
FEV1= 2.20 (L) (76)
FEV1/FVC = 0.67 (LLN = 0.75)
No bronchodilator response

Impression: This patient likely has congenital emphysema with fixed airway obstruction as a consequence of her 
bronchopulmonary dysplasia. A DLCO determination would be helpful to assess the degree to which the emphysema 
component is contributing to her airflow limitation.

CLINICAL VIGNETTE 5.4

A 53-year-old male with 40 pack-year history of smoking (quit 3 years prior) presents with stable dyspnea on exercise 
and productive occasional cough. He has multiple environmental allergies. Previous blood counts reveal elevated 
peripheral eosinophils (> 200 HPF) on at least one occasion. Current medications include fluticasone/salmeterol HFA 
115 mcg/21 mcg, two inhalations, twice daily; tiotropium, one inhalation, once daily; and albuterol for rescue.

A physical exam shows an obese male (BMI = 30 kg/m2) with clear lungs on auscultation. Heart sounds are normal, and 
there is no jugular venous distension or peripheral edema.
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5.1 INTRODUCTION

Patients with asthma and Chronic obstructive pulmonary 
disease (COPD) are frequently visitors to pulmonary and pri-
mary care clinics given the high prevalence and incidences of 
both disorders. Some asthma patients smoke and some COPD 
patients are atopic, whereas others were born premature and all 
have lungs that age. In addition to these groups, there are other 
clusters of presenting features. Accordingly, patients will pres-
ent with overlapping features of both asthma and COPD, thus 
confusing both diagnosis and best treatment to initiate for each 
of these phenotypes and the prognosis in terms of lung func-
tion. Further complicating the situation, patients presenting 

with overlapping features in the clinic o�en lack de�nitive 
pathophysiologic �ndings, and, therefore, diagnosis and treat-
ment is based primarily on clinical presentation and augmented 
with limited laboratory results. It is important to stress that the 
pathophysiology of these two disorders can be very obscure in 
many cases, and solely relying on symptoms may lead to initial 
treatment missteps. �us, understanding the pathophysiology 
of these common pulmonary disorders is critical for diagnosis 
as well as understanding the mechanisms targeted by treatment 
regimens and the functional impact of treatment.

As emphasized by the Global Initiative for Asthma 
(GINA)1 and Global Initiative for Chronic Obstructive Lung 
Disease (GOLD),2 lung dysfunction, most o�en assessed by 
spirometry, is a key feature of both disorders and provides 

CLINICAL VIGNETTE 5.5

A 54-year-old female with 20 pack-year history of smoking presents with complaints of dyspnea on exertion, nocturnal 
wheezing, and periodic shortness of breath. Medications include fluticasone/salmeterol 250 mcg/50 mcg, one inhalation, 
twice daily; tiotropium, once daily, and albuterol as needed.

Physical examination reveals a healthy-appearing woman (BMI = 22 kg/m2) with diminished breath sounds through-
out, but with no audible wheeze or rhonchi. Her heart sounds are normal, without evidence of a murmur, and there is no 
jugular venous distension or peripheral edema.

PFTs (absolute, [% predicted])
TLC = 4.02 (L) (93)
FRC = 2.64 (L) (110)
RV = 2.47(L) (152)
FVC = 1.53(L) (53), 14% increase after bronchodilator
FEV1 = 1.07 (L) (47), 22% increase after bronchodilator
FEV1/FVC = 0.70 (LLN = 0.69)
sGaw (L/cmH20*s) = 0.17 (within normal limits)
DLCO (ml/min/mmHg) = 9.76 (43)
DLCO/VA (ml/min/mmHg/L) = 3.03 (58)
VA (L) = 3.22 (74)

Impression: This case represents a COPD patient with emphysema and a significant bronchodilator response. It is a 
case of ACO with many clinical features of asthma and a BDR but with a preserved FEV1/FVC ratio that at first seems to 
be more consistent with asthma. The sGaw being within normal limits in the face of a low FEV1/FVC suggests peripheral 
disease. However, the DLCO is much more consistent with a COPD/emphysema diagnosis.

PFTs (absolute, [% predicted])
TLC = 7.13 (L) (102), no change after bronchodilator
FRC = 4.28 (L) (119), no change after bronchodilator
RV = 3.57 (L) (169), 10% fall after bronchodilator
FVC = 3.19 (L) (63), 11% increase after bronchodilator
FEV1 = 1.54 (L) (40), 7% increase after bronchodilator
FEV1/FVC = 0.48 (LLN = 0.67)
sGaw (L/cmH20*s) = 0.06 (reduced), improves to 0.07 after bronchodilator

Impression: This is an example of a COPD patient with allergies, occasional eosinophilia, with fixed airflow limitation. 
Obtaining a DLCO and retesting for BDR on another occasion when allergy symptoms are reduced might help clarify 
whether this patient has ACO.
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objective evidence of functional impairment and serves 
as a basis for prognosis. When assessing the phenotypes of 
asthma3 or COPD,4 physiology, as measured by lung function 
tests, o�en plays a pivotal role in the diagnosis and assess-
ment. �is chapter will initially summarize the physiological 
features of asthma and COPD and then apply these concepts 
to those patients who have a less-clear presentation or over-
lap. We would suggest that similar to how a patient with 
mixed restriction/obstruction is evaluated, considering both 
ends of the spectrum of asthma and COPD helps illuminate 
the middle ground. �is chapter will also discuss the physiol-
ogy behind the common lung function tests used because, in 
unclear cases, appreciating what a test measures can be help-
ful in considering a particular patient’s results.

5.2 ASTHMA

Asthma is a syndrome best characterized by objective 
measures of lung function.5 �e relationships between the 
in�ammatory process and immune/cellular dysfunction 
have been reviewed before,6 but the essence of the patho-
physiologic presentation is that an asthmatic patient should 
at some point exhibit periodic bronchospasm, airway hyper-
responsiveness (AHR), and with time, o�en exhibits a pro-
gressive loss of lung function. However, patients with mild 
disease frequently have lung function within normal limits.

Bronchospasm, as well as more permanent airway nar-
rowing and/or obstruction, are most commonly assessed 
by spirometry, a mainstay of diagnostic assessment. Bron- 
chodilator responsiveness (BDR) is an essential part of any 
assessment of a patient with lung disease (i.e., RV and TLC). It is 
important to understand that spirometry is a nonspeci�c mea-
sure that can be in�uenced by any number of factors, such as 
airway narrowing, changes in the lung volumes (as TLC and RV 
de�ne the vital capacity), and muscular e�ort (which determines 
achieving maximal TLC) (Figure 5.1). All of these parameters 
can be impaired in patients with asthma or COPD. A common 
misconception is that a low FEV1 in 1 second is solely the result 
of airway narrowing. In fact the fall in FEV1 is largely the result 
of the fall in FVC due to a rise in RV, which is re�ected by the 
tight correlation of FVC and FEV1 in asthma.7,8 As asthmatics 
o�en display a positive bronchodilator response,5 this raises 
the issue of exactly how bronchodilation improves FEV1 since 
it is hard to conceptualize how relaxation of airway smooth 
muscle would result in a fall in RV. �ose patients who mani-
fest a decrease in RV a�er bronchodilator are termed volume 
responders,9 whereas those who respond with changes in FEV1 
or the FEV1/FVC are referred to as �ow responders. Patients who 
exhibit a volume response (fall in FCV) are likely to be obese, 
have more severe symptoms, and require oral steroid therapy.10,11

Obstructive lung diseases, such as chronic bronchitis, 
emphysema, and asthma, all result in increases in lung vol-
ume.5 Changes in lung volume, especially a rise in TLC, 
serve to mitigate falls in FEV1, by keeping pace with the rise 
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airway collapse

Muscle strength
Chest wall/lung recoil

TLC RV
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Large airway size
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Flow
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Figure 5.1 A stylized �ow volume loop where �ow in liters per second is plotted on the y axis and volume in liters on the 
x-axis. To perform the maximal �ow volume maneuver, the patient inhales maximally to total lung capacity (TLC). That 
point is based on maximal muscle effort, overcoming elastic recoil of both the lung and the thorax. The patient then 
exhales maximally. The peak �ow is effort dependent and is in�uenced by the caliber of larger airways. Soon after the 
peak �ow, �ow becomes effort independent and is largely a function of the driving pressure (elastic recoil), airway closure/
compression (important in some patients), and peripheral airway narrowing. The volume exhaled �nally reaches the other 
extreme, residual volume (RV). Residual volume is also determined by muscle strength (to overcome chest wall and lung 
recoil) and, in particular, airway closure. The FEV1 is the volume exhaled in 1 second and is in�uenced by all these factors 
making it a multifaceted outcome measure. In asthmatics, it is largely in�uenced by the size of the vital capacity that in 
turn is determined by the factors that in�uence TLC and RV. In patients with airway remodeling/loss of recoil, broncho-
spasm will cause �ow at any given time to fall even farther, manifested as a fall in the FEV1/FVC ratio. Hence, a low FEV1 
is impossible to interpret in terms of pathophysiology without further information, but like a robust questionnaire that 
assesses many factors, it still performs well.
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in RV, resulting in a preserved VC. However, overdistension 
of the thorax is associated with increased symptoms as seen 
in COPD.9

Maximal expiratory air�ow is also determined by the 
driving pressure or static elastic recoil.12,13 Elastic recoil in 
asthma patients is o�en reported as being within normal 
limits, but several studies dating from the 1960s12–14 have 
reported that some asthma patients exhibit reduced recoil 
and can experience a rapid fall in driving pressure.14 A fall 
in elastic recoil would explain falls in maximal air�ow. 
While these decreases in elastic recoil are signi�cant, they 
usually are not as profound, especially at high lung volumes 
(TLC), as the fall in recoil observed in patients with emphy-
sema.5 Lastly, in the few clinical studies of elastic recoil in 
normal subjects, some normal individuals have intrinsically 
low elastic recoil,12 but how this impacts acquisition of a low 
and/or unresponsive FEV1 is unknown.

AHR was at one time considered to be the sine qua non for 
asthma. AHR is an exaggerated response to a speci�c (aller-
gen, etc.) or nonspeci�c trigger (cold, exercise, etc.) that nor-
mally would not trigger or worsen asthma and explains much 
of the variation in asthma symptoms.10 However, several 
studies have shown that AHR is not a stable phenotype as it 
is responsive to treatment and exhibits substantial variability, 
which is especially dependent on exposure to antigenic and/
or irritant triggers.15–17 Clinical studies that target AHR as 
a clinical endpoint have demonstrated that this approach is 
more e�ective than traditional methods for assessing asthma 
improvement.10 One interesting phenomenon is that not all 
asthmatics are hyperresponsive to all bronchial challenge 
modalities (e.g., direct versus indirect modalities), suggesting 
AHR can be used for more detailed phenotyping.16,18

Periodicity of air�ow limitation and symptoms are de�ning 
asthma characteristics and represent the periodic/ e�ervescent 
nature of the disease. Patients demonstrate marked variability 
in lung function (e.g., peak �ow) that can �uctuate hour-to-
hour, day to night, based on triggers and by season, making 
diagnosis and investigations of the mechanisms di�cult. 
Further complicating the problem, patients can have little 
or no detectable functional abnormalities between bouts of 
asthma.19,20 �ere is no consensus as to how best to measure 
periodicity of air�ow  limitation.18–21 Whether overlap patients 
exhibit this degree of variability has not been studied.

5.3  CHRONIC OBSTRUCTIVE 
PULMONARY DISEASE

Chronic obstructive pulmonary disease (COPD) has many 
similarities to asthma but also a number of marked di�er-
ences.5 �e current de�nition of COPD most used is the 
one based on the GOLD statement.2 Like asthma, in�am-
matory processes are implicated in COPD. It is known 
that these in�ammatory processes, similar to those occur-
ring in the asthmatic lung, are complex, so it should come 
as no surprise that the clinical expression of COPD is also 

heterogeneous.2,4 Expiratory air�ow limitation, measured 
as FEV1 or FEV1/FVC, forms a central part of the assess-
ment and diagnosis of the COPD patient.2,4

Similar to asthma, a fall in FEV1 in the COPD patient 
is not pathognomonic for any speci�c physiological altera-
tions. Although related to the rise in RV and FRC, the rela-
tionship is not as interrelated,22 as there is a fall in FEV1/
FVC. �e fall in FEV1 in the COPD patient re�ects airway 
obstruction, especially in the case of bronchitis, where there 
is a loss of lung volume and dynamic closure of airways as 
the transmural pressure increases during expiration.23,24 
Pathologically there is a loss of parenchymal structure 
adjacent to the airway and the loss of tethering connec-
tions of the adjacent parenchyma that are broken during the 
destruction of small airway tracts,25 leading to the forma-
tion of centrilobular bullae and emphysema.

Like asthma, the pathologic process of COPD begins 
in the small airways (< 2 mm in diameter). For example, 
patients with mild COPD and asymptomatic smokers dem-
onstrate airway �ow inhomogeneity26–28 much the same as 
an asthmatic. Indeed peripheral resistance in both patients 
with mild forms of asthma29 and COPD30 is 4- to 10-fold 
higher than normal, and involves larger and larger air-
ways as the disease progresses. More recently an intrigu-
ing report31 has identi�ed COPD patients with signi�cant 
symptoms and exacerbation but preserved FVC. �ese 
patients have lower FEV1/FVC and CT evidence of airways 
disease, as well as limited exercise capacity; as such, they 
resemble mild asthma patients between asthma attacks.

�e loss of air�ow during progression of COPD is a mixed 
process of airway occlusion, loss of communicating vol-
ume, air trapping, and loss of static elastic recoil.30 Without 
careful, detailed lung function assessments that include 
placement of an esophageal balloon, which is beyond the 
capabilities of all but a few laboratories, the exact nature of 
the loss of lung function is largely a surmise.32

AHR is also observed in patients with COPD, is more 
common in women, and is predictive of declines in FEV1, 
disease-speci�c mortality, and all-cause mortality.33–35 �e 
mode of testing for AHR is important, as the type of provo-
cation (e.g., direct versus indirect) used to assess hyperre-
sponsiveness will result in an outcome that is not the same 
in all patients. Bronchodilator responsiveness is generally 
less or about the same in patients with asthma.2 However, 
several studies have shown bronchodilator responses in 
COPD patients36 that, like asthma, �uctuate with time.37

One de�ning characteristic of the pathophysiology of the 
COPD patient, and, in particular, the emphysema patient, is 
the prevalence of low di�using capacity of the lung for carbon 
monoxide (DLCO). Patients with mild asthma or bronchitis 
have a DLCO that is within normal limits, whereas patients 
with emphysema show a decline in DLCO5,38 that correlates to 
emphysemous structural changes as assessed by pathology or 
CT scans. Asthma patients, on the other hand, will sometimes 
exhibit a rise in DLCO related to disease severity. Hence, the 
general changes in lung function in asthma and COPD are 
quite similar with the general exception of DLCO (Table 5.1).
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In a majority of cases, a battery of lung function tests, 
that include spirometry with �ow volume loops, lung vol-
umes, DLCO, bronchodilator responsiveness, and bron-
chial challenge tests, coupled with a careful history, results 
in a clear picture of the disease process and its severity. 
�e di�culty occurs when features of asthma and COPD 
coexist.

5.4  PHYSIOLOGICAL FEATURES OF  
ASTHMA-COPD OVERLAP PATIENTS

It is important to emphasize that there is no universally 
accepted de�nition, criteria, or even terminology for 
describing patients with an asthma-COPD overlap pre-
sentation (see Chapter 1). For the purposes of this section 
and given the heterogeneity of overlap patients, we will 
consider the potential pathophysiology of four groups 
as germane examples of ACO: (1) patients with asthma 
who smoke; (2) patients with COPD with a bronchodila-
tor response and/or atopy; (3) patients who had asthma as 
children; and (4) older patients with asthma. We will only 
consider the structure-function relationship as the genetic 
and molecular mechanisms are considered in Chapter  3. 
�e major limitation to any discussion of ACO is the pau-
city of studies investigating ACO patients that contain 
lung function measurements that extend beyond spirom-
etry, that is the FEV1 and FVC.

Low lung function (low FEV1): As previously 
reviewed,39,40 the FEV1 of patients who are either 
asthmatics or asthmatics with COPD features show a 
remarkable consistency of spirometric impairment, 
ranging from 60% to 66% predicted, and most report 
a long duration of asthma or asthma-like features. It 
is well appreciated that poorly controlled and poorly 
treated asthma leads to fixed airf low limitation.41,42 The 
most common assumption is that chronic uncontrolled 
asthma leads to airway remodeling that is the root cause 

for the permanent decreases of FEV1.6 As previously dis-
cussed,43 IL-6 is an inf lammatory cytokine commonly 
encountered in overlap patients. We have reported 
that the loss of central airway function as measured by 
FEV1/FVC is related to IL-6 presence known to drive 
TGFβ release and fibrosis.44,45 IL-6 is a plausible inf lam-
matory mediator of interest because it is implicated in 
multiple settings of epithelial injury.45 Alternatively, 
the loss or persistent loss of elastic recoil, especially if 
coupled with airway fibrosis, would contribute to the 
significant loss of FEV1 in this group in some, in an as 
of yet, undefined synergistic fashion.

Bronchodilator reversibility (BDR): Many authors 
state that COPD is characterized by a lack of response to 
bronchodilators; although this is not true, the changes 
are often small and usually are less than 100 mL even 
with combined therapies.46,47 The situation is compli-
cated by the fact that there is little consensus on the best 
approach to determine broncho-reversibility.20 Moreover, 
there is little consensus on the minimal clinically impor-
tant difference (MCID) for FEV1, which range from  
75 mL47 to 200 mL.20 The most frequently used criteria 
used for BDR are 12% and 200 mL, but it must be rec-
ognized that this standard was a compromise between 
10% and 15%.48 Moreover, it is known that BDR is not 
helpful in distinguishing asthma from COPD nor is BDR 
even reproducible in patients with COPD.46 If BDR were 
to be a useful biomarker for ACO, then it may be neces-
sary to set the BDR threshold higher than current stan-
dards. Nevertheless, BDR remains a central feature of the 
patient with ACO.

AHR: When measured, AHR is a common feature of 
the patient with ACO, which should come as no sur-
prise given that AHR is reported in patients with either 
asthma or COPD. As there are many mechanisms that 
cause AHR,10 those involved in ACO may be driven by 
mechanisms that cause AHR in either asthma or COPD 
or something completely different. It is not known 
whether the patient with ACO will have a positive 

Table 5.1 Physiologic features of asthma, COPD, and ACO (overlap)

Physiologic assessment Asthma COPD ACO

Air�ow limitation ± Yes Yes Yes
Thick wall CT ± + ++
BDR + ± +
AHR ++ + ++
Exercise-induced AHR + – ?
Hyperin�ation + + ?
Loss of elastic recoil Sometimes Yes ?
DLCO Normal or ↑ ↓ ?

Note:  Thick wall CT: airway wall thickness by CT; AHR, airway hyperresponsiveness; BDR, bronchodilator responsiveness; DLCO, diffusion 
capacity of the lung.
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response to all forms of bronchial challenge. Only one 
study investigating ACO patients taken from an asthma 
cohort reported this group to be hyperresponsive to 
both mannitol and methacholine.49 Mannitol might 
not be positive in an ACO group that is derived from a 
COPD cohort, but when measured, several studies with 
ACO patients show AHR to methacholine.49,50 Moreover, 
in a study by De Marco et al.,50 ACO patients were the 
most responsive to methacholine, but further investiga-
tion seems warranted.

Other measures of lung function: There is very little 
known about the alterations in lung volume in ACO 
patients with the exception of one report51 that curi-
ously did not show these ACO patients to be hyper-
inf lated. A frequently useful test in the case of ACO 
is the DLCO that is usually reduced in emphysema, 
unchanged in bronchitis, and unchanged or elevated 
in asthma38; however, two studies in patients with ACO 
report that DLCO was not different.52,53 Although the 
forced oscillation technique has been shown to dif-
ferentiate between patients with asthma and COPD,54 
another report did not show a difference.51 Given the 
poor quality of life in patients with overlap,55 and the 
importance of differentiating ACO versus asthma or 
COPD, further characterization and detailed physi-
ological investigation seems warranted.

5.5  OTHER MECHANISMS OF FIXED 
AIRFLOW LIMITATION

Two other groups that are o�en identi�ed with ACO 
are patients with �xed air�ow limitation who reported 
asthma in early life and older patients. Children with 
severe asthma in early life o�en have reduced lung func-
tion in adulthood that does not respond to bronchodila-
tors. Indeed early life asthma leads to a profound increase 
in the odds35 for COPD.56 Early onset asthma also leads to 
accelerated declines in lung function, which in time would 
manifest as ACO as the patient would be expected to pres-
ent with �xed air�ow limitation.57 If the lung function of a 
person fails to reach its structural developmental maximal 
then it is di�cult to envision a therapeutic option (a ceil-
ing e�ect).

At the other end of the spectrum lies the insidious 
fall in lung function with age. Lung function declines 
with age but it does so in a variable fashion.58 Moreover, 
in a patient with an overlay of disease such as asthma or 
especially COPD, there is an acceleration of this fall with 
age.59–61 Surprisingly little is known about the variable 
e�ects of aging on the lung in the context of disease other 
than the resultant �xed loss of FEV1 that fails to respond 
to treatment.62 Interestingly, most studies report that ACO 
patients are older.

5.6 CONCLUSIONS

The pathophysiology of ACO patients is frequently 
characterized by a reduced FEV1 that fails to respond 
adequately to an acute treatment with short-acting bron-
chodilator agents. However, other patients with ACO do 
exhibit a significant BDR. In this chapter, we have devel-
oped the concept that FEV1 is a complex parameter that 
assesses the intersection of at least three synergistic pro-
cesses of obstruction: loss of elastic recoil, loss of lung 
volume, and fixed narrowing of airways due to structural 
changes (Figure 5.2). At least one study50 shows that ACO 
patients have a much reduced FEV1 compared to patients 
with either COPD or asthma alone. Airway-wall thicken-
ing probably best explains this finding, as several stud-
ies show that ACO patients have evidence of thickened 
airways on CT scans.53,63 Furthermore, ACO patients fre-
quently exhibit significant AHR. However, since there is 
a relative paucity of carefully conducted detailed assess-
ments of ACO patients, a clear picture of the pathophysi-
ology and pathogenesis is missing. Moreover, given the 
profound underutilization of lung function in general 
and simple spirometry in particular,64,65 this situation 
is unlikely to improve. Until this situation changes our 
diagnosis and understanding of the pathogenesis of ACO 
will remain incomplete.

Loss of 
elastic recoil

Obstruction

Airway
remodeling

ACO

Figure 5.2 A schematic Venn diagram to help appreciate 
the primary factors that in�uence the low FEV1 observed 
in patients with overlapping airway disease: static elas-
tic recoil such as seen in some asthmatics, patients with 
emphysema, or the elderly; airway remodeling, such as is 
observed in younger patients with previously untreated 
airway asthma or patients with occupational airway injury; 
and obstruction caused by secretions and mucus, such as 
in bronchitis or acute-status asthma. Patients with more 
than one derangement (as represented by the overlap-
ping areas) would be expected to have larger declines in 
FEV1. Moreover, those with structural abnormalities would 
be predicted not to reverse totally with therapy.
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CLINICAL VIGNETTE 6.1

A 52-year-old male patient had recurrent hospitalizations for exacerbations of COPD associated with wheezing. Home 
medications included inhaled short- and long-acting β2-agonist (LABA) combined with corticosteroid, inhaled short- and 
long-acting muscarinic receptor antagonist, antibiotics, and tapering oral corticosteroid as needed. Chest X-ray demon-
strated hyperinflation, and high resolution, thin-section lung CT was consistent with mild emphysema, predominantly in 
the upper lung fields. Expiratory spirometry was consistent with moderate to severe obstruction with significant response 
to inhaled albuterol. Static lung volumes were increased, and diffusing capacity was normal. Blood eosinophils were mildly 
elevated, and total IgE remained elevated consistent with Th2 eosinophilic asthma. Measurements of exhaled total airway 
and alveolar nitric oxide were normal. There was a childhood history of allergic asthma that persisted into adulthood and 
despite treatment, he continued to experience limited exercise ability. Social history was remarkable for smoking, which 
began at age 18 with a cumulative smoking history of 42 pack years. Serum alpha 1 antitrypsin level and Pi type were normal.

Many patients with a history of chronic cigarette smoking have persistent expiratory airflow obstruction despite 
partial reversibility with therapeutic intervention. Furthermore, approximately 15%–20% may have phenotypic clinical 
features of both asthma and chronic obstructive pulmonary disease (COPD).1,2 Subgroups of smoking-related COPD 
patients with preexisting and/or current asthma symptoms may have overlapping immune responses including eosino-
philia and T helper cell 2 (Th2) type inflammation. This epiphenomenon is called asthma-COPD overlap (ACO). In some 
cases, a history of asthma diagnosed before the age of 40 has clearly preceded the onset of cigarette smoking–related 
COPD. There may be variable expiratory airflow limitation and markers of Th2 eosinophilic inflammation noted initially. 
This includes increased blood and/or sputum eosinophils, increased serum total IgE, and hyperresponsive airways.1,2 
Subsequently, these asthmatics may develop a COPD phenotype, with relatively fixed expiratory airflow limitation, with 
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6.2  HISTORICAL OVERVIEW OF 
ASTHMA-COPD OVERLAP 
(ACO)

Orie and colleagues hypothesized during the First 
Bronchitis Symposium held in Groningen, Netherlands, in 
1961, that the various forms of airway obstruction—such 
as asthma, chronic bronchitis, and emphysema—should 
be considered as di�erent clinical and phenotypic expres-
sions of one common disease origin. Orie et al. named this 
entity chronic nonspeci�c lung disease (CNSLD).2,3 �ey 
proposed that multiple exogenous and endogenous fac-
tors, including atopy and hyperresponsiveness, in�uenced 
pathogenesis.3 Subsequently, at the �ird International 
Bronchitis Symposium in the Netherlands in 1969, Fletcher 
and Pride suggested the term “Dutch Hypothesis”4 to fur-
ther describe the original proposal of Orie and colleagues.3 
Alternatively, in 1991 Vermeire and Pride5 emphasized that 
despite common clinical and phenotypic features in COPD 
and asthma, the origins of these two obstructive lung dis-
orders were distinctly di�erent with respect to pathophysi-
ologic and in�ammatory mechanisms, and they coined the 
term “British Hypothesis,” which postulates that recurrent 
bronchial infections explained why some smokers devel-
oped progressive airway obstruction compared to smokers 
without recurrent infections.5 In 2006 Kra�6 and Barnes7 
debated the clinical and pathophysiologic similarities and 
di�erences of the Dutch Hypothesis6 versus the British 
Hypothesis7 with respect to asthma and COPD. Now, we 
also have to integrate and address the controversial issues of  
the asthma-COPD overlap.

More recently, Postma and colleagues8 provided an in-
depth analysis of the multiple endogenous and exogenous 
factors that in�uence the phenotypic homogeneity and 
heterogeneity in asthma versus COPD and the asthma-
COPD overlap (ACO), and others have addressed contro-
versial aspects of ACO in depth.9–26 We will further explore 
the genomics, pathophysiology, in�ammatory, diagnostic 
guidelines, and therapeutic dilemma in COPD patients 
with presumptive ACO and asthmatics with presump-
tive ACO. Clinicians should exclude any comorbid ill-
nesses that could obfuscate the ongoing saga of diagnosing 
ACO. ACO includes previously diagnosed and presumably 
treated asthmatics with signi�cantly reversible expiratory 
air�ow limitation. Subsequently, they may have smoked 
>10 pack years and developed COPD with only par-
tially reversible expiratory air�ow limitation. Alternatively, 

smoking-related COPD patients may have concurrent 
asthma phenotypes including elevated sputum and/or 
blood eosinophilia, increased blood IgE, and, in some cases, 
postinhaled albuterol and signi�cantly reversible expiratory 
air�ow limitation.

6.3  EOSINOPHILIC AND TYPE 2 
INFLAMMATION IN COPD

As we previously noted2: “genome wide association stud-
ies”27,28 suggest, at most, only a weak shared genetic compo-
nent to the asthma-COPD overlap (ACO). However, there 
is evidence that increased sputum and/or blood eosinophils 
and Type 2 in�ammation, typically associated with asthma, 
may identify therapeutic responders when present in COPD. 
�ese studies suggest that ACO is not limited to a clinical 
phenotype, as there potentially may be a COPD subgroup, 
or endotype, biologically similar to asthma as well. Saha et 
al.29 have emphasized that increased levels of sputum eosin-
ophils are found in 20%–40% of COPD patients. Treatment 
with oral30 and/or inhaled corticosteroid (ICS)31 has been 
noted to increase FEV1 (L), improve respiratory symptom 
scores, and reduce exacerbations in COPD.32 Increased 
blood eosinophils, as a surrogate of sputum eosinophils, 
are markers associated with improvements in exacerbation 
rates following add-on ICS to a LABA in secondary analy-
ses of two large randomized control trials (RCT).33 A phase 
2a RCT of benralizumab, the anti-IL-5 receptor monoclo-
nal antibody that depletes eosinophils, was recently stud-
ied in COPD patients with high sputum eosinophil counts. 
�e primary analysis did not show a di�erence in acute 
exacerbations.34

Type 2-associated proin�ammatory pathways have been 
studied less thoroughly in COPD, because of the di�culty 
of obtaining direct measurements of the Type 2 cytokines 
(IL-4, IL-5, and IL-13) in readily available biospecimens.2,35 
However, in a recent study, airway epithelial gene expres-
sion alterations were used to overcome this problem to iden-
tify Type 2-associated in�ammation in two separate COPD 
cohorts (n = 237, n = 171).35 �e investigators noted that Type 
2-associated gene expression alterations were elevated in a 
COPD subgroup, and also were associated with increased 
eosinophil levels, greater bronchodilator reversibility, and 
improvements in measurements of hyperin�ation.35 �is 
suggests Type 2-associated in�ammation, in addition to 
eosinophilic in�ammation, may play a clinical role in COPD 

eosinophilia and/or neutrophilia in their sputum and peripheral blood. Alternatively, in the absence of an initial diag-
nosis of asthma, cigarette smoking–related COPD may be diagnosed, with concomitant similar Th2 type eosinophilic 
phenotypic characteristics as usually seen in asthmatics. Recently ACO has been extensively reviewed elsewhere,1,2 and 
our present goal is to update the reader with respect to diagnosis, treatment, pathophysiology, genomics, and markers 
of inflammation in ACO. Other chapters in this book will also address these issues.
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pathophysiology in a subset of COPD patients. �e authors 
also found a signi�cant overlap of disease-associated air-
way epithelial gene expression alterations in asthma and a 
COPD subset.35 Furthermore, asthma-derived gene expres-
sion signatures of Type 2 in�ammation were associated with 
increased disease severity, eosinophil counts, and good ICS 
response in COPD.35 �ese data suggest that there is a clini-
cally relevant COPD subgroup characterized by asthma-
like gene expression alterations.35 Furthermore, Type 2 
related gene expression signatures may serve as biomarkers 
to predict which patients with COPD will bene�t from ICS 
or other Type 2 targeted treatment.35

Ghebre et al.36 used cluster analysis to identify similarities 
and di�erences between asthma and COPD. Severe asthma 
and moderate-to-severe COPD patients were examined using 
sputum cell counts and cytokine levels as predictor variables. 
�e patients were clustered into three distinct groups:

 ● Cluster 1: asthma-predominant with high Type 2 spu-
tum cytokines and eosinophilia

 ● Cluster 2: asthma-COPD overlap with high proin�am-
matory sputum cytokines IL-1ß, IL-8, IL-10, TNF-
alpha, and neutrophilia

 ● Cluster 3: COPD predominant with near equal sputum 
eosinophilia and neutrophilia, and increases in IL-6 and 
CCL2, 13, and 1736

�ey found evidence for ACO on a biological level, with 
the largest overlap among subjects in whom non-Type 2 or 
noneosinophilic driven in�ammation predominated. �ese 
�ndings may have been skewed by corticosteroid use in both 
asthma and COPD subjects, particularly the use of systemic 
corticosteroid in the asthma subject group. Nonetheless, 
their results suggest that there may be considerable overlap 
between asthma and COPD patients, and that this overlap 
may extend beyond eosinophilic and Type 2 in�amma-
tion.36 GOLD37 has now incorporated ACO clinical guide-
lines, and Barnes38 has suggested options for therapeutic 
intervention in ACO.

6.4  MECHANISM(S) FOR PERSISTENT 
EXPIRATORY AIRFLOW LIMITATION 
IN TREATED, NEVER SMOKED, 
CHRONIC ASTHMATICS

Until recently, structure-function studies have not speci�-
cally addressed the unique pathophysiologic mechanism(s) 
responsible for persistent expiratory air�ow limitation in 
nonsmoking, treated, chronic asthmatics who develop 
a COPD phenotype.1,2,39,40 �e sentinel study by Gold, 
Kaufman, and Nadel41 identi�ed the reversible loss of 
lung elastic recoil in acute asthma. Subsequently, it was 
also noted that the persistent loss of lung elastic recoil in 
stable nonsmoking moderate-to-severe asthmatics with 
chronic expiratory air�ow limitation occurred despite 

treatment.42 Furthermore, with exacerbations of asthma, 
there was a nearly parallel further shi� to the le� of the 
lung pressure-volume curve.42 �e unexpected superim-
posed loss of lung elastic recoil in nonsmoking asthmatics, 
contributes additionally to concurrent expiratory air�ow 
limitation due to peripheral airway intrinsic bronchocon-
strictive remodeling.1,2,39,40 It has been noted that treated, 
nonsmoking asthmatics with persistent expiratory air�ow 
limitation have loss of lung elastic recoil compared to age-
matched controls.1,2 Furthermore, as shown in Figure 6.1, 
the extent of loss of lung elastic recoil was similar as to 
the decrease of intrinsic airway conductance in reducing 
expiratory air�ow.1,2 An insigni�cant parenchymal atten-
uation of lung density was noted on high resolution, thin 
section lung CT using voxel quanti�cation.39,40 However, 
unsuspected microscopic lung tissue breakdown of alveo-
lar attachments surrounding the terminal bronchioles was 
noted predominantly in upper lung �elds. Mild centri-
lobular emphysema was present in formalin-in�ated lungs 
obtained at autopsy in each of four severe asthma cases, 
despite normal di�using capacity and near normal lung 
CT.39,40 Furthermore, lung tissue breakdown as noted in 
Figure 6.2 was not consistent with senile emphysema as 
originally described.43

�ere were also concurrent microscopic �ndings of 
typical asthma changes in both large and small airways, 
including mucosal goblet cell metaplasia, thickening of 
both the basement membrane (BM) and airway smooth 
muscle layers.39,40 �ese sentinel pathophysiologic �nd-
ings extend earlier novel pathologic observations by �ais 
Mauad et al.44 who described localized periterminal bron-
chiolar emphysema with breakdown of alveolar attach-
ments in autopsied fatal asthmatics without lung function 

Figure 6.1 This demonstrates that there is a marked 
reduction in maximal expiratory air�ow (VmaxE). 
Furthermore, the reduction in lung elastic recoil pres-
sure [Pst(l)] is similar as to the reduction in intrinsic airway 
conductance (Gus). (Permission to reproduce this diagram 
we previously published will be obtained from Gelb, A., 
J Allergy Clin Immunol., 133, 263–265, 2014.)
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studies.44 �e in�ammatory lung response described 
in these same subjects included increased eosinophils, 
mast cells and neutrophils in the peribronchiolar paren-
chyma.45,46 �e outer wall of small membranous bronchi-
oles was the main site of these in�ammatory changes.46 
Recently, Senhorini et al.47 reported that younger adult 
fatal asthmatics had thicker BMs, smooth muscle, and 
outer wall areas, in both small and large airways, com-
pared to both COPD and older asthmatic patients. In older 
asthmatics, there was an overlap in BM thickness and air-
way structure in small airways. �e inner wall layer in 
large and small airways and submucosal gland areas were 
similar among groups. Older fatal asthmatics had overlap-
ping airway structural features with younger adult fatal 
asthmatics and severe COPD patients.47

6.5  MECHANISM(S) RESPONSIBLE 
FOR THE INFLAMMATORY AND 
PROTEOLYTIC LUNG TISSUE 
BREAKDOWN IN CHRONIC 
NONSMOKING ASTHMATICS

�e original description of emphysema by Leopold and 
Gough suggested that the terminal bronchioles were the 
nascent sites of lung tissue breakdown that led to centri-
lobular emphysema.1,2,39,40,48 �erefore, recurrent asthma 
attacks may produce bronchiolar in�ammation with acti-
vation of a predominantly Type 2 associated proin�amma-
tory pathway and subsequent proteolytic cascade leading 

Figure 6.2 Labeled Fig 3 (a–f) (H&E stain) reproduced with permission (when obtained) from Chest.40 Note emphysema 
observed at autopsy in Fig 3a,b and Fig 3c and d in 2 never smoked asthmatics with moderate to severe asthma with 
persistent expiratory air�ow limitation despite treatment. There was measured loss of lung elastic recoil, normal diffusing 
capacity, and lung CT showed normal or mild emphysema. There was not only disorganization and unevenly distributed 
enlarged airspaces, but also disrupted alveolar septa even visible at this magni�cation as previously reported.40 In these 
cases Alcian blue/PAS stain showed mucin in terminal bronchioles (TB) with plugging and the plugs contained 70% 
recruited neutrophils. Fig 3e is control Case in 82-year-old asthmatic woman with reversible expiratory air�ow limitation 
with treatment. Microscopic morphometry was consistent with “senile lung” with nearly homogenous acinar hyperin�a-
tion and alveolar ductal ectasia but without unevenly distributed airspace enlargement, septal disruption, with no free 
septal fragments detached from the surrounding structures.40 Fig 3f is a 71-year-old male with normal lung function. 
TB =  terminal bronchiole, BV = blood vessel, RB = respiratory bronchiole, AD = alveolar duct. Scale bar in Fig 3a,c,e,f 
is 1000 µm and in Fig 3b,d 150 µm.
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to lung tissue destruction.1,2,39,40 �is process may be medi-
ated by an autocrine pro-in�ammatory, perhaps epidermal 
growth factor receptor (EGFR)-initiated, signaling cascade 
stimulated by inhaled invaders in epithelial cells.1,2,39,40,49 
Subsequently, protective mucociliary responses occur in 
the airway epithelium via interleukin IL-17 and IL-18, 
which activate IL-8 to induce mucin production and 
neutrophil recruitment, especially in mild-to-moderate 
asthma.1,2,39,40,49 Moreover, proteases, such as neutrophil 
elastase and cathepsin G, and membrane metalloprote-
ases, activated eosinophils, macrophages, and mast cells, 
may all induce mucin production via proteolytic activation 
of the EGFR ligand-initiated signaling cascade.1,2,39,40,49 In 
addition, neutrophil elastase and cathepsin G are potent 
secretagogues for submucosal gland epithelial cells.1,2,39,40,47 
�is observation is likely relevant in those mild-to-moder-
ate treated chronic asthmatics who have noneosinophilic 
and predominantly neutrophilic in�ammation,50 resulting 
in excessive neutrophil elastase secretion in lung tissue. 
Together with activated matrix metalloproteinases, this 
proteolytic cascade has the potential to cleave and disrupt 
the normal connective tissue integrity of the attachments 
linking the lung parenchyma to adjacent terminal bronchi-
oles (centrilobular emphysema), resulting in the potential 
loss of anatomic and physiologic interdependence.1,2,39,40

6.6  SEVERITY AND TREATMENT 
RESPONSE AS A PHENOTYPIC 
CHARACTERISTIC OF ACO

�e identi�cation and treatment of ACO patients has been 
recently addressed in a joint publication issued by mem-
bers of the GINA and GOLD guidelines.37 �is document 
emphasizes that a number of studies have reported ACO 
is associated with more frequent respiratory exacerbations 
and hospitalizations compared to COPD patients without 
ACO.8–25 Moreover, this in-depth combined GINA/GOLD 
guideline review,37 as well as other published guidelines for 
treatment of ACO,26,38 recognize the con�icting data on 
how to diagnose, manage, and treat these varying obstruc-
tive lung phenotypes. A signi�cant limitation is that most 
of the ACO studies to date8–25 are cross-sectional and lack a 
randomized controlled therapeutic intervention design. It is 
reasonable to speculate that ACO patients would most likely 
bene�t from directed therapies, such as combination ther-
apy with ICS, LABA, and a long-acting muscarinic antago-
nist (LAMA), with or without intermittent short courses of 
oral corticosteroids as needed. However, it is clear that these 
patients may not be easily identi�ed by clinical characteris-
tics alone.37 �e complexity of ACO will likely require more 
speci�c therapies that may target ACO-relevant in�amma-
tory pathways or a proteolytic cascade with a goal of pre-
venting irreversible structural changes.8–26,38 Such therapies 
may be relevant to eosinophilic and Type 2 in�ammation, 
including monoclonal antibodies against interleukin IL-5, 

IL-13, IL-33, and TSLP, and the prostaglandin D2 receptor 
on �2 cells, CRTH2.38 In addition, antineutrophil inter-
ventions may be more relevant to ACO than asthma given 
the role of neutrophilic in�ammation in COPD including 
macrolides, CXCR2 antagonists, PDE-4 inhibitors, p38 
MAP kinase inhibitors, and antibodies against IL-1 and 
IL-17.38 However, these therapies, which have potential 
mechanistic bene�ts in ACO, will require further research 
to con�rm their relevance.

�e clinical di�erentiation between ACO, asthma, and 
COPD phenotypes/endotypes emphasizes the need for a 
precision medicine strategy speci�c for chronic obstructive 
airway diseases.19 In this setting, phenotypes can be used 
for hypothesis generation and probabilistic prediction of 
treatment outcomes, whereas endotypes are the result of 
hypothesis testing, being more suitable for correctly select-
ing treatment choices.19 In the postgenomic era, human 
diseases will require reclassi�cation beginning with well-
de�ned causal molecular pathways (i.e., endotypes) that 
correlate with the disease phenotype.19 �e therapy of the 
ACO patient will thus be based on the presence of clinical 
characteristics that are not mutually exclusive from other 
chronic obstructive lung diseases.19

6.7 CONCLUSION

A subset of smoking-related COPD patients with hyper-
responsive airways with and without a history of asthma 
has been identi�ed and referred to as ACO. Eosinophilic, 
Type 2, and neutrophilic immune responses may all poten-
tially play a role in the overlap between asthma and COPD. 
�erapeutic intervention for ACO should re�ect the asthma 
paradigm. However, how to best characterize this subgroup 
of obstructive lung disease patients to maximize therapeu-
tic bene�t is still unclear. Furthermore, the mechanism(s) 
responsible for expiratory air�ow limitation in nonsmok-
ing, moderate-to-severe asthmatics with persistent expira-
tory air�ow limitation who develop a COPD phenotype is 
similar to ACO in smokers. Despite normal di�using capac-
ity and near normal lung CT, microscopic mild emphysema 
has been noted in lungs obtained at autopsy.1,2,39,40 �erefore, 
it is probable that a proin�ammatory pathway and proteo-
lytic cascade are key contributors leading to lung tissue 
breakdown and unsuspected autopsy proven centrilobular 
emphysema in these patients. Further investigation into the 
pathophysiologic and in�ammatory mechanisms in ACO 
are required to understand the transition from asthma to 
COPD in smokers and in nonsmokers.
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CLINICAL VIGNETTE 7.1: POOR RESPIRATORY SYMPTOM CONTROL IN A HEAVY 
CIGARETTE SMOKER

A 42-year-old male was referred by his primary care physician to a hospital respiratory clinic because of increased 
symptoms of wheezing and dyspnea. The patient had previously received short courses of broad-spectrum antibiotics 
and oral corticosteroids, which had only partially resolved his symptoms. His current drug treatment was an inhaled 
corticosteroid (400 mcg, once daily) in combination with a long-acting β  2-agonist and an inhaled short-acting β 2-agonist 
(taken as required). The patient had a more than 25-year history of episodic wheezing. His respiratory symptoms were 
not precipitated by exposure to allergens and there was no seasonal variability in his symptoms. Furthermore, the 
patient gave a 10-year history of a chronic cough associated with daily expectoration of mucoid sputum. He had been 
smoking for approximately 20 years, currently around 15 cigarettes per day. His occupation was a shopkeeper. There 
was no family history of asthma. Both of his parents were lifelong cigarette smokers, and his wife was also a smoker. On 
examination of the chest, there was mild bilateral wheeze.
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Pulmonary function before and a�er treatment with an 
inhaled short-acting β2-agonist.

�e patient’s chest X-ray appeared normal. Peak expiratory 
�ow (PEF) readings, taken twice daily, were performed over a 
2-week period and showed an average variability of 16%.

Questions

 ⚫ Does the patient have asthma, COPD, or overlap?
 ⚫ Can exposure to active and passive tobacco smoke cause 

the development of chronic airway disease?
 ⚫ What are the prevalence rates for active and passive 

tobacco smoke exposure in chronic airway disease?
 ⚫ Are clinical outcomes worse in smokers with asthma?
 ⚫ Do clinical outcomes di�er in current and former 

smokers with COPD?
 ⚫ Does exposure to passive smoke worsen clinical out-

comes in asthma and COPD?
 ⚫ Does smoking status or exposure to passive smoke 

in�uence clinical outcomes in overlap syndrome?

7.1 INTRODUCTION

Worldwide, more than 1 billion people are estimated to use 
tobacco products, mainly through smoking cigarettes. In 
2014 the prevalence of current cigarette smoking among 
the general population in the United States and United 
Kingdom was 16.8% and 19% respectively.1 Adults living 
in low-income and middle-income countries have high 
prevalence rates for cigarette smoking and account for more 
than three-quarters of all smokers worldwide. In the United 
States, exposure to passive smoke has reduced by half since 
2000.2 Nevertheless, approximately 25% of nonsmokers are 
exposed to passive smoke on a regular basis, with higher 
exposure levels in children, non-Hispanic blacks, and 
 people living in poverty.2 Homes and workplaces are the 
main locations for passive-smoke exposure.3

Active and passive cigarette smoke exposure cause an enor-
mous burden of disease, including cancer, cardiovascular dis-
orders, and respiratory disease.3,4 In most developed countries, 

around half the adult asthmatic population and most people 
with COPD are current or former cigarette smokers, and a 
quarter of children and adults with asthma are exposed to 
passive smoke. Higher rate of active smoking and exposure 
to passive smoke are found in developing countries. Exposure 
to active and passive smoking has a major adverse impact on the 
health of people with asthma and COPD. In this chapter, the 
following topics are reviewed: the evidence that active smok-
ing and exposure to passive smoke contribute to the develop-
ment of asthma, COPD, and overlap; prevalence rates for active 
and passive tobacco smoke exposure in asthma, COPD, and 
overlap; and the e�ects of active and passive tobacco smoke 
exposure on clinical outcomes and in�ammatory variables in 
people with asthma and COPD.

7.2 ACTIVE SMOKING AND ASTHMA

7.2.1  DEVELOPMENT OF ASTHMA IN 
ACTIVE SMOKERS

In the 2014 U.S. Surgeon General Report on the Health 
Consequences of Smoking, the overall evidence is consid-
ered suggestive, but not su�cient to infer a causal relationship 
between active cigarette smoking and the incidence of asthma 
in adolescents and adults.4 �e U.S. Black Women’s Health 
Study recently reported that a history of current or former 
smoking increased the risk of asthma by around 40%, and the 
increased risk was associated with a higher pack-year history.5

7.2.2  PREVALENCE OF CIGARETTE 
SMOKING IN ASTHMA

�e World Health Survey of smoking rates among people 
with asthma in di�erent countries found that more than 
23% were current smokers, with smoking rates ranging from 
13% to 35%.6 In many countries, the proportion of cigarette 
smokers in people with asthma is similar to rates in the 
general population.6 In the United States, however, a higher 
proportion of people with asthma smoke (21%) compared to 
the general population (16.8%).1 �e U.S. National Survey 
on Drug Use and Health between 2005 and 2013 found no 
decline in cigarette smoking among people with asthma.7 
In contrast, the European Community Respiratory Health 
Survey (ECRHS) II reported that cigarette smoking was 
less frequent in people with asthma (26%) than in the gen-
eral population (31%).8 �e prevalence of cigarette smok-
ing di�ers in certain subgroups of asthma, with increased 
rates among people visiting emergency rooms with exacer-
bations of asthma in the United States9 and with reduced 
rates in people with severe disease.10 In Australia, women 
with asthma during pregnancy are more likely to smoke 
(34%) than those without asthma (15%).11 Former smokers 
account for 25%–43% of the adult asthmatic population.8–12 
In summary, approximately half the population of adults 
with asthma living in developed countries are either cur-
rent or former cigarette smokers.

Predicted Measured
Measurements after 

short-acting β  2-agonist

– – – Measured Percent 
change

Forced 
expiratory 
volume in 
1 second 
(FEV1) (L)

3.8 2.2 2.6 18%

Forced vital 
capacity 
(FVC) (L)

4.4 4.2 4.3 –

FEV1/FVC 
ratio

86% 52% 60% –
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7.2.3  CLINICAL OUTCOMES AND 
INFLAMMATORY VARIABLES IN 
CURRENT AND FORMER SMOKERS 
WITH ASTHMA

Current smoking in asthma is associated with a 
wide range of adverse health outcomes13,14 (Table 7.1, 
Figure 7.1). Differences between people in factors associ-
ated with asthma—such as phenotype, severity, and drug 
treatment—and factors associated with cigarette smok-
ing—such as intensity, duration, and pack-year history—
may explain some of the discrepancies in the findings 
between studies investigating the effects of smoking sta-
tus on clinical outcomes and inf lammatory variables in 
asthma.

7.2.3.1  Current symptom control and 
quality of life

Surveys of people with asthma, including those with severe 
forms of the disease or during pregnancy, demonstrate 
that current smoking is an important risk factor for poor 
symptom control.10,12–15 In some studies, smokers with 
asthma have worse levels of asthma-speci�c quality of 
life,16 although other surveys report similar levels of health 
status.8

7.2.3.2 Chronic mucus hypersecretion

Chronic mucus hypersecretion occurs more frequently in 
smokers with asthma than nonsmokers with asthma8,10–17), 
particularly in severe disease, and is associated with worse 
current symptom control.18 Computed tomography (CT) 
large airway luminal area is reduced in smokers with severe 
asthma who gave a history of chronic mucus hypersecre-
tion,18 possibly due to mucus accumulation in the large air-
ways and to structural changes to airway luminal size.

7.2.3.3  Exacerbations and health 
care utilization

�e 2014 U.S. Surgeon General’s Report considered the evi-
dence su�cient to infer a causal relationship between active 
cigarette smoking and exacerbations in adults with asthma.4 
Current smoking is a risk factor for severe exacerbations 
during pregnancy11 and in severe asthma.10 In some studies, 
cigarette smoking is associated with a greater risk of hospi-
talization for asthma,16 more visits to the emergency room 
for asthma,19 and increased numbers of life-threatening 
asthma attacks. In contrast to these results, the Copenhagen 
General Population Study found the risk of exacerbations 
was similar between never smokers, former smokers, and 
current smokers with asthma.12

Table 7.1 Summary of the reported effects of smoking status on clinical outcomes in asthma*

Clinical outcome

Asthma

Current smoker compared with 
never smoker

Former smoker compared with 
never smoker

Respiratory symptoms associated with 
asthma

Increased Increased or similar

Asthma quality of life Decreased or similar Decreased or similar

Chronic mucus hypersecretion Increased Similar

Exacerbations Increased or similar Similar

Health care utilization Increased Increased or similar

Therapeutic response to inhaled 
corticosteroids

• Short- to medium-term treatment
• Long-term treatment

Decreased
Decreased or similar

Decreased or similar
Similar

Lung function

• Proportion with FEV1/FVC < 0.7
• Increased decline in FEV1

• Small airway dysfunction
• Bronchial challenge

– AMP
− Methacholine

Increased
Increased or similar
Increased

Increased or similar
Similar

Increased
-
-
-
-

Smoking-related comorbidities Increased Similar

All-cause mortality Increased Similar

* Note: Refer to the main text for information on the published studies used to summarize the effects of smoking status on clinical out-

comes in asthma.
Abbreviation and symbol: AMP, adenosine 5’-monophosphate; -, not known
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7.2.3.4 Corticosteroid insensitivity

Cigarette smokers with mild to moderate asthma are less 
sensitive to the short- and medium-term bene�cial e�ects 
of inhaled corticosteroids on symptoms and lung function 
compared to nonsmokers with asthma.13,20,21 Smokers with 
chronic stable asthma are also less sensitive to short-term 
oral corticosteroid therapy22 and have an impaired cuta-
neous vasoconstrictor response to topical corticosteroids. 
Whether the long-term therapeutic e�ects of inhaled cor-
ticosteroids are impaired in smokers with asthma is less 
certain.23 In the Gaining Optimal Asthma Control (GOAL) 
trial, which compared the e�cacy of inhaled �uticasone 
alone or combined with inhaled salmeterol over 1 year, 
asthma exacerbation rates were increased in smokers with 
asthma receiving inhaled �uticasone compared to never-
smokers.24 �e e�ect of inhaled corticosteroids on the rate 
of decline in lung function is impaired in heavy smokers 
with asthma,25 but not in lighter smokers.25 In an observa-
tional study, the decline in lung function in smokers with 
asthma was lower for those who were receiving inhaled 
corticosteroids (31 mL/year) compared to for those who 
were not (58 mL/year).26 In support of these �ndings, the 

bene�ts of therapy with inhaled budesonide on preventing 
lung function decline are similar in light smokers and non-
smokers with mild persistent asthma.27 Taken together, the 
results of clinical studies in smokers with chronic asthma 
suggest that most individuals are less sensitive to short and 
medium treatment with inhaled corticosteroids compared 
to nonsmokers with asthma, but that a small proportion 
of smokers may respond adequately to this treatment and 
that long-term treatment may have bene�cial e�ects. �us, 
inhaled corticosteroids should be prescribed to symptom-
atic smokers with asthma, because of potential short-term 
and long-term bene�ts.

7.2.3.5 Lung function

Smoking a cigarette causes acute bronchoconstriction in 
smokers with asthma, particularly in those with reduced 
baseline spirometry.28 Lung function tests, such as FEV1/
FVC ratio and FEV1, are o�en reduced in smokers with 
asthma compared with never-smokers with asthma.10,12,29 
Several longitudinal population-based studies report 
accelerated decline in lung function in adult smokers with 
asthma,17,30,31 although other studies report a similar decline 

Chronic respiratory symptoms
FEV1/FVC ratio >0.7

Asthma
(childhood-onset and

adult-onset)
Current of former
cigarette smoker

?
No history of

asthma

Chronic respiratory
symptoms and
exacerbation#

Poor clinical
outcomes*

Chronic respiratory symptoms
FEV1/FVC ratio <0.7

Adult onset
asthma

Childhood-onset
asthma

COPD (no history
of asthma)

Never
smoker

Asthma-COPD Overlap subtypes
Overlap of asthma and smoking-induced

airway disease without obstruction

Additional risk factors associated with the development of chronic airway disease in adulthood
•   Adverse effects of early life events on lung structure
•   Environmental exposures in childhood, e.g., second-hand smoke and in adulthood, e.g., occupational agents or biomass fuels
•   Genotype
•   Atopic status
•   Drug treatment

Figure 7.1 Effects of smoking status, history of asthma and age of onset of asthma as well as other risk factors on poten-
tial pathways leading to the development in adulthood of chronic respiratory symptoms associated with or without spiro-
metric evidence of chronic air�ow obstruction (FEV1/FVC ratio <0.7).
* Compared to never-smokers with asthma
# Compared to healthy never smokers
? A history of active cigarette smoking in adulthood may not be associated with lower FEV1/FVC ratios in people with childhood-onset 

persistent asthma. (From Hancox RJ., Am J Resp Crit Care Med., 94, 276–284, 2016.)
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in FEV1 in asthma irrespective of smoking status.8 A greater 
proportion of smokers with asthma develop persistent air-
�ow obstruction. Tests of small airway function are reduced 
in asthmatic smokers.29 Air trapping induced by the indi-
rect bronchial challenge adenosine 5'-monophosphate 
(AMP) is increased in smokers with asthma, whereas the 
response to a direct challenge with methacholine is similar 
to nonsmokers with asthma.32

7.2.3.6 Comorbidities

Comorbidities occur frequently in people with asthma who 
smoke, with higher rates of cardiovascular disease, pneu-
monia, and lung cancer compared to never-smokers without 
asthma.12 Cigarette smoking in the general population is a 
risk factor for diseases that can impact the health of smok-
ers with asthma, such as anxiety and depression, chronic 
rhinitis, and osteoporosis. �e U.S. National Health and 
Nutrition Examination Survey Epidemiologic Follow-Up 
Study (NHEFS) reported an increased risk of respiratory 
mortality and all-cause mortality in asthma that may be 
explained by the confounding e�ect of cigarette smoking.33

7.2.3.7  Clinical outcomes in former smokers 
with asthma

�ere is limited published information on clinical out-
comes in former smokers with asthma compared with 
never-smokers or current smokers with asthma (Table 7.1). 
In U.K. general practice, former smokers with mild asthma 
receiving inhaled corticosteroids have worse symptom 
control than nonsmokers with asthma and better control 
than current smokers with asthma.15 A Canadian general 
population survey of patients with asthma34 and data from 
the British �oracic Society (BTS) severe asthma registry,10 
both found better symptom control in former smokers 
compared to current smokers. In contrast, the Copenhagen 
General Population Study found that among individuals 
with asthma (2304 never-smokers, 2467 former smokers, 
and 920 current smokers), the frequency of any respiratory 
symptom was similar between groups.12 In some studies, 
former smokers with asthma have worse asthma-speci�c 
quality of life scores than never-smokers with asthma,16 
whereas in the BTS severe asthma registry asthmatics, 
quality of life was similar in former and never-smokers.10 
�e prevalence of chronic mucus hypersecretion is similar 
in former smokers and never-smokers with asthma (42%) 
and higher in current smokers with asthma (52%).8 �e fre-
quency of severe exacerbations is similar in former smokers 
with asthma and current smokers with asthma during preg-
nancy.11 In people with asthma recruited to the Copenhagen 
General Population Study, air�ow obstruction (FEV1/FVC < 
70%) was less frequent in never-smokers (23%) than former 
smokers (38%) or current smokers (47%).12 In the BTS severe 
asthma registry population, a range of clinical outcomes in 

former smokers with severe asthma were similar to never-
smokers with severe asthma, except for anxiety and depres-
sion scale scores, which were higher in former smokers.10 A 
study in Finland reported an increased risk of emergency 
room visits for former smokers with asthma,19 whereas a 
prospective U.S. study found that the risk of hospitalization 
for asthma and emergency room visits in former smokers 
with asthma was similar to never-smokers with asthma.16 
Rates of cardiovascular disease, pneumonia, lung cancer, 
and all-cause mortality in former smokers with asthma 
are similar to never-smokers and current smokers with 
asthma.12 Although some published information is con�ict-
ing, taken together, the �ndings suggest that clinical out-
comes in former smokers with asthma are either similar or 
worse than never-smokers with asthma and generally better 
than current smokers with asthma.

7.2.3.8 Phenotypes

Cluster analysis has been used to identify phenotypes of 
asthma associated with cigarette smoking. A cluster anal-
ysis performed in two South Korean cohorts of patients 
with asthma that included current smokers, identi�ed four 
asthma subtypes, one of which was termed a “smoking 
asthma” group. �e smoker cluster was the smallest group, 
subjects were predominately male, one third where atopic, 
and they had well-preserved FEV1.35

7.2.3.9 Inflammatory variables

Active cigarette smoking in asthma can in�uence in�am-
matory variables (Table 7.2). �ere is limited information 
on whether smoking-induced airway in�ammation persists 
a�er smoking cessation.

7.2.3.9.1 TOTAL AND SPECIFIC IgE

In the BTS severe asthma cohort(10) and the Copenhagen 
General Population Study of asthma,12 total IgE concen-
trations are not altered by smoking status, although total 
IgE concentrations are increased in asthma compared 
with never-smokers without asthma.12 Specific IgE sen-
sitization to some common environmental allergens is 
reduced in current smokers and former smokers with 
severe asthma compared to never-smokers with severe 
asthma.10

7.2.3.9.2 BLOOD EOSINOPHILS

In the Copenhagen General Population Study, never, for-
mer, and current smokers with asthma had similar blood 
eosinophil count concentrations, although levels were 
increased in asthma compared with never smokers with-
out asthma.12 In a U.K. general practice study of people 
with asthma, the likelihood of a blood eosinophil count 
greater than 400 cells per microliter was lower in cur-
rent smokers and former smokers with asthma compared 
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to nonsmokers with asthma.36 In the BTS severe asthma 
cohort, blood eosinophil counts were similar in former 
and current smokers compared to never-smokers with 
severe asthma,10 whereas blood eosinophils were reduced 
in a study of former and current smokers with mild to 
moderate asthma.23

7.2.3.9.3 EXHALED NITRIC OXIDE

Exhaled nitic oxide concentration is lowered by cigarette 
smoking.37 In the BTS severe asthma cohort, exhaled nitic 
oxide concentration is reduced in current smokers and sim-
ilar in former and never-smokers.10

7.2.3.9.4 SYSTEMIC INFLAMMATORY BIOMARKERS

Among individuals with asthma, former and current smok-
ers have higher levels of in�ammatory biomarkers, includ-
ing C-reactive protein, �brinogen, whole blood leukocyte 
count, and whole blood neutrophils compared to never-
smokers without asthma.12 Serum periostin concentrations 
are reduced in smokers with asthma compared to never-
smokers with asthma, are weakly associated sputum eosin-
ophil count in smokers with asthma and are not in�uenced 
by disease severity or atopic status.38

7.2.3.9.5  AIRWAY INFLAMMATION AND 
REMODELING

In several studies of smokers with asthma, sputum air-
way in�ammation is o�en noneosinophilic associated 
with neutrophilic or paucigranulocytic in�ammation.13,14 
In contrast, a recent Belgian study found that proportion 

of sputum in�ammatory phenotypes was similar between 
nonsmokers, former smokers, and current smokers with 
asthma,39 and that eosinophilic in�ammation occurred in 
approximately one third of the current smoker group. In 
the BTS severe asthma cohort, sputum eosinophil count 
was reduced in current smokers and similar in former and 
never-smokers.10 Smoking cessation in asthma is associ-
ated with a reduction in sputum neutrophils.40 Bronchial 
biopsy studies in smokers with asthma compared to never-
smokers with asthma have reported reduced eosinophil 
numbers, increased submucosal mast cell numbers,41 and 
increased CD8+ T lymphocytes.42 In the bronchial epithe-
lium of smokers with asthma, there are increased goblet cell 
numbers, more proliferation, and greater thickness of the 
epithelium.41 Bronchial biopsy airway smooth muscle mass, 
basement membrane thickness, and submucosal gland area 
are similar.41,43 Quantitative computed tomography (CT) 
measures of segmental airway wall thickness are similar in 
smokers and never-smokers with asthma in those with mild 
to severe disease.29

7.3 ACTIVE SMOKING AND COPD

7.3.1 DEVELOPMENT OF COPD

Cigarette smoking is the major risk factor for the develop-
ment of COPD in both men and women in the United States 
and other developed countries.4 �e prevalence of COPD in 
women has increased in the last few decades, and although 

Table 7.2 Summary of the reported effects of smoking status on in�ammatory variables in asthma*

Inflammatory variable

Asthma

Current smoker compared with 
never smoker

Former smoker compared with 
never smoker

Total IgE Similar Similar
Speci�c IgE Decreased Decreased
Blood eosinophils Decreased or similar Decreased or similar
Exhaled nitric oxide Decreased or similar Similar
Airway in�ammation and remodeling

• Sputum eosinophils
• Sputum neutrophils

Bronchial biopsy changes:
• Eosinophils
• Neutrophils
• Mast cells
• CD8+ T lymphocytes
• Bronchial epithelial changes: 

increased goblet cells, proliferation, 
thickness

Decreased or similar
Increased or decreased or 
similar

Decreased
Decreased
Increased
Increased
Increased

Decreased or similar
Increased or similar

Decreased
Similar
Similar
-
Similar

* Note: Refer to the main text for information on the published studies used to summarize the effects of smoking status on clinical out-

comes in asthma.
Symbol: -, not known
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the intensity of cigarette smoking is lower than among men, 
women are considered more susceptible to the development 
of smoking-related COPD. Not all cigarette smokers develop 
COPD, in part due to di�erences in genetic and gender sus-
ceptibility, and to environmental exposures.44 Exposure to 
other types of tobacco, such as pipe and cigar smoking are 
also associated with an increased risk of developing COPD.44 
Greater than 20% of cases of COPD are not attributable to 
cigarette smoking.45 COPD in nonsmokers develops due to 
exposure to environmental factors, such as burning biomass 
fuels in developing countries, occupational agents, and air 
pollution, as well as impaired lung growth in childhood, pov-
erty, and asthma.44,45 In the Copenhagen General Population 
Study, the majority of symptomatic never-smokers with 
COPD did not have self-reported asthma, suggesting that 
air�ow limitation was caused by risk factors other than 
asthma.46 Cigarette smoking is one of the strongest risk fac-
tors for the development of chronic mucus hypersecretion in 
individuals with and without air�ow limitation.47

7.3.2  PREVALENCE OF CIGARETTE 
SMOKING IN COPD

�irty to ��y percent of people with smoking-related 
COPD are current smokers and the remainder are for-
mer smokers.48,49 In the U.S. COPDGene study, GOLD D 
patients (high risk, more symptoms) have a lower propor-
tion of current smokers, approximately 30%, than COPD 
A patients (low risk, less symptoms), approximately 50%.49 
Prevalence rates for current smoking are higher in COPD 
than in asthma or in the general population.

7.3.3  CLINICAL OUTCOMES AND 
INFLAMMATORY VARIABLES

Clinical outcomes in smoking-related COPD are usually 
described in populations made up of current smokers 
and former smokers that exclude people with less than 10 
pack years and who have a high total exposure to tobacco 
smoke, usually greater than 40 pack years.48,49 �ere is 
limited information on the similarities and di�erences in 
clinical outcomes and in�ammatory variables in former 
smokers with COPD compared with current smokers with 
COPD.

7.3.3.1  Current smokers and former 
smokers with COPD

Clinical features experienced by people with smoking-
related COPD include progressive dyspnea, chronic mucus 
hypersecretion, and impaired health status, and these indi-
viduals are at increased risk of exacerbations, accelerated 
decline in lung function, and adverse health e�ects asso-
ciated with comorbidities.44 Female smokers with severe 
COPD have more hospital admissions, a higher COPD 
associated mortality, and more small-airway disease and 
less emphysema than men. In the Evaluation of COPD 

Longitudinally to Identify Predictive Surrogate End-points 
(ECLIPSE) study, continuous smoking was a risk factor for 
excessive decline in FEV1 (21 mL/year), as was the presence 
of CT-de�ned emphysema.50 Tobacco smoking is a common 
risk factor for some comorbidities associated with COPD, 
such as cardiovascular disease, osteoporosis, and lung can-
cer.44–51 Chronic mucus hypersecretion in COPD is asso-
ciated with continued or resumed cigarette smoking and 
worse clinical outcomes.52

In the Subpopulations and Intermediate Outcome 
Measures in COPD Study (SPIROMIC) population, cur-
rent and former smokers without spirometric evidence of 
COPD, o�en have chronic respiratory symptoms and exac-
erbations.53 Symptomatic current and former smokers, 
irrespective of a history of asthma, have greater CT air-
way wall thickening without emphysema compared with 
asymptomatic individuals.53 In the COPDGene cohort, 
smokers without spirometric COPD had more respiratory 
symptoms, worse overall health status, exercise limitation, 
and greater CT airway wall thickening or emphysema than 
never-smokers.54 �ese two studies suggest that symptom-
atic smoking-induced airway disease occurs frequently in 
people without spirometric evidence of COPD (Figure 7.1). 
Future research needs to establish the mechanisms of dis-
ease in these individuals, what proportion have undiag-
nosed asthma, and how best to manage these individuals 
beyond smoking cessation.

A wide range of di�erent in�ammatory biomarkers have 
been measured in smoking-related COPD,55 and, of these, 
plasma �brinogen is identi�ed as a potential marker of 
all-cause mortality and of increased risk of cardiovascu-
lar disease and exacerbations. Blood eosinophil count is a 
potential marker of corticosteroid responsiveness in pre-
venting and treating exacerbations. Detailed overviews of 
in�ammatory variable in smoking-related COPD have been 
published.44,55,56

7.3.3.2 Former smokers with COPD

Former smokers with COPD compared with current 
smokers with COPD are less likely to have symptoms of 
chronic bronchitis (13% versus 32% respectively), and 
all-cause mortality is lower, whereas the risk of hospital 
admission due to COPD, pneumonia, and lung cancer, 
as well as cardiovascular comorbidities, are similar57 
(Table 7.3). The rate of change in FEV1 varies consider-
ably among people with COPD, with increased rates of 
decline among current smokers compared to former 
smokers for all GOLD stages.50–58 Cumulative exposure 
to tobacco smoke (pack-year history) does not inf luence 
future decline.50

Smokers with COPD who stop smoking experience 
improvements in respiratory symptoms such as dyspnea, 
wheeze, and chronic mucus hypersecretion, with the greatest 
decrease occurring in the �rst year of smoking cessation.58–60 
A�er smoking cessation, there is a modest initial increase in 
FEV1, and persistent smoking abstinence is associated with the 
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largest bene�t in lung function. CT measures of emphysema 
and air trapping are higher in former smokers than in current 
smokers with COPD with varying degrees of disease severity.61

In�ammatory biomarker levels of C-reactive protein, 
�brinogen, and leucocyte count are similar in former smok-
ers and current smokers with COPD.57 Smoking cessation 
is the only proven intervention that reduces the pathogenic 
processes leading to COPD.4 Based on limited published 
data, airway in�ammation in bronchial biopsies appears to 
persist in former smokers with COPD, except for a reduc-
tion in goblet cell hyperplasia and in�ammatory biomarker 
levels in bronchoalveolar lavage and blood are reduced a�er 
smoking cessation.58–62

7.4  ACTIVE SMOKING AND THE 
OVERLAP SYNDROME

7.4.1  DEVELOPMENT OF THE OVERLAP 
SYNDROME

Active and passive cigarette smoke exposure have an 
important role in the development of the overlap syndrome 
(Figure 7.1). Chronic air�ow obstruction (FEV1/FVC ratio 
<0.7) in adults with asthma can develop through di�erent 
pathways, such as active cigarette smoking, previous severe 
childhood-onset asthma, or severe adult-onset asthma in 
never-smokers. Smoking-related COPD is association in 
some individuals with “asthma-like” in�ammatory features, 
such as eosinophilic/type-2 in�ammation or airway hyper-
responsiveness. Other risk factors may contribute to the 
development of chronic airway disease in adulthood, such as 
early-life events that a�ect the structure of the airways, envi-
ronmental exposures in childhood (such as passive smoke), 

or environmental exposures in adulthood (such as occupa-
tional agents or biomass materials, as well as other variables, 
such as genotype, atopic status, and drug treatment).

Age of onset of asthma may be an important factor that 
in�uences the e�ect of active cigarette smoking on the 
development chronic air�ow limitation. In the Dunedin 
Multidisciplinary Health and Development Study, active 
smoking history and childhood-onset asthma were both 
associated with reduced FEV1/FVC ratios at 38 years of 
age.63 Of interest, a history of cigarette smoking was not 
associated with lower FEV1/FVC ratios in the group with 
childhood-onset persistent asthma unlike the subgroup 
with late-onset asthma (a�er 13 years of age) in whom 
cumulative smoking history was associated with lower 
FEV1/FVC ratios. Approximately one third of partici-
pants with childhood-onset asthma had persistent air�ow 
obstruction irrespective of a history of cigarette smoking. 
In keeping with the �nding that active smoking does not 
increase the risk of persistent air�ow obstruction in young 
adults whose asthma started in childhood, children with 
persistent asthma recruited to the Melbourne Asthma 
Cohort who smoked as adults had a similar decline in lung 
function at 50 years of age as never-smokers with asthma.64 
�e Tucson Epidemiological Study of Airway Obstructive 
Disease65 and the European Community Respiratory 
Health Survey (ECRHS)30 found that cigarette smokers 
with late-onset asthma had an increased risk of develop-
ing persistent air�ow obstruction and had a greater decline 
in lung function compared to smokers with early-onset 
asthma. �e Tasmanian Longitudinal Health Study, which 
included participants with both early-onset and late-onset 
asthma, found a synergistic e�ect on the development of 
persistent air�ow obstruction of smoking, atopy, and cur-
rent asthma.31 In people with the overlap syndrome associ-
ated with late-onset asthma (a�er 40 years of age) recruited 

Table 7.3 Summary of the reported effects of smoking status on clinical outcomes and in�ammatory variables in COPD*

Clinical outcome
Former smoker with COPD compared with current 

smoker with COPD

Respiratory symptoms Decreased
Chronic mucus hypersecretion Decreased
Hospital admissions due to COPD Similar
Lung function: decline in FEV1 Decreased
Smoking-related cardiovascular comorbidities Similar
All-cause mortality Decreased
Systemic in�ammatory biomarkers Similar
CT emphysema Increased
Bronchial biopsy changes

• Eosinophils
• Neutrophils
• Mast cells
• CD8+ T lymphocytes
• Bronchial epithelial goblet cells

Similar
Similar
Similar
Similar
Decreased

* Note: Refer to the main text for information on the published studies used to summarize the effects of smoking status on clinical 
outcomes and in�ammatory variables in COPD.
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to the Copenhagen City Heart Study, the decline FEV1 is 
greater than in individuals with the overlap syndrome asso-
ciated with early-onset asthma (before 40 years of age).66 
Taken together, these �ndings suggest that active cigarette 
smoking in people with asthma is an important risk factor 
for the development of chronic air�ow obstruction, particu-
larly in those with late-onset asthma.

7.4.2  PREVALENCE OF CIGARETTE 
SMOKING IN THE OVERLAP 
SYNDROME

A systematic review of studies of people with the overlap 
syndrome or smoking-related COPD found no di�erence in 
smoking status between the two groups, although the over-
lap group had a lower pack-year history.67 In agreement with 
these �ndings, the U.S. Behavioral Risk Factor Surveillance 
System (BRFSS) survey found that smoking status preva-
lence rates in individuals with the overlap syndrome or 
COPD were similar (current smokers, 31% and 34% respec-
tively; former smokers, 43% and 46% respectively; never-
smokers, 26% and 20% respectively).68 Smoking status and 
smoking exposure in the ECLIPSE and COPDGene studies 
are in agreement with these �ndings.69,70 In a Finnish pri-
mary health care population of smokers with asthma, but 
with no previous diagnosis of COPD, a smoking history of 
more than 20 pack years and age over 60 years were the best 
predictors of the overlap syndrome.71

7.5  PASSIVE SMOKE EXPOSURE 
AND ASTHMA

Active smokers inhale mainstream cigarette smoke and when 
they are not inhaling, the smoldering end of the cigarette pro-
duces side-stream smoke. Passive smoke consists mainly of 
side-stream smoke with the addition of smaller amounts of 
mainstream exhaled smoke. Exposure to passive smoke can 
be assessed by a variety of methods. Questionnaires can be 
in�uenced by recall bias. More objective means of assessing 
passive smoke exposure include measurement of cotinine, the 
primary metabolite of nicotine in urine, serum, and saliva; 
nicotine in hair; or nicotine badges. Exposure to tobacco 
smoke has been implicated as a risk factor for the develop-
ment of asthma as well as a factor adversely a�ecting clinical 
outcomes and in�ammation variables in asthma.

7.5.1 DEVELOPMENT OF ASTHMA

7.5.1.1 Children and adolescents

�e 2006 U.S. Surgeon General Report on the Health 
Consequences of Involuntary Exposure to Tobacco Smoke 
concluded that the evidence is su�cient to infer a causal 
relationship between passive smoke exposure from paren-
tal smoking and the onset of wheeze illnesses in early 

childhood, but the evidence although suggestive is not suf-
�cient to infer a causal relationship between parental smok-
ing and the onset of childhood asthma.3 Maternal smoking 
increases the risk of asthma among children72,73 particu-
larly during pregnancy or following early life exposure to 
tobacco smoke.74 Exposure to tobacco smoke during the 
�rst trimester is reported to be a risk factor for the develop-
ment of asthma in some,73 although not in all studies. �e 
increased risk for asthma associated with maternal smok-
ing during pregnancy persists into adolescence independent 
of the e�ects on lower lung function, immune function, or 
allergic sensitization.75 Paternal smoking is also a risk factor 
for asthma, although the strength of the e�ect is less than 
for maternal smoking.76 Maternal passive smoke exposure 
during pregnancy is associated with an increased risk of 
childhood asthma even if the mother is a nonsmoker dur-
ing pregnancy.77 �e Norwegian Mother and Child Cohort 
Study reported that if a grandmother smoked during the 
mother’s pregnancy, the risk of asthma is increased in 
the grandchild independent of the smoking status of the 
mother suggesting that in utero exposure to cigarette smoke 
might have a transgenerational e�ect on the development 
of asthma.78

Several mechanisms are proposed to explain the 
increased risk of asthma from in utero exposure to 
tobacco smoke including genetic predisposition, for exam-
ple, genotypes of glutathione S transferases, impaired lung 
development, bronchial hyperreactivity, impaired in utero 
immune responses, and augmented allergic in�ammation. 
In particular, the nicotine component of tobacco smoke has 
been implicated as a potentially important mediator induc-
ing adverse e�ects on lung function in utero.79

7.5.1.2 Adults

�e 2006 U.S. Surgeon General Report considered that the 
evidence is suggestive but not su�cient to infer a causal 
relationship between exposure to passive smoke and the 
development of asthma in adult life.3 A systematic review 
performed by the California Environmental Protection 
Agency, however, concluded that there is su�cient evidence 
to support a causal relationship between passive exposure 
and development of asthma in adolescents and adults.80 In 
the U.S. Black Women’s Health Study, passive smoke expo-
sure increases the risk of adult-onset asthma by 20% among 
nonsmokers.5 �ere is a dose-dependent synergism between 
passive smoke exposure and family history of asthma for 
the risk of adult-onset asthma.81

7.5.2  PREVALENCE OF EXPOSURE TO 
PASSIVE SMOKE

�e U.S. National Health and Nutrition Examination 
Survey (NHANES) reported a decrease in passive exposure 
among children and adolescents with current asthma in the 
United States from 1988–1994 to 2005–2010, but that many 
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children and adolescents with asthma are still exposed to 
passive smoke.82 Serum and salivary cotinine is commonly 
found among children admitted for asthma and is associ-
ated with readmission.83

7.5.3  CLINICAL OUTCOMES AND 
INFLAMMATORY VARIABLES

Children and adults with asthma exposed to tobacco smoke 
experience worse clinical outcomes (Table 7.4).

7.5.3.1 Children

Children with asthma exposed to passive smoke have 
increased asthma symptoms, greater frequency of exacerba-
tions, and greater use of reliever medication, as well as more 
hospital admissions and a higher number of life-threatening 
attacks.84,85 (Table 7.4). In the United States, passive smoke 
exposure is associated with increased risk of adverse out-
comes among children with asthma aged 6–11 years and in 
non-Hispanic white children aged 6–19 years.86 Exposure 
to passive smoke is associated with a reduced therapeutic 
response to inhaled corticosteroids in children with asthma. 
Smoke-free legislation is associated with reductions in hos-
pital admissions for asthma in children.87

7.5.3.2 Adults

�e 2006 U.S. Surgeon General Report considered that the 
available evidence is suggestive but not su�cient to infer 
a causal e�ect between exposure to passive smoke and 
worsening asthma control in adults.3 �e 2006 California 
Environmental Protection Agency report, however, 

concluded that passive smoke exposure is causally associ-
ated with exacerbations of asthma.80 Exposure to passive 
smoke is associated with worse lung function, greater bron-
chial hyperreactivity, more exacerbations, and increased 
health care utilization.88,89

7.5.3.3 Inflammatory variables

Exposure to passive smoke has been associated with 
increased total IgE levels in some but not all studies. Parents 
smoking during childhood is associated with lower exhaled 
nitric oxide concentration in adults with asthma. Passive 
smoking impairs histone deacetylase-2 function through 
the activation of phosphoinositide-3-kinase signaling, 
which could contribute to corticosteroid insensitivity in 
children with severe asthma.90

7.6  PASSIVE SMOKE EXPOSURE 
AND COPD

7.6.1 DEVELOPMENT OF COPD

�e 2006 U.S. Surgeon General Report considered that the 
evidence is suggestive but not su�cient to infer a causal rela-
tionship between passive smoke exposure in nonsmokers 
and risk of COPD.3 An O�cial American �oracic Society 
Public Policy Statement on novel risk factors and the global 
burden of COPD concluded that there is strong suggestive 
evidence of a link between exposure to passive smoke and 
the development of COPD.45

7.6.2 EXPOSURE TO PASSIVE SMOKE

People with COPD, including active smokers, have signi�-
cant exposure to passive smoke. Of participants with COPD 
recruited to the SPIROMICS cohort, 27% reported exposure 
to passive smoke in the past week, and 20% reported living 
with a smoker.91

7.6.3  CLINICAL OUTCOMES AND 
INFLAMMATORY VARIABLES

In nonsmokers with COPD, exposure to passive smoke is 
associated with poorer health status and an increased risk 
of exacerbations resulting in hospital-based care.92 In par-
ticipants with COPD recruited to SPIROMICS study, non-
smokers who lived with a smoker had worse symptoms, 
poorer health status, and increased risk for severe exac-
erbations.91 Exposure to passive smoke in the past week is 
associated with worse symptoms of wheeze, chronic mucus 
hypersecretion, and with increased airway wall thickness 
on CT, but not emphysema.91 Interestingly, active smokers 
with COPD, have worse clinical outcomes associated with 
exposure to passive smoke.91

Table 7.4 Potential effects of exposure to passive smoke 
on clinical outcome in children and adults with asthma*

Children
Increased
Symptoms
Exacerbations
Medication use
School absenteeism
Doctor visits
Hospital admissions
Decreased
Response to corticosteroids
Adults
Increased
Exacerbations
Emergency department visits
Hospital admissions
Decreased
Lung function

* Note: Refer to the main text for information on the studies used 
to summarize the effects of exposure to passive smoke on clini-
cal outcomes in asthma
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7.7 CONCLUSIONS

Exposure to active and passive tobacco smoke has a major 
adverse impact on the health of people with asthma, 
COPD, and the overlap. The management of the adverse 
health effects resulting from active and passive exposure 
to tobacco smoke in people with asthma, COPD, and 
the overlap involves interventions ranging from public 
health measures to control exposure, personal advice on 
smoking cessation and the use of appropriate targeted 
therapies.

A summary of the main conclusions of the data reviewed 
in this chapter is as follows:

1. Does exposure to active and passive tobacco smoke 
cause the development of chronic airway disease?

Active cigarette smoking is a risk factor for the develop-
ment of asthma in adolescents and adults and is the major 
risk factor for the development of COPD in developed 
countries. Smokers with asthma are at risk of developing 
the overlap syndrome, particularly in those with late-onset 
asthma. Exposure to passive smoke from parental smoking 
and by adolescents and adults increases the risk of devel-
oping asthma. �ere is strong suggestive evidence of a link 
between exposure to passive smoke and the development of 
COPD.

2. What are the prevalence rates for active and passive 
tobacco smoke exposure in chronic airway disease?

In most developed countries, around half the adult asth-
matic population and most people with COPD are current 
or former cigarette smokers, and a quarter of children and 
adults with asthma are exposed to passive smoke. Cigarette 
smoking rates are similar in the overlap syndrome and 
smoking-related COPD, although the overlap group have a 
lower pack- year history.

3. Are clinical outcomes worse in smokers with asthma?
Adults with asthma who smoke have worse clinical out-

comes compared to never-smokers with asthma includ-
ing worse symptoms, poorer asthma related quality of life, 
increased exacerbations, worse chronic mucus hyperse-
cretion, increased use of health care resources for asthma, 
reduced sensitivity to inhaled corticosteroids, greater 
decline in lung function, increased smoking-related comor-
bidities, and heightened all-cause mortality.

4. Do clinical outcomes di�er in current and former 
smokers with COPD?

Symptomatic smoking-induced airway disease occurs 
in people with and without spirometric evidence of 
COPD. Former smokers with COPD compared with cur-
rent smokers with COPD have less respiratory symptoms, 
decreased mucus hypersecretion, reduced decline in lung 
function, and lower all-cause mortality rates, whereas 
the risk of hospital admission due to COPD, pneumonia, 
and lung cancer, as well cardiovascular comorbidities, 
are similar.

5. Does exposure to passive smoke worsen clinical out-
comes in asthma and COPD?

Exposure to passive smoke in children with asthma is 
associated with increased symptoms and more exacerba-
tions and hospital admissions due to asthma. Exposure to 
passive smoke in adults with asthma is associated with poor 
symptom control, worse quality of life, lower lung function 
and greater health care utilization. In nonsmokers with 
COPD, exposure to passive smoke is associated with poorer 
health status and an increased risk of exacerbations result-
ing in hospital-based care.

6. Does smoking status or exposure to passive smoke 
in�uence clinical outcomes in the overlap syndrome?

To date, information is lacking on the e�ects of smoking 
status or exposure to passive smoke on clinical outcomes 
and in�ammatory variables in di�erent subtypes of the 
overlap syndrome.
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8
Indoor and outdoor pollutants and allergens

CHARLES S. BARNES

8.1 INTRODUCTION

Pollution is a normal result of human activity. It is the 
unwanted introduction of something into the environ-
ment that causes harm. In a comparative risk assessment 
of the global burden of disease, both ambient air pollution 
and indoor air pollution were among the most signi�cant 
factors. �ey ranked alongside factors such as childhood 
malnutrition, tobacco smoke, and alcohol consumption in 
global disability adjusted life years reduced.1 �roughout 
the history of humans, exposure to pollution has been con-
stant and pervasive. Just to list the names of documented 

pollution events that have dramatically impacted human 
health would not be possible in the space allowed. Since the 
formation of the U.S. Environmental Protection Agency 
(EPA) in 1970, there have been continuing e�orts to monitor 
and improve air quality throughout the United States. But, 
there is probably no absolutely safe level of air  pollution.2,3 
�e interests of health are constantly colliding with the 
interests of economic development, which further confound 
issues related to air quality. Regardless of one’s perspective, 
having an essential understanding of the impact of envi-
ronmental determinants on respiratory conditions such as 
asthma and COPD is necessary for e�ective management 
of these patients.
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CLINICAL VIGNETTE 8.1

Because indoor air quality cases are unique and tend to make local news reports, this vignette is necessarily fictitious 
based on several similar published reports.4–7

A 25-year-old female (AB) presents with episodic epistaxis. The occurrence seems to be more frequent on Thursdays 
and Fridays. She is concerned that there might be some relation to her immunotherapy. AB has been seen by you 
 previously for seasonal allergic rhinitis and has been on allergy shots for ragweed allergy for 16 months. You are aware 
that AB is a schoolteacher. Upon questioning concerning her environment, you find that she has just moved into a new 
classroom with carpeted floors and walls to reduce classroom noise. The room has also been decorated for the start 
of school by the school’s Parent Teacher Organization. Upon further questioning, AB relates that some of her students 
have also had episodes of nosebleeds. You and AB approach her principal concerning the epistaxis episodes, and an 
air-quality assessment is conducted. The mean indoor formaldehyde level was 0.125 +/– 0.05 ppm, with a minimum of 
0.06 ppm and a maximum of 0.25 ppm.
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8.2 AIR POLLUTION BACKGROUND

Particulate matter exposure in the form of smoke from 
�res used for cooking and heating was ubiquitous for 
ancient man and still a major issue for many underdevel-
oped regions in the world that use solid fuels for cooking 
and heating in inadequately ventilated homes.8–10,11 As cities 
formed and societies developed the sewage pollution related 
to crowding, the toxic pollution related to early manufac-
turing impacted those societies.12 When the industrial 
revolution took hold in recent centuries,13 the air pollution 
problem expanded to an industrial scale. Overpopulation 
has restricted the ability to just move away from a polluted 
area to a cleaner environment. As a result, many regions 
around the world have been signi�cantly impacted by the 
long-lasting e�ects of humanmade pollution. For example, 
the great forests of the ancient Middle East are essentially 
gone,14 and the forests of Britain have been destroyed for 
shipbuilding and fuel needs.15 Air pollution is an especially 
notable human activity because it spreads rapidly and can 
be di�cult to detect and avoid. It is now to the point where 
humanmade pollution threatens to produce irreversible 
environmental and climatic changes to our planet.16,17

�e health e�ects of the industrial revolution in Europe 
were most noticeable by physicians in London. In fact, the 
Medical Times and Gazette wrote “�e genuine London fog 
which wrapped the metropolis in thick darkness on Saturday 
may be considered from very di�erent stand-points. Some 
look upon it as a curiosity,…—but the Medical man knows 
it to be a terrible scourge, and to many a patient it makes 
all the di�erence between life and death. Very many of us 
could, we doubt not, give instances of phthisis and bron-
chitis hurried to a fatal close by those hours of fog.”18 One 
of the earliest studies that evaluated the possible associa-
tion between air pollution and mortality was related to the 
Mosa Valley in Belgium. In 1930 the city of Donora along 
the Meuse River in a heavily industrialized area experi-
enced a toxic killer fog where 60 deaths were documented.19 
One of the best known incidents of a killer fog episode was 
in London (1952). Over a four-day period, the number of 
deaths registered in London more than doubled the daily 
registered deaths for those days in preceding years.20

Since those early days of blackened skies and yellow 
fogs, governmental e�orts to reduce and control air pol-
lution have frequently been successful. In one study con-
ducted over a 20-year period in a pollution-prone area 
of California, it appears that the health related e�ects of 
pollution are improving with e�orts to improve air qual-
ity. In this longitudinal study of 4602 children (age range 
of 5–18 years) conducted in separate cohorts from 1993 to 
2012, investigators estimated the association of changes in 
pollution levels with bronchitic symptoms. Findings dem-
onstrated that reductions in levels of ambient air pollution 
over the past 20 years were associated with reductions in 
symptoms in children with and without asthma, which 

were proportionally greater in children with asthma.21 
However, it is possible that the more subtle health e�ects 
of air pollution are yet to be understood. One of the most 
prominent e�orts to monitor and improve air quality is 
the ozone monitoring and reporting system for air quality 
that is active in many U.S. cities. �is color-coded system 
(Figure 8.1) provides daily air quality indices (AQI), and a 
historical report of these air quality levels provides outdoor 
pollution trends for most U.S. cities (https://www3.epa.gov 
/airdata/ad_rep_aqi.html). �is information has been vital 
for implementing air quality interventions, and, as a result, 
in many U.S. cities this has resulted in vastly improved air 
quality over the past 50 years.

Individuals susceptible to the respiratory health e�ects 
of air pollution need to avoid being outdoors when the AQI 
is high. Although ozone is essential to protecting life by 
lining the upper atmosphere, it can have dramatic health 
impact when increased in the lower atmosphere. Pollutants 
can come in the form of gasses, toxic liquids, heavy met-
als, microbial sewage, heat, light, and noise. �e big four 
outdoor airborne pollutants are particulate matter (PM), 
ozone (O3), nitrogen dioxide (NO2), and sulfur dioxide 
(SO2). If these outdoor pollutants di�use into the indoor 
ambient airspace, they become major indoor air pollutants. 
�e relationship of indoor pollutants to outdoor pollutants 
is not well studied, likely because there remain signi�cant 
gaps in our understanding of the health e�ects of outdoor 
air pollutants. Progress is being made in our understanding 
related to the direct health e�ects of outdoor air pollutants 
and aeroallergens, as well as the synergistic impact of these 
environmental determinants in combination. Air pollution 
has been directly associated with causing increased bron-
chial hyperresponsiveness, increased airway in�amma-
tion, decreased lung function, increased hospitalizations, 
and emergency room visits. Air pollution has also been 
demonstrated to enhance airway in�ammation induced by 
allergen exposure and priming the lower airways to elicit 
allergic responses. High air pollution exposure has also 
been found to be an independent risk factor for wheezing 
during infancy and early childhood.22–24

8.3 COMMON AIR POLLUTANTS

Our understanding of the complex interactions of the 
major constituents that make up the air pollution mixture 
has improved over the past 50 years. �e atmospheric con-
centration of NO2 gas associated with high-compression 
automobiles of the 1960s has decreased. However, even 
low-polluting internal combustion engines produce some 
nitrogen dioxides, and these combustion processes are also 
associated with other primary pollutants, including parti-
cles and volatile organic compounds (VOCs) that are either 
not fully consumed in the combustion process, dumped 
into the atmosphere by evaporation, or just expelled when 

https://www3.epa.gov/airdata/ad_rep_aqi.html
https://www3.epa.gov/airdata/ad_rep_aqi.html
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an empty gas tank is �lled. A�er reacting with other air-
borne gasses under the in�uence of UV light on sunny 
days, nitrogen combustion products exist as an array of 
oxidized compounds generally referred to as NOX. NOX 
compounds are toxic and typically coexist with ozone and 
other oxidizing agents. Since NO2 can be measured rela-
tively easily, its measurement is o�en used as a surrogate 
indication of how much of this toxic group of gases is in 
the air.

NO2 guidelines recommend that the annual mean lev-
els be kept below 40 µg/m3 and that any one-hour mean 
be maintained below 200 µg/m3. Since these levels are set 
to reduce NOX exposure as well as ozone and particulate 
matter, values are set lower than they would be to reduce 
direct toxic e�ects. Epidemiological studies have indicated 
that asthmatic symptoms and lung function growth in 

children is linked to increases in NO2 concentration.21,25 
Recent indoor studies have reported symptoms in infants 
associated with NO2 concentrations below the recom-
mended level of 40 µg/m3. �is observation must take into 
consideration the impact of coexposures to PM and other 
indoor pollutants, such as organic carbon and nitrous acid 
vapor.

In the presence of sunlight pollutants, NOX, and VOCs, 
ozone is formed by photochemical reactions. �is is an 
equilibrium process as ozone is also consumed by reactions 
with NO2. Ozone is an air toxin that exists in the atmo-
sphere in equilibrium with various other toxic photochemi-
cal oxidants arising through several sources. �ese include 
substances as peroxyacyl nitrates, nitric acid, and hydro-
gen peroxide. Whereas ozone is bene�cial in the upper 
atmosphere, in the breathable atmosphere it is harmful. 

Air Quality 
Index 

Who Needs to 
Be Concerned? What Should I Do?

Good
(0–50)                                      It is a great day to be active outside.

Moderate
(51–100)

Some people who may be
unusually sensitive to ozone. 

Unusually sensitive people: Consider reducing prolonged
or heavy outdoor exertion. Watch for symptoms such as
coughing or shortness of breath. These are signs to take it
easier.
Everyone else: It is a good day to be active outside.   

Unhealthy for 
Sensitive Groups
(101–150)

Sensitive groups include
people with lung disease
such as asthma, older adults,
children, and teenagers, and
people who are active outdoors.   

Sensitive groups: Reduce prolonged or heavy outdoor exertion.
Take more breaks, do less intense activities. Watch for
symptoms such as coughing or shortness of breath. Schedule
outdoor activities in the morning when ozone is lower. 

People with asthma should follow their asthma action
plans and keep quick-relief medicine handy.

Unhealthy
(151–200)

Everyone Sensitive groups: Avoid prolonged or heavy outdoor exertion.
Schedule outdoor activities in the morning when ozone
is lower. Consider moving activities indoors. People with
asthma, keep quick-relief medicine handy.
Everyone else: Reduce  prolonged or heavy outdoor exertion.
Take more breaks, do fewer intense activities. Schedule
outdoor activities in the morning when ozone is lower.      

Very Unhealthy
(201–300)

Everyone Sensitive groups: Avoid all physical activity outdoors. Move
activities indoors or reschedule to a time when air quality
is better. People with asthma, keep quick-relief medicine
handy.
Everyone else: Avoid prolonged or heavy outdoor exertion.
Schedule outdoor activities in the morning when ozone is
lower. Consider moving activities indoors.        

Hazardous
(301–500)

Everyone Everyone: Avoid all physical activity outdoors.

Everyone else: Maintain their normal activities without harm.

Figure 8.1 U.S. EPA Air Quality Guide for Ozone
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Measures to control these tropospheric ozone levels focus 
on controllable pollutant gasses like NOX and transporta-
tion-related VOCs. Hemispheric background concentra-
tions of tropospheric ozone vary with uncontrollable factors 
like temperature and naturally occurring VOCs from plants 
and sunlight. Ozone concentrations are not considered to 
be high until they exceed an eight-hour average level of 
80  µg/ m3. Of concern is that many communities in the 
United States fail to meet mandated ozone levels on a regu-
lar basis (Figure 8.1).

Sulfur dioxide guidelines recommend that SO2 be 
maintained below 20 µg/m3 for a 24-hour mean and below 
500 µg/m3 for any 10-minute mean exposure. Short-term 
exposures from localized sources can be especially detri-
mental to breathing. Long-term exposure levels are based 
on epidemiological studies that rely on multipollutant 
exposure.26 Studies from Hong Kong,27 where they achieved 
strong SO2 reductions related to rapid reduction in the 
sulfur content of fuels, demonstrated substantial improve-
ments in childhood respiratory disease and mortality for all 
age groups. However, elevated SO2 also exists in association 
with particulate matter and other pollutants. �is makes 
it di�cult to ascertain whether the impact on respiratory 
health is related to SO2, NOX, �ne particulates, or the com-
bination of these air pollutants.

Particulate matter is increasingly recognized as the 
most devastating airborne pollutant. A World Health 
Organization (WHO) burden of disease assessment attri-
butes more than 4.3 million premature deaths each year to 
outdoor and indoor particulate pollution (http://www.who 
.int/mediacentre/factsheets/fs292/en/). In the United States, 
most routine air quality particulate monitoring measures 
coarse particles (between 2.5 and 10 µm) and �ne parti-
cles (less than 2.5 µm). �e allowed U.S. daily average for 
PM10 in a 24-hour period is 150 µg/m3, and for PM2.5, it 
is 35 µg/ m3 (http://www.baaqmd.gov/research-and-data/air 
-quality-standards-and-attainment-status). Most particulate 
monitoring is conducted in metropolitan areas. If airborne 
PM values exceed allowable limits more than one day a year, 
then the region does not meet air quality standards and must 
implement some remediation activities. In the United States, 
due to geographical, industrial, and population factors, 
about 100 urban areas mostly on the East and West Coasts 
fail to maintain the desired air quality every year. Although 
governments set air quality levels for particulates, there is 
probably no truly safe level of airborne particulate exposure. 
In a European epidemiology study of 312,944 people in nine 
countries, for every increase of 10 μg/m3 in PM10, the lung 
cancer rate rose 22%, and for the smaller PM2.5, cancer rates 
increased 36% for every 10 μg/m3.28 From a government per-
spective, setting and enforcing PM levels is mostly a matter 
of economic considerations, weighing the cost of industrial 
activity with the health consequences in the general popu-
lation. �is is in contrast for physicians, who are primarily 
concerned with the health of their patients.

Diesel exhaust particles (DEP) are a major component of 
airborne particulates, and they are the largest single source 

of airborne PM. Diesel engines are much dirtier than gaso-
line engines, emitting up to 100 times more PM. DEP are 
very complex consisting of a carbon core with a surface 
coated with chemicals and metals. Much of the health e�ects 
associated with DEP are due to chemicals absorbed onto 
the carbon core surface. Increased DEP levels have been 
linked to cardiopulmonary mortality.29 �ere is an asso-
ciation between DEP levels and cough, bronchitis, asthma, 
and COPD. Healthy volunteers exposed to 300 µg/m3 of 
DEP for 1 hour were found to have increased immune reac-
tive cells in sputum and increased IL-6, IL-8, and growth-
related oncogene levels. Similar studies in patients with 
mild asthma show increased methacholine-induced airway 
hyperresponsiveness and airway resistance.30 Similar to 
other pollutants, DEP exposure does not occur alone but 
as part of a complex mixture of airborne pollutants. �is 
makes it very di�cult to determine the relative health e�ect 
contributions of each pollutant source.

8.4 HEALTH EFFECTS

�e primary concern with air pollutants is their resultant 
health e�ects. In recent years, there has been increased con-
cern with particulate pollution in urban areas. �ere is a 
plethora of studies that have related air pollution to respira-
tory health. A PubMed search linking the two topics results 
in more than 12,000 references. In many studies, particulate 
matter < 2·5 μm in diameter (PM2.5), and associated tra�c-
related air pollutant concentrations have been linked with 
cardiovascular risk. Numerous studies document an asso-
ciation between PM 10 levels and ER visits for asthma.31 In 
a Seattle study, an increase of 11 µg/m3 in �ne PM was asso-
ciated with an 11% increase in asthma ER visits.32 Ozone 
and SO2 have been associated with ER visits for asthma in 
Mexico.33 One recent study examined the joint associations 
between particulate air pollution, ambient temperature, and 
respiratory morbidity. Using data from 50,356 adult Asthma 
call-back survey respondents and estimates of daily aver-
ages of PM2.5 and maximum air temperature, they found 
that for adults with active asthma, a 14-day average PM2.5 ≥ 
7.07 µg.m3 was associated with an estimated 4%–5% higher 
asthma symptom prevalence. �e results of this study sug-
gest that each unit increase in PM2.5 may be associated with 
an increase in the prevalence of asthma symptoms, even at 
levels normally encountered in many community settings.34

Other studies have related air pollution to its impacts on 
the immune system. Fine particulate matter is emerging 
as a factor in glucose dysregulation. In a recently reported 
study of particulate air pollution and fasting blood glucose 
in nondiabetic individuals,35 authors investigated whether 
PM2.5 is associated with increase in fasting blood glu-
cose and explored possible epigenetic roles. Fasting blood 
glucose levels and DNA methylation of four in�amma-
tory genes (IFN-γ, IL-6, ICAM-1, and TLR-2) was mea-
sured sequentially up to four times over 10 years in 551 

http://www.who.int/mediacentre/factsheets/fs292/en/
http://www.who.int/mediacentre/factsheets/fs292/en/
http://www.baaqmd.gov/research-and-data/air-quality-standards-and-attainment-status
http://www.baaqmd.gov/research-and-data/air-quality-standards-and-attainment-status
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nondiabetic subjects. PM2.5 levels at each participant’s 
address was evaluated prior to each measurement using a 
validated hybrid land-use regression/satellite-based model. 
Of note, increase in PM2.5 was associated with a signi�cant 
increase in fasting blood glucose. Further analysis indicated 
that part of this association was mediated by ICAM-1 pro-
moter methylation.

8.5 AEROALLERGENS AS POLLUTANTS

Allergen exposure that occurs indoors and outdoors is an 
integral component of the overall air pollution problem. 
Pollen grains released from plants and spores released from 
fungal colonies both provide a small but noticeable con-
tribution to coarse airborne particulate levels. �e most 
noticeable contribution is in the >30 micron range. On a 
clear day, typical nonpollen-related particulates in the air 
measured by light scattering range between 100 and 1000 
particles per m3. During certain seasons the airborne pollen 
grain levels will increase to 5000 per m3. �us during cer-
tain times of the year, pollen grains can comprise over half 
of the total large airborne particulates. However, when total 
particles smaller than 30 microns are considered, light scat-
tering results of outdoor air rarely yields counts below 1 mil-
lion and levels of 30 million particles per m3 are common. 
On this background of millions of particles, total airborne 
spore counts of 10,000 cannot be statistically detected. In 
addition, light-scattering methods cannot distinguish 
between pollen grains and moisture droplets, which is one 
reason airborne particulate levels are reported in gravimet-
ric units (milligrams per m3) and not in particles.

It is now well accepted that under certain conditions pol-
len grains like grass can rupture and disburse hundreds of 
small amorphous granules into the air. Each of these gran-
ules is coated with grass allergen proteins, which have the 
ability to reach deep into the airways.36 �e contribution 
of these micron-sized aeroallergen particles to the over-
all particulate burden is unknown, but are believed to be 
substantial.37 In the indoor environment where total small 
particles can be more closely controlled, a spore release of 
50,000 per m3 of air can contribute to a signi�cant portion 
of the overall particulate level.38 However, except for smoke 
particulate exposure related to indoor cooking �res, the 
relationship between indoor airborne particulate levels and 
respiratory disease has been poorly investigated.

8.6  OUTDOOR POLLEN, SPORES, AND 
HAY FEVER

Outdoor ambient pollen levels are probably the environ-
mental determinants most frequently associated with respi-
ratory disease. �e term “hay fever” was coined initially 
in relation to the seasonal production of grass pollen.39 

Numerous studies have linked hospital admissions, emer-
gency room visits, and unscheduled medical appointments 
with annual pollen peak levels for various pollen types. In 
the Bronx, New York City, where population density is high 
and tree pollen exposure comes from local parks and green 
spaces, tree pollen counts signi�cantly correlated with 
total asthma related emergency room visits (rho = 0.3639, 
p < 0.001), and pediatric (rho = 0.33, p < 0.001) and adult 
asthma related emergency room visits (rho = 0.28, p < 0.001). 
Asthma-related hospitalizations positively correlated with 
tree pollen counts (rho = 0.2389, p < 0.001).40 Another group 
of investigators from New York using the same aerobiologi-
cal data, collected through the auspices of the New York 
Department of Health, pharmacy records for allergy medi-
cation use as well as ED visits from 58 area hospitals. �ey 
found that midspring pollen counts (maple, birch, beech, 
ash, oak, and sycamore/London planetree) showed the 
strongest signi�cant associations with medication sales and 
ER visits. �e reported associations were strongest in chil-
dren ages 5–17. �e investigators concluded that tree pollen 
peaking in midspring, has a substantive impact on allergy 
and asthma exacerbations, particularly in children.41

An o�en-cited example of increased respiratory disease 
related to short-term increases in aeroallergens is thunder-
storm asthma. Examples have been documented in England 
in 1994 when a thunderstorm over southern and east-
ern England produced a 10-fold increase in acute asthma 
attacks documented in emergency departments.42 Similarly, 
in Australia where one severe but brief asthma epidemic 
occurred, the onset coincided with a thunderstorm out�ow 
and a 4–12-fold increase in airborne grass pollen concentra-
tion.43 In a geographically larger study of the relationship of 
airborne allergens and respiratory disease covering 11 large 
cities in Canada, the e�ects of aeroallergens on hospitaliza-
tion for asthma was examined in relationship to high and 
low air pollution days. �e relative risk of admission for a 
given increase in tree pollen levels was greater with higher 
PM2.5 levels. �erefore, the association between aeroaller-
gens and hospitalizations for asthma was enhanced on days 
with higher air pollution.44 More recently airborne grass 
pollen levels have been linked with seasonal increases of 
other allergic diseases like eosinophilic esophagitis (EoE).45

Outdoor fungi are also an important component of 
airborne PM, especially from their aeroallergen content. 
In a Japanese study investigating the association between 
outdoor fungi and pulmonary function in children with 
and without asthma, morning peak expiratory �ow 
(PEF) rates were measured daily for 339 schoolchildren 
during the winter of 2015. �ey reported an increase in 
the airborne fungal concentration, measured as colony 
forming units (CFUs), led to decreased spirometry mea-
surements in all children but to a greater degree in chil-
dren with asthma.46 Although spores alone are important 
aeroallergens, they are typically considered in conjunc-
tion with airborne pollen as a total natural exposure. In 
one recent study of outdoor aeroallergens and their link 
with disease morbidity over several years, researchers 
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examined aeroallergen counts and health insurance data-
sets between 2005 and 2011. �e relative risk of buying 
allergy medications increased with increasing aeroaller-
gen levels of grasses and trees.47 In a large study of air-
borne pollen concentrations and emergency room visits 
for myocardial infarction (MI) in Ontario, Canada, 17,960 
cases of MI were studied between the months of April and 
October 2004–2011. �e risk of MI was 5.5% higher (95% 
con�dence interval [CI]: 3.4, 7.6) on days with the highest 
tertile of total pollen concentrations compared with days 
with the lowest tertile, and a signi�cant concentration-
response trend was observed (P < 0.001).48

Synergy between air pollution and allergens has been 
increasingly investigated. It is logical to assume that lungs 
irritated by traditional air pollution would be more suscep-
tible to sensitization by aeroallergens, and vice versa, air-
ways sensitized by aeroallergen exposure would be much 
more likely to become symptomatic when exposed to irri-
tating triggers like ozone and nitrogen oxides. Evidence 
supporting this relationship is that urbanized people in 
industrialized countries are more a�ected by allergic respi-
ratory diseases than those living in rural areas.49 For exam-
ple, Austrian farm children were reported to have less hay 
fever and allergic sensitization than urban children.50 In 
another example, a study of Amish and Hutterite popula-
tions in the United States whose farming practices are dis-
tinct shows striking disparities in the prevalence of asthma. 
Studies in humans and mice indicate the Amish who eschew 
industrialized farming practices have a degree of environ-
mental protection against asthma related to innate immune 
response.51 In another crop-related example, analysis of the 
circumstances related to repeated outbreaks of asthma epi-
sodes in Barcelona, Spain, identi�ed soybean dust gener-
ated by unloading ships as the etiological agent. Airborne 
soybean allergen levels depended upon weather conditions, 
including wind speed and direction, altitude, and vertical 
turbulence of the air-mixing layer.52 When pollutant and 
allergen exposures are combined, there is the possibility 
for an enhanced IgE-mediated response to aeroallergens, 
as well as enhanced airway in�ammation accounting for 
more severe allergic rhinitis and asthma. When nanoscale 
particulates and chemicals adsorbed to their surfaces attach 
to plant-derived pollen grains, the allergenic potential of 
the pollen can be enhanced. �rough airway in�amma-
tion associated with aeroallergen exposure, airway per-
meability is increased resulting in enhanced pollutant 
exposure.53 Likewise, pollutants can serve to prime the air-
ways to respond to aeroallergens as has been demonstrated 
in animal models sensitized to ragweed pollen.54 �e actual 
change on allergen protein structure and immunogenicity 
induced by high concentrations of air pollutants is begin-
ning to be investigated. �ere is evidence that nitrogen 
oxides can impact the structure and immunogenicity of the 
major birch pollen,55 and that high environmental ozone 
levels can induce enhanced allergenicity of birch pollen.56

Genetic variation and epigenetic changes are mechanisms 
whereby early life air pollution exposures might in�uence 

adult phenotypes. As discussed, exposure to ambient air 
pollutants is known to increase cardiovascular disease risk 
in adults. More recently it has been demonstrated that pre-
natal exposure to NO2 in the third trimester of pregnancy 
was associated with higher systolic BP in 11-year-old chil-
dren, and that prenatal exposure to multiple air pollut-
ants in the �rst trimester was associated with altered DNA 
methylation in Long Interspersed Nuclear Elements. �ese 
epigenetic alterations could have long-term consequences 
not only in cardiovascular development but also in immune 
system development.57 Recent studies related to epigenetic 
markers have demonstrated a signi�cant interaction e�ect 
relating global DNA methylation levels, asthma severity, 
race/ethnicity, and socioeconomic status.58

8.7 CLIMATE CHANGE

It is impossible to separate air pollution from climate change. 
Indeed as an overwhelming preponderance of scienti�c evi-
dence indicates, humanmade pollution of greenhouse gas-
ses and black carbon particulates are the primary factors 
responsible for observed and expected climate change.59 
One of the best analogies for the inevitability of climate 
change is comparing the earth’s atmosphere to the “village 
green” scenario. Instead of grass disappearing because of 
overgrazing of this public resource, the atmosphere is �ll-
ing up with carbon dioxide because of excessive public use 
of fossil fuels for energy. Many studies have been published 
regarding the interrelationship between climate change 
and pollution60 and the e�ect climate change has already 
had61 and is expected to have on aeroallergens.17 However, 
the impact of increased climate warming and the results 
of attempts to cope with this warming has the potential to 
produce serious consequences. As the outdoor environment 
becomes hotter and more polluted, humans are likely to 
retreat indoors to arti�cially cleaned and cooled air. �is 
increased reliance on air-conditioned spaces will produce 
an increased demand for the energy necessary to produce 
indoor clean air. �us, a vicious cycle to produce energy 
from readily available easy sources such as oil and coal will 
result in increased outdoor air pollution, further contribut-
ing to climate warming.

8.8  INDOOR AIR POLLUTANTS AND 
ALLERGENS

�e EPA and its Science Advisory Board have ranked indoor 
air pollution among the top �ve environmental risks to pub-
lic health.62,63 �e contribution to pollution-related respira-
tory disease made by the protein allergens associated with 
dust mites, animals, and mold is well appreciated. Airborne 
particles in the home include biological particles contain-
ing bacteria, mold fragments and spores, a small amount 
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of pollen from the outdoors, cat and dog dander, dust mite/
cockroach body parts and droppings, and human skin 
scales. Other particles come from cigarette smoke, burned 
food, aerosols like hair spray, and deodorizers and particles 
from hobby or home workshops. �e most carefully con-
trolled studies of indoor allergens as air pollutants are in 
animal facilities. Subjects exposed to laboratory animals are 
reported to be at a heightened risk of developing asthma and 
other allergic diseases. Several studies have reported the 
prevalence of allergic diseases in laboratory animal work-
ers, and that the routine use of preventive measures can 
mitigate these problems.64–66

�e typical method for reducing indoor pollution is to 
dilute it with outdoor fresh air. When increased energy costs 
during the late 1970s led the American Society of Heating, 
Refrigeration and Air Conditioning Engineers to reduce 
the recommended outside air added to air-conditioned and 
heated spaces, indoor air quality problems became increas-
ingly reported. �is standard was reversed by 1983, but 
the practice of simply diluting indoor pollution with pol-
luted outdoor air has continued.67 However, this method is 
becoming increasingly supplemented by active cleaning of 
indoor air. �ere is an ever-increasing market for improved 
indoor air �ltration on the heating, ventilation, and air- 
conditioning (HVAC) system of many homes, and for por-
table and installed HVAC �ltration units. Unfortunately, 
the �eld of indoor air quality has developed more rapidly 
than the development of standards for good indoor air qual-
ity practices. Working with well quali�ed indoor air qual-
ity professionals to address complex indoor environmental 
issues is recommended by environmental guidelines.38,68

Indoor allergens from dogs, cats, rodents, dust mites, 
cockroaches, and fungi are ubiquitous in indoor environ-
ments. �ere is abundant research documenting the rela-
tionships between these indoor environmental exposures 
and human health e�ects. �ere are numerous recent 
practice parameters and review articles focused on these 
exposures and respiratory health impact. Indoor exposure 
to these allergen pollutants appear to be associated with 
an increased risk of developing asthma in young children 
and asthma morbidity in individuals with asthma.69–74 For 
all of these indoor biological exposures, there is ample 
evidence that speci�c environmental interventions can 
reduce exposure and symptoms related to chronic rhinitis 
and asthma.

8.9 CONCLUSION

�ere are numerous links between the quality of the air we 
breathe and the maintenance of good respiratory health. 
Furthermore, there is emerging evidence that indoor and 
outdoor air quality issues are related to medical problems 
beyond respiratory conditions, such as cardiac and gas-
trointestinal disorders. �ere is increased recognition for 
the health impact of household air pollution. Many large 

epidemiological studies have con�rmed the link between 
air pollution and a number of public health issues in chil-
dren including acute lower respiratory infections, low birth 
weight, stillbirth, preterm birth, stunting, and all-cause 
mortality.75 Many studies have investigated the e�ects of 
automobile-related pollutants in heavily traveled express-
ways on asthma symptoms in allergic children. Numerous 
studies have associated living near highways with high 
vehicle tra�c and either the development of allergic dis-
ease or increased asthma symptoms in persons with known 
allergen sensitization.76–80 �us, developing approaches 
for improving the quality of air we breathe and especially 
avoiding those factors already recognized to be associated 
with air pollution will provide immeasurable bene�ts for 
improving many areas of human health.

REFERENCES

1. Lim SS, Vos T, Flaxman AD et al. A comparative risk 
assessment of burden of disease and injury attrib-
utable to 67 risk factors and risk factor clusters in 
21 regions, 1990-2010: A systematic analysis for 
the Global Burden of Disease Study 2010. Lancet. 
December 15, 2012;380(9859):2224–2260.

2. Schwartz J, Bind MA, Koutrakis P. Estimating causal 
effects of local air pollution on daily deaths: Effect 
of low levels. Environ Health Perspect. May 20, 
2016;125(1):23–29.

3. Heroux ME, Braubach M, Korol N, Krzyzanowski 
M, Paunovic E, Zastenskaya I. The main conclu-
sions about the medical aspects of air pollution: The 
projects REVIHAAP and HRAPIE WHO/EC. Gig Sani. 
November-December 2013;(6):9–14.

4. Yuan WM, Lu YQ, Wei Z et al. An epistaxis emergency 
associated with multiple pollutants in elementary 
students. BES. December 2016;29(12):893–897.

5. Szyszkowicz M, Shutt R, Kousha T et al. Air pollution 
and emergency department visits for epistaxis. Clin 
Otolaryngol. December 2014;39(6):345–351.

6. Wantke F, Focke M, Hemmer W et al. 
Formaldehyde and phenol exposure during an 
anatomy dissection course: A possible source of 
IgE-mediated sensitization? Allergy. November 
1996;51(11):837–841.

7. Wantke F, Demmer CM, Tappler P. Exposure to gas-
eous formaldehyde induces IgE-mediated sensitiza-
tion to formaldehyde in school-children. Clin Exp 
Allergy. March 1996;26(3):276–280.

8. Sigsgaard T, Forsberg B, Annesi-Maesano I et al. 
Health impacts of anthropogenic biomass burning 
in the developed world. Eur Respir J. December 
2015;46(6):1577–1588.

9. Tielsch JM, Katz J, Thulasiraj RD et al. Exposure 
to indoor biomass fuel and tobacco smoke and 
risk of adverse reproductive outcomes, mortality, 



92 Indoor and outdoor pollutants and allergens

respiratory morbidity and growth among newborn 
infants in south India. Int J Epidemiol. October 
2009;38(5):1351–1363.

10. Rehfuess EA, Tzala L, Best N et al. Solid fuel use and 
cooking practices as a major risk factor for ALRI mor-
tality among African children. J Epidemiol Community 
Health. November 2009;63(11):887–892.

11. Adler J. Why �re makes us human. June 
2013. Available at http://www.smithsonian-
mag.com/science-nature/why-�re-makes-
us-human-72989884/#MZA6iSDWyG1zm
cjF.99

12. Gannon M. Workers at Biblical Copper Mines Ate 
Quite Well. 2014. Available at http://www.livescience 
.com/48908-metalworkers-diet-biblical-mines.html). 
Accessed July 7, 2016.

13. Simmons IG. An Environmental History of Great 
Britain. Edinburgh, UK: Edinburgh University Press; 
2001.

14. Masri R. The Cedars of Lebanon: Signi�cance, 
Awareness and Management of the Cedrus libani in 
Lebanon. 1995. Available at http://almashriq.hiof.no 
/lebanon/300/360/363/363.7/cedars2.html.

15. van der Zee B. England’s forests: A brief history of 
trees. July 26, 2013. Available at http://www.the-
guardian.com/travel/2013/jul/27/history-of-englands-
forests. Accessed July 30, 2016.

16. Pachauri R, Meyer L. IPCC, 2014: Climate Change 
2014: Synthesis Report. Contribution of Working 
Groups I, II and III to the Fifth Assessment Report 
of the Intergovernmental Panel on Climate Change 
IPCC, Geneva, Switzerland, 151 pp. Geneva, 
Switzerland: IPCC;2014.

17. Barnes C, Alexis NE, Bernstein JA et al. Climate 
change and our environment: The effect on respira-
tory and allergic disease. J Allergy Clin Immunol 
Pract. March 2013;1(2):137–141.

18. Churchill J. The Medical Times and Gazette. January 
28, 1865. Available at https://babel.hathitrust.org/cgi 
/pt?q1=fog;id=hvd.32044103089082;view=image;se
q=131;start=1;sz=10;page=root;num=93;size=100;ori
ent=0. Accessed July 30, 2016.

19. Nemery B, Hoet PH, and Nemmar A. The Meuse 
Valley fog of 1930: An air pollution disaster. Lancet. 
March 3, 2001;357(9257):704–708.

20. Logan WP. Mortality in the London fog incident, 
1952. Lancet. February 14, 1953;1(6755):336–338.

21. Berhane K, Chang CC, McConnell R et al. Association 
of changes in air quality with bronchitic symptoms 
in children in California, 1993-2012. JAMA. April 12, 
2016;315(14):1491–1501.

22. Bernstein DI. Traf�c-related pollutants and wheezing 
in children. J Asthma. February 2012;49(1):5–7.

23. Peden DB, Setzer RW, Jr., and Devlin RB. Ozone 
exposure has both a priming effect on allergen-
induced responses and an intrinsic in�ammatory 

action in the nasal airways of perennially aller-
gic asthmatics. Am J Respir Crit Care Med. May 
1995;151(5):1336–1345.

24. Mol�no NA, Wright SC, Katz I et al. Effect of 
low concentrations of ozone on inhaled allergen 
responses in asthmatic subjects. Lancet. July 27 
1991;338(8761):199–203.

25. Schultz ES, Hallberg J, Gustafsson PM et al. Early 
life exposure to traf�c-related air pollution and 
lung function in adolescence assessed with impulse 
oscillometry. J Allergy Clin Immunol. May 6, 
2016;138(3):930–932.

26. World Health Organization. Air quality guidelines 
for Europe. WHO Reg Publ Eur Ser. 2000;(91):V–X, 
1–273.

27. Lai HK, Hedley AJ, Thach TQ. A method to derive 
the relationship between the annual and short-
term air quality limits—Analysis using the WHO Air 
Quality Guidelines for health protection. Environ Int. 
September 2013;59:86–91.

28. Raaschou-Nielsen O, Andersen ZJ, Beelen R 
et al. Air pollution and lung cancer incidence 
in 17 European cohorts: Prospective analyses 
from the European Study of Cohorts for Air 
Pollution Effects (ESCAPE). Lancet Oncol. August 
2013;14(9):813–822.

29. Samet JM, Dominici F, Curriero FC. Fine par-
ticulate air pollution and mortality in 20 U.S. cit-
ies, 1987-1994. N Engl J Med. December 14, 
2000;343(24):1742–1749.

30. Nordenhall C, Pourazar J, Ledin MC et al. Diesel 
exhaust enhances airway responsiveness in asthmatic 
subjects. Eur Respir J. May 2001;17(5):909–915.

31. Tramuto F, Cusimano R, Cerame G et al. Urban air 
pollution and emergency room admissions for respira-
tory symptoms: A case-crossover study in Palermo, 
Italy. Environ Health. 2011;10:31.

32. Norris G, YoungPong SN, Koenig JQ et al. 
An association between fine particles and 
asthma emergency department visits for chil-
dren in Seattle. Environ health Perspect. June 
1999;107(6):489–493.

33. Romieu I, Meneses F, Sienra-Monge JJ et al. Effects 
of urban air pollutants on emergency visits for 
childhood asthma in Mexico City. Am J Epidemiol. 
March 15, 1995;141(6):546–553.

34. Mirabelli MC, Vaidyanathan A, Flanders WD et al. 
Outdoor PM2.5, Ambient Air Temperature, and 
Asthma Symptoms in the Past 14 Days among Adults 
with Active Asthma. Environ Health Perspect. July 6, 
2016;124(12):1882–1890.

35. Peng C, Bind MC, Colicino E et al. Particulate air 
pollution and fasting blood glucose in non-diabetic 
individuals: Associations and epigenetic mediation in 
the normative aging study, 2000-2011. Environ Health 
Perspect. May 24, 2016;124(11):1715–1721.

http://www.smithsonianmag.com/science-nature/why-fire-makes-us-human-72989884/#MZA6iSDWyG1zmcjF.99
http://www.smithsonianmag.com/science-nature/why-fire-makes-us-human-72989884/#MZA6iSDWyG1zmcjF.99
http://www.smithsonianmag.com/science-nature/why-fire-makes-us-human-72989884/#MZA6iSDWyG1zmcjF.99
http://almashriq.hiof.no/lebanon/300/360/363/363.7/cedars2.html
http://almashriq.hiof.no/lebanon/300/360/363/363.7/cedars2.html
http://www.theguardian.com/travel/2013/jul/27/history-of-englands-forests
http://www.theguardian.com/travel/2013/jul/27/history-of-englands-forests
http://www.theguardian.com/travel/2013/jul/27/history-of-englands-forests
https://babel.hathitrust.org/cgi/pt?q1=fog
https://babel.hathitrust.org/cgi/pt?q1=fog
http://www.smithsonianmag.com/science-nature/why-fire-makes-us-human-72989884/#MZA6iSDWyG1zmcjF.99
http://www.livescience.com/48908-metalworkers-diet-biblical-mines.html
http://www.livescience.com/48908-metalworkers-diet-biblical-mines.html


References 93

36. Taylor PE, Flagan RC, Valenta R et al. Release of aller-
gens as respirable aerosols: A link between grass pol-
len and asthma. J Allergy Clinical Immunol. January 
2002;109(1):51–56.

37. Taylor PE, Jacobson KW, House JM et al. Links 
between pollen, atopy and the asthma epidemic. Int 
Arch Allergy Immunol. 2007;144(2):162–170.

38. Barnes CS, Horner WE, Kennedy K et al. Home 
assessment and remediation. Journal Allergy Clin 
Immunol Pract. May-June 2016;4(3):423–431 e415.

39. Scott RW. Case of Bronchorrhoea AEstiva, or Hay-
fever: With remarks. Prov Med J Retros Med Sci. 
May 21, 1842;4(86):123–124.

40. Jariwala S, Toh J, Shum M et al. The association 
between asthma-related emergency department 
visits and pollen and mold spore concentrations 
in the Bronx, 2001-2008. J Asthma. February 
2014;51(1):79–83.

41. Ito K, Weinberger KR, Robinson GS et al. The asso-
ciations between daily spring pollen counts, over-
the-counter allergy medication sales, and asthma 
syndrome emergency department visits in New York 
City, 2002-2012. Environ Health. 2015;14:71.

42. Venables KM, Allitt U, Collier CG et al. Thunderstorm-
related asthma—The epidemic of 24/25 June 1994. 
Clin Exp Allergy. July 1997;27(7):725–736.

43. Marks GB, Colquhoun JR, Girgis ST et al. 
Thunderstorm out�ows preceding epidemics of 
asthma during spring and summer. Thorax. June 
2001;56(6):468–471.

44. Cakmak S, Dales RE, Coates F. Does air pollution 
increase the effect of aeroallergens on hospitalization 
for asthma? Journal Allergy Clin Immunol. January 
2012;129(1):228–231.

45. Fahey L, Robinson G, Weinberger K et al. Correlation 
between aeroallergen levels and new diagno-
sis of eosinophilic esophagitis in NYC. J Pediatr 
Gastroenterol Nutr. April 21, 2016; 64(1):22–25.

46. Watanabe M, Noma H, Kurai J et al. Association 
between Outdoor Fungal Concentrations during 
Winter and Pulmonary Function in Children with and 
without Asthma. Int J Environ Res Public Health. 
2016;13(5):E452.

47. Guilbert A, Simons K, Hoebeke L et al. Short-term 
effect of pollen and spore exposure on allergy 
morbidity in the Brussels-Capital eegion. EcoHealth. 
May 12, 2016;13(2):303–315.

48. Weichenthal S, Lavigne E, Villeneuve PJ, Reeves F. 
Airborne pollen concentrations and emergency room 
visits for myocardial infarction: A multicity case-
crossover study in Ontario, Canada. Am J Epidemiol. 
April 1, 2016;183(7):613–621.

49. Riedler J, Eder W, Oberfeld G et al. Austrian chil-
dren living on a farm have less hay fever, asthma 
and allergic sensitization. Clin Exp Allergy. February 
2000;30(2):194–200.

50. Braun-Fahrlander C, Gassner M, Grize L et al. 
Prevalence of hay fever and allergic sensitization in 
farmer’s children and their peers living in the same 
rural community. SCARPOL team. Swiss Study on 
Childhood Allergy and Respiratory Symptoms with 
Respect to Air Pollution. Clin Exp Allergy. January 
1999;29(1):28–34.

51. Stein MM, Hrusch CL, Gozdz J et al. Innate 
immunity and asthma risk in amish and hut-
terite farm children. N Engl J Med. August 04, 
2016;375(5):411–421.

52. Villalbi JR, Plasencia A, Manzanera R et al. Epidemic 
soybean asthma and public health: New con-
trol systems and initial evaluation in Barcelona, 
1996-98. J Epidemiol Community Health. Jun 
2004;58(6):461–465.

53. D’Amato G, Liccardi G, D’Amato M, Holgate 
S. Environmental risk factors and allergic bron-
chial asthma. Clin Exp Allergy. September 
2005;35(9):1113–1124.

54. Fukuoka A, Matsushita K, Morikawa T et al. Diesel 
exhaust particles exacerbate allergic rhinitis in mice 
by disrupting the nasal epithelial barrier. Clin Exp 
Allergy. January 2016;46(1):142–152.

55. Ackaert C, Ko�er S, Horejs-Hoeck J et al. The impact 
of nitration on the structure and immunogenicity of 
the major birch pollen allergen Bet v 1.0101. PLOS 
ONE. 2014;9(8):e104520.

56. Beck I, Jochner S, Gilles S et al. High environmental 
ozone levels lead to enhanced allergenicity of birch 
pollen. PLOS ONE. 2013;8(11):e80147.

57. Breton CV, Yao J, Millstein J et al. Prenatal air pol-
lution exposures, DNA methyl transferase geno-
types, and associations with newborn LINE1 and 
alu methylation and childhood blood pressure and 
carotid intima-media thickness in the children’s 
health study. Environ Health Perspect. May 24 
2016;124(12):1905–1912.

58. Chan MA, Ciaccio CE, Gigliotti NM et al. DNA 
methylation levels associate with race and child-
hood asthma severity. Journal Asthma. December 8, 
2016;54(8):825–832.

59. Stocker T,. Climate Change 2013: The Physical 
Science Basis. TF. Stocker ed. New York;2013. 
Available at http://www.climatechange2013.org/.

60. Shea KM, Truckner RT, Weber RW et al. Climate change 
and allergic disease. Journal Allergy Clin Immunol. 
September 2008;122(3):443–453; quiz 454–445.

61. Ziska L, Knowlton K, Rogers C et al. Recent 
warming by latitude associated with increased 
length of ragweed pollen season in central North 
America. Proc Natl Acad Sci USA. March 8, 
2011;108(10):4248–4251.

62. US-EPA. Unfinished Business: A Comparative 
Assessment of Environmental Problems. Washington 
DC: U.S. Environmental Protection Agency; 1990.

http://www.climatechange2013.org/


94 Indoor and outdoor pollutants and allergens

63. US-EPA. Reducing Risk: Setting Priorities and 
Strategies for Environmental Protection. Washington 
DC: U.S. Environmental Protection Agency; 1990.

64. Jones M. Laboratory animal allergy in the mod-
ern era. Curr Allergy Asthma Rep. December 
2015;15(12):73.

65. North ML, Soliman M, Walker T et al. Controlled aller-
gen challenge facilities and their unique contributions 
to allergic rhinitis research. Curr Allergy Asthma Rep. 
April 2015;15(4):11.

66. Ferraz E, Arruda LK, Bagatin E et al. Laboratory 
animals and respiratory allergies: The prevalence 
of allergies among laboratory animal workers and 
the need for prophylaxis. Clinics (Sao Paulo). June 
2013;68(6):750–759.

67. Robert C and Brandys GMB. Worldwide Exposure 
Standards for Mold and Bacteria with Assessment 
Guidelines for Air, Water, Dust, Ductwork, Carpet and 
Insulation. 8th ed. Hinsdale, IL OEHCS; 1983.

68. Chew GL, Horner WE, Kennedy K et al. Procedures 
to assist health care providers to determine when 
home assessments for potential mold exposure are 
warranted. J Allergy Clin Immunol Pract. May-June 
2016;4(3):417–422 e412.

69. Baxi SN, Portnoy JM, Larenas-Linnemann D et al. 
Exposure and health effects of fungi on humans. 
Journal Allergy Clin Immunol Pract. May-June 
2016;4(3):396–404.

70. Portnoy J, Miller JD, Williams PB et al. Environmental 
assessment and exposure control of dust mites: A 
practice parameter. Ann Allergy Asthma Immunol. 
December 2013;111(6):465–507.

71. Portnoy J, Chew GL, Phipatanakul W et al. 
Environmental assessment and exposure reduction 
of cockroaches: A practice parameter. J Allergy Clin 
Immunol. October 2013;132(4):802–808 e801–825.

72. Phipatanakul W, Matsui E, Portnoy J et al. 
Environmental assessment and exposure reduction of 

rodents: A practice parameter. Ann Allergy Asthma 
Immunol. December 2012;109(6):375–387.

73. Portnoy J, Kennedy K, Sublett J et al. Environmental 
assessment and exposure control: A practice param-
eter—Furry animals. Ann Allergy Asthma Immunol. 
April 2012;108(4):223 e221–215.

74. Moller HU. Granular corneal dystrophy Groenouw 
type I (GrI) and Reis-Bucklers’ corneal dystrophy 
(R-B). One entity? Acta Ophthalmologica. December 
1989;67(6):678–684.

75. Bruce NG, Dherani MK, Das JK et al. Control of 
household air pollution for child survival: Estimates 
for intervention impacts. BMC Public Health. 
2013;13(Suppl. 3):S8.

76. Brunekreef B, Beelen R, Hoek G et al. Effects of 
long-term exposure to traf�c-related air pollution 
on respiratory and cardiovascular mortality in the 
Netherlands: The NLCS-AIR study. Res Rep Health Eff 
Inst. March 2009(139):5–71; discussion 73–89.

77. Janssen NA, Brunekreef B, van Vliet P et al. The 
relationship between air pollution from heavy 
traf�c and allergic sensitization, bronchial hyper-
responsiveness, and respiratory symptoms in Dutch 
schoolchildren. Environ Health Perspect. September 
2003;111(12):1512–1518.

78. Nicolai T, Carr D, Weiland SK et al. Urban traf�c and 
pollutant exposure related to respiratory outcomes 
and atopy in a large sample of children. Eur Respir J. 
June 2003;21(6):956–963.

79. Venn AJ, Lewis SA, Cooper M, Hubbard R, Britton 
J. Living near a main road and the risk of wheez-
ing illness in children. Am J Respir Crit Care Med. 
December 15 2001;164(12):2177–2180.

80. Wyler C, Braun-Fahrlander C, Kunzli N et al. Exposure 
to motor vehicle traf�c and allergic sensitization. 
The Swiss Study on Air Pollution and Lung Diseases 
in Adults (SAPALDIA) Team. Epidemiology. July 
2000;11(4):450–456.



95

9
The microbiome in asthma, COPD, and 
asthma-COPD overlap

STEPHANIE CHRISTENSON

9.1 INTRODUCTION

�e “microbiome” has been de�ned as “a community of 
microorganisms (such as bacteria, fungi, and viruses) that 
inhabit a particular environment, and especially the collec-
tion of microorganisms living in or on the human body.”1 
We are just beginning to understand how the microbiome 
interacts with the human host, and how this interaction 
contributes to health and disease. �e microbiome has tra-
ditionally been investigated using culture-based methods. 

However, the advent of culture-free techniques to probe 
microbial sequences in recent years has vastly improved our 
ability to evaluate the microbiome. Much of the e�ort in 
humans has concentrated on the bacterial microbiome, the 
focus of this chapter. Yet, related to the advances in high-
throughput technologies, viral and fungal communities are 
beginning to be analyzed as well. �ere is ever-increasing 
evidence that the microbial environment on human muco-
sal surfaces, speci�cally the airways and gastrointestinal 
tract, shape the development, maintenance, and heteroge-
neity of acute and chronic responses in airway disease.
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CLINICAL VIGNETTE 9.1

Ms. A is a 64-year-old female with a history of COPD, previous smoking (20 pack years, quit 10 years ago), childhood 
asthma, and seasonal allergies, who presents to pulmonary clinic in follow-up after hospitalization for a COPD exac-
erbation 1 week ago. She notes that she had developed an upper respiratory infection approximately 1 week prior 
to admission and had become increasingly dyspneic with worsening wheezing over the course of the week. She was 
hospitalized for 1 week during which time she received a seven-day course of prednisone and levofloxacin. Her chest 
radiograph did not show an opacity to suggest pneumonia but her sputum culture grew Haemophilus influenzae. She 
feels her symptoms of dyspnea, wheezing, and cough have improved since discharge but are not quite back to baseline. 
At baseline, she notes dyspnea after walking one block, and wheezing intermittently throughout the day for which she 
takes albuterol at least a few times per week. She takes Budesonide 160 μg/Formoterol 4.5 μg combo inhaler 2 puffs 
BID and umeclidinium 62.5 mcg inhaled daily. She has now had two exacerbations of her symptoms requiring oral cor-
ticosteroids this year, but this is the first time she has required hospitalization. Her FEV1 is 60% predicted, and she is 
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9.2  CONTEMPORARY MICROBIOME 
ANALYTICAL METHODS

Culture-based techniques are highly inadequate for studying 
the microbiome given their high degree of insensitivity.2 �is 
has necessitated the development of culture-free techniques. 
Methods based on polymerase chain reaction (PCR) ampli-
�cation of the 16S ribosomal RNA (rRNA) gene have led the 
way for contemporary microbiome analysis.3 �e 16S rRNA 
gene is exclusive to and universal among bacteria. It is com-
posed of regions highly conserved across all bacteria that �ank 
hypervariable regions. Investigators have exploited the con-
served regions of the 16S gene to generate universal primers 
that then allow for the ampli�cation of this gene in the major-
ity of known bacteria.4 �e hypervariable regions, which dis-
play signi�cant diversity across bacteria, are ampli�ed as well. 
�e taxon-speci�city of these hypervariable regions can then 
be leveraged to classify bacteria into taxonomic units so that 
microbial community composition can be investigated.

Next-generation microarray and sequencing technolo-
gies have led to advancements in the microbiome �eld by 
o�ering exponentially increasing throughput. 16S rRNA 
gene analysis is now most o�en carried out via sequenc-
ing. As the sequencing technology improves, read depths 
increase and costs decrease. With these developments, shot-
gun sequencing is now starting to be used for microbiome 
analysis as well. In shotgun sequencing, all sequences in 
a given sample are sequenced. When evaluating samples 
from a host organism (e.g., humans), shotgun sequencing 
will o�en require tremendous sequencing depth for micro-
biome analysis.4 �is is a technical limitation due to a large 
proportion of the sequencing reads being dedicated to host 
sequences. �is large sequencing depth is thus required 
to adequately sequence the small proportion of reads that 
cover the microbiome. Nevertheless, this type of analysis, 
“metagenomics,” provides some bene�ts over 16S rRNA 
gene sequencing. �ese bene�ts include the ability to evalu-
ate genes beyond the 16S rRNA gene, some of which may 
be functionally relevant. Shotgun sequencing also allows for 
the study of other organisms in a sample, including fungi 
and viruses. Techniques for microbiome analysis using 

RNA, proteins, and metabolites (metatranscriptomics, 
metaproteomics, and meta-metabolomics, respectively) 
are being developed as well. �ese techniques may be used 
in tandem with DNA-based methods to investigate tran-
scriptional, translational, and metabolic correlates of the 
microbes identi�ed in a sample. See Table 9.1 for microbi-
ome analysis de�nitions.

9.3  THE GUT MICROBIOME AND THE 
DEVELOPMENT OF AIRWAY DISEASE

�e highest bacterial burden in the human body resides 
in the lower gastrointestinal tract.5 Immediately a�er 
birth, an infant’s mucosal surfaces are colonized by the 
�rst bacterial species he/she is exposed to.6,7 As such, 
early environmental exposures and diet greatly a�ect the 
infant’s microbial composition. In healthy individuals, 
gut microbial composition is highly variable in early life,8 
but progressively stabilizes with an adult-like community 
developing by 3 years of age.9

�e study of germ-free mice has been leveraged to under-
stand how the microbiome contributes to the development 
of the immune system. Comparisons between germ-free 
mice and those colonized with microbiota show that the 
microbiome is crucial to the structural and functional 
development of the immune system, including the develop-
ment of lymphoid tissues.10,11 Allergic airway in�ammation 
is exaggerated in germ-free mice, when compared to spe-
ci�c pathogen-free mice (i.e., mice free from a pre-speci�ed 
list of pathogens that may a�ect research outcomes or are 
known to not cause disease in mice). �is in�ammation is 
reversed when the gut microbiota from speci�c pathogen-
free mice are transferred to the germ-free mice in early 
life.12 Consequently, it appears that the gut microbiota in 
particular may be important for the development of allergic 
disease, even at other mucosal surfaces.

Further studies in murine models have supported this 
“gut-lung in�ammatory axis” hypothesis, with the early 
life gut microbiome playing an important role in asthma 
development.

bronchodilator responsive. Given her history of exacerbations and symptoms despite triple inhaler therapy, adjunctive 
therapy with daily azithromycin is considered. She has no ECG abnormalities and denies hearing deficits.

This case highlights important questions when considering the role of microorganisms and antibiotic therapy in 
obstructive airway disease:

 1. How do microorganisms contribute to the pathogenesis of asthma, COPD, and asthma-COPD overlap?
 2. How is the contribution of microorganisms to obstructive airway disease pathogenesis modified by acute exacerba-

tions of the disease?
 3. Does this patient have asthma, COPD, or asthma-COPD overlap, and how important is it to make this distinction 

when considering chronic macrolide therapy?
 4. Which patient populations benefit from antibiotic therapy during stable disease and acute exacerbations?
 5. How does chronic macrolide therapy mitigate exacerbation risk?
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Mice fed Helicobacter pylori had an increase in systemic 
T regulatory cells (Tregs) as well as a decrease in airway 
hyperresponsiveness, airway tissue in�ammation, and 
goblet cell metaplasia.13 Similar �ndings have been demon-
strated a�er feeding mice a mix of Clostridium (which pro-
moted Treg accumulation and reduced systemic IgE) and 
Lactobacillus reuteri (which promoted Treg accumulation 
and decreased the allergic response to OVA challenge).14,15 
Altering diet appears to have an e�ect on the gut microbi-
ome and systemic in�ammation as well. Feeding mice a diet 
high in fermentable �ber increased the relative abundance 
of Bacteroidetes in comparison to Firmicutes, increased cir-
culating short-chain fatty acid levels, and suppressed aller-
gic lung disease in the setting of decreased �2 cell e�ector 
function.16

�e importance of the microbiome in the early develop-
ment of the immune system and atopy has given rise to the 
“hygiene hypothesis.” �e hygiene hypothesis suggests that a 
reduction in early life microbial exposures leads to impaired 
immune system maturation and an increased susceptibility 
to the development of allergic diseases. A major notion of 
this hypothesis is that a relative lack of exposure to microbes 
has led to the increased prevalence of asthma and atopy in 
Westernized nations.17 �is theory was �rst tested in epide-
miologic studies in humans by showing that asthma suscep-
tibility in childhood is decreased when, in the �rst year of 
life, the child is exposed to environments high in bacterial 
burden and diversity. �ese environments include growing 
up with dogs in the home, multiple older siblings, or on farms 
with high exposure to livestock.17–22 Work in murine models 
also supports the hygiene hypothesis. One study showed that 
chronic low-dose exposure to bacterial endotoxin or farm 
dust leads to suppression of Type 2 immunity and protection 
from house dust mite–induced asthma.23

Epidemiologic studies further go on to suggest that 
early life gastrointestinal tract microbial exposures spe-
ci�cally are important to the development of allergic dis-
ease. Childhood asthma prevalence is higher in bottle-fed 
vs. breast-fed infants and vs. those fed pasteurized milk.24 
Multiple studies have shown that microbial dysbiosis in 
the stool of infants is associated with greater asthma or 
allergy risk in childhood. �ese studies generally showed 
that lower abundance of Bifidobacteria, Lactobacilli, and 
Bacteriodetesi, and higher abundance of Enterococci and 
Clostridia, are associated with increased allergic risk.25–28

While the role of the gut microbiome in childhood asthma 
development has been well-studied, its role in the develop-
ment of COPD, adult-onset asthma, and asthma-COPD over-
lap (ACO) is poorly understood. Studying the microbiome in 
cohort studies that follow at-risk adults to the development 
of airway disease is a much more daunting task than follow-
ing infants to the development of childhood asthma. Longer 
follow-up times and large sample sizes will likely be required. 
Nonetheless, an association between aberrant alterations in 
microbial composition, dysbiosis, in the gut and cigarette 
smoking, the main risk factor for COPD development, has 
been found.29 Ten participants undergoing smoking cessa-
tion had increases in bacterial diversity and a shi� toward 
the Firmicutes and Actinobacteria phyla following smoking 
cessation. While this was a very limited study with potential 
confounders, it does suggest a role for smoking in gut micro-
bial dysbiosis that could potentially contribute to systemic 
in�ammation. In COPD, many patients have evidence of sys-
temic in�ammation with increased circulating cytokine and 
chemokine levels.30 Whether gastrointestinal microbial dys-
biosis in response to cigarette smoking may lead to or poten-
tiate systemic in�ammation and the development of airway 
disease is still unknown.

Table 9.1 Glossary of microbiome analysis terms

Microbiome A community of microorganisms (such as bacteria, fungi, and viruses) that inhabit a particular 
environment, and especially the collection of microorganisms living in or on the human body.

Metagenome All the genetic material present in an environmental sample, consisting of the genomes of multiple 
individual organisms. Derivations of this term are used in regards to RNA (“metatranscriptome”) and 
protein (“metaproteome”).

16S rRNA 
gene

Component of the 30S subunit of prokaryotic ribosomes used for phylogenetic studies as it is highly 
conserved between different species of bacteria and archaea. The bacterial 16S gene contains nine 
hyper-variable regions (V1–V9) that �ank the highly conserved regions. Conservation of hyper-variable 
regions vary across taxonomies and are used for classi�cation.

Dysbiosis A microbial imbalance inside the body categorized into one of three types: 1. Loss of bene�cial 
organisms, 2. Expansion of potentially harmful organisms, 3. Loss of microbial diversity.

Taxonomy Rank-based classi�cation of organisms: domain -> phylum -> class -> order -> family -> genus -> species.
Shotgun 

sequencing
A method for sequencing long DNA strands. The long strands are fragmented (“shotgunned”) into 

shorter transcripts and sequenced. These sequence fragments are then reassembled into a complete 
sequence using their overlap. When a sample containing host and microbial cells (e.g., a human 
sputum sample) is sequenced, all sequences will be fragmented (human and microbial) and reassembly 
will require assigning fragments to both host and microbial genomes.

DNA 
microarray

A 2D grid of oligonucleotide probes against known DNA sequences used to detect thousands of genes 
at the same time. For microbiome classi�cation, the 16S rRNA is targeted.
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9.4 THE HEALTHY LUNG MICROBIOME

Investigation of the human airway microbiome has lagged 
substantially behind investigation of the gut microbiome. 
�is is partially due to the considerably lower bacterial bur-
den in the airways compared to the gastrointestinal tract. 
Only within the past several years has culture-free technol-
ogy to study this lower bacterial burden advanced enough 
to allow for this line of inquiry. Indeed, as culture-based 
techniques were previously unable to sample this lower 
bacterial load, it was commonly thought that the healthy 
airways were sterile until as recently as this last decade.31

�e lung microbiome is signi�cantly more dynamic 
than the gut microbiome. Gut microbes migrating from the 
mouth through the digestive tract must endure the chemi-
cal barrier of di�ering pHs along their passage.32 Microbial 
immigration into the distal airways does not confront these 
same physical barriers. Furthermore, contrary to the uni-
directional movement along the gastrointestinal tract, the 
movement of microbes in the airways is bidirectional. Even 
during healthy states microbes immigrate into the airways 
through inhalation, subclinical microaspiration of upper 
respiratory or gastrointestinal contents, and direct move-
ment along the airways. �e human airways, however, 
have many defenses against this continuous introduction 
of microbes. Microbes are eliminated through mucociliary 
clearance, cough, and host mucosal immune defense.

In health, the airway microbiome most closely resembles 
that of the oral cavity albeit with a 2–4 log lower bacterial 
burden.33 �e Bacteroidetes phylum (particularly Prevotella) 
and Firmicutes phylum (particularly Streptococci) are most 
prevalent. In contrast, the nasal mucosa is generally popu-
lated by microbial communities more closely resembling 
skin �ora. As microbiota in the lower airways are sampled 
via bronchoscopy, there has been a concern that the �ora 
detected in the lower airways are due to contamination 
tracked down from the oral cavity with introduction of the 
bronchoscope. However, the �nding that the healthy lower 
airway microbiome most closely resembles the oral microbi-
ome remains even when brushes protected against oral con-
tamination are used for sampling or when the bronchoscope 
is introduced through the nose.33 It is hypothesized, although 
not proven, that the similarity between oral and lower airway 
microbiomes may be a consequence of chronic microaspira-
tion.32 Saliva accounts for a much greater volume of the host 
secretions than is normally produced by the nasal mucosa. 
In disease (e.g., respiratory infection or allergic rhinitis), the 
contribution of other airway mucosal surfaces to production 
of secretions, including the nasal mucosa, increases and, in 
turn, may alter the airway microbiome.

Although the lower airway microbiome most closely 
resembles the oral microbiome, regional di�erences do 
exist. Composition varies by region of the lung studied, 
likely due to a combination of factors. �e compartment 
studied (e.g., epithelium, bronchoalveolar lavage, sputum, 
or parenchyma) appears to be associated with di�erences 

in composition.34,35 Additionally, the lung is comprised of 
microenvironments. Growth conditions, such as tempera-
ture, pH, and oxygen concentration, vary throughout the 
lung and likely in�uence survival and growth of speci�c 
microbes.36 For example, members of the Bacteroidetes 
phylum are anaerobic and thus are at a disadvantage in 
oxygen-rich environments. In addition, in�ammation at 
the mucosal surface may lead to changes in microenviron-
ment conditions.37 �us, type of sample and regional varia-
tion must be taken into account when studying the lung 
microbiome.

9.5  THE LUNG MICROBIOME IN 
CHRONIC AIRWAY DISEASE

It has been shown across many studies that the microbial 
composition of the airways changes during both acute and 
chronic airway disease. In health immigration of microbiota 
into the lower respiratory tract and subsequent elimination 
are the primary factors that determine the microbiome of the 
lower airways (Figure 9.1). Reproduction of resident bacteria 
contributes little in the healthy state. However, during acute 
and chronic airway disease the host conditions change such 
that reproduction of resident bacteria contributes more to 
the microbiome.38 For example, chronic airway diseases are 
o�en associated with decreases in mucociliary clearance and 
increases in mucin production. �ese alterations, in turn, 
can lead to alterations in the environmental conditions of the 
lower respiratory tract. �is new environment can then pro-
vide a better opportunity for bacterial growth.

9.5.1 ASTHMA

�e link between asthma and chronic colonization of the 
airways with pathogenic bacteria or outright infection has 
long been suggested. �is hypothesis formed well before the 
widespread use of the more modern high-throughput meth-
ods. Both serologic testing and PCR-based methods have 
shown that Chlamydophila pneumoniae and Mycoplasma 
pneumoniae are found more frequently in the airways of 
asthma patients than healthy controls.39–42 M. pneumoniae 
and C. pneumoniae may even be involved in the onset of 
adult asthma in a subset of patients, although a causal link 
has not been established.41,42 Culture-based methods also 
showed that identi�cation of Streptococcus pneumoniae, 
Haemophilus influenzae, or Moraxella catarrhalis in the 
oropharynx of one-month-old infants is associated with 
greater risk of childhood asthma.43 �ese �ndings are only 
associations. Consequently, it is still unclear if the microbes 
themselves are increasing asthma risk or are just an indica-
tor of an altered immune system.

Contemporary high-throughput methods have com-
monly shown that the relative abundance of the Proteo-
bacteria phylum is increased in at least a subset of asthmatics 
across a range of severity.31,44–46 �is phenomenon has even 
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been shown in corticosteroid naive participants, suggesting 
it is not just a medication e�ect.45 Studies have further found 
that asthma is usually characterized by a greater bacterial 
burden and diversity.44

Both the clinical characteristics and immunologic 
responses in asthma are heterogeneous. �us, most studies of 
the microbiome in stable asthma have gone beyond evaluat-
ing the association between disease state and microbial com-
position to look at speci�c phenotypic characteristics. In a 
study of 65 suboptimally controlled asthmatics and 10 healthy 
controls, bronchial epithelial brushings were collected. 
Bronchial hyperresponsiveness was found to be associated 
with increased bacterial diversity and an increase in multiple 
families within the Proteobacteria phylum. �is increase in 
bacterial diversity was particularly high among participants 
who demonstrated a  signi�cant reduction in bronchial reac-
tivity in response to macrolide antibiotic treatment.44 A subset 
of corticosteroid-resistant asthmatics has been shown to have 
an increased proportion of Proteobacteria and Actinobacteria 
in bronchoalveolar lavage samples.47 Lung-function decre-
ments and increased neutrophils have been shown to be asso-
ciated with M. Catarrhalis, Haemophilus, and Streptococcus. 
Increased sputum leukocyte counts and worse asthma con-
trol measured on the Asthma Control Questionnaire have 
been related to increases in Proteobacteria.46 �at same study 
showed that steroid responsiveness, as measured by FK506 
gene expression, and increased asthma severity are associ-
ated with increased Actinobacteria. �us exists substantial 
evidence that microbial dysbiosis is associated with pheno-
typic variation in asthma. Most of these studies are, how-
ever, correlative. Further investigation into the causative 
 relationships  between microbial and clinical variability is 
still needed.

9.5.2 COPD

Several small studies have been done to examine the 
airway microbiome in COPD with mixed results. �e 
�rst study compared eight healthy controls, 11 partici-
pants with asthma, and �ve with COPD using samples 
obtained from airway brushings.31 Similar to asthma, 
they identi�ed a shi� in microbial composition toward 
the pathogenic Proteobacteria phylum and away from the 
Bacteroidetes phylum that dominates the healthy airways. 
�is has not, however, been consistently replicated across 
studies. While one other study showed similar results,34 
others have instead shown a shi� toward the Firmicute 
phylum.35,48,49 Furthermore, one study showed a decrease 
in microbial diversity with increasing airway obstruc-
tion,34 while others have shown no change or increased 
diversity in COPD compared to health or with increasing 
disease severity.35,48,49

Unfortunately, the studies of the airway microbiome in 
COPD were done using di�erent sample types (e.g., bron-
choalveolar lavage, airway brushings, and parenchymal 
samples) with small sample sizes. �us, some of the incon-
sistencies may be due to a di�erence in the compartment 
sampled. Another plausible explanation is that, similar to 
COPD itself, the microbial communities that dominate 
the COPD airways are heterogeneous. One study found 
that additional host factors, including age and medica-
tion use (inhaled steroids or bronchodilators), signi�cantly 
in�uenced the composition of the microbiome in COPD.48 
Larger studies that can more appropriately examine the 
contribution of host response to microbial composition, 
and whether the heterogeneity that exists across studies 
also exists within a study, must be done. Based on these 
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Figure 9.1 Determinants of the airway microbiome in health and disease. In healthy airways the airway microbiome is 
primarily determined by immigration into and elimination out of the distal airways with little contribution from the resident 
population. In disease, conditions within the airways have changed such that reproduction of resident bacteria is favored, 
and thus this contributes more to the microbial population in the airways.
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preliminary studies it is, however, clear that stable COPD 
is associated with an alteration in microbial composition 
when compared to the healthy airway.

9.6  THE LUNG MICROBIOME DURING 
ACUTE EXACERBATIONS

As is the case with obstructive diseases overall, acute exac-
erbations of obstructive lung diseases are heterogeneous. 
Viruses are considered the predominant trigger for asthma 
exacerbations,50 and are an important trigger for COPD 
exacerbations as well.51,52 However, alterations in the bacte-
rial communities in the airways and environmental expo-
sures (e.g., allergens) also trigger a signi�cant number of 
exacerbations in obstructive lung disease.

As in stable obstructive disease, culture-based techniques 
have proven inadequate in investigating the contribution of 
dysbiosis during exacerbations. Culture is o�en negative 
at the time of exacerbation. In one study, 51% of cases of 
COPD exacerbation were culture negative.53 Furthermore, 
the same pathogens cultured during exacerbation can be 
cultured during periods of stability, raising concern that 
the long-held belief that pathogenic bacteria are causing the 
exacerbation may be untrue or oversimpli�ed.

Importantly, studies of the microbiome to date have 
found that episodes of acute exacerbations of lung disease 
are di�erent from acute lung infections in several key ways.38 
First, exacerbations only occur in patients with underly-
ing lung disease. Bacterial diversity is also not necessarily 
decreased in acute exacerbations as it is during acute infec-
tion, where it indicates that one type of bacteria predomi-
nates. Furthermore, as explained below, antibiotics are not 
indicated for all obstructive lung disease exacerbations as 
they are for acute infections. It is hypothesized instead that 
an acute trigger (e.g., viral infection) initiates an alteration 
in host in�ammation that leads to a shi� in regional micro-
bial growth conditions in abnormal airways. �is leads to 
further microbial dysbiosis with a positive feedback loop 
leading to further host in�ammation and acute symptoms 
(Figure 9.1). �us, as opposed to an acute infection where 
one pathogen is o�en the culprit, in exacerbations it is the 
interaction between a dysregulated microbiome and altered 
host response in chronically abnormal airways that likely 
leads to symptoms.

9.6.1 ASTHMA EXACERBATIONS

While viral infections appear to be the predominant trig-
ger for asthma exacerbations in children, the same microbes 
that are associated with increased risk of developing asthma 
are associated with an increased exacerbation risk as well. 
Identifying M. catarrhalis, H. influenzae, or S. pneumoniae 
in the airways, either by culture or PCR, is associated with 
wheezing episodes and asthma exacerbations.43,54,55 �ese 

associations were found both in the presence and absence of 
concomitant respiratory virus infection. However, a theory 
exists that the microbial composition of the airway may 
a�ect the response of the airways to a viral infection. While 
Haemophilus, Moraxella, and Streptococcus are associated 
with exacerbations on their own, rhinovirus infection is 
associated with an increased abundance of these pathogenic 
bacteria. Furthermore, in the presence of these pathogenic 
bacteria, rhinovirus is more likely to lead to exacerbations.55

9.6.2 COPD EXACERBATIONS

�e microbiome of COPD exacerbations has been stud-
ied more thoroughly than that of stable COPD or asthma 
exacerbations. A study using bronchoscopic sampling and 
culture methods found that 54% of COPD exacerbations 
were associated with abnormal culture results.56 Culture 
techniques have also found that acquisition of new strains 
of H. influenzae, Moraxella catarrhalis, Streptococcus pneu-
moniae, or Pseudomonas aeruginosa are all associated with 
increased exacerbation occurrence.57 However, the majority 
of participants in that study did not have a new strain iso-
lated during exacerbation, suggesting that a newly acquired 
pathogen is not the sole reason for exacerbations.

With the advent of 16s techniques, more comprehensive 
analyses of the COPD exacerbation microbiome have been 
completed. �e �rst study was a longitudinal analysis of 12 
participants in which sputum samples were collected before, 
during, and a�er exacerbation.49 �e investigators found 
that the microbial composition shi�ed toward an increase in 
Proteobacteria during the exacerbation, with a decrease in 
Actinobacteria, Clostridia, and Bacteroidetes. �ey further 
identi�ed a “like will to like” phenomenon in which they 
found that both H. influenzae and phylogenetically related 
bacteria increased in abundance in tandem. Less related 
bacteria decreased in abundance. Another small study (16 
participants) also showed increases in abundance of spe-
ci�c phyla during exacerbation compared to stable disease, 
although these phyla varied.58 �ese small studies thus sug-
gest that COPD exacerbations are associated with microbial 
dysbiosis, and that similarity of bacteria introduced into the 
airway ecosystem may in�uence their intrusion success.

As noted previously, COPD exacerbations are thought 
to occur in the setting of various triggers. A larger study 
evaluated the association between suspected COPD exac-
erbation phenotype and alterations in microbial composi-
tion. Sputum samples were collected from 87 participants 
at baseline, during exacerbation, 2 weeks a�er therapy, and 
at 6 weeks recovery.59 Investigators found that there was 
an overall reduction in diversity with a slight, although 
insigni�cant, relative increase in Proteobacteria abun-
dance. �ey then went on to phenotype participants by 
type of exacerbation based on prespeci�ed criteria. �ey 
found that participants in the group classi�ed as “bacterial” 
exacerbation had a signi�cant increase in Proteobacteria, 
particularly Haemophilus, and a decrease in Firmicutes, 
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particularly Streptococcus, compared to a group classi-
�ed as “eosinophilic” exacerbation. �is study suggests 
that microbe-speci�c alterations are heterogeneous across 
COPD exacerbations and are likely related to the exacerba-
tion trigger.

Another study went even further, evaluating the micro-
biome alterations associated speci�cally with virus-induced 
exacerbation. �e investigators used an experimental 
human model in which COPD participants and healthy 
controls were inoculated with human rhinovirus.60 In the 
COPD participants, viral infection was associated with an 
increase in the relative abundance of Proteobacteria. �ere 
was not a similar change in healthy controls. �us, virus-
induced exacerbation speci�cally can contribute to bacte-
rial microbiome dysbiosis in the airways.

�ese longitudinal studies also demonstrate that treat-
ment at the time of exacerbation in�uences the postexac-
erbation microbial composition.49,59 Antibiotic treatment 
resulted in diminished bacterial burden, particularly of 
Proteobacteria, while steroid treatment resulted in the 
reverse results. Hence, the e�ects of the exacerbation and 
associated treatment type on the airway microbiome may 
last far beyond the exacerbation. �e importance of these 
alterations on the severity of symptoms in chronic disease 
and future exacerbation risk are important areas for future 
study.

9.7  THE AIRWAY MICROBIOME AND 
ASTHMA-COPD OVERLAP

To date, minimal work has been done relating the micro-
biome to ACO. One study clustered 75 participants with 
moderate-to-severe COPD and 86 participants with severe 
asthma based on sputum cytokine levels.61 �ey then 
evaluated the clinical and biological characteristics asso-
ciated with these clusters. �ey identi�ed three clusters:  
(1) asthma-predominant; (2) COPD-predominant; and (3) 
overlap of participants with asthma or COPD. �ey noted 
that this asthma-COPD overlap group had more neutro-
philia; had increased sputum IL-1β, IL-8, IL-10, and TNF-α 
levels; and was more likely to have sputum bacterial coloniza-
tion (based on culture). Upon strati�cation by disease state 
though, most of the bacterial colonization in this group was 
seen in the COPD participants. What this work does suggest 
is that there are similarities in host response between asthma 
and COPD, and that there is some evidence that this may be 
related to bacterial colonization. Further work will be neces-
sary in larger studies, with more advanced technologies, to 
study these relationships in more depth.

Any further understanding of the microbiome in ACO 
must be extrapolated from our understanding of the microbi-
ome in asthma and COPD. It does appear that chronic airway 
disease and acute exacerbations of that disease are associ-
ated with signi�cant microbial dysbiosis in the airways. �is 
appears true of both asthma and COPD, and, thus, is likely 

true of ACO. As asthma, COPD, and ACO involve heteroge-
neous patient populations, further understanding of how this 
heterogeneity interacts with the microbiome is needed.

9.8  THE LUNG MICROBIOME AS 
A THERAPEUTIC TARGET IN 
CHRONIC AIRWAY DISEASE

Despite the lack of an established causative relationship 
between airway dysbiosis and worse outcomes in obstruc-
tive lung diseases, the e�ect of chronic antibiotic therapy, 
particularly macrolide therapy, on outcomes in both asthma 
and COPD, has been studied repeatedly. Macrolides have 
been shown to exert not only antimicrobial e�ects, but also 
immunomodulatory and potentially antiviral e�ects. While 
it does appear that there is a role for macrolide therapy in 
the treatment of exacerbation-prone asthma and COPD, it 
is unclear whether the derived bene�t is due to an altera-
tion in the microbiome, the host immune response, or both 
(Figure 9.2).

In COPD, several RCTs have examined the e�ect of 
macrolide therapy on exacerbations and/or symptom con-
trol. �e largest of these studies, the multicenter MACRO 
study evaluated the e�ect of azithromycin 250 mg daily 
versus placebo over 12 months in 1142 participants with 
moderate to severe COPD at risk for COPD exacerba-
tions (hospitalization or oral steroids received for COPD 
exacerbation in the past year, or use of continuous oxy-
gen supplementation).62 �is study showed a modest 17% 
reduction in exacerbation rates as well as a signi�cant 
increase in time to �rst exacerbation and reduction in 
symptom scores. A Cochrane review of macrolide RCTs, 
including the MACRO study, determined that chronic 
macrolide therapy was associated with a signi�cant 
decrease in patients experiencing exacerbations (number 
needed to treat to prevent one exacerbation  =  8, high-
quality evidence).63 �ey also found a signi�cant decrease 
in exacerbation rates and improvement in quality of life. 
�ere was no e�ect on hospital admissions, serious adverse 
events, or all-cause mortality. Importantly, they noted that 
the data only applies to frequent exacerbators.

In asthma, the e�ectiveness of macrolides is not as well-
established, although the studies have historically been lim-
ited by low sample sizes. Meta-analyses have suggested that 
macrolides improve symptoms and quality of life, but their 
e�ect on exacerbations has been inconclusive.64 However, 
the recently published Australian multicenter AMAZES 
trial addresses the sample-size limitations of the previous 
studies, and indicates the potential bene�t of macrolides 
in asthma exacerbation prevention.65 AMAZES random-
ized 421 participants to Azithromycin 500 mg or placebo 
for 48 weeks. �ey limited their study population to those 
with uncontrolled symptoms despite maintenance therapy 
with medium- to high-dose inhaled corticosteroids and a 
long-acting bronchodilator. �ey found that azithromycin 



102 The microbiome in asthma, COPD, and asthma-COPD overlap

reduced the rate of total exacerbations and severe exacer-
bations, number of antibiotic courses used, and partici-
pants reporting respiratory infections. Azithromycin also 
improved quality of life and symptom scores. While a pre-
vious smaller study showed an e�ect of azithromycin on 
exacerbations only on those participants without eosino-
philia,66 AMAZES showed an e�ect in both eosinophilic 
and noneosinophilic disease. AMAZES generally included 
older adults (median age 60) and included former smokers 
(38% overall) in addition to never-smokers. Caution should 
be applied when generalizing these �ndings outside of this 
older uncontrolled asthma population.

�e use of chronic macrolide therapy should be 
approached with hesitancy given concerns for adverse 
e�ects, in particular antibiotic resistance. �ere is evidence 
of higher rates of macrolide resistance in those treated with 
chronic macrolides.62 As concerns regarding antibiotic 
resistance as a public health crisis grow, special attention 
should be paid to ensure that only those patients who may 
derive most bene�t from macrolide therapy are prescribed 
these medications. Further, chronic azithromycin use is 
associated with a signi�cant increase in hearing loss,62 of 
particular concern in the older COPD and ACO popula-
tions. Macrolides are also known to prolong the QTc, thus 
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Figure 9.2 The effect of chronic macrolide therapy ion airway biology and asthma and COPD outcomes. Chronic macro-
lide therapy has been shown to have antimicrobial, immunomodulatory, and antiviral effects. Alterations in the microbial 
communities, host response, and response to virus can then interact with each other to amplify the direct effects of the 
macrolide. Although still unclear how these effects interact to improve clinical outcomes, chronic macrolide therapy has 
been shown to decrease exacerbation rates and symptoms in obstructive lung diseases.
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prolonged QTc at baseline was an exclusion criteria for both 
MACRO and AMAZES.62,65 �is should be considered when 
selecting patients for macrolide therapy as well.

Macrolide therapy has not yet been included as a treatment 
option in asthma guidelines given the previous inconclusive 
evidence. With the publication of AMAZES, macrolides 
may be added for inhaled therapy-resistant asthma in older 
patient populations. For COPD, the 2017 GOLD guidelines 
cautiously recommend that azithromycin or erythromycin 
be considered as adjunctive therapy in those patients who 
remain symptomatic and exacerbation prone (history of 2 or 
more exacerbations in the past year or one requiring hospital-
ization) despite treatment with inhaled corticosteroids, long-
acting beta agonists, and long acting antimuscarinics. �ey 
limit their recommendation to former smokers only.

Consideration of chronic macrolide therapy in ACO 
would need to be extrapolated from the COPD and asthma 
studies. History of asthma was an exclusion criteria for 
MACRO.62 Low-di�using capacity, as a marker of possible 
emphysema, was an exclusion criteria for AMAZES.65 �us, 
not all ACO patients were described by either study. However, 
both RCTs studied older adults and included former smokers. 
Both found utility in macrolides in patients who remained 
symptomatic (and in COPD were prone to exacerbations) 
despite maintenance inhaled therapies. �us, for ACO, it 
may be extrapolated, as with other therapies that macrolides 
may be useful in a symptomatic and inhaled therapy–resis-
tant subgroup. Again, potential adverse reactions, in particu-
lar antibiotic resistance, should be strongly considered when 
contemplating macrolides as a treatment option.

�ere are multiple potential mechanisms of action for 
macrolide therapy, although it is still unclear which of these 
lead to the bene�cial e�ects in chronic obstructive disease 
(Figure 9.2).50,67,68 Potential immunomodulatory mechanisms 
of macrolides include the improved ability of macrophages 
to phagocytose pathogenic bacteria and apoptotic cells (“e�e-
rocytosis”), and the inhibition of proin�ammatory cytokine 
production in several cell types.50 Macrolides are also clini-
cally e�ective against three of the four most common bacteria 
implicated in COPD and neutrophilic asthma exacerbations: 
nontypeable Haemophilus influenzae, Moraxella catarrhalis, 
and Streptococcus pneumoniae.67 Long-term treatment with 
macrolides may provide prophylaxis against these patho-
gens or may diminish their colonization. Colonization with 
pathogenic bacteria has been shown to increase chronic 
in�ammation. By diminishing the colonization, macrolides 
may dampen this chronic in�ammation, creating a less hos-
pitable environment for the emergence of new pathogenic 
bacteria or viruses.68 Macrolides are not clinically e�ective 
against one of the major COPD exacerbation pathogens, 
Pseudomonas, although they may decrease its virulence.67 
�is issue, as well as the fact that two studies found improve-
ment despite macrolide dosing below that which is clinically 
e�ective, suggest that more than the antimicrobial e�ects are 
leading to improvements. Beyond or related to their immu-
nomodulatory e�ects, macrolides may also possess antivi-
ral e�ects, although this has been less well-studied.50 �ere 

is some evidence that they stimulate an interferon response 
and consequently decrease viral replication. �is would be of 
particular importance in asthma in which exacerbations are 
predominantly attributed to viral infection.

Altering the microbial communities along the muco-
sal surfaces in ways that do not require antibiotics is being 
examined more and more for the treatment of in�ammatory 
disorders. �e administration of probiotics or prebiotics as 
well as fecal microbiota transplant have been shown to alter 
the gut microbiome and have immunomodulatory e�ects.69 
As evidence is mounting on the importance of the gut micro-
biome in asthma development and outcomes, identifying the 
utility of these therapies in asthma prevention and treatment 
is essential. Currently, however, there is not enough data to 
support the use of these therapies in obstructive lung disease.

9.9  ANTIBIOTIC THERAPY IN ACUTE 
EXACERBATIONS

Antibiotic therapy at the time of an acute asthma exacerba-
tion is not recommended, as a viral trigger is more common. 
In COPD, however, antibiotic therapy is recommended for 
acute exacerbations when sputum purulence, and an increase 
in dyspnea or sputum production are present. �ese recom-
mendations are based on the evidence that this symptom con-
stellation is associated with a higher bacterial burden in the 
airways.70 A Cochrane review of antibiotic therapy for COPD 
exacerbations found that empiric antibiotics reduced treat-
ment failure in hospitalized patients but not those treated as 
outpatients.71 Only one study was done in patients mechani-
cally ventilated in the ICU.72 �is was also the only included 
study in the review that found a mortality bene�t for antibi-
otics. What these studies suggest is that acute treatment with 
antibiotics should be used with caution.

9.10 CONCLUSIONS

We are just beginning to understand how the microbiome 
is contributing to the development and manifestations of 
chronic airway disease. While improving high- throughput 
technologies have vastly improved our understanding of 
the contribution of the bacterial microbiome to airway dis-
ease, there are many unanswered questions. Little atten-
tion has been paid to the fungal and viral microbiomes to 
date, and it is quite likely that these play a role in airway 
disease. Furthermore, most of the research, particularly in 
humans, has been associative. �us, much work must be 
done to understand the causal pathways. Are the altera-
tions in microbial communities leading to alterations in 
the host immune response, or is the causal pathway in the 
reverse direction? It is likely that there is a complex interac-
tion between the responses of the viral, bacterial, and fungal 
microbiomes and the host.
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It will also be important to understand how variations in 
microbial composition contribute to the various heteroge-
neous host responses in chronic airway diseases, including 
ACO. In the future, recognizing these variable alterations 
in the microbiome may inform therapeutic choices in air-
way disease. Appreciating which patients may bene�t from 
antibiotics, corticosteroids, or other therapies, and how the 
microbiome informs these decisions, is crucial.
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CLINICAL VIGNETTE 10.1: ASTHMA

An 18-year-old man with allergic rhinitis complains of 
exercise-induced breathlessness and cough, one half 
hour following exercise. He denies respiratory symp-
toms at night or on other occasions, except when he is 
exposed to a cat. His forced expiratory volume in one 
second (FEV1) was 88% of the predicted value and chest 
radiograph was normal. He was prescribed a short-acting 
β2-agonist (SABA) to be used 15 minutes before exercise, 
and this reduced his exercise-induced respiratory symp-
toms, but he continued to require this treatment before 
each exercise session. Allergy skin-prick tests revealed 
sensitization to animal dander and tree pollen. He had no 
pets at home. His physician recommended he use a low 
dose of inhaled corticosteroid (ICS) daily. After 1 month, 
his FEV1 improved to 96%, and he rarely required his 
SABA before exercise, unless he trained intensely in cold 

weather. His symptoms of exercise-induced rhinitis were 
also controlled with a nasal corticosteroid.

Comment: This case illustrates a typical example 
of exercise-induced asthma in an atopic mild asthma 
patient. He required use of an inhaled β2-agonist 
before exercise, but when asthma was better con-
trolled with an ICS, symptoms in response to exercise 
decreased, as did the need for a preventive SABA.

CLINICAL VIGNETTE 10.2: COPD

A 62-year-old woman with established chronic 
obstructive pulmonary disease (COPD) (FEV1 = 1.4 L, 60% 
predicted value) was seen in a COPD clinic. Despite 
having quit smoking five years earlier and being on 
optimal bronchodilation therapy, she continued to 
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Figure 10.1 Symptomatic (dyspnea and leg fatigue), 
ventilatory (VE), and heart-rate response in a woman with 
COPD before (black lines) and after (blue lines) 12 weeks 
of exercise training. While exercise duration on the bicycle 
was limited to six minutes before the program, she had 
to stop at 20 minutes after the program (the maximum 
duration of the test in the laboratory). The same exercise 
workload was used on both testing days. At any given 
exercise time, the patient reported much less dyspnea 
and leg fatigue after the training program. Her ventilatory 
requirements were reduced during exercise consistent 
with a physiological adaptation to exercise training.

CLINICAL VIGNETTE 10.3: ASTHMA-
COPD OVERLAP

A 50-year-old woman with a BMI of 32 kg/m2, who was 
diagnosed with allergic asthma since childhood and 
had smoked approximately 40 pack years, consulted 
for increasing shortness of breath following exercise. In 
the past, she only required an occasional bronchodila-
tor when exposed to animals. She was prescribed an 
ICS but had not been adherent to this treatment. She 
tried to begin a physical-conditioning program, but 
in addition to having persistently limited effort toler-
ance, she often experienced increased dyspnea, chest 
tightness, and wheezing one half hour following exer-
cise. An inhaled SABA prior to exercise partly relieved 
her exercise-induced respiratory symptoms. Her FEV1 
was initially 64% predicted (FEV1/forced vital capacity 
[FVC]: 54%) with a postbronchodilator FEV1 improve-
ment of 15% from the prebronchodilator value. Lung 
volumes showed mild air trapping and carbon monox-
ide (CO) diffusion capacity was 70% of predicted value. 
She was prescribed a combination therapy with a mod-
erate dose of ICS and a long-acting 2-agonist (LABA), 
which she took regularly for 3 months, and she was 
referred to an exercise program. On reassessment, her 
FEV1 was 72% predicted (FEV1/FVC: 68%) and she had 
a significant improvement in exercise tolerance.

complain of fatigue, exercise intolerance, and poor 
quality of life. Her physical exam was unremarkable 
except for a low body mass index of 19 kg/m2. An 
incremental cycle exercise showed a peak oxygen 
consumption (VO2) of 12 mL/kg/min and a peak work 
capacity of 60 watts. Peak ventilation was 41 L/min, 
representing 84% of the estimated maximum volun-
tary ventilation (MVV). A constant-work-rate cycling 
exercise was performed at a work rate of 80% of her 
peak capacity (Figure 10.1). Dyspnea and leg fatigue 
Borg score rose rapidly during the test, leading to 
early exercise termination at the sixth minute of exer-
cise. This was accompanied by an exhaustion of her 
ventilatory reserve, while her heart rate only reached 
130 beats/min, well below the predicted maximum 
heart rate (160 beats/min) for a woman of her age. 
Results from the exercise evaluation were deemed 
consistent with a diagnosis of COPD. She was sub-
sequently referred to a pulmonary rehabilitation pro-
gram for a 12-week aerobic and muscle-strengthening 
exercise program.

This patient felt remarkably improved after 
12 weeks of pulmonary rehabilitation despite the 
fact that her lung function was not modified by the 
intervention. She reported less fatigue and better 
exercise tolerance after the program. She completed 
30 sessions of exercise training during this program. A 
typical session for her consisted of 30–40 minutes of 
aerobic exercises (cycling and walking) and four mus-
cle-strengthening exercises involving the upper and 
lower extremities. To document the magnitude and 
mechanisms of improvement, a constant-work-rate 
cycling exercise test at the same workload that was 
used during the pre-rehabilitation testing was used. 
While exercise duration on the bicycle was limited to 
six minutes before the program, she had to stop at 20 
minutes after the program (the maximum duration of 
the test in the laboratory). At any given exercise time, 
she reported much less dyspnea and leg fatigue after 
the training program (Figure 10.1). Consistent with 
a physiological adaptation to training, ventilatory 
requirements were reduced during exercise.

Comment: This case illustrates the multifacto-
rial nature of exercise limitation in COPD, including 
mechanisms such as early dyspnea and ventilatory 
limitation that are typical in this disease. Also, in a sig-
nificant proportion of patients such as in this example, 
limb-muscle fatigue contributes to exercise limitation. 
Pulmonary rehabilitation that includes exercise train-
ing improves exercise tolerance in COPD by address-
ing several mechanisms of exercise limitation. In the 
illustrated case, reduced ventilatory requirement at a 
given exercise level contributed to less dyspnea per-
ception. Also, this patient perceived less leg fatigue 
during exercise after the training program, a likely 
result of limb-muscle adaptation to training.
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10.1 INTRODUCTION

Exercise is an essential component of a healthy lifestyle for 
all, including those with chronic diseases such as respira-
tory ailments. In asthma, chronic obstructive pulmonary 
disease (COPD), and asthma-COPD overlap, limitation 
to perform exercise is a key manifestation of the disease. 
However, proper management can allow patients a
icted 
with these conditions to more easily perform regular exer-
cise, resulting in improvement in exercise tolerance and in 
their general condition. �is chapter discusses the preva-
lence, mechanisms, evaluation, and treatment of exercise 
intolerance for asthma, COPD, and the overlap.

10.2 ASTHMA

10.2.1 INTRODUCTION

In asthmatic patients, regular exercise improves disease con-
trol.1 However, exercise can also trigger bronchoconstric-
tion. �e term “exercise-induced bronchoconstriction” (EIB) 
is commonly used to describe the narrowing of the airways 
induced by exercise, associated with or without respiratory 
symptoms. In contrast, “exercise-induced asthma” (EIA) is 

used to describe the occurrence of a transient narrowing 
of the airways a�er exercise that is reversible following the 
inhalation of a bronchodilator in an individual with a previ-
ous diagnosis of asthma and who is associated with respira-
tory symptoms.2 �e magnitude of this response will vary 
according to the individual’s condition and type or duration 
of exercise. EIB could be considered mild if the maximal fall 
in forced expiratory volume in one second (FEV1) a�er exer-
cise is ≥ 10% but < 25%, moderate if ≥ 25% but < 50%, and 
severe if ≥ 50% for corticosteroid-naive patients or ≥ 30% 
for corticosteroid-treated patients.3 According to guidelines, 
asthma will be considered controlled if patients can perform 
exercise without limitations or signi�cant symptoms.4

10.2.2  PREVALENCE AND DIFFERENTIAL 
DIAGNOSIS

�e majority of subjects with asthma can experience EIA/EIB, 
depending on their degree of airway responsiveness and the 
intensity of exercise.5 �e prevalence of EIA, but not necessar-
ily its magnitude, correlates with the severity of asthma, par-
ticularly in children.6 Subjects can present with EIB, which can 
manifest without a diagnosis of asthma, but EIB can also man-
ifest in unrecognized, undiagnosed cases of asthma, especially 
in young athletes.7,8 EIB and EIA should be di�erentiated from 
dysfunctional breathing such as exercise-induced laryngeal 
obstruction (EILO) and its vocal cord dysfunction (VCD) vari-
ant, hyperventilation syndrome, other heart and lung diseases, 
deconditioning in a sedentary person, nasal dyspnea, and a 
variety of less common conditions (Table 10.1).

10.2.3  MECHANISMS OF AIRWAY 
RESPONSES IN ASTHMA

When asthma is controlled with normal baseline expiratory 
�ows and airway resistance, the cardiorespiratory demand 
generated by exercise is similar to that of nonasthmatic 

Comment: This case illustrates a woman with 
allergic asthma who developed features of smoking-
induced COPD and evidence of significant exercise 
intolerance that was probably due to her respiratory 
condition in addition to obesity and deconditioning. 
Pharmacotherapy in conjunction with an exercise 
rehabilitation program appeared to be effective at 
improving her exercise performance.

Table 10.1 Conditions associated with exercise-induced symptoms

Condition Characteristics Diagnosis Treatment Other features

ASTHMA Dyspnea, cough, 
wheeze, chest 
tightness, usually 
lasting after exercise

Demonstration of 
variable airway 
obstruction/

hyperresponsiveness

Bronchodilators and 
bronchial anti-
in�ammatory agents

Can be minimized 
with preventative 
measures

Vocal cord 
dysfunction*

Dyspnea, inspiratory 
stridor

Develops during 
exercise—quickly 
disappears after exercise

Clinical features: 
Laryngoscopy 
(at rest or during 
exercise/EVH)

Respiratory 
maneuvers, referral 
to speech therapist, 
medications

May be transient.
Often associated with 

psychogenic causes 
or GERD**

Deconditioning Dyspnea with low-
intensity exercise

Exercise test Training Often associated with 
obesity

Hyperventilation 
syndrome

High ventilatory rates 
during exercise or at 
rest

Clinical features:
Often associated with 

dizziness and 
paresthesia

Psychological 
intervention

Low CO2 during 
episodes

Stress/anxiety 
contributory

Note: * Also called exercise-induced laryngeal obstruction. ** Gastroesophageal re�ux disease.
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individuals. However, some asthma patients who are not exer-
cising regularly, sometimes because they are afraid of induc-
ing respiratory symptoms, have a limited exercise capacity 
ampli�ed by a deconditioning process. When asthma is 
uncontrolled, expiratory �ow obstruction increases the work 
of breathing. Furthermore, exercise can trigger broncho-
constriction. �e main underlying mechanism responsible 
for this transient airway obstruction induced by exercise is 
considered to be dehydration of the airways. �is is due to 
water loss from evaporation from the airway surface, fol-
lowing increased ventilation required to meet the metabolic 
demand imposed by exertion, while large volumes of air are 
warmed and humidi�ed.9 �e postexercise increase in air-
way-lining-�uid osmolarity from dehydration may otherwise 
cause transfer of water out of epithelial cells through aqua-
porins (water channels), resulting in shrinkage of these cells 
and increased intracellular ion content. �is may then trig-
ger bronchoconstriction through the release of in�ammatory 
mediators, such as histamine and cysteinyl leukotrienes, and 
possibly neurogenic stimulation of cholinergic pathways. 
Airway cooling during exercise and postexercise rewarming 
of the airways following increased blood �ow in the airway 
vasculature, may also contribute to the fall in expiratory 
�ows, but this process does not seem mandatory for induc-
ing EIB. Patients with COPD do not typically experience EIB, 
probably because they are unable to ventilate large volumes of 
air and as such, are prevented from dehydrating the airways. 
In addition, most COPD patients do not characteristically 
exhibit airway hyperresponsiveness (AHR).

EIA/EIB usually does not begin during exercise. In fact, 
at the early phase of exercise, there is a reduction in airway 
resistance, possibly from airway smooth-muscle stretching, 
reducing airway smooth-muscle tone and/or adrenergic-
induced bronchodilatation. �e magnitude of fall in expira-
tory �ow is usually a maximum of 10–15 minutes following 
exercise, and there is a progressive recovery in the next 
30–60  minutes or within 5–10 minutes if a rapid-acting 
SABA or LABA is used. �e airway response will be more 
marked a�er 6–8 minutes of intense exercise, compared to 
a more prolonged, less strenuous e�ort. During exercise, the 
arterial partial pressure of carbon dioxide (PaO2) increases, 
and it decreases during bronchoconstriction while PaCO2 
usually remains within normal limits. If exercise is accom-
panied by exaggerated hyperventilation, PaCO2 may be low 
however.

Factors that may increase the severity of EIB, other than 
increased AHR, include poor pulmonary function, dryness 
of inspired air, short/intense exercise, and the presence of 
eosinophilic airway in�ammation. Previously, a correlation 
between eosinophilic in�ammation and magnitude of EIB 
has been described.10

10.2.4  EVALUATION OF EIA/EIB

An investigation algorithm for EIA/EIB is proposed in  
Figure 10.2. In the presence of increased variations in 
expiratory �ows or AHR con�rmed by bronchoprovoca-
tion tests (both indicating the presence of variable airway 

Evaluation of exercise-induced asthma

Respiratory symptoms of
recurrent breathlessness,
cough, wheezing, chest

tightness, phlegm production

Baseline airway obstruction
FEV1 < 80%, FEV1/FVC < 0.7

Normal expiratory flows Asthma
confirmed

Positive

Negative

*PC20 methacholine between 4 and 6 mg/mL may suggest EIA/EIB in the
presence of compatible symptoms

Yes Significant improvement in FEV1 after
administration of 200–400 mcg

salbutamol

Significant variability of expiratory flows
overtime or after anti-inflammatory

treatment for a few weeks

If not, look for the other cause:
-    EILO/VCD
-    Hyperventilation syndrome
-    Heart/lung diseases
-    Others

Confirm airway hyperresponsiveness by either:
≥10% fall in FEV1 after exercise or eucapnic voluntary
hyperpnea (EVH); OR
≥15% fall in FEV1 after hyperosmolar challenges
(saline or mannitol); OR
≥20% fall in FEV1 after methacholine—PC20 < 4 mg/mL
(steroid-naive)*

Yes

No

No

Figure 10.2 Algorithmic approach for con�rming a diagnosis of exercise-induced asthma.
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obstruction), exercise-induced symptoms can be generally 
attributed to asthma. A direct test, acting on airway smooth 
muscle, such as methacholine challenge, is o�en used to 
identify AHR in subjects with normal expiratory �ows, 
but indirect bronchoprovocation tests, acting through 
the release of in�ammatory mediators, such as labora-
tory or �eld exercise tests, eucapnic voluntary hyperpnea 
(EVH) test, or mannitol/ hyperosmolar challenge, can also 
be used.11 �ese last two tests mimic the exercise-induced 
increase in airway-�uid osmolarity. Although less sensitive 
than methacholine, exercise testing is also used for this pur-
pose, although EVH is increasingly available, in addition to 
mannitol, in some countries.12

If a laboratory exercise test is conducted on either a tread-
mill or an ergocycle, temperature and humidity conditions 
should be controlled.13 A target workload of at least 60%, ide-
ally achieving an increase in heart rate close to 95% of predicted 
maximum, should be sustained for at least 6–8   minutes.14 
When EVH is used (particularly in young athletes), the subject 
inhales dry air containing 5% CO2 for 6  minutes at a ventila-
tion usually at least 21xFEV1 if untrained, or higher if in better 
physical condition. �e test is positive when a 10% reduction 
in FEV1 or more is observed at least twice a�er EVH.15 Finally, 
a �eld test reproducing the type of exercise responsible for 
inducing symptoms can be useful if other tests are negative 
and suspicion of EIB/EIA is high.16

10.2.5 PREVENTION AND TREATMENT

As for the general population, asthmatic subjects should 
exercise regularly to improve general health and asthma 
control, but they ideally need to take some preventative 
measures. It is better to avoid exercising during periods 
of asthma exacerbations (e.g., following a viral respiratory 
infection) or during conditions of poor outdoor air qual-
ity (e.g., during episodes of high pollutant concentrations, 
close to tra�c-related diesel emission, etc.), in very cold air, 
or in presence of high levels of airborne allergens to which 
the subject is sensitized. Indoor pollutants such as NO2 or 
ultra�ne particles produced by gas-propelled resurfac-
ers in arenas or smoky environments can also a�ect asth-
matic airways. Adequate chlorine levels in pools should 
be ensured, and swimmers hygiene should be optimized 
to reduce formation of chloramines.17 Measures to prevent 
EIA/EIB should be applied (Table 10.2). A low-intensity, 
short-duration exercise warmup is suggested; this can help 
induce a two-hour refractory period to EIB that allows the 
subject to complete the exercise session.

In addition, various medications can prevent or inhibit 
exercise-induced symptoms related to EIB/EIA.18 Inhaled β2-
agonists are highly e�cient.13 �e duration of prevention of a 
SABA against EIB is about 4–6 hours. However, tolerance to 
the bronchoprotective e�ects of β2-agonists develop with regu-
lar use, probably in part from downregulation of β2 receptors 
on the mast cell, thereby not preventing mediator release as 
e�ectively.19 �us, SABAs should ideally not be used on a daily 
basis but intermittently, as a short-term prophylaxis to prevent 

EIB/EIA. Other drugs such as sodium cromoglycate, leukot-
riene receptor antagonists (LTRAs), and anticholinergics can 
reduce the e�ects of exercise on the airways but β2-agonists are 
more potent. Furthermore, sodium cromoglycate in a hydro-
�uoroalkane metered-dose inhaler, although available in some 
countries, is not available in the United States. Long-acting β2-
agonists should not be used as monotherapy for prevention of 
EIB/EIA as there is a risk of deterioration of underlying asthma 
when not used in conjunction with an ICS.

When improving asthma control with an ICS, air-
way responses to various stimuli, including exercise, can 
decrease, and reduce or eliminate the need for preventative 
short-acting β2-agonists when the asthmatic person exer-
cises regularly.20 Antihistamines may help associated rhini-
tis but are not e�ective in the prevention of EIB/EIA.

Other measures that have been studied to help reduce 
EIB include dietary changes and supplements, such as low-
salt diet, �sh oil, ascorbic acid, and omega 3. Although some 
reports have shown bene�cial e�ects, more evidence is 
needed before recommending their use.

10.2.6  ASTHMA IN THE HIGH-LEVEL 
ATHLETE: A SPECIFIC PHENOTYPE

High-level athletes, especially those participating in endur-
ance sports, despite their equal or superior performances to 
nonasthmatic subjects when competing, show an increased 
prevalence of asthma, EIB/EIA, allergic or nonallergic rhi-
nitis, chronic cough, dysfunctional breathing, vocal cord 
dysfunction, and recurrent respiratory infections.2 �e 
prevalence of AHR is particularly high in chlorinated-pool 
swimmers and winter sports athletes, but this does not 
always translate into physician-diagnosed asthma.

Although the prevalence of atopy is high in athletes, it 
does not explain entirely the increased prevalence of air-
way diseases, suggesting that other factors, such as indoor/
outdoor pollutants and cold air exposure, play a role. �ese 
latter factors may contribute to increased airway mechani-
cal stress and marked dehydration of airway epithelial cells, 
which may cause airway damage by inducing in�amma-
tory and remodeling processes, as has been observed in 
athletes without AHR or asthma.2,21 Although athletes have 

Table 10.2 Measures to prevent EIA/EIB

1) Ensure good control of asthma
2) Avoid exercising in the presence of high airborne 

allergen levels to which the subject is sensitized or if 
there is a high level of outdoor air pollution

3) Perform warm-up exercises to attenuate responses to 
exercising outdoors to attenuate responses to 
environmental determinants

4) Use a SABA one half hour before exercise
5) Use a face mask to prevent cold air–induced asthma if 

tolerated
6) Consider chronic inhaled corticosteroid use for 

long-term prevention of exercise-induced symptoms
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an increased parasympathetic activity, hypercholinergic 
responsiveness seems only to modulate AHR.

Speci�c issues should be considered in the athlete with 
respect to airway responses induced by exercise (Table 10.3), 
and these have recently been reviewed extensively elsewhere.21 
Objective measurements, such as those obtained from broncho-
provocation tests, are usually required to con�rm the diagnosis, 
and should ideally be conducted during a period of training, as 
airway responsiveness can normalize out of training season.22 
In athletes, atypical symptoms or poor treatment response 
should prompt the clinician to revisit the diagnosis of asthma 
and consider other possible diagnoses including EILO or VCD, 
which are associated with asthma in up to 50% of individu-
als. Treatment should be o�ered according to general asthma 
guidelines, however World Anti-Doping Agency (WADA) reg-
ulations should be adhered to by athletes.23 Most drugs used to 

treat asthma except terbutaline and vilanterol are authorized by 
anti-doping agencies (https://www.wada-ama.org).

10.2.7 CONCLUSION

In asthmatic patients, EIA/EIB may re�ect an insu�cient 
control of asthma. �ese patients should ideally perform 
regular exercise to improve their general health and asthma 
control, but preventative measures should be observed. 
Optimal asthma control will reduce the e�ects of exercise 
on the airways. In high-level athletes, EIA/EIB may be con-
sidered by many as an occupational disease, and appropriate 
recommendations and management in this context should 
be o�ered. �e e�ects of exercise on asthma are summa-
rized in Table 10.4. For comparative purposes, the e�ects of 
exercise on COPD and ACO are also provided.

Table 10.3 Management of asthma in athletes: Special consideration

Dif�culties in making the diagnosis
Baseline expiratory �ows often normal

Usually requires a bronchoprovocation test (sometimes 
more than one type)—ideally during competition season 
(may normalize out of training).

Confounding or comorbid conditions Vocal cord dysfunction, rhinitis-associated symptoms, GERD, 
or hyperventilation syndrome should be recognized.

Adjustment of asthma therapy Undertreatment and overtreatment seem common in the 
athlete—objective tests are required.

Tolerance to β2-agonists may develop Use of rescue β2-agonists should be minimized in ensuring 
good asthma control (usually with ICS).

Environmental control may be dif�cult Whenever possible, should avoid exercising in periods of 
poor air quality, in very cold air, or if there is a risk of 
intense exposure to airborne allergens.

Requirements by sports authorities These should be checked (WADA website).

Table 10.4 Comparative effects of exercise on asthma, COPD, and ACO

Feature ASTHMA COPD ACO

Effect
- short-term
- long-term (regular 

exercise)

Possible bronchoconstriction
Improved control and 

exercise tolerance

Variable dyspnea
Improved exercise 

tolerance

Variable dyspnea
Improved exercise tolerance

Main mechanism Dehydration of airways Reduced lung function/gas 
exchange abnormalities

Undetermined—probably a 
mixture of both

Preventative measures Ensure good asthma control 
(regular ICS*)

Warmup before exercise
Short-acting β2-agonist 

before exercise
Avoid exercising during 

pollutants/relevant 
allergen exposure

Regular bronchodilator use Regular bronchodilator/controller 
medication

Treatment of acute 
episodes

Short-acting β2-agonist Short-acting β2-agonist Short-acting β2-agonist

Contraindications Preferably to avoid during 
acute exacerbations/
intense pollutant or 
allergen exposures

Avoid during acute 
exacerbations

Avoid during acute exacerbations

* May reduce airways response to exercise over time

https://www.wada-ama.org
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10.3 COPD

10.3.1 INTRODUCTION

Exercise intolerance is almost universal in chronic obstruc-
tive pulmonary disease (COPD), and it has been reported 
even in mild disease.24 Exercise intolerance results from a 
complex and variable interaction between symptoms, venti-
latory and respiratory mechanics impairment, gas-exchange 
limitations, and peripheral muscle fatigue.25–27 In this sec-
tion, we will use a clinical vignette to discuss the mecha-
nisms of exercise intolerance and show how to approach this 
consequence of COPD from a therapeutic standpoint.

10.3.2  SYMPTOM PERCEPTION DURING 
EXERCISE

From the patient’s perspective, poor functional status can 
be explained by the discomfort experienced while perform-
ing various activities of daily living. �e two symptoms 
most commonly cited by COPD patients as the main rea-
son for exercise termination are dyspnea and leg fatigue.28,29 
However, the intensity of symptom perception for a given 
exercise level is higher in COPD compared to controls.30 
Limiting symptoms are thus reached at a lower intensity 
in COPD patients28,30 and are described di�erently than 
in healthy individuals.31,32 Phrases denoting an “increased 
work/e�ort of breathing” and “heaviness of breathing” are 
commonly used by both healthy and diseased individuals to 
describe exertional dyspnea, but descriptors of “increased 
inspiratory di�culty,” “unsatis�ed inspiratory e�ort,” and 
“shallow breathing” appear to be speci�c to patients with 
COPD.31,32 �is qualitatively distinct sensation of exertional 
dyspnea is believed to be linked to the presence of hyperin-
�ation in these patients.32 Indeed, the intensity of exertional 
dyspnea correlates with the degree of dynamic hyperin�a-
tion experienced by COPD patients. In general, the percep-
tion of dyspnea is more intense than that of leg fatigue in 
patients with moderate to severe COPD, while the reverse is 
o�en seen in milder disease.28,33

10.3.3 VENTILATORY LIMITATION

Expiratory �ow limitation in COPD is the hallmark fea-
ture of COPD and is related to reduced airway caliber and 
loss of lung elastic recoil. Ventilatory capacity, which is 
largely determined by expiratory �ow rates,34 is therefore 
reduced in patients with COPD. In contrast to healthy indi-
viduals, ventilation ( �VE) frequently reaches maximum vol-
untary ventilation as estimated from resting FEV1 in this 
population.34,35 In addition to reduced ventilatory capacity, 
ventilatory requirements are o�en increased at submaxi-
mal exercise in patients with COPD, due to higher dead 
space ventilation and ine�cient gas exchange. �e unfor-
tunate combination of reduced ventilatory capacity and 
increased ventilatory requirement correlate with premature 

exhaustion of the ventilatory reserve, an important factor in 
early exercise termination in COPD.

10.3.4  PHYSIOLOGICAL DETERMINANTS 
OF DYSPNEA

�e intensity of dyspnea is intimately linked to the pressure 
generated by respiratory muscles during tidal breathing as 
a function of the maximum pressure available.36 In COPD, 
this ratio could be increased by greater airway resistances 
or alternatively, by intrinsically or functionally weakened 
respiratory muscles, which would work at a higher propor-
tion of their capacity even if normal e�orts are made during 
tidal breathing. Dynamic hyperin�ation and its related con-
sequences on respiratory muscles are involved in the patho-
genesis of dyspnea and exercise intolerance in COPD, which 
will be discussed further in Section 10.3.5.

10.3.5 DYNAMIC HYPERINFLATION

At rest and during exercise, healthy individuals breathe 
within the maximal envelope of the �ow-volume relation-
ship such that inspiratory and expiratory �ows can be eas-
ily increased to accommodate the ventilatory requirements 
of exercise. In these individuals, end-expiratory volume 
remains stable or decreases during exercise,37,38 as re�ected 
by an increased inspiratory capacity with exercise. �e 
physiological bene�ts of this reduction in end-expiratory 
lung volume could be to place the diaphragm in a more 
advantageous position in terms of its length-tension rela-
tionship and to store elastic energy in the chest wall during 
expiration, which when released during inspiration could 
assist the respiratory muscles.39 In patients with COPD, the 
ability to increase inspiratory and expiratory �ows is com-
promised because patients are o�en already breathing on 
some parts of the maximum �ow-volume loop envelope 
at rest, in mild to moderate to advanced diseases.40–42 �is 
problem can be overcome, at least temporarily, by breathing 
at higher lung volumes, thereby permitting greater expira-
tory �ows to be generated.40–42 In fact, an increase in end-
expiratory lung volume is seen in the majority of patients 
with COPD, translating into a progressive reduction in 
inspiratory capacity as exercise proceeds.38 �is one posi-
tive consequence of dynamic hyperin�ation (i.e., to allow 
patients to increase ventilation) is not without important 
disadvantages.

Dynamic hyperin�ation limits the expansion in tidal 
volume once end-inspiratory lung volume reaches a critical 
zone in the vicinity of 500 mL of total lung capacity.43,44 At 
such high end-inspiratory volume, dyspnea rises exponen-
tially leading to rapid exercise termination.43,44 Breathing 
at high lung volumes also implies that a portion of tidal 
breathing will occur on the �at portion of the lung volume-
pressure relationship thereby increasing work of breath-
ing. An important concept is that dynamic hyperin�ation 
uncouples the relationship between respiratory e�ort and 
the resulting tidal volume.43 In other words, respiratory 
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e�orts will not be rewarded appropriately in terms of the 
tidal volume generated during the breath, as indicated by a 
marked increase in esophageal pressure excursion to tidal 
volume ratio in patients with COPD compared to healthy 
controls.43 �is phenomenon, referred to as neurome-
chanical uncoupling, is a strong determinant of dyspnea.43 
Dynamic hyperin�ation also places the diaphragm in an 
unfavorable portion of its length-tension relationship, fur-
ther compromising its role as the main pressure generator 
during inspiration. As a result of both the increased work of 
breathing and the weakened respiratory muscles, a higher 
fraction of the respiratory muscle strength will be used to 
generate tidal breathing, another contributor to dyspnea.43

�ese physiological concepts have been tested in clini-
cal trials evaluating the impact of long acting bronchodila-
tion on exercise tolerance.45,46 In these studies, the impact 
of bronchodilation on operating lung volumes and dyspnea 
during exercise, as well as on the endurance to constant-
work-rate cycling exercise was assessed. Bronchodilation 
markedly reduced end-expiratory lung volume at rest 
allowing patients to tolerate the exercise stimulus for a lon-
ger period of time. In these trials, the reduction in oper-
ational lung volumes, the decrease in dyspnea, and the 
improvement in exercise tolerance were all tightly interre-
lated, providing a strong clinical validation of physiological 
concepts supporting the role of dynamic hyperin�ation on 
functional status in COPD.

10.3.6 LIMB MUSCLE FATIGUE

Despite the presence of ventilatory limitation and dynamic 
hyperin�ation, up to a third of patients with COPD are lim-
ited by leg fatigue and not by dyspnea during exercise.28,29 �e 
COPD case study described in this chapter exempli�es this 
situation where leg fatigue Borg score was superior to the dys-
pnea score. �is information is relevant because the response 
to bronchodilation may be suboptimal in patients complain-
ing of leg fatigue as their main exercise limiting symptom.47,48 
In these patients, treatment of the peripheral muscles in 
combination with pharmacological interventions should be 
incorporated into the management plan. Muscle fatigue in 
COPD has been linked to certain peripheral muscle altera-
tions, such as poor oxidative capacity, muscle atrophy, and 
muscle weakness, which are commonly observed in this dis-
ease and which increase susceptibility to contractile fatigue.49

10.3.7  INTERACTIONS BETWEEN LIMB 
MUSCLES AND THE RESPIRATORY 
SYSTEM

An appealing concept is that the peripheral and central 
components of exercise limitation may interact with each 
other to further reduce exercise tolerance. As of now, only 
indirect evidence exists to support this notion in patients 
with COPD, and research is this �eld is needed. One obvi-
ous possible mechanism for this interaction between the 

peripheral muscles and the respiratory system is that met-
abolic changes occurring in the fatiguing muscles lead to 
early acidosis50,51 and likely contribute to the increase ven-
tilatory requirement during exercise.52 �is imposes an 
additional burden on the respiratory muscles already facing 
increased impedance to breathing.

Moreover, there could be a steal phenomenon of blood 
from the peripheral muscles toward the respiratory muscles 
that would leave both muscle groups with insu�cient per-
fusion and oxygenation during exercise. �is competition 
for blood �ow between the respiratory and contracting 
peripheral muscles has been described elegantly in athletes 
in whom unloading the respiratory muscles using nonin-
vasive ventilatory support improved blood �ow and oxygen 
transport to the contracting locomotor muscles53,54 while 
reducing quadriceps fatigability.55 Only indirect proofs of 
this phenomenon are currently available in patients with 
COPD. Consistent with these notions, Amann and col-
leagues reported that unloading the respiratory muscles 
during constant-work-rate cycling exercise was associated 
with reduced quadriceps fatigue in patients with COPD.56 
Although limb-muscle blood �ow was not measured in this 
study, this report is consistent with a redirection of blood 
�ow from the respiratory muscles with unloading toward 
the contacting limb muscles, thereby reducing the degree of 
muscle fatigue.

During fatiguing exercise, feedback from the lower limb 
muscle mechano- and metabo-sensitive receptors modu-
lates central motor output via the activation of group III and 
IV muscle a�erents.57,58 One important role of this neural 
pathway that detects the changes in muscle metabolism and 
the accumulation of several chemical products in the extra-
cellular environment during exercise is to modulate the level 
of muscle fatigue.57,58 �is pathway is also implicated in the 
regulation of the ventilatory and cardiovascular responses 
to exercise.57,58 In patients with COPD, spinal anesthesia, 
presumably blocking group III/IV sensory a�erents from 
the lower limb muscles, was associated with improved exer-
cise tolerance during constant-work-rate cycling exercise by 
reducing the perception of leg fatigue and attenuating the 
ventilatory response during exercise.59 �us, there are sev-
eral interrelated mechanisms by which muscle fatigue can 
contribute to exercise limitation in COPD patients. Some 
act directly on the muscle contraction process and others 
through their e�ects on both the cardiorespiratory and ner-
vous systems. �is discussion highlights the importance of 
considering exercise intolerance in COPD from an integra-
tive perspective, considering the interplay between the ven-
tilatory and cardiovascular systems, the limb muscles, and 
the central nervous system.

10.3.8  RELATIVE CONTRIBUTION OF 
EXERCISE-LIMITING FACTORS

�e relative contribution of ventilatory mechanics and 
peripheral muscle fatigue as limiting factors to exercise 
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tolerance varies according to individual factors. As des-
cribed earlier, the locus of symptom limitation is not  
uniform among patients with COPD. Likewise, the physi-
ological response to exercise is not homogeneous in this 
disease. For example, although dynamic hyperin�ation  
may occur in as many as 80% of patients with moderate-to-
severe air�ow obstruction38 the increase in end-expiratory 
lung volumes during exercise varies in magnitude from 
patient to patient.60 Contractile leg fatigue occurs in approx-
imately 60% of COPD patients a�er cycling exercise.29,61 
Apart from the individual factors, the relative contribu-
tion of peripheral and central factors of exercise limitation 
is also in�uenced by the exercise modality used for test-
ing.29,62 Leg fatigue, alone or in combination with dyspnea, 
is predominant during both incremental and constant-load 
cycling exercise,29 while dyspnea outweighs leg fatigue as a 
limiting symptom during walking protocols.29

10.3.9  EVALUATION OF EXERCISE 
INTOLERANCE

Considering the key role of exercise intolerance in the patho-
physiology and course of COPD, the evaluation of exercise 
tolerance should now be included in the assessment of this 
disease.63 Exercise testing can be used to document the func-
tional impact of the disease and to better understand the phys-
iopathological mechanisms involved in exercise intolerance. 
�is functional characterization is crucial; the relationship 
between resting indices of respiratory function and exercise 
tolerance is, at best, modest. Exercise testing can also be used 
to quantify the impact of pharmacological and nonpharma-
cological interventions to improve exercise tolerance64–66 or 
dyspnea,67,68 and in the preoperative assessment of patients.69

Several exercise protocols are available for the evalua-
tion of patients with COPD, and they have been reviewed 
extensively elsewhere.63,66,70,71 Incremental exercise-testing 
protocols involving cycling or walking exercise method-
ologies (also called cardiopulmonary exercise testing when 
coupled with physiological measurements) are currently 
considered as the “gold standard” method for the evaluation 
of the degree of exercise limitation and to investigate the 
mechanisms of exercise limitation. One limitation of the 
incremental exercise protocols is that they are not the ideal 
methodology as evaluative tools due to their limited respon-
siveness to intervention.70

Cycling or walking constant-work-rate exercise proto-
cols are gaining popularity in clinical and research settings 
because of their established responsiveness to interven-
tions.45,65,70 Constant-work-rate endurance protocols are 
based on externally imposed and constant cycling or walk-
ing cadence that the patient has to maintain until exhaus-
tion. �e primary endpoint of these protocols is thus the 
endurance time (or the distance which is a product of the 
speed and time). �ese tests are usually performed at a high 
fraction of peak exercise capacity, typically 75%–85% of 
peak capacity.66

Due to the constraints relative to incremental exercise 
testing protocols and their being more representative of the 
daily activities performed by patients with COPD, �eld tests 
have been developed as more simple tools for the evalua-
tion of exercise capacity. �e self-paced walking test, par-
ticularly the six-minute walking test (6MWT), is the most 
popular �eld test when it comes to the evaluation of patients 
with COPD. �e 6MWT is not the most responsive tool to 
evaluate the e�ects of interventions (pulmonary rehabilita-
tion and bronchodilation) on exercise tolerance in patients 
with COPD.70 However, it has good discriminative proper-
ties, particularly to quantify the functional consequences 
of COPD, a good predictive value in estimating vital 
prognosis.71

10.3.10 PREVENTION AND TREATMENTS

10.3.10.1 Pharmacotherapy

Optimal bronchodilation is the foundation of COPD phar-
macological therapy. LABA and long-acting muscarinic 
antagonists are e�ective in improving cycling exercise 
tolerance in COPD.45,46,72–74 In well-designed clinical trials, 
bronchodilators have been convincingly shown to reduce 
operating lung volume at rest and during exercise and to 
improve the endurance time to submaximal cycling exer-
cise in COPD.45,46,72–74 Breathing at lower operative lung 
volumes will allow larger expansion in tidal volume (VT), 
a major determinant of exercise tolerance in COPD.75 
�is ability to expand VT re�ects a lesser mechanical 
ventilatory constraint in relation to the increased rest-
ing and exercising inspiratory capacity and inspiratory 
reserve volume.43 From the patient perspective, breathing 
at lower operative volumes, farther from total lung capac-
ity, has a tremendous impact in reducing the perception of 
dyspnea.45,46,72–74

10.3.10.2  Exercise training and pulmonary 
rehabilitation

Despite optimal bronchodilation, exercise intolerance per-
sists in most patients with COPD and there is a need to 
further improve this component of the disease. Exercise 
training, delivered in the context of pulmonary reha-
bilitation is the most e�ective therapy to improve exercise 
 tolerance in COPD.76 It typically involves a combination of 
aerobic exercises, such as walking or cycling, in addition  
to muscle-strengthening exercises.77 Program duration 
ranges from 8 to 12 weeks, at a rate of 2–3 weekly sessions. 
Exercise training enhances exercise tolerance through dif-
ferent mechanisms other than bronchodilation. Exercise 
training does not modify lung function, as least in the short 
term. �e improvement in exercise tolerance seen a�er exer-
cise training in patients with COPD is related to a multitude 
of factors, including desensitization to dyspnea, improved 
limb-muscle function and oxidative capacity, and reduced 
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fatigue susceptibility.78–80 In addition to treating periph-
eral muscles, exercise training may also alleviate the cen-
tral component of exercise intolerance in COPD. In fact, 
a reduced ventilatory requirement at a given exercise level 
is one of the �rst-reported evidence of physiological adap-
tation following exercise training in COPD.52 As a result, 
exercise-induced dynamic hyperin�ation is diminished,81,82 
an important consideration given its negative impact on 
exercise tolerance in COPD. �e synergistic interactions 
between pharmacotherapy and rehabilitation are interest-
ing to consider, and it is only through combination therapy 
that optimization of the functional status will occur.83 On 
one hand, optimal bronchodilation facilitates the tolerance 
to higher training intensities during the rehabilitation pro-
gram while patients may be enabled to take full advantage 
of bronchodilation with exercise training, which addresses 
the peripheral component of exercise intolerance. Despite 
the indisputable e�cacy of exercise training and pulmo-
nary rehabilitation, there are still too few patients who are 
enrolled in these programs.84 Additionally, translating the 
gains in exercise capacity seen during the program into 
more participation in daily life remains an important chal-
lenge for the future.

10.3.11 CONCLUSION

Exercise intolerance is a ubiquitous clinical manifestation 
of COPD, and it negatively impacts quality of life and sur-
vival in this disease. �e causes and mechanisms of exer-
cise intolerance in patients with COPD are complex and 
involve symptoms, ventilatory and respiratory mechanics 
impairment, gas-exchange limitations, and limb-muscle 
impairment. �e mechanisms of exercise limitation are 
heterogeneous within the COPD population, highlighting 
the importance of comprehensive exercise testing (assess-
ing cardiopulmonary and muscular contributions to exer-
cise limitation) in this patient population. Consistent with 
its multifactorial origins, it is only through combination 
therapy that includes bronchodilation and exercise training 
that optimization of the functional status can be obtained 
in COPD.

10.4 ASTHMA-COPD OVERLAP

10.4.1 INTRODUCTION

�e term “asthma-COPD overlap (ACO)” is o�en used 
when features of asthma and COPD are present in the same 
patient.85 �ere has recently been a marked interest in this 
condition as it became evident that we needed data on the 
population that is usually excluded from clinical trials and 
that is associated with frequent health care utilization, as 
well as marked morbidity and mortality. However, there are 
limited data on optimal management of ACO. Currently, 
management of this overlapping condition depends on the 

predominant features in a given individual, although with 
respect to pharmacotherapy, the combined used of an ICS 
and a long-acting bronchodilator is probably the best initial 
treatment for most patients. An exhaustive review of pos-
sible pharmacotherapy of these patients has been reviewed 
in Chapter 17 of this book.86 Prevalence, magnitude, and 
mechanisms of exercise tolerance in well-phenotyped 
patients with asthma-COPD overlap remain to be studied.

Data on exercise capacity in patients with ACO is con-
�icting, with some reports suggesting reduced performance 
compared to patients with asthma or COPD, whereas others 
show no signi�cant di�erences in six-minute walking test 
(6MWT) nor in the level of physical activity.87–89 In this last 
study, the decline over 4 years in exercise capacity, assessed 
by the 6MWT, was less pronounced in the ACO group com-
pared to the COPD group.87,89 In a cross-sectional study 
based on the “COPD Gene Study,” Hardin et al. looked at 
a subgroup of 450 patients classi�ed as ACO.88 �e BODE 
index (Body Mass Index, Obstruction, Dyspnea, Exercise 
Capacity) was slightly higher (indicating worse health sta-
tus) in the ACO group compared to COPD, but this did 
not approach the clinically minimal important di�erence 
(MID) for this variable. �is could possibly re�ect di�er-
ences in the MIDs for some subphenotypes of ACO, but this 
remains to be determined.

10.4.2 MECHANISMS

In ACOS, exertional dyspnea is usually persistent but can 
show some variability similar to asthma. Exercise intoler-
ance in these patients is probably due to mechanisms that 
are relevant for asthma and COPD, but this needs to be 
studied.

10.4.3 MANAGEMENT

�e main objective for managing exercise-induced symp-
toms in ACO is to help improve exercise tolerance in addi-
tion to antagonize acute exercise-induced symptoms, 
similar to asthma and COPD. Although the optimal man-
agement of ACO remains to be determined, current phar-
macological guidelines suggest a regular dose of ICS/LABA 
and/or a long-duration anticholinergic can help reduce 
respiratory symptoms. Furthermore, nonpharmacological 
measures such as smoking cessation, treatment of comor-
bidities, environmental measures, regular exercise, and 
weight loss when overweight or obese, should be recom-
mended. Although further studies on the e�ects of rehabili-
tation programs in the ACO population are needed, initial 
reports suggest a bene�t of these programs.90

10.4.4 CONCLUSION

ACO shares many features of both diseases, but more 
research is required to elucidate exercise-induced airway 
responses in this population.
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10.5 GENERAL CONCLUSION

Regular exercise can improve disease control in chronic 
airway obstructive diseases, but o�en these patients show exer-
cise intolerance due to various mechanisms elaborated on in 
this chapter. It is mandatory for the clinician to assess their 
patients’ responses to exercise and then to propose interven-
tions that will improve exercise performance and reduce the 
e�ect of exercise on airway function. Although much is known 
about exercise intolerance in asthma and COPD, more infor-
mation is required on this topic in patients with ACO.
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11
Occupational-related asthma, COPD, and 
asthma-COPD overlap

KARIN A. PACHECO AND LISA A. MAIER

11.1 INTRODUCTION

Asthma, chronic obstructive pulmonary disease (COPD), and 
asthma-COPD overlap syndrome or ACO are not well di�er-
entiated in the occupational literature. However, many occu-
pational obstructive lung disease syndromes have a number of 
features that are suggestive of and meet the current clinical cri-
teria for ACO. �e workplace exposures causing occupational 
asthma and occupational COPD have been intensively investi-
gated and reported, and it is likely that some of these exposures 
are also responsible for the development of ACO in a subset 
of susceptible workers. Further, exposures to combinations of 
particulates, gases, vapors, dusts, irritants, and allergens are 
known to cause ACO, and many such “mixed” exposures are 
found in the workplace. In addition, epidemiological stud-
ies implicate occupational exposures as risk factors for ACO. 
Indeed, the many phenotypes of ACO likely re�ect the e�ects 
of di�ering exposures modulated by host characteristics. It is 
important to identify occupations and workplace exposures 
that are risk factors for ACO, as this not only establishes the 
etiologies of the disease, but may impact prognosis, recom-
mendations for removal from exposure, and workers’ bene�ts. 
As an example, workers with ACO have been documented to 
experience the highest frequency of pulmonary symptoms, use 

more respiratory medications, develop more frequent respira-
tory exacerbations, are more likely to require hospitalization, 
and report worse quality of life1 than those with either asthma 
or COPD alone. Similar to published work on other occupa-
tional lung diseases, removal from exposure may be necessary 
to prevent progression of disease. �is makes identi�cation of 
the source of exposure critical, and most importantly, provides 
the potential to reduce exposure for other workers, thereby 
preventing occurrences of future disease. In this chapter, the 
de�nition of ACO used is an obstructive airways disease with 
evidence of partial reversibility via inhaled bronchodilator, 
along with persistent air�ow obstruction. Given the lack of 
studies that have examined occupational exposure risks spe-
ci�cally for ACO, studies that describe exposures associated 
with air�ow obstruction and/or COPD will be included in this 
review, as it is likely that some such exposures may also cause 
ACO that was not considered as a speci�c outcome at the time. 
�is chapter will review some of the epidemiological studies 
that identify speci�c occupations and exposures as risk factors 
for ACO, as well as general exposures quanti�ed as vapors, 
dusts, gases, and fumes. We will then proceed to discuss spe-
ci�c workplace exposures with the best documentation for 
causing potential ACO. Finally, speci�c jobs and exposures 
with limited documentation, but nonetheless suggestive of 
causing ACO, will be examined.
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11.2 EPIDEMIOLOGY

�e ability of occupational exposures to ozone, grain, cotton, 
and other vegetable-�ber dust to cause airways obstruction 
in workers was recognized in a May 1981 review.2 Another 
review published in May 19903 expanded the array of occu-
pations and exposures capable of causing nonspeci�c airways 
obstruction and indicated that many of these exposures were 
also associated with increases in airways responsiveness, 
consistent with what we now call ACO. �e expanded list 
of occupations included those working with organic dusts, 
such as farmers; swine producers; grain workers; and cot-
ton, hemp, �ax, and jute workers. Other workers exposed to 
nonorganic dusts causing obstructive lung disease separate 
from pneumoconiosis included coal miners and other coal 
workers, gold miners, and workers exposed to cement dust. 
Respiratory irritants such as ammonia, nitrogen dioxide, 
phosgene, chlorine gas, sulfur dioxide, and ozone, were also 
listed as causative of obstructive lung disease. Other irritant 
gases associated with the development of airways obstruc-
tion include hydrogen chloride, hydrogen bromide and bro-
mine, �uorine, hydrogen �uoride, and �uoride.4 As a result, 
it is prudent to identify such exposures to determine whether 
they cause ACO, initiate direct health surveillance programs, 
and support e�orts to reduce or eliminate these and other 
harmful exposures, such as cigarette smoking.

More recently, several large cohort studies have further 
assessed risk factors for obstructive lung disease and ACO. �e 
European Community Respiratory Health Survey character-
ized a random subsample of young adults with current asthma 
that included 218 with ACO, 166 with COPD, and 5,659 with-
out a respiratory diagnosis. Occupational exposure to vapors, 
dust, gas, or fumes was reported by 42% of the healthy group, 
46% of the asthma-only group, 44% of the ACO group, and 
57% of the COPD-only group (p < 0.001 across groups).5

�e Swiss Cohort Study on Air Pollution and Lung and 
Heart Disease in Adults (SAPALDIA) evaluated 4,267 non-
asthmatic subjects for COPD and noted that the incidence 
of mild COPD was signi�cantly higher in nonsmokers 
exposed to mineral dusts compared to nonsmoking, unex-
posed subjects, while exposure to biological dusts was asso-
ciated with more severe COPD (forced expiratory volume 
in one second [FEV1] < 80% predicted) in ever-smokers.6 
As response to bronchodilator was not measured, it is not 
possible to determine who among these individuals might 
have developed ACO, although it is reasonable to assume 
that some did. A more speci�c assessment of occupations 
associated with COPD risk was analyzed in the UK Biobank 
cohort study of 228,614 participants. Again, because bron-
chodilator response was not measured, it is not possible to 
determine which portion of the COPD group had ACO; 
however, the highest prevalence ratios (PR > 1.5) of COPD 
were found in seafarers, coal mine operatives, industrial 
cleaners, roofers, packers and bottlers, and workers in the 
horticultural trades (Table 11.1).7 �ese studies suggest 
occupations where the presence of ACO should be further 

investigated. Furthermore, a general review of risk factors 
for the development of ACO reports exposure to noxious 
particles and gases, mainly tobacco smoke and biomass 
fuels.8 �e 2017 monograph jointly published by GINA 
and GOLD9 recommends that part of the standard clinical 
evaluation of patients with ACO should include reviewing 
exposures to environmental hazards, both occupational 
and domestic exposures to airborne pollutants.

11.3 BIOLOGICAL DUSTS

Biological dusts and aerosols o�en contain both allergens 
and adjuvants that, along with irritants, may trigger a syn-
drome of increased respiratory in�ammation and lead to 
both �xed and reversible air�ow obstruction in susceptible 
workers. Interestingly, an earlier study of asthmatic patients 
with a component of irreversible air�ow limitation (i.e., 
patients who would meet the de�nition of ACO), found that 
occupational sensitization and continued exposure to the 
causative agent was associated with more rapid decline in 
lung function and poorer outcomes.10,11 A cross-sectional 
study of 1,232 subjects in Australia found a similar e�ect 
of biological dusts on prevalence of respiratory symptoms 
and obstructive airways disease. �e e�ects of exposure 
to di�erent categories of dusts, including biological, min-
eral, gaseous, vapor, and fume, were compared. Biological 
dusts were found to be signi�cantly associated with morn-
ing cough, dyspnea, chronic obstructive bronchitis, and 
COPD.12 �e associations were similar in ever-smokers and 
in never-smokers for all conditions and exposures, suggest-
ing that cigarette smoking had at best a minor e�ect on the 
observed relationships. �e job categories with biological 
dust exposure included nurses and other health workers, 
food and textile workers, artists, and cleaners.

11.3.1  COTTON AND OTHER TEXTILE 
WORKERS

Byssinosis, also known as Monday fever, brown lung disease, 
mill fever, or cotton workers’ lung, is an occupational lung 
disease that primarily a�ects workers in cotton processing, 
as well as hemp and �ax industries. Cotton dust–related 
obstructive lung disease has been shown to demonstrate 
characteristics of both asthma and COPD consistent with 
ACO.13 Speci�cally, disease that develops early in exposure 
demonstrates airway hyperresponsiveness and reversible 
air�ow obstruction. Although both atopic and nonatopic 
workers are a�ected, atopic workers demonstrate a greater 
e�ect. Follow-up over time with continued exposure dem-
onstrates chronic and progressive dyspnea, cough, and 
sputum production characteristic of COPD and chronic 
bronchitis. Longitudinal decline in FEV1 is accelerated com-
pared to unexposed controls, even in nonsmokers and a�er 
retirement. Exposures to cotton dust are not trivial, ranging 
from 0.2 to 1.6 mg/m3 in Chinese cotton mills, although this 
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Table 11.1 Overview of individual agents causing occupational asthma and/or COPD

Single Agents

Agent Types Example sources

Acids Acetic, hydrochloric, hydro�uoric, nitric, 
perchloric acids

Mineral analysis lab, chemical spill, 
lead acid batteries, bleach and 
ammonia

Acrylates Alkyl cyanoacrylates, cyanoacrylate glue, 
methacrylate, methyl 2-cyanoacrylate, 
methyl methacrylate

Industrial use of adhesives

Aluminum salts Aluminum �uoride, aluminum sulfate Soldering aluminum cables
2-Ethanolamine 

(Amino-ethyl-ethanolamine)
Triethanolamine
Monoethanolamine

Metal working �uid, cleaners

3-amino-5-mercapto-1,2,4-triazole Pharmaceutical and pesticide 
intermediate

Factory workers

Ammonia Ammonium chloride, ammonium 
thioglycolate

Soldering �ux, rubber, lacquer, 
shellac, beauty industries

Anhydrides Phthalic anhydride, tetrachlorophthalic 
anhydride, trimellitic anhydride, maleic 
anhydride

Production of epoxy resins, �ame 
retardant

Polyfunctional aziridine Water-based crosslinker in  
two-component paints, paint primers, 
lacquers, topcoats, and other 
protective coatings

Painters

Azobisformamide (azodicarbonamide) Expanding and blowing agent for resins 
and rubbers

Plastics processing, pigment 
grinder

Benzalkonium chloride Fumes Cleaning solutions
Cadmium Fumes Battery workers, pigment 

manufacture
Chloramine T Cleaning product/disinfectant Food industry
Chlorine Paper and pulp mills, bleaching
Chromate Also in cement Stone cutting, electroplating
Cobalt Multiple Production workers, hard metal 

workers, diamond polishers
Ethylenediamine Color photo development
Formaldehyde Gas, dust Production of urea formaldehyde 

resin, embalming, anatomic 
dissection labs

Glutaraldehyde Glutaral Endoscopy, radiography
Isocyanates, isocyanurate Diphenylmethane diisocyanate (MDI);

Hexamethylene diisocyanate (HDI);
Toluene diisocyanate (TDI), isophorone 

diisocyanate (IPDI), isodurane 
diisocyanate; methyl isocyanate, 
prepolymers, polymethyl-
methacrylate(Plexiglas powder)

Foundry workers, wood products, 
polyurethane foam production, 
spray painters, car repair

Nickel sulfate Anhydrous hexahydrate Electroplating
Nitrogen chloride Nitrogen trichloride, trichloramine Pool workers
Paraquat Herbicide Farm workers
Persulfate Ammonium, potassium and ammonium 

peroxydisulfate, diammonium 
peroxodisulfate

Hairdressers, Persulfate production

Platinum salts Catalyst production, re�neries, 
pharmaceuticals

(Continued )
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Table 11.1 (Continued) Overview of individual agents causing OA and/or COPD

Single Agents

Agent Types Example sources

Polyethylene; Polypropylene Shrink wrapping, electrical cable 
repair

Polyvinyl chloride Fumes Plastic building and �ooring 
materials

Rosin core solder (colophony) Thermal decomposition products Soldering fumes
Sodium iso-nonanoyl oxybenzene 

sulphonate
Detergents

Sodium metabisul�te Fish and prawn processing industry
Styrene monomer Fiberglass molding
Sulfur dioxide Sul�te mills, paper and pulp 

production, antioxidants in food 
production

Terpene (3-carene) Pine resin, sawmills, woodshops
Tetramethrin (1-(5-tretrazoly)-4-guanly-tetrazene 

hydrate)
Exterminators, related to Pyrethrin

Uranium hexa�uoride Used in uranium enrichment process
Vanadium Divanadium pentoxide Vanadium pentoxide production, 

boilers of oil-�red power plants
Zinc Fumes Soldering on galvanized metal

Mixed Agents

Cement
Chloro�uorocarbons Degradation products
Cleaning agents Detergents not otherwise speci�ed
Coffee, green
Cotton, dust, raw
Cutting oil, lubricants Not otherwise speci�ed
Diesel exhaust
Endotoxin
Environmental tobacco smoke
Grain
Paint Fumes
Pesticides Not otherwise speci�ed
Potroom aluminum smelting
Reactive dyes
Refractory ceramic �bers
Smoke, �res, pyrolysis products Oil �re and dust storm, indoor biomass
Soldering �ux fumes Potassium ammonium tetra�uoride �ux Soldering aluminum cables
Solvents Not otherwise speci�ed
Tear gas
Welding fumes

Worksite or Profession

Construction work dust
Farming Various crops, livestock, poultry 

con�nement, swine con�nement
Foundry workers
Health care workers
World Trade Center disaster 2001

Source:  Modi�ed from Baur X. et al., J Occup Med Toxicol., 7, 19, 2012.
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is decreasing over time. Endotoxin exposures, in contrast, 
have increased over time, with a peak level of 12,038 EU/m3 
in 1992, compared to 2,580 EU/m3 in 1981.14

11.3.2  COTTON TEXTILE WORKER 
WITH ACO

CLINICAL VIGNETTE 11.1

A 41-year-old woman has worked at a cotton textile 
company in Huzhou, China, for the past 20 years. Before 
beginning work, she had no history of asthma, allergies, 
or cigarette use. She first worked in the carding room, 
where the carding machines were open to the air, and 
the room was very dusty. Here, cotton fibers were sep-
arated to form a thick, continuous, untwisted strand 
called sliver, while discarding impurities. After a few 
months, she noticed occasional episodes of fever and 
muscle aches at the end of the workday. About 10 years 
after beginning work, she developed chest tightness 
and shortness of breath on the first day back to work 
after 2 days off. Initially, symptoms were intermittent, 
but then occurred consistently on return to work. 
About a year later, she developed a chronic cough with 
occasional sputum production. A methacholine chal-
lenge performed at the end of a work shift was posi-
tive with a provocative concentration of methacholine 
causing a 20% fall in the FEV1 (PC20 FEV1) of 1.1 mg/mL.  
She was treated with an inhaled bronchodilator and 
continued working in the carding room for a total of 11 
years, when she was then able to change jobs to work 
in the drawing and roving rooms. Here, the cotton sliver 
was fed through a draw frame machine, which pulled 
it between rollers to thin the thread, and then twisted 
and loaded these onto bobbins. These machines had 
no dedicated ventilation, and the air was filled with cot-
ton dust. Her symptoms worsened, and the chest tight-
ness and shortness of breath began to persist over the 
six-day work period, although they remitted somewhat 
during the 2 days off. After 7 years, she was promoted 
to work in the weaving room, where she continues 
to work presently. Although the weaving process is 
mechanized, workers maintain the machines and keep 
looms supplied with cotton yarn. Although her respi-
ratory symptoms are less severe in this environment, 
they are constant, and no longer improve away from 
work on weekends. Current symptoms include cough, 
 wheezing, chest tightness, and mild sputum produc-
tion. Compared to her baseline spirometry obtained 
20 years ago when she began work, her current FEV1 
has fallen by 55 mL/year, compared to 25 mL/year 
expected. She has no plans to change employment.

workers from six Lancashire County, England, cotton- 
spinning mills compared their symptom history and lung 
function to 84 asymptomatic controls. Workers with byssino-
sis (n = 23) showed the greatest losses of FEV1 and forced vital 
capacity (FVC) compared to predicted, and were most likely 
to have bronchial hyperresponsiveness (BHR): 78% compared 
to 38% of 56 symptomatic workers without byssinosis, and 
17% of 84 asymptomatic controls.15 Other potential factors 
a�ecting lung function, including atopy and smoking, were 
similarly distributed between the groups. Overall, workers 
with bronchial hyperreactivity were signi�cantly older, had 
spent a longer time working in the cotton industry, and had 
higher mean cumulative dust exposure, suggesting a causative 
relationship. Cotton workers also have accelerated loss of lung 
function, measured in one longitudinal study at 42 mL/year 
in FEV1 compared to 25 mL/year in unexposed controls, p < 
0.001, with smokers demonstrating the highest rates of symp-
toms and lung-function loss.16

Manufacturing hemp and jute rope similarly exposes 
workers to plant dust mixed with endotoxin, with similar risk 
for chronic respiratory symptoms and lung-function decline. 
Airborne dust and endotoxins measured in two jute rope 
factories between April 1997 and August 1998 found area 
dust concentrations from 0.06 mg/m3 to 2.69 mg/m3 (vs. an 
Occupational Safety and Health Administration [OSHA] per-
missible exposure limit [PEL] of 0.2 mg/m3), and peak endo-
toxin concentrations estimated at 1,600 EU/m3. Employees 
with symptoms consistent with byssinosis and with persistent 
symptoms a�er retirement were more likely to have worked 
in areas of high dust and have lower air�ow. In current work-
ers, the highest odds ratios (ORs) for chronic bronchitis (6.1), 
byssinosis (8.9), and emphysema (12.0) were seen in current 
smokers who worked in high dust areas, and the e�ect was 
multiplicative compared to either risk factor alone.

Retirement, or moving out of cotton dust exposure, does not 
immediately halt the excess respiratory symptoms and decline 
in lung function for these workers. A prospective study of 383 
cotton textile workers with at least 3 years of exposure at entry 
found a persistently accelerated decline in FEV1 and FVC, 
and a signi�cantly higher frequency of respiratory symptoms 
a�er retirement (n = 180) compared to those remaining in the 
mills (n = 101). Of 71 male cotton workers retired for the 6 
years of the study, 53% reported chronic bronchitis, 55% had 
signi�cant dyspnea, and 59% had partial or total impairment 
compared to 23%, 18%, and 31% of 51 current male workers 
(0.001 ≤ p ≥ 0.01).16 However, the higher rates of lung-function 
decline in retired cotton workers appear to slow a�er about 
8 years. A 15-year follow-up of 447 Chinese cotton textile 
workers found that retired cotton workers initially had greater 
decreases in FEV1 and FVC at initial follow-up compared to 
active workers, but a smaller decline at the third follow-up 
visit. A�er 8 years of retirement, the annual FEV1 decline in 
cotton workers had slowed to match that of unexposed silk 
workers. In addition, air�ow obstruction resolved in 14% of 
retired cotton workers compared to 9% of active workers,17 
while risk for respiratory symptoms (chest tightness, chronic 
bronchitis, chronic cough, and dyspnea) also declined with 
increasing years away from exposure.18

�is case exempli�es the long-term impact of employment 
in cotton manufacturing, with increased risk for onset of 
respiratory symptoms, decreases in spirometry, and increases 
in bronchial hyperreactivity. A study of 85  symptomatic 
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11.3.2.1 Is it cotton dust or endotoxin?

Cotton textile workers are exposed to high levels of cotton 
dust, bacteria, fungi, and endotoxin contaminating the 
unprocessed cotton bolls, all of which may a�ect respiratory 
symptoms and lung function, begging the question as to which 
agent(s) are likely causing ACO. In an experimental challenge 
study, selected cotton workers were exposed to di�erent kinds 
of cotton while airborne concentrations of viable fungi, total 
bacteria, gram-negative bacteria, elutriated dust, and endo-
toxin were measured, and correlated with pre- and postex-
posure spirometry. Although all exposures, except for fungi, 
correlated with decreases in FEV1, endotoxin was the most 
highly correlated (r = –0.94, p < 0.00001).19 Higher past cumu-
lative exposures to endotoxin were associated with reduced 
levels of FEV1 in retired cotton workers, although higher 
recent (within 5 years) endotoxin exposure was most 
commonly associated with chronic cough, chronic bronchi-
tis, and byssinosis.20 In contrast, the longitudinal study of 
Chinese cotton workers described above18 found that cumula-
tive dust, but not endotoxin, was associated with an 11-year 
loss in FEV1.14 Since cotton dust and endotoxin tend to be cor-
related, it may be di�cult to distinguish their e�ects.21

�e mechanisms underlying the endotoxin e�ects were 
elucidated in a murine model of persistent air�ow obstruc-
tion resulting from chronic endotoxin exposure. Similar to 
workers, all endotoxin-exposed mice developed increased 
airway hyperresponsiveness compared to control mice. A�er 
8 weeks, the exposed mice also showed increased markers of 
lung in�ammation, including more neutrophils, CD4 + and 
CD8 + T cells, CD19 + B cells, in�ammatory myeloid CD11b + 
lung dendritic cells, and IL-6.22 Such animal models may also 
help us tease apart the complex mechanisms and speci�c 
exposures important in the pathogenesis of ACO.

11.4  SWINE CONFINEMENT AND 
DAIRY WORKERS

Animal con�nement workers and dairy farmers are 
exposed to complex bioaerosols that include animal aller-
gens, grain and other plant feed components, endotoxin 
and animal waste products, bacteria, and fungi, analo-
gous to textile workers. �ey similarly demonstrate a high 
prevalence of respiratory symptoms, air�ow limitation, and 
BHR consistent with ACO.

11.4.1  ACO IN A CATTLE FEEDLOT WORKER

during his teens and 20s, not requiring medication. 
In his 30s, he began working on farms; over the past 
4 years, he worked exclusively on a large feedlot with 
roughly 100,000 head of cattle. He noted recurrence of 
asthma-like symptoms of shortness of breath, cough, 
wheeze, and dyspnea, and was started on an inhaled 
corticosteroid (ICS) inhaler and a rescue short-acting 
bronchodilator (SABA). Despite treatment, he started 
having “asthma attacks” while working at the feed-
lot, one requiring air flight evacuation and intubation 
1 years prior. In the past year, he had been seen in the 
emergency room six times for asthma, and for the past 
2 years had been treated with a daily prednisone dose 
of approximately 20 mg, along with high-dose ICS/ long-
acting bronchodilator (LABA), and an inhaled SABA as 
needed. He admitted that his breathing was greatly 
worsened at work. His medical history was also signifi-
cant for gastroesophageal reflux disease (GERD), joint 
pain, and obesity. He was a never-smoker, married with 
three children, and had an outdoor dog and five out-
door cats. His exam only revealed normal to diminished 
breath sounds without wheezes or crackles. Laboratory 
evaluation showed an elevated immunoglobulin E (IgE) 
of 301 kU/L (normal 0–100), positive skin-prick tests to 
cat and environmental molds, but not to trees, grasses, 
weeds, cattle, pigs, or horses. The absolute eosinophil 
count was 800 (> 500 abnormal). Lung function showed 
airflow obstruction: FEV1/FVC ratio 60%; FEV1 2.48 
L (60% predicted); FVC 4.12 (71%), with a partial (19%) 
improvement of the FEV1 after a SABA. A chest com-
puted tomography (CT) showed air trapping.

He was started on omalizumab, a monoclonal IgG 
anti-IgE therapy, montelukast, nonsedating long- 
acting antihistamines, and a nasal corticosteroid. 
After 3 months, he left livestock work to pursue a 
higher education degree. One month after quitting 
the feedlot, he was completely weaned off pred-
nisone. During his last follow-up, the FEV1 and FVC 
improved to 2.95 (70%) and 4.92 (85%), respectively 
but the FEV1/FVC remained obstructed at 60%.

Farmers directly exposed to animals, for example in 
swine-con�nement facilities and in dairies as exempli�ed 
by our case, have a high frequency of respiratory symptoms 
and BHR, as well as an accelerated decline in FEV1 and the 
FEV1/FVC ratio. Review of the existing research, which 
has investigated changes in lung function in response to 
animal organic dust exposure, suggests that overlapping 
features of COPD and asthma exist in a�ected workers, 
and they may represent ACO. Several studies have dem-
onstrated air�ow obstruction and increased bronchial 
hyperreactivity in swine farmers and swine-con�nement 
workers compared to unexposed controls. For example, a 
comparison of 47 Danish swine farmers reporting asthma 
(group I) to 63 farmers reporting wheezing, shortness of 

CLINICAL VIGNETTE 11.2

A 44-year-old man presented with worsening severe 
dyspnea over the past 3–4 years. He had a history 
of childhood asthma (age 5–8 years) that resolved 
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breath, or dry cough (group  II) and 34 farmers without 
respiratory symptoms (group III) found a higher preva-
lence of FEV1 < 95% predicted in groups I (43%) and II 
(23%), compared to 0% in group III, although bronchial 
hyperreactivity was found in all three groups. Pig farmers 
with symptoms in group II also manifested an acceler-
ated loss of FEV1 that was predicted by the logPC20 and 
number of years in pig farming.23 In�uenza-like symp-
toms, cough, and throat irritation are common in swine 
and dairy farmers, while chest tightness and eye irrita-
tion are mainly reported by swine farmers, as compared 
to greenhouse workers. In these swine and dairy farm-
ers, the methacholine PC20 FEV1 was signi�cantly lower 
and associated with the number of years worked in the 
trade (p  <  0.05),24 although cross-shi� changes in FEV1 
were small. Similarly, a comparison of 20 Hutterite swine 
farmers matched to 20 controls found a higher prevalence 
of respiratory symptoms, signi�cantly lower FEV1 (97% 
vs. 103%, p  <  0.03), and signi�cantly lower PC20 in the 
swine farmers.25

Signs of COPD and chronic bronchitis are also more 
frequent in swine-con�nement workers and dairy farm-
ers than in comparison populations.26 A study of 60 swine-
con�nement workers from Quebec, Canada, found that those 
with chronic bronchitis symptoms and air�ow limitation had 
a signi�cantly lower FEV1 (89%), lower FEV1/FVC ratio (82%), 
signs of hyperin�ation (total lung capacity [TLC] 111%) and 
air trapping (residual volume [RV] 148%), as well as the lowest 
methacholine PC20 FEV1 compared to farmers with symp-
toms only, air�ow obstruction only, or neither.27 Work in 
swine-con�nement buildings also has been shown to cause 
an accelerated decline in FEV1 compared to dairy barns, as 
evidenced by a seven-year longitudinal Danish study demon-
strating an annual decline of 54 mL in FEV1 in swine farmers 
compared to 42 mL in dairy farmers (p = 0.045); this response 
was more pronounced in the nonsmoking farmers (53 mL vs. 
36 mL; p = –0.018).28 Similarly, in a study of 194 French dairy 
farmers, 13% reported chronic bronchitis, 10% reported acute 
bronchitis, and 37% reported dyspnea, compared to 7%, 4%, 
and 14% of 155 controls respectively. A subgroup of 45-year-
old male farmers also demonstrated a greater annual decline 
in mean vital capacity (VC) (–73 mL vs. 53 mL, p < 0.05) and 
FEV1 (–59 mL vs. –34 mL, p < 0.01) compared to unexposed 
controls,29 with little evidence of reversibility. Concurrently, 
the same group reported statistically signi�cant increases 
in ever-wheezing (OR 2.7; p  < 0.05), wheezing within the 
last year (OR 5.2; p < 0.025), usual morning cough (OR 5.0; 
p < 0.001), usual morning phlegm (OR 11.3; p < 0.0001), and 
chronic bronchitis (OR 11.8; p < 0.01). Cigarette smoking and 
dairy farm exposure had an additive e�ect on symptoms.30 
A longitudinal analysis also demonstrated an accelerated 
decline in FEV1/VC (p < 0.025) in dairy farmers a�er adjust-
ment for age, smoking, sex, height, log IgE, altitude, and ini-
tial respiratory function values.31 Declines in FEV1 (p < 0.05) 
and the spO2 (p < 0.025) were signi�cantly associated with 
the mean duration of dairy farming, and especially work on 
traditional farms that did not dry the hay or heat the barn,32 

suggesting a potential causative exposure for the observed 
di�erence. Taken together, these �ndings demonstrate a high 
prevalence of respiratory symptoms, air�ow limitation, BHR, 
and accelerated decline in FEV1 consistent with ACO in these 
animal-exposed workers.

11.5 GRAIN WORKERS

Workers in grain processing and the animal feed indus-
try are similarly exposed to a potent mixture of organic 
dusts that include grain antigens, storage mites and other 
insect parts, bacteria, fungi, and endotoxins. Not surpris-
ingly, exposed workers have also been shown to have both 
accelerated declines in FEV1 consistent with COPD and an 
increased prevalence of nonspeci�c BHR consistent with 
asthma, thus suggesting ACO. One longitudinal analysis of 
Canadian grain handlers identi�ed speci�c risk factors for 
the increased decline in FEV1 > 100 mL/year as being BHR 
and a fall in the FEV1 over the course of the work week, 
which together imply the presence of ACO. Grain work-
ers exposed to the highest dust concentrations, cleaners, 
and sweepers were most likely to demonstrate these �nd-
ings.33 A cross-sectional study of 315 Dutch animal feed 
workers that found that FEV1 and FVC were signi�cantly 
lower (by 70 mL and 64 mL respectively) in those exposed 
to the highest dust concentrations (> 9 mg/mL), implies a 
similar e�ect of exposure on lung function deterioration.34 
Most notably, both respiratory symptoms and air�ow were 
more related to present and historic endotoxin exposure 
than to the respirable dust fraction.33 Workers with an 
overall mean endotoxin level of ≥ 25 ng/m3 demonstrated 
an FEV1 decreased by 122 mL, an FVC lower by 112 mL, 
and a peak expiratory �ow (PEF) lower by 910 mL/s com-
pared to workers in lower endotoxin-exposure categories. 
A �ve-year follow-up study of the original participants cor-
roborated the initial �ndings, noting that the presence of 
respiratory symptoms in the �rst survey strongly predicted 
subsequent loss to follow-up, suggesting that the respira-
tory e�ects of grain dust exposure was underrepresented 
in a longitudinal cohort.34

Increased nonspeci�c bronchial hyperreactivity is also 
more common in grain handlers compared to unexposed 
controls. A study of 29 nonsmoking grain handlers with 
an average of 14 exposure years found that 45% of workers 
reported cough, sputum, dyspnea, and wheeze compared 
to 17% of the nonsmoking control subjects, and symptoms 
were associated with a signi�cantly lower mean histamine 
PC35 in the exposed group (p < 0.05 for both compari-
sons).35 Speci�c inhalational challenge to nebulized corn 
dust extract reproduced the symptoms and cross-shi� 
decreases in lung function found in grain workers in the 
workplace. Even nonatopic, nonasthmatic, and nonsmok-
ing grain handlers demonstrated a 15%–20% fall in FEV1 
and FVC, and FEV1/FVC obstruction to 71% for 5 hours 
a�er grain dust challenge, associated with signi�cantly 
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increased neutrophils in blood and bronchoalveolar 
lavage (BAL), along with increased BAL IL1β, IL-1 RA, 
IL-6, IL-8, and TNF-α.36 Taken together, the acute, cross-
shi� worsening of air�ow, accompanied by a decline in 
baseline air�ow over time and increased prevalence of 
BHR, are characteristic of ACO in long-term exposed 
grain workers.

11.5.1  OTHER ORGANIC DUST EXPOSURES

Exposure to other organic aerosols in an occupational 
setting may also be associated with the development of 
chronic air�ow obstruction and BHR characteristic of ACO. 
A study of Croatian workers exposed to a range of organic 
dusts such as co�ee, tea, spices, soy, fur, or animal food, 
found that chronic respiratory symptoms, including cough, 
phlegm, bronchitis, dyspnea, nasal drainage, and sinusitis, 
were signi�cantly more common compared to unexposed 
controls (p < 0.01), and were aggravated by cigarette smok-
ing. Workers demonstrated both acute and chronic air�ow 
obstruction, and in some, work-related symptoms were 
more intense at the beginning of the work week or a�er a 
long absence from work, suggestive of a Monday-morning 
e�ect.37

11.6 BIOMASS

�e chronic inhalation of biomass fuel is associated with 
respiratory issues worldwide, with estimates of almost 
3 billion exposed people. Biomass fuel refers to plant- and 
animal-based material that has been recently derived, such 
as wood, grass, charcoal, crop residues, and dried animal 
dung, which is burned for energy. Chronic biomass expo-
sures are associated with a number of airways diseases, 
including chronic bronchitis, COPD, asthma, and ACO. 
Insofar as biomass fuel exposure may be occupational, the 
related development of ACO is included in this section.

11.6.1  ACO IN A BIOMASS SMOKE–EXPOSED 
WORKER

CLINICAL VIGNETTE 11.3

A 75-year-old woman presented with a two-year-
history of progressive breathlessness. She recalls 
wheezing, cough, and episodes of “bronchitis” 
since her 20s, but the symptoms have become more 
noticeable over the past 15 years since she moved to 
Albuquerque, New Mexico, from Mexico. She never 
smoked cigarettes and had no secondhand tobacco 
exposure. However, she was exposed to wood smoke 
for 40 years in Mexico, where she was a housewife with 
16 children of her own, for whom she cooked using an 

open fire woodstove. On average, she spent 4 hours 
daily in the kitchen since her teenage years, and she 
describes the kitchen as poorly ventilated, especially 
in the wintertime. As a young adult, she recalls occa-
sional cough and wheeze especially while cooking. 
Her symptoms have been worsening in New Mexico, 
despite no exposure to wood smoke for 15 years. 
Current medications included an ICS/LABA combi-
nation, and she required 20 mg daily of prednisone. 
A physical exam showed diminished breath sounds 
without wheeze or crackles.

Spirometry demonstrated profound airflow obstruc-
tion: FEV1 of 0.8L (46% predicted) with partial (32%) 
improvement after a SABA to 1.1L (60% predicted), 
an FVC of 1.6L (69% predicted) that improved to 1.9L 
(81% predicted) after a SABA, and a post-SABA FEV1/
FVC of 57%. Lung volumes demonstrated air trapping, 
with an residual volume of 2.9 L, 138% predicted. The 
diffusing capacity of the lungs for carbon monoxide 
(DLCO) was normal. A chest radiograph revealed 
hyperinflation and bronchial wall thickening, with 
subsegmental atelectasis in the right middle lobe 
(RML). Bronchoscopy was performed, and biopsies 
showed diffuse anthracofibrosis, which was more 
severe in the RML. Cultures were negative for an 
infectious workup including tuberculosis. Laboratory 
studies including a complete blood count (CBC), 
metabolic panel, IgE, and antineutrophil cytoplasmic 
antibodies (ANCA) were normal.

Based on her symptoms and objective testing, the patient 
was diagnosed with ACO. �e bronchial anthraco�brosis 
was considered a manifestation of past biomass exposure. 
Her ICS/LABA dose was increased, and she was started on a 
long-acting muscarinic antagonist (LAMA). She was grad-
ually tapered o� her daily prednisone dose. However, she 
continues to have frequent ACO exacerbations requiring 
ER visits and treatment with high-dose prednisone. She was 
also started on supplemental oxygen for exertional hypox-
emia. More recently, she reported worsening dyspnea and 
lower-extremity edema, and she was found to have right-
sided heart failure on echocardiogram.

Patients with ACO from biomass exposure have both 
bronchial hyperreactivity and incomplete reversibility of 
air�ow obstruction as noted in the case above. Such sub-
jects demonstrate a strong �2-type in�ammatory response 
in the airways.38 A Spanish study compared the clinical 
characteristics of patients with obstructive airways dis-
ease from biomass fuel to those with COPD from tobacco 
smoke, and found that subjects with biomass-related COPD 
were more likely to be women, have a signi�cantly higher 
BMI and a relatively higher FEV1 percentage predicted.39 
Biomass-exposed subjects were more likely to demonstrate 
ACO than the tobacco smoke–exposed subjects (21.3% vs. 
5%; p < 0.0001), although, when corrected for gender, the 
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di�erence was no longer signi�cant. Interestingly, although 
the emphysema phenotype was more frequent in 46% of the 
tobacco smoke–exposed group, it was still observed in 32% 
of the ACO group. High-resolution CT (HRCT) chest imag-
ing studies of subjects with biomass fuel–induced ACO 
show a greater prevalence of airway changes, including 
ground glass opacities, mosaic air trapping, and peribron-
chial vascular thickening compared to unexposed sub-
jects.38 Because exposure to biomass smoke typically begins 
in early childhood, it likely has an e�ect on the developing 
airways, and thus contributes to early onset of disease.40 
Higher hour-years of biomass smoke exposure are associ-
ated with a high odds ratio for developing chronic bronchi-
tis. Conversely, similar to the improvement in lung function 
with the cessation of cigarette smoking, individuals in 
households that switched to biogas or added kitchen venti-
lation to biomass stoves demonstrated a slowed and reduced 
decline in the FEV1, although not a return to normal.

11.7 DIESEL EXHAUST

Diesel exhaust is a complex mixture of gases, metal oxides, 
polycyclic hydrocarbons, and �ne and ultra�ne particu-
lates which are the byproducts of diesel fuel combustion. 
Approximately 80% of the particulate mass consists of 
organic and elemental carbon, and 20% is sulfuric acid. 
Multiple organic compounds are adsorbed to the particu-
late mass, such as alkanes and alkenes, aldehydes, polycyclic 
aromatic hydrocarbons (PAHs) and derivative, and hetero-
cyclic compounds. �e large surface area of diesel exhaust 
particulates can adsorb large amounts of organic materials, 
including mutagens and carcinogens.41

Occupations with signi�cant exposures to diesel exhaust 
are associated with increased risk for both COPD and 
asthma manifesting as an accelerated decline in lung func-
tion, suggestive of ACO.42 �e OR for the development 
of COPD ranges from 1.2 to 2.0 in more heavily exposed 
occupations, such as vehicle mechanics, transportation 
workers, construction workers, and motor vehicle opera-
tors. In never-smoker workers in these occupations, the 
OR ranges from 2.1 to 3.4 for the development of COPD. A 
population-based study from Kaiser Permanente evaluated 
the association between diesel exposure and development of 
COPD in individuals reporting routine weekly exposure to 
diesel exhaust. Compared to unexposed workers, individu-
als reporting any diesel exhaust exposure had an OR of 1.9 
(1.3, 3.0) for COPD, whereas never-smokers with moderate 
exposure had an OR of 6.4 (1.3, 31.6).43

Railroad workers are a subset of workers with a well-
de�ned increase in COPD mortality risk as one measure of 
their risk for lung disease. A 2.5% increase in COPD mor-
tality is estimated for each additional year of work, which is 
only minimally attenuated a�er adjustment for smoking.44 
New-onset asthma in railroad workers from both acute and 
chronic diesel exposures has also been reported.45

CLINICAL VIGNETTE 11.4

A 61-year-old man from Cheyenne, Wyoming, started 
working in the mechanical department of the railroad 
a year after graduating high school. In 1980 he began 
working in the engine service, first as a fireman riding 
with the engineer and then as the engineer. His typi-
cal runs were manifest trains, carrying coal, soda ash, 
grain, and other dusty loads. Because of the hazardous 
nature of their loads, the train typically moved at only 
10 to 15 miles an hour through tunnels, which resulted 
in significant exposure to diesel exhaust. Working in the 
yard, he was also exposed to air pollution from an adja-
cent fertilizer plant. As an engineer, he was required to 
put out electrical fires on the engine, and he estimates 
putting out five or six fires resulting in exposure to fire 
smoke and the fire extinguisher chemicals. During sev-
eral layoffs, he returned to work in the frog shop, which 
was a very dusty and smoky job that involved grinding 
and welding steel switch points. He had a childhood 
history of asthma and cigarette smoking of 15 pack 
years. He retired in 2014, in part due to extreme dys-
pnea and a requirement for supplemental oxygen.

Pulmonary-function tests with lung volumes 
showed hyp erinflation (TLC 9.92 L, 137% predicted), 
and airflow limitation, with FEV1 at 1.93 L (50% pre-
dicted), which increased partially by 22% to 2.35 
(61% predicted) after a SABA. The diffusion capacity 
was reduced to 24.03 (65% predicted), with over a 2 
L volume difference between the TLC and the alveo-
lar volume measured at 7.53 L (102%), consistent with 
markedly poor gas distribution. A HRCT scan of the 
chest showed moderate emphysema, mild diffuse air-
way wall thickening, and diffuse air trapping on expi-
ratory images. The patient was diagnosed with ACO, 
and treated with a high-dose ICS/LABA, albuterol, 
and supplemental oxygen at 2 lpm at night. However, 
his lung function continued to gradually decline.

11.7.1  ACO IN A RAIL WORKER EXPOSED 
TO DIESEL EXHAUST AND 
IRRITANTS

Extrapolating from other population-based studies, 
it is possible that exposure to particulates and PAH frac-
tions are the most relevant for the development of ACO in 
diesel exhaust–exposed workers. A recent study of particu-
late air pollution found an adjusted hazard ratio (HR) of 
2.78 (CI: 1.62–4.78) per 10 µg/m3 increase in cumulative 
exposure to PM2.5 for the speci�c development of ACO.46 
Ultra�ne particles <100 nm aerodynamic diameter have 
been demonstrated to promote allergic sensitization and 
exacerbate asthma, which could explain their propensity 
to cause ACO; occupational examples of ultra�ne particles 
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include diesel exhaust particles, products of biofuels, and 
nanotechnology.47 A potential mechanism may be through 
the decreased expression of tolerance by means of epi-
genetic changes. A study of 256 children ages 10–21 years 
found that a higher average PAH exposure was signi�cantly 
associated with increased methylation of the forkhead box 
protein 3 (FOXP3) locus (p < 0.05), in a dose-dependent 
fashion, although this �nding was conditional on atopic sta-
tus. Downstream e�ects included decreased protein expres-
sion of FOXP3 (p < 0.001) and IL-10, along with increased 
total plasma IgE and IFN-gamma.48 Although such e�ects 
have not, as yet, been speci�cally studied in adults, immune 
modulation from diesel PAH exposures may similarly con-
tribute to the development of occupational ACO.

11.8 FIREFIGHTERS

Fire smoke also is a complex particulate aerosol of �ne and 
ultra�ne particles, vapors, and toxic gases that include car-
bon monoxide (CO), hydrogen cyanide, formaldehyde, sul-
fur and nitrogen oxides, and phosgene, along with chemical 
carcinogens such as PAHs and dioxin. Given the similarity 
of �re smoke components to other complex aerosols dis-
cussed in this chapter, it is reasonable to assume that �re-
�ghters are at a similar risk for the development of ACO. 
Fire�ghters have been reported to develop increases in BHR 
and respiratory symptoms, along with cross-shi� and cross-
season decreases in lung function. A cross-sectional study 
of metropolitan �re�ghters in Sao Paulo, Brazil, found a sig-
ni�cant increase in asthma symptoms (wheezing, breath-
lessness, morning chest tightness, and rhinitis) compared 
to municipal police o�cers. Risk factors for asthma symp-
toms included years employed, work as a �re�ghter, smok-
ing, and rhinitis, but not age or gender.49 Another survey 
of 575 metropolitan �re�ghters identi�ed 10% with chronic 
respiratory conditions, including 24 (4%) with a physician’s 
diagnosis of asthma or using asthma medications, and 39 
(7%) with a physician’s diagnosis of COPD, emphysema, 
or chronic bronchitis. �ere was an interaction between a 
chronic respiratory diagnosis and inconsistent use of respi-
ratory protection during �re knockdown (p < 0.001).50

A study of 63 wildland �re�ghters from Northern 
California and Montana51 showed statistically signi�-
cant declines of 0.09 L in FVC (0.05, 0.13), 0.15 L in FEV1 
(0.13, 0.17), and 0.44 L in FEF 25–75 (0.26, 0.62) between 
pre- and postseason spirometry. Methacholine reactivity 
also increased signi�cantly postseason, p = 0.02. Results 
were not a�ected by smoking status, history of allergies or 
asthma, full-time or seasonal employment, or a history of 
respiratory symptoms. Another study found a signi�cant 
cross-shi� decline of 0.25 L (0.02, 0.48) in FEV1 of �re�ght-
ers exposed to high levels of levoglucosan measured by 
personal-�lter cassettes as a marker for �re smoke expo-
sure.52 Taken together, these epidemiologic and exposure 
data suggest a high risk of developing ACO.

11.9 WELDING FUMES

Electric arc welding is a process to join di�erent metals and 
alloys using the heat produced by passing electricity from 
one conductor or wire rod to another. All of the components, 
including the base metal, electrode or wire rod, electrode 
coatings, �uxes, shielding gases, and point or surface coat-
ings may be volatilized during the process and contribute to 
the welding aerosol. Welding fumes are composed of �ne-
particulate metal oxides, which form from the reactions of 
vaporized metal with oxygen. Higher concentrations are 
created with higher currents and the use of �ux. A cross-
sectional study of 137 current, former, and nonwelder sub-
jects in New Zealand found that work-related respiratory 
symptoms were more prevalent in welders (30.7%) compared 
to nonwelders (15.0%), and these symptomatic workers had 
signi�cantly lower FEV1, p < 0.004, and FVC, p = 0.04.53 
More than 10 years of total welding exposure, as well as a 
high proportion of time spent welding in con�ned spaces, 
was the strongest predictor of chronic bronchitis. A study 
of South Korean welders with moderate to high cumulative 
welding exposures found higher rates of COPD with an OR 
of 3.9 (1.4, 13.3) and 3.8 (1.03, 16.2) respectively, compared 
to those with low exposures.54 Welding has also been associ-
ated with the development of asthma. A prospective study 
of 194 apprentice welders demonstrated that their FEV1 per-
centage predicted dropped signi�cantly by 8.4% by the end 
of the study, and 23 (12%) of apprentices had a signi�cant 
decrease ≥ 3.2 in their PC20. �e incidence of occupational 
asthma was nearly 3% when de�ned as the new onset of 
cough, wheeze, or chest tightness.55 Occupational asthma 
due to stainless steel–welding fumes by speci�c challenge 
has also been demonstrated in 34 Finnish welders, with an 
immediate reaction in 26%, a delayed reaction in 47%, and 
a dual reaction in 26%.56 Based on this literature document-
ing the development of both COPD and asthma in welders, 
ACO is a likely outcome of welding-fume exposures.

11.9.1 MINERAL DUSTS

Exposures to mineral dusts, best exempli�ed by silica and 
coal dust, are known to contribute to the development of 
COPD and chronic airways obstruction. For example, a meta-
analysis of six studies of workers occupationally exposed to 
respirable quartz dust (in a granite quarry, potato sorters 
exposed to diatomaceous earth, cement factory workers, 
tunnel workers, and foundry workers), found a statistically 
signi�cant decrease in FEV1 and FEV1/FVC consistent with 
airways obstruction and COPD.57 Mineral dusts primarily 
a�ect the walls of the smaller bronchioles and alveolar ducts, 
causing chronic in�ammation and remodeling of the small 
airways (bronchitis) and destruction of the alveoli clustered 
at the end of the airways (emphysema) through the genera-
tion of reactive oxygen species and cytotoxicity. Irritation 
and abrasion of the airway epithelial walls can also facilitate 
passage of the small particles into the lung parenchyma, and 



11.10 Summary and conclusions 131

initiate a concurrent process of �brosis and the development 
of nodules. �e two processes may occur simultaneously 
or separately, and hence air�ow obstruction in miners has 
been reported in both the presence and absence of radio-
logical silicosis.58 �ere is an exposure-response relation 
between loss of FEV1 and FEV1/FVC and cumulative silica 
dust exposure, although smoking appears to potentiate the 
e�ect of silica dust on the airways. Whereas in nonsmokers, 
silica dust tends to lead to restrictive physiology, smoking 
and silica exposure are associated with a pattern of air�ow 
obstruction and emphysema. Even in simple radiographic 
silicosis, it is emphysema, rather than the silicotic nodule, 
that is associated with an obstructed FEV1/FVC ratio and 
reductions in maximum mid-expiratory �ow (MMEF) and 
DLCO.

In contrast to the strong evidence that silica dust causes 
COPD in a dose-dependent fashion, it is not clear whether 
it can cause or worsen asthma. Several cross-sectional stud-
ies suggest that asthma, atopy, and BHR do not worsen 
the e�ect of silica dust on lung-function decline and the 
development of COPD.59,60 However, silica dust has known 
immunogenic e�ects, such as in the causation of sclero-
derma and rheumatoid lung, and may similarly a�ect the 
development of reactive airways disease.

�ere is excellent evidence supporting the association 
of coal mining and COPD. Decline in FEV1 over time has 
been related to cumulative exposure to respirable coal mine 
dust, regardless of smoking status. A large, longitudinal 
survey of 3,380 British coal miners found that cumulative 
exposure to respirable coal mine dust was related to risk 
of three important end points of COPD: FEV1 < 80% pre-
dicted, symptoms of chronic bronchitis, and FEV1 < 65% 
predicted.61 Emphysema, too, has been associated with 
lifetime coal mine dust exposure. Inhalation of coal dust 
is associated with the accumulation and activation of neu-
trophils and alveolar macrophages, with increased neutro-
phil elastase activity, and spontaneous release of superoxide 
anion and H2O2 as potential mechanisms of airways dam-
age.62 Coal mines also have multiple exposures that may 
cause or exacerbate asthma,63 including isocyanates, die-
sel particulates, and a complex bioaerosol of bacteria and 
fungi,64 although it is not clear if coal mine dust in itself 
can cause asthma. It is plausible to hypothesize that these 
combined coal mine exposures could also contribute to the 
development of ACO.

Exposures to other, poorly soluble low-toxicity particles 
referred to as biopersistent granular dust, such as Portland 
cement, carbon black, soot, rubber, talcum, and other 
metal-processing and mining exposures also play a role 
in the development of occupational COPD. �e decline of 
FEV1 in these workers is also related to cumulative occu-
pational dust concentrations. In a meta-analysis of 27 stud-
ies, there was a very consistent decrease of 1.6 mL (1.24, 
1.93) per 1 mg/m3 years of exposure, and the mean FEV1 of 
exposed workers was 160 mL lower or 5.7% less than pre-
dicted compared to unexposed workers. �e risk of COPD, 
de�ned as an FEV1/FVC < 70%, increased by 7% with each 

increase of 1 mg/m3 respirable biogranular dust.65 However, 
there are no studies to date that have looked for the presence 
of asthma or BHR in these workers, and the possibility of 
ACO remains unexplored in this population as well.

11.10 SUMMARY AND CONCLUSIONS

Both epidemiological studies and investigations of spe-
ci�c workplaces and professions make it likely that ACO 
develops in certain occupational exposures. Studies have 
described ACO in cotton textile workers and in biomass-
exposed workers. While asthma and COPD have been 
individually demonstrated in the exposed workforce, sug-
gesting that the overlap syndrome ACO is also a product of 
the work exposures, it has not yet been de�nitively assessed. 
For example, in welders, �re�ghters, and farmers, asthma 
and COPD have been documented separately, but the dem-
onstration of the overlap ACO is still lacking, but likely to 
be found if sought.

A common characteristic of the occupational expo-
sures that have been demonstrated to cause both asthma 
and COPD appears to be the combination of an immu-
nologically active component presented together with an 
irritant particulate(s). In many cases, the exposures are 
mixed and complex. Well-documented examples include 
cotton, hemp, and jute exposures that involve plant aller-
gens, animal parts, bacteria, and endotoxin, as well as a 
particulate dust fraction. Exposures in grain and animal 
feed workers similarly include plant, mite, and animal 
allergens; bacteria and endotoxins; fungal antigens; and 
volatile organic compounds (VOCs), together with an 
irritant particulate. Biomass smoke contains comparable 
combinations of organic materials and irritant particles, 
and might behave in the same way as tobacco smoke. Silica 
particulates have been demonstrated to have combined 
irritant and immunological properties, and plausibly may 
act similarly to other biologically active organic dusts. 
�e exhaust particulates from diesel combustion, which is 
itself ultimately plant based, are 80% organic and elemen-
tal carbon, and 20% are composed mainly of sulfuric acids. 
Polyaromatic hydrocarbons from diesel exhaust have been 
shown to enhance the allergic response.66–71 Lastly, a num-
ber of other occupational chemicals with both irritant 
and immunological properties are known to cause a blend 
of occupational asthma, COPD, and/or ACO; examples 
include welding fumes, isocyanates, phthalic anhydrides, 
glutaraldehyde, and cleaning agents.4 With this informa-
tion in mind, it is plausible and likely that other occupa-
tional exposures are capable of causing ACO, but are as yet 
unidenti�ed. �ose who develop ACO generally do worse 
over time, with more frequent and severe exacerbations, 
need for medication and emergency care, and poorer out-
comes. Hence, such workers who develop ACO may need 
to be restricted or removed from exposure at an earlier 
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stage of disease. However, we need more information to 
de�ne the exposures, jobs, and host factors that result in 
ACO, and longitudinal studies to understand the natural 
history of workplace-related ACO. Only then will we be 
able to implement the right measures in the workplace to 
prevent future disease.
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12.1 INTRODUCTION

Asthma and chronic obstructive pulmonary disease (COPD) 
are common diseases that a�ect a substantial proportion 
of individuals worldwide. �e structured and formalized 
de�nitions and diagnostic criteria for both asthma and 
COPD have allowed focused analysis and characterization of 
subgroups or special populations with some standardization 
and reproducibility.1,2 However, without a clearly accepted 
consensus de�nition and known heterogeneous criteria for 
de�ning patients with asthma-COPD overlap (ACO), it is not 
completely certain how ACO relates to speci�c patient popu-
lations.3 Available data suggest that ACO re�ects a mixture of 
features, characteristics, and subsequent special-population 
e�ects of those seen in individuals with both asthma and 
COPD. In this chapter, we will explore current knowledge on 
special populations with asthma, COPD, and ACO.

12.2 ILLUSTRATIVE CLINICAL VIGNETTES

Take-home messages:

 ● Late-onset asthma (LOA) is a well-known entity that is 
o�en underdiagnosed and undertreated.

 ● Other comorbidities may complicate the course and 
lead to its underdiagnosis.
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CLINICAL VIGNETTE 12.1

A 76-year-old male presents to a clinic complain-
ing of difficulty breathing for several years. He was 

diagnosed with heart failure a few years ago after a 
heart attack and has been seeing his primary care 
doctor and cardiologist for this. Initially, his breathing 
improved with an increase in his furosemide dose, 
but he continued to have limitations due to short-
ness of breath. More recently, he has also been 
complaining of an intermittent cough that is worse 
in the morning, as well as nasal congestion and itchy 
eyes. He smoked about a half a pack of cigarettes 
per day from his teens until a few years ago. He 
never reported any other lung issues. He underwent 
spirometry with a FEV1/FVC ratio of 66% and near 
normalization of the obstruction after administration 
of albuterol on postbronchodilator study. He was 
thus started on an inhaled corticosteroid (ICS) and 
long-acting b2-agonist (LABA) with improvement in 
his dyspnea and cough.
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Take-home messages:

 ● COPD should be suspected in any patient who is 40 
years of age or older with respiratory symptoms and a 
history of exposure to smoke.

 ● �e diagnosis of COPD is con�rmed with the presence 
of postbronchodilator FEV1/FVC < 0.7.

 ● Signi�cant acute bronchodilator response (>12% and 
200 mL change in FEV1 or FVC) does not di�erentiate 
asthma from COPD.

 ● Symptoms of asthma and COPD may overlap. �e 
mainstay of treatment of COPD is long-acting broncho-
dilator administration and when appropriate and ICS.

Take-home messages:

 ● Asthma during pregnancy should be managed the same 
as in nonpregnant women.

 ● Pregnancy can complicate the course of asthma, and 
poorly controlled asthma is associated with poor mater-
nal and fetal outcomes.

12.3  EFFECT OF AGE ON ASTHMA, 
COPD, AND ACO

�e population of older people is growing by 2% per year, a 
rate which is faster than the growth of the total world popu-
lation.4 By 2030, it is estimated that 20% of the population 
of the United States will be over the age of 65.5 Although 
morbidity and mortality from many diseases have either 
declined or been stable over time, morbidity and mortality 
from lung diseases have increased with the increasing aver-
age age of the population.6 Aging leads to a decline of the 
structure and function of organs, including the airways and 
lungs. One mechanism by which this may occur is through 
loss of adaptive immunity and increase in nonspeci�c tis-
sue in�ammation.7 Traditionally, asthma has been thought 
of as a disease of young individuals and COPD a disease 
of old individuals. Although this may be generally true, 
age-related di�erences should be recognized within each of 
these two disease states. ACO appears to a�ect individuals 
in between the usual age ranges of those with asthma and 
COPD alone. Its impact on younger and older individuals is 
not clearly understood and has not been examined.

12.3.1 AGE AND ASTHMA

Unlike COPD or ACO, asthma is usually thought of as a 
disease of the young. In fact, it o�en starts in childhood or 
at least has its �rst clinical signs and symptoms prior to age 
40. It is estimated that 8%–10% of school-aged children have 
asthma, and it is considered the leading chronic disease in 
children as well as the top reason for missed school days.8 
Furthermore, children are more likely to need acute care 
due to asthma than adults. In addition, some children with 
asthma have reduced lung growth resulting in lower levels 
of maximal lung function, as well as early lung function 
decline as adults. Subsequently, individuals with a history 

CLINICAL VIGNETTE 12.2

A 54-year-old male presents with complaints of daily 
cough and shortness of breath. He reports having a 
harder time completing his daily activities at work, 
which include manual labor lifting and carrying heavy 
objects due to his dyspnea. He denies allergies. He 
is a current smoker of one pack a day and has done 
so for the past 20 years. Five years ago, he was diag-
nosed with asthma and was prescribed a scheduled 
daily ICS, as well as a rescue albuterol inhaler as 
needed. He noted some improvement in his symp-
toms, mostly his cough, but was still not able to toler-
ate sustained activity at work before needing to rest 
and was using his rescue albuterol inhaler  multiple 
times throughout the day. Spirometry demonstrated 
a postbronchodilator FEV1 65% of predicted, FEV1/
FVC ratio of 62% and 14% (250 mL) improvement 
in FEV1 after bronchodilator treatment. He was 
prescribed a LABA to be used with his ICS, which 
resulted in signi�cant improvement in his activity tol-
erance. He was subsequently able to go back to work 
without limitations with only minimal utilization of his 
rescue inhaler.

CLINICAL VIGNETTE 12.3

A 26-year-old female with dif�cult-to-control child-
hood asthma presents to the emergency room com-
plaining of wheezing, chest tightness, and dif�culty 
breathing. She is 26 weeks pregnant and stopped 
her daily asthma maintenance medications, which 
included an ICS, LABA, and a leukotriene recep-
tor antagonist, after �nding out she was pregnant 
because she was fearful they may harm her baby. 
Recently, she has been requiring her albuterol inhaler 
more frequently due to daily wheezing, and the 
morning of her of�ce visit woke up with the inability 
to breathe well. Her pregnancy has been otherwise 

uncomplicated except for worsening heart burn. She 
was treated appropriately for her asthma exacerba-
tion, and she was sent home to restart her asthma-
controller medications including the ICS and LABA. 
She was also advised to take antacids and to sleep 
on a slight incline to reduce her GERD symptoms. On 
reevaluation in a clinic a few weeks later, her asthma 
was controlled.
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of childhood asthma are indeed at greater risk to develop 
COPD and commonly do so at an earlier age.9

Although not traditionally considered as o�en, asthma has 
a signi�cant impact in the older population as well. With the 
aging population, asthma in older adults is a rapidly growing 
public health problem.10–12 In the United States, 10.4% (8.0% 
of men, 12.2% of women) of adults 65 and older reported 
lifetime asthma, and 7.6% (5.7% of men, 9.1% of women) 
reported current asthma in 2011.13 However, this may be an 
underestimate as the diagnosis of asthma in this population 
is o�en overlooked because of comorbidities, underreporting 
of symptoms, insu�cient use of lung-function testing, and 
overlap with other diseases such as COPD.14–18

Asthma in the older population is associated with high 
disease burden and leads to a major impairment in qual-
ity of life, poor general health, symptoms of depression, and 
signi�cant limitation of daily activity. Of note, the highest 
death rate in adults with asthma is reported for those age 65 
and older (0.58 per 1000 persons).19 �is accounts for more 
than 50% of the total annual deaths from this disease, and 
it increases with age. Despite its high public health impact, 
asthma in older adults has not been systematically studied, 
as patients are o�en excluded from participating in clini-
cal trials because of age restriction. Furthermore, asthma 
guidelines are generally based on evidence collected from 
studies in younger populations and do not take into consid-
eration the elderly, who o�en su�er from multiple comor-
bidities. Two distinct presentations for asthma in older 
adults based on the onset and duration of the disease have 
been described. Patients with LOA start having asthma 
symptoms for the �rst time when they are 40 years of age 
or older. It has been suggested that patients belonging to 
this group tend to have fewer atopic manifestations, higher 
baseline FEV1, and a more-pronounced bronchodilator 
response than those with long-standing asthma (LSA), who 
start having asthma symptoms early in life. �ose with LSA 
usually have their initial symptoms prior to age 40, have 
more atopic manifestations, and have a greater degree of 
obstruction.20,21 (Table 12.1).

Aging is associated with changes in organs, tissues, 
and cells that diminish functional reserve and confer 

vulnerability to stressors and/or disease. Both aging and 
asthma may a�ect patients’ well-being, including symp-
toms, functionality, and health status. �e interactions 
between aging-related e�ects and asthma on functional-
ity and health status, lung function, and airway and sys-
temic in�ammation have not been examined. Furthermore, 
there is no current uniform consensus on the de�nition of 
the clinical and physiologic characteristics or phenotypes 
of asthma in the older population. An exploratory work-
shop of experts of asthma in older adults sponsored by the 
National Institute on Aging was organized by the appli-
cants and highlighted the need for studies to better under-
stand the pathophysiologic mechanisms of asthma in this 
population.22 More recently, an American �oracic Society 
workshop also highlighted unmet research needs in this 
population.23

Symptoms of asthma in older adults may mislead clini-
cians to consider causes other than asthma, such as old age, 
COPD, and heart failure. Furthermore, atopic diseases are 
o�en not considered in older patients with asthma because 
of the myth that these diseases only exist in the younger 
population. At the same time, older people with asthma tend 
to attribute breathlessness to their aging process as opposed 
to their disease.1 Alterations in the perception of airway 
obstruction due to aging o�en lead to underestimation of 
the disease severity and thus the delay in seeking advice.24 
Although this delayed diagnosis may also be aggravated by 
the susceptibility of this population to deterioration of cog-
nitive and physical functions and memory loss, these e�ects 
have not been fully evaluated in this population of patients 
with asthma.

�erapeutic and management concerns also exist for 
older individuals with asthma. Data on e�cacy of asthma 
medications are limited, as many of the trials excluded 
elderly individuals. However, the risk of treatment fail-
ure increases with increasing age, especially in regards to 
response to ICS.25 Furthermore, limited inspiratory �ows 
and comorbid diseases, such as arthritis, general weakness, 
and impaired vision or cognition, may negatively impact 
the proper utilization of inhaler medications. Side e�ects, 
such as bruising, osteoporosis, cataracts, cardiotoxicity, 

Table 12.1 Potential mechanisms for the asthma phenotypes in the elderly

Age of onset Genetic role Infection Atopy Inflammation Environment

Long-standing 
asthma

Child or 
young adult 
(≤45)

Likely gene by 
environment

Viral: rhinovirus 
and RSV

Likely T2 High, 
eosinophilic

Allergens, day 
care and 
school, 
workplace

Late-onset 
asthma

Adult (>45) Likely epigenetic 
including 
oxidative 
stress, 
shortened 
telomeres

Viral: RSV, 
influenza, and 
bacterial (e.g., 
Chlamydia 
pneumoniae, 
microbial 
superantigens)

Unlikely T2 High or Low, 
neutrophilic 
and/or 
eosinophilic, 
innate 
immunity, 
TH-17

Workplace, 
dwelling type 
(house, 
apartment, 
institutional)
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and drug-interaction pro�les of the common asthma medi-
cations, are also of concern and must be considered when 
prescribing these medications to older individuals.26 In 
addition, cost is o�en an obstacle in this population, who 
are o�en on a �xed income and cannot a�ord their medi-
cation, which frequently results in either not taking their 
prescribed dosage or decreasing the frequency and dose in 
order to make it last longer.

12.3.2 AGE AND COPD

Even though COPD has usually been considered a disease 
of the older population, any individual at risk above age 
40 can be a�ected, especially if exposed to noxious stimuli 
such as tobacco smoke. Indeed, there is a tremendous grow-
ing interest in COPD in the younger population as these 
patients may have worse quality of life (QOL) and more pro-
gressive course of disease.27

COPD may accelerate the aging process and the preva-
lence of COPD exponentially increases with age. While the 
estimated cumulative prevalence of COPD is 3.1% in people 
less than 40 years of age and 8.2% in people ages 40–64, it 
is 14.2% in people over the age of 65.28 In 2010 the Global 
Burden of Disease Study estimated that 23.1% of total disease 
burden was attributable to disorders in people age 60 years 
and older, and COPD accounted for 43.3 million disability-
adjusted life years (DALYs) in older people.29 Comorbidities, 
which are part of the de�nition of the disease, are a sig-
ni�cant contributor to the burden of disease, particularly 
in older people, since multimorbidity also increases with 
age. Analysis of Medicare data from 2008 found that 67% 
of people age 65 and older had multiple chronic condi-
tions, and the prevalence of multiple comorbid conditions 
increased with age.30 Multimorbidity in the elderly leads to 
increased functional impairment, poor QOL, inpatient hos-
pitalizations, and high health care utilization and costs.31,32 
Despite the strong associations between COPD, comorbidi-
ties, and aging, little is understood about the impact of age 
in the COPD population. Many studies have investigated 
physiologic parameters, functional capacity, and QOL in 
middle-aged COPD patients33–37; however, limited data exist 
detailing COPD patients over the age of 65.38–41

12.3.3  AGE AND ASTHMA-COPD 
OVERLAP

Classically, COPD causes an accelerated rate of decline in 
FEV1 due to continuous and progressive toxic e�ects of 
cigarette or other irritants. However, emerging data sug-
gests that reduced lung development resulting in lower-
than-expected maximal FEV1 early in life may be a strong 
and very important factor in individuals who develop �xed 
airway obstruction later in life. In addition, these individu-
als develop a �xed airway obstruction earlier than those 
with the more classically de�ned COPD. �is is espe-
cially true for individuals who were born prematurely, are 

malnourished, who experienced early respiratory illnesses, 
who were exposed to airborne contaminants, and those 
with childhood asthma.9,42 Existing evidence suggests that 
ACO is usually encountered in individuals slightly younger 
than those with COPD alone but older than those with 
asthma alone.43,44 Most data report individuals with ACO 
are between 60–68 years of age, but some information sug-
gests that the incidence of ACO increases as age continues 
to advance.45–47 Whether this is due to normal physiologic 
changes related to aging or represents a separate pathophys-
iologic process such as reduced lung growth is uncertain.

Interestingly, the prevalence of asthma decreases with 
increasing age while COPD prevalence increases with 
increasing age. Traditionally, individuals were labeled 
as COPD once spirometry demonstrated a �xed airway 
obstruction. It is very possible that as individuals age, 
changes in lung function make it more likely that individu-
als with asthma develop �xed airway obstruction and are 
later diagnosed as COPD.48 �is may account for some of 
the increase in COPD prevalence with subsequent reduc-
tion in asthma prevalence, especially in the elderly popu-
lation. One can speculate that many of these individuals, 
many of whom will be older, have �ndings consistent with 
ACO and should be diagnosed as such.46

12.4  EFFECT OF GENDER ON 
ASTHMA, COPD, AND ACO

12.4.1 GENDER AND ASTHMA

Gender disparities exist in asthma, but they also change 
with age (Figure 12.1).49 �is variation is believed to re�ect 
the changes in sex hormones, as well as the variable e�ects 
of these hormones on airway in�ammation and physiology 
women experience as they age.50,51 As children, more boys 
than girls have asthma and are also more likely to be hospi-
talized due to asthma. During adolescence, the prevalence 
drops in males and increases in females, so that by the time 
of adulthood, more women are a�ected by asthma than 
men. A subset of women has variations in symptom control, 
lung function, and subsequent severity of asthma based on 
the menstrual cycle stage. In addition, more adult women 
have severe asthma and are more likely to be hospitalized 
for asthma-related events than adult men.52 Eventually, the 
prevalence and severity of asthma begins to decrease in 
women as they reach postmenopausal age.

12.4.2 GENDER AND COPD

Traditionally, COPD was considered a disease of older male 
smokers. However, this perception is outdated. Although 
men still likely account for a larger proportion of those with 
COPD, the prevalence of COPD is increasing more rapidly 
in women. In addition, COPD-related deaths are higher in 
women compared to men in several countries.53,54 �ese 
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facts account for the urgent need for providers to recognize 
the burden COPD has in women. Recognizing some of the 
di�erences in how and why COPD presents in women can 
heighten provider awareness to better recognize this disease 
in women (Table 12.2).

Although personal susceptibility and exposure-related 
factors determine an individual’s risk for developing COPD, 
some evidence suggests that women may be more suscepti-
ble to developing COPD and have more rapid progression of 
disease compared with men. Women appear to have worse 
lung function for comparative tobacco-related exposure.54 
Also, women with COPD are generally younger, smoke less 
in general, have a lower BMI, and come from lower socio-
economic status than men. Physiologically, women have 
more small-airway disease (bronchiolitis), greater airway 
hyperresponsiveness, and less of an emphysematous pheno-
type compared with men.55 In addition, women more com-
monly have COPD not related to just smoking, but due to 
other exposures, such as biomass and occupational expo-
sures, especially when looked at globally. �erefore, an eval-
uation of potential exposures beyond just smoking should 
be actively pursued in women with COPD. �ese �ndings 
highlight why women represent the majority of individuals 

with COPD who have never smoked. Even symptom pre-
sentation may be slightly di�erent in women when com-
pared to men. Women have been reported to have higher 
rates of exacerbations and more severe exacerbations, both 
of which likely account for the increased death rate seen in 
some countries. Women also seem to have greater dyspnea 
compared to men for similar level of lung function.

Currently, gender-speci�c treatment and management 
guidelines do not exist. Although asthma and COPD treat-
ment recommendations should not di�er based on gender, 
response to certain targeted strategies may be di�erent.53 
Some evidence suggests smoking cessation has more of an 
impact on lung function in women compared with men. 
However, it appears women are overall less successful in 
achieving cessation. Di�erences in response to pharma-
cological therapies, pulmonary rehabilitation, and long-
term oxygen supplementation may be di�erent but remain 
unknown.

12.4.3 GENDER AND ACO

Con�icting data currently exist in regards to gender spe-
ci�cs in ACO; some reports suggest a higher prevalence of 
ACO in females, while others suggest that males are more 
a�ected.48,56–60 �e heterogeneous de�nitions and diag-
nostic criteria utilized in much of the current ACO data 
largely accounts for this variability.3 �e reported gender 
di�erences in ACO populations likely depend on how 
the ACO cohorts were gathered and analyzed, as well as 
the ACO diagnostic criterion utilized. Cohorts generated 
from clinics or pools with more asthma patients will likely 
identify more women, while cohorts generated from indi-
viduals with more COPD will likely identify more male 
patients with ACO.46 Since women seem to have greater 
airway hyperresponsiveness than men,53 it could be 
inferred that more women would �t within the broncho-
dilator criteria for ACO, but this is not clear from existing 
data. Until further information emerges, it is unknown 
how gender a�ects rates of ACO in addition to how it may 
a�ect therapeutic or management strategies.
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Figure 12.1 Lifetime asthma prevalence (percent) strati�ed by age and gender, United States. (Adapted from CDC. 
National Health Interview Survey (NHIS) Data; 2015. Available at http://www.cdc.gov/asthma/nhis/2015/table2-1.htm.)

Table 12.2 Gender differences in COPD (women in 
comparison to men)

• Disease more often misdiagnosed
• More susceptible to COPD with same amount of  

smoke exposure
• Higher prevalence of nonsmoking-related COPD
• Younger
• Lower smoke exposure
• Lower BMI
• Lower socioeconomic class
• Higher prevalence of small airways disease
• Higher prevalence of severe exacerbations
• Report worse dyspnea and quality of life
• Higher airway hyperresponsiveness
• Greater physiologic impact with smoking cessation  

but less likely to achieve cessation

http://www.cdc.gov/asthma/nhis/2015/table2-1.htm
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12.5 EFFECTS OF PREGNANCY

Asthma is one of the most common potentially serious con-
ditions that a�ect pregnancy. It is estimated that approxi-
mately 4%–8% of childbearing women have asthma.61,62 
Women who have asthma and become pregnant typically 
follow a “one-third rule”: one-third experience an improve-
ment in their symptom control, one-third will remain 
unchanged, and one-third will have worsening control of 
asthma symptoms.63 Although it is not completely predict-
able, those women with more severe and poorly controlled 
asthma prior to pregnancy tend to experience worsening 
control during pregnancy, and those with milder and/or 
stable disease remain stable or improve. Whatever change is 
experienced, the same response is o�en encountered in sub-
sequent pregnancies. About 20% of pregnant women with 
asthma will experience exacerbations that need medical 
intervention, and about 6% of these will require hospitaliza-
tion. �e exacerbations tend to occur during the late second 
or early third trimester, but improvement in the last month 
of pregnancy is o�en noted. Although uncommon, some 
women do experience exacerbations during the labor and 
delivery process. Prepregnancy level of control o�en returns 
several months a�er delivery.63

�e variability and changes seen in asthma control dur-
ing pregnancy is speculated to be secondary to �uctuations 
and changes in hormones that occur during pregnancy.64 It 
has also been speculated that despite guideline recommen-
dations to continue asthma medications during pregnancy, 
worsening control is o�en due to poor adherence or stop-
page of asthma-control medications due to concerns about 
whether the medication is safe for the fetus.1,65–67 �ough 
not well studied, available information suggests that most 
medications commonly used for asthma treatment, both 
in acute and maintenance settings, are safe to use during 
pregnancy. More importantly, the advantages of actively 
treating asthma markedly outweigh any potential risks.1,68 
Use of ICS, β2-agonsists, montelukast, or theophylline is not 
associated with an increased incidence of fetal abnormali-
ties. Stopping maintenance drugs that have helped achieve 
adequate control is likely more dangerous, as this can pre-
cipitate acute exacerbations resulting in hypoxia, leading to 
a substantial risk to both mother and fetus. In fact, cessa-
tion of ICS during pregnancy is a signi�cant risk factor for 
exacerbations.69 However, since not all side e�ects or com-
plications with asthma medications are completely known 
in regards to maternal-fetal safety, it is prudent to have an 
informed discussion with expecting mothers on risks and 
bene�ts of asthma medications before any changes are 
made, as well as close clinical monitoring, especially dur-
ing the �nal trimester and delivery phases. In addition, 
other factors such as maternal smoking, and worsening or 
uncontrolled comorbid conditions (such as perinatal GERD 
and rhinitis, as well as increased acute respiratory infec-
tions, especially viral) likely account for some proportion 

of worsening asthma control and exacerbations during 
pregnancy, and should be managed accordingly.64,69–71

Maternal and fetal outcomes in women with asthma 
are con�icted. Some studies report pregnant women with 
asthma have increased risk for pregnancy-induced hyper-
tension, preeclampsia, gestational diabetes, and delivery by 
caesarean section, whereas other have found no such associ-
ations. Some studies, but not all, report asthma is associated 
with worse neonatal outcomes, including low birth weight, 
preterm labor or delivery, congenital malformations, and 
neonatal sepsis.70

Since COPD and ACO typically do not occur until at 
least 40 years of age, there is very little knowledge on these 
issues as the usual child-bearing age has o�en been passed 
prior to them becoming clinically signi�cant.

12.6  EFFECTS OF RACE AND 
ETHNICITY

12.6.1 RACE, ETHNICITY, AND ASTHMA

Minorities, including African Americans and Hispanics, 
especially Puerto Ricans, have a higher prevalence of 
asthma when compared to Caucasian populations in the 
United States.72,73 Whether this disparity is secondary to an 
inherent predisposition; di�erences in physiology, behav-
iors, or environmental exposures; variations in socioeco-
nomic class and health care disparities; or a combination of 
several variables is uncertain.74 However, it also seems evi-
dent that minorities with asthma have worse control of their 
symptoms, greater acute health-care utilization, and worse 
morbidity and mortality compared to Caucasians. Both 
African Americans and Puerto Rican Hispanics have an 
estimated 3 to 1 mortality ratio due to asthma when com-
pared to Caucasians in the United States. In addition, the 
impact of racial and ethnic disparities is even more evident 
in minority children with asthma.72,73,75,76

�ere are several proposed factors to consider that 
may account for the disparities among di�erent races and 
ethnicities. �ere are likely some genetic variations that 
account for susceptibility to the disease and that in�uence 
response to asthma medications. Currently, however, data 
suggests that LABA add-on to ICS is just as e�cacious and 
safe as a long-acting anticholinergic add-on to ICS for black 
adults with asthma.77 Environmental factors may also play a 
role. Asthma risk in minorities is o�en attributable to aller-
gen and irritant exposures, which are typically more preva-
lent due to poorer living conditions. Poor health-care access 
and underutilization of asthma medications, most notably 
controller medications, are evident, which are the result of 
poor access to providers, underprescribing by health-care 
providers, nonadherence with visits and treatment recom-
mendations, and poor inhaler technique. Mental health fac-
tors, such as depression, anxiety, and bipolar disorder, play 
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an important role with adherence of treatment plans as well. 
Minorities have a greater dependence or reliance on acute 
and emergency care systems, which impacts overall asthma 
care. Lower education and poor understanding of asthma 
likely further impacts these behavioral issues. Asthma edu-
cation is o�en lacking for minorities and those with lower 
levels of education. Targeted programs for asthma educa-
tion have demonstrated improvement in minorities dealing 
with asthma and certainly provides direction for caretakers 
and policymakers to implement changes that can improve 
asthma outcomes and reduce associated costs across socio-
economic strata.74

12.6.2 RACE AND ETHNICITY AND COPD

Data demonstrate an increasing prevalence of COPD, as well 
as an increase in death rates due to COPD, among African 
Americans. Some information suggests racial and ethnic dif-
ferences in tobacco susceptibility as African Americans and 
Hispanics o�en demonstrate similar lung function despite 
lower levels of smoke exposure.78,79 �is is believed to be in 
part the result of di�erences in the rates of nicotine metabo-
lism. Response to inhaled medications seem to be di�erent 
for African Americans as well. �is may account for di�er-
ences in symptom control and rates of exacerbations. Overall, 
African Americans exhibit asthma symptoms at a younger 
age and have fewer smoking pack years than Caucasians; but 
African Americans generally have worse symptoms, more 
dyspnea, decreased activity tolerance (measured as distance 
during a six-minute walking test), and an increased rate of 
exacerbations that require hospitalization.78,80 �ese di�er-
ences are clearly multifactorial again, including socioeco-
nomic status and behavioral factors, but are also in part due 
to an increased rate of confounding comorbidities in African 
Americans with COPD.81

12.6.3  RACE, ETHNICITY, AND 
ASTHMA-COPD OVERLAP

Although limited, available data from the United States sug-
gest that African Americans make up a higher percentage 
of individuals with ACO than they do for COPD alone.82 
While there is not enough evidence to de�nitively comment 
on this disparity, it is reasonable to assume that some of the 
higher prevalence of asthma in this subpopulation accounts 
for some of the increased prevalence of ACO, based on how 
studies have de�ned ACO as individuals with a history of 
reported asthma or an asthma diagnosis based on ICD-9 cod-
ing. In addition, a subanalysis of the COPDGene study dem-
onstrated that African Americans have less emphysema but 
similar amounts of air trapping and airway-wall thickness 
compared to Caucasians. �is analysis also demonstrated 
that despite having less smoking exposure and higher FEV1 
values, African Americans had more reported pulmonary 
symptoms and less distance endurance during a six-minute 

walking test. �ese di�erences may be in part explained by 
the fact that African Americans in this analysis had a much 
higher reported history of asthma.83 Given the fact that bron-
chial-wall thickness has been associated with more frequent 
COPD exacerbations and chronic bronchitis, one may infer 
that African Americans may be more likely to present with 
phenotypic characteristics consistent with ACO. Ultimately, 
more research is needed to fully understand and determine 
whether race and ethnicity impact ACO.

12.7 SUMMARY

Asthma, COPD, and ACO are common disorders. �e 
impact, clinical course, and outcomes of these disorders 
may be di�erent in special populations based on age, gen-
der, race, and ethnicity. However, our knowledge is lim-
ited to a few published studies. Future research is needed 
to evaluate mechanisms, as well as clinical and therapeutic 
implications of these disorders, in these special populations.
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CLINICAL VIGNETTE 13.1: LATE-ONSET, CORTICOSTEROID-DEPENDENT 
EOSINOPHILIC ASTHMA

A 43-year-old Caucasian female with a confirmed diagnosis of late-onset, corticosteroid-dependent eosinophilic asthma 
presented to a respiratory outpatient clinic with a five-day history of increasing chest tightness, nocturnal awakening, and 
exertional dyspnea. Her asthma control questionnaire (ACQ) in the clinic was > 4 and comorbidities included allergic rhinitis, 
confirmed previously by allergy skin testing that correlated with her exposure history, morbid obesity (BMI 42.2 kg/m2), anxiety 
disorder, vertebral osteopenia, and vitamin D deficiency. Her treatment regimen included maximal inhaled corticosteroid, a 
combination of long-acting β-agonist (LABA) and long-acting muscarinic antagonist (LAMA) therapy, modified release 
aminophylline, and prednisolone 40 mg (increased from a baseline dose of 10 mg, daily). She had been hospitalized once since 
her previous outpatient consultation for an asthma exacerbation, which required intravenous hydrocortisone, magnesium, and 
short-acting β-agonist (SABA) nebulizer therapy. Examination revealed widespread, expiratory multiple monophonic wheeze but 
was otherwise unremarkable. Her peak expiratory flow rate (PEFR) and forced expiratory volume in 1 second (FEV1) were both 
decreased by 20%. Further enquiry revealed that she had been under considerable stress due to the threat of being fired from 
her job following repeated absences from work. Notably, her eosinophil count was elevated at 1.3 on the day of her consultation.

Learning point: Adherence to therapy should be evaluated at every consultation; in this instance, the elevated 
eosinophil count, despite 40 mg of corticosteroid therapy, should alert the physician to a potential issue with adherence 
to treatment; this was confirmed by the absence of expected serum prednisolone levels and suppressed levels of serum 
cortisol. On further questioning, the patient acknowledged her poor adherence and explained it was secondary to 
the anxiety surrounding her employment status and concerns about further weight gain and worsening osteopenia. 
Clinical improvement was promptly observed with reinitiation of corticosteroid therapy and discussion regarding other 
potential treatment approaches to improve asthma control and reduce or discontinue oral corticosteroids was initiated. 
The recent availability of anti-IL5 antibody treatment should be considered in this patient with severe eosinophilic 
asthma if she continues to need maintenance oral corticosteroid therapy.1



146 History and physical examination of asthma, COPD, and asthma-COPD overlap

13.1 INTRODUCTION

Despite improvements in our understanding of the 
pathophysiology of asthma and COPD, and technological 
advances in diagnostic techniques such as high-resolution 
thoracic CT imaging and fractional exhaled nitric oxide 
(FeNO), a thorough medical history and physical examination 
remain of paramount importance in the diagnosis of both 
conditions, especially when diagnostic uncertainty exists.

When contemplating a diagnosis of asthma or COPD, as 
applies for all clinical presentations, the presenting symptoms 
should be fastidiously characterized and evaluated in the 

context of the predisposing risk factors for each condition. Once 
the di�erential diagnosis has been considered (Table 13.1),4,5 
and a working diagnosis of asthma or COPD established, 
the severity of the condition should be determined, and 
the impact on the patient’s quality of life and their capacity 
to perform their daily activities evaluated. Furthermore, 
symptoms and signs of potential secondary complications, 
such as malignancy or pulmonary hypertension in the case of 
COPD, should be actively sought at each consultation.

�e aim of this chapter is to provide a practical, 
guideline-based framework for performing thorough-
yet-focused clinical assessments of adults with asthma, 
COPD, and ACO. �e chapter has three sections, each 

CLINICAL VIGNETTE 13.2: SUSPECTED COPD

A 41-year-old Caucasian male office worker with a 10 pack-year smoking history presented to the outpatient clinic with 
a three-month history of exertional dyspnea while playing with his seven-year-old son. Further questioning revealed 
a nonproductive cough present for 2 months, but no other significant respiratory symptoms. His past medical history 
revealed three lower respiratory-tract infections requiring antibiotics over the previous 10 years. His father, also a 
smoker, had died at age 55 from “bronchitis.” He had no significant occupational exposures. Physical examination was 
unremarkable, and no stigmata of pulmonary hypertension were evident.

Subsequent pulmonary function testing at presentation revealed airflow obstruction with insignificant bronchodilator 
reversibility. High-resolution computed tomography (HRCT) of the chest revealed bilateral lower-lobe predominant 
emphysema and a serum alpha-1 anti-trypsin assay indicated a PiZZ phenotype, consistent with a diagnosis of alpha-1 anti-
trypsin deficiency. The importance of smoking cessation was emphasized, and inhaled bronchodilator therapy administered.

Learning point: Alpha-1 antitrypsin deficiency should be considered in all younger individuals presenting with 
dyspnea and a smoking history or appropriate occupational history.

CLINICAL VIGNETTE 13.3: ASTHMA-COPD OVERLAP

A 62-year-old Caucasian, male, ex-metalworker presented to a respiratory outpatient clinic with a six-month history of 
exertional dyspnea and productive cough. On a good day, his exercise tolerance was unlimited and he was asymptomatic. 
However, on a bad day, he experienced wheezing, chest tightness, and exercise intolerance after a few meters. He was 
an exsmoker (25 pack-year history) and had been labeled with asthma by his general practitioner 12 years previously. 
He had required three courses of antibiotics and prednisolone for exacerbations of his asthma over the previous 
12 months. He recalls frequent chest infections as a child, and his family history revealed that his mother had asthma. 
Examination revealed evidence of hyperinflation and bilateral, diffuse, expiratory wheeze. Spirometry revealed airflow 
obstruction (post-bronchodilator forced expiratory volume in 1 second [BD FEV1] 62% predicted, post-BD FEV1/FVC 
ratio 0.5), bronchodilator reversibility, gas trapping, and hyperinflation. A high-resolution CT scan of the thorax revealed 
widespread emphysema. His peripheral eosinophil count was elevated at 2.4, and serum-specific IgE to aeroallergens 
were positive for grass pollen and house dust mites. His total IgE was only slightly elevated at 160 kU/L, and specific IgE 
and precipitating IgG antibodies to Aspergillus fumigatus were both negative. He was commenced on prednisolone 
and combination ICS/LABA therapy, which resulted in significant symptomatic benefit.

Learning point: When syndromic assessment favors a diagnosis of asthma-COPD overlap (ACO), the recommended 
default position is to start treatment for asthma until further investigations have been performed, thus recognizing 
the pivotal role of ICS in preventing morbidity and mortality in patients with uncontrolled asthma symptoms.2 The 
diagnosis of ACO in this patient was based upon his obstructive spirometry and features consistent with both asthma 
(symptomatic variability, previous physician diagnosis, positive family history, atopy, eosinophilia, bronchodilator 
reversibility) and chronic obstructive pulmonary disease (COPD) (gradual onset exertional dyspnea, hyperinflation on 
examination, significant smoking history, emphysema on HRCT thorax).

Such patients are likely to need follow-up in specialist respiratory clinics, since they experience an increased number 
of comorbidities and are at increased risk for hospitalization or emergency room visits more so than COPD-only patients.3
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corresponding to a common scenario in which individuals 
with these conditions are likely to be encountered: the 
initial outpatient consultation in which a diagnosis of 
asthma, COPD, or ACO is suspected; the routine outpatient 
follow-up consultation; and the acute presentation of the 
exacerbating patient in the emergency room.

Initial consultation – suspected asthma

13.1.1 MEDICAL HISTORY

�e classical presenting symptoms of asthma are episodic 
wheeze, dyspnea, chest tightness, and cough that occur 
following exposure to characteristic triggers and are 
relieved by bronchodilator medications.4 However, these 
symptoms are nonspeci�c, and the de�nitive diagnosis of 
asthma requires the presence of both typical respiratory 
symptoms and signs and the clinical demonstration of 
variable expiratory air�ow obstruction4 (Table 13.2).6 
Asthma may develop, or reemerge, at any age, although 
new-onset asthma is less frequent in older adults.

When assessing an individual with suspected asthma one 
should weigh the clinical features that heighten or reduce the 
probability of asthma.4 �e classical symptoms listed above 
are characteristically variable in both intensity and time 
course, and are o�en worse at night or in the early morning. 
�e probability of asthma is increased, especially in adults, 
if more than one of these symptoms is present. Conversely, 
features that reduce the probability that the symptoms are 
due to asthma include the presence of an isolated cough 
in the absence of other respiratory symptoms, a lack of 
improvement in symptoms following the administration of 
antiasthma medications, such as inhaled bronchodilators 
or oral glucocorticoids, age of onset over the age of 50, 
a signi�cant smoking history (>20 pack years), chronic 
sputum production, dyspnea associated with dizziness, light-
headedness and peripheral tingling, chest pain, syncope, and 
exercise-induced dyspnea with noisy inspiration.4

�e history should include questions that allow charac-
terization of exacerbating factors; typical triggers include 
viral infections, exercise, changes in weather, emotions (e.g., 
laughter), and exposure to cold air, irritants, or aeroaller-
gens. Respiratory viral infections (e.g., rhinovirus) are com-
mon triggers, but not speci�c for asthma as they may also 

Table 13.1 Differential diagnostic possibilities for asthma and COPD in adults

Asthma COPD

– COPD
– Congestive heart failure
– Pulmonary embolism
– Mechanical obstruction of the airways (benign and malignant tumors)
– Pulmonary in�ltration with eosinophilia
– Cough secondary to drugs (e.g., angiotensin-converting enzyme [ACE] inhibitors)
– Vocal cord dysfunction

– Asthma
– Congestive heart failure
– Bronchiectasis
– Tuberculosis
– Obliterative bronchiolitis
– Diffuse panbronchiolitis

Source: Derived from GINA. Global strategy for asthma management and prevention; 2015. Available at www.ginasthma.org; GOLD. Global strat-
egy for the diagnosis, management, and prevention of chronic obstructive pulmonary disease; 2016. Available at www.goldcopd.org.

Table 13.2 Key indicators for considering a diagnosis of 
asthma

Consider a diagnosis of asthma and perform spirom-
etry if any of these indicators is present.a 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.

Wheezing

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

History of any of the following:

– Cough, worse at night
– Recurrent wheeze
– Recurrent dif�culty breathing
– Recurrent chest tightness

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 dust
– Menstrual cycles

Symptoms occur or worsen at night, awakening the 
patient.

Source: Adapted from the NHLBI. Expert Panel Report 3 (EPR-3): 
Guidelines for the Diagnosis and Managment of Asthma - 
Summary Report; 2007. Available at http://www.nhlbi 
.nih.gov/health-pro/guidelines/current/asthma 
-guidelines/summary-report-2007.

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

http://www.ginasthma.org
http://www.goldcopd.org
http://www.nhlbi.nih.gov/health-pro/guidelines/current/asthma-guidelines/summary-report-2007
http://www.nhlbi.nih.gov/health-pro/guidelines/current/asthma-guidelines/summary-report-2007
http://www.nhlbi.nih.gov/health-pro/guidelines/current/asthma-guidelines/summary-report-2007
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result in exacerbations of other respiratory diseases such as 
COPD or bronchiectasis. Classical aeroallergens that may 
trigger asthma include house dust mites, molds, cats, dogs, 
cockroaches, and pollens, and atopy can be con�rmed by 
either skin-prick testing or serum-speci�c IgE immunoas-
says (e.g., ImmunoCAP). Notably, symptoms brought on by 
irritant-type exposures (e.g., cigarette smoke, strong fumes, 
and changes in weather and airborne chemicals/dusts are 
not speci�c to asthma). Nonsteroidal anti-in�ammatory 
drug (NSAID) sensitivity is unique to asthma, with the 
onset of classic symptoms 30 to 120 minutes following aspi-
rin or COX-1 inhibitor exposure. Although speci�c, aspirin-
exacerbated respiratory disease (AERD), also known as 
aspirin triad (classically described as chronic rhinosinusitis 
and nasal polyposis, followed by the onset of asthma, and 
�nally by aspirin or NSAID intolerance, manifesting as a 
severe asthma exacerbation) is seen only in a minority (7%) 
of asthmatic individuals.7 Other potential, less-common 
triggers that may be reported include ingestion of sulphites 
(used in the production of most wines) and certain food 
dyes. Exercise-induced symptoms in asthma usually occur 
5–15 minutes a�er a short period of exertion or 15 minutes 
into exercise, and typically resolve with rest within an hour.

To help con�rm the diagnosis of asthma, it is impor-
tant to determine an individual’s predisposing risk factors. 
�e medical history should therefore include questions to 
determine whether the patient has a personal or family his-
tory of atopic diseases, such as atopic dermatitis, seasonal 
allergic rhinitis, or conjunctivitis. Furthermore, enquiry 
into childhood asthmatic symptoms should be made (e.g., 
chronic cough or recurrent bronchitis). Using the Asthma 
Predictive Index, a combination of three or more episodes 
of recurrent wheeze before the age of three, either phy-
sician-diagnosed eczema or a family history of parental 
asthma, two of either physician-diagnosed allergic rhinitis 
or wheezing without colds, or peripheral eosinophilia > 4%, 
was associated with a very high chance of developing active 
asthma between the ages of 6 and 13.8 Other risk factors that 
increase the probability of developing asthma should there-
fore be documented, include prematurity, early menarche, 
smoke exposure, and obesity. It is important to document 
a thorough occupational history at the initial consultation, 
as approximately 10% of adult-onset new cases are employ-
ment related; in occupational asthma, the characteristic 
symptoms in most cases are temporally associated with 
variable air�ow obstruction a�er a work shi�, sometimes 
hours later re�ecting a late-phase reaction.

A detailed past medical history is important, as comor-
bidities associated with asthma may contribute to symptom 
burden, poor asthma control, impaired quality of life, and 
polypharmacy, which can lead to medication interactions. 
Obesity, gastroesophageal re�ux disease (GERD), rhinitis, 
and rhinosinusitis are commonly seen in individuals with 
asthma, and these comorbidities should be actively assessed 
and managed from the outset. Furthermore, a detailed 
medication and allergy history should be obtained, as 
asthma may be exacerbated by certain medications. Deaths 

continue to be reported following inappropriate beta blocker 
or NSAID prescriptions, and, therefore, all asthma patients 
should be asked about past reactions to these agents.9,10

Once a likely diagnosis of asthma based on presenting 
symptoms, triggers, and risk factors has been established, it 
is important to evaluate the current level of asthma control 
and the impact on quality of life. It is important to empha-
size that determination of asthma control requires careful 
assessment of both current symptoms and the future risk of 
adverse outcomes.4

13.1.2 PHYSICAL EXAMINATION

When assessing an individual with suspected asthma it should 
be emphasized that the physical examination may be entirely 
normal in between exacerbations. Examination should focus 
on the chest; however, evidence of chronic rhinitis (pale or 
erythematous, swollen nasal membranes with cobblestoning 
suggestive of postnasal drainage) or nasal polyposis may 
be evident upon inspection of the upper respiratory tract. 
In atopic patients with asthma, eczema suggestive of atopic 
dermatitis is more commonly identi�ed and may be evident, 
especially in the �exure areas of the skin.

Inspection, palpation, and percussion of the chest is usu-
ally normal in an individual with stable asthma. However, 
in individuals with long-standing, severe asthma, signs of 
hyperin�ation (e.g., increased anterior-posterior [AP] tho-
racic diameter and reduced sternocricoid distance) may be 
evident and the expiratory phase of the respiratory cycle 
may be prolonged. �e most frequent positive �nding on 
auscultation of the chest is wheeze, an adventitious, contin-
uous musical sound thought to be produced by oscillation 
of opposing walls of an airway that is narrowed almost to 
the point of closure.11

�e di�erential diagnosis of wheeze is extensive, and it 
should be noted that wheeze is not speci�c to asthma and 
that not all asthma results in wheeze (Table 13.3).12 It is use-
ful to determine the phase of the respiratory cycle in which 
the wheeze occurs (expiratory/inspiratory or both), the 
distribution (localized or widespread), the location (extra-
thoracic or intrathoracic), and the timbre (polyphonic or 
monophonic), as these features may help narrow the dif-
ferential. However, the sensitivity and speci�city of physi-
cal examination in determining the location and severity of 
air�ow obstruction is limited.

As the airways are in�amed and narrowed in asthma, 
wheeze is more commonly heard during expiration, as the 
airways normally narrow during this phase of the respira-
tory cycle. However, wheeze may be heard during both the 
inspiratory and expiratory phases, and this may suggest 
more severe airway obstruction. Nevertheless, the presence 
or absence of wheezing is a poor predictor of the severity 
of air�ow obstruction, as it may alert one to the presence 
of airway narrowing, but it does not indicate its severity. 
Indeed, the absence of wheezing in an asthma patient may 
indicate either improvement of the bronchoconstriction or 
severe, widespread air�ow obstruction.
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�e timbre or resonance of audible wheeze may be 
monophonic (single or multiple) or polyphonic. Polyphonic 
wheezing is con�ned to the expiratory phase and com-
prises multiple musical notes/pitches that start and end at 
the same time (like a musical chord); it is typically pro-
duced by dynamic compression of the large centralized 
airways, and the pitch of the polyphonic wheeze increases 
at the end of expiration as the equal pressure point moves 
toward the periphery.13 Monophonic wheezing comprises 
single musical notes/pitches that start and end at di�erent 
times. If the obstruction is rigid, then wheeze may be heard 
throughout the respiratory cycle, whereas if it is �exible, it 
may vary throughout the respiratory cycle. Widespread, 
expiratory, multiple, monophonic wheezes are typical of 
asthma,13 whereas a persistent focal wheeze may indicate 
the presence of a foreign body, an obstructing tumor, or a 
congenital abnormality.12,14

13.1.2.1  Clinical assessment of individuals 
with confirmed asthma in the 
outpatient setting

�e history and examination performed during routine out-
patient follow-up consultations of individuals with con�rmed 
diagnoses of asthma should focus on determining the level of 
asthma control, identifying any issues with the current thera-
peutic regimen, and evaluating any changes in associated 
comorbidities.4 At each consultation the question of whether 
treatment can be de-escalated should always be considered.

�e level of asthma control is de�ned as the extent 
to which manifestations of asthma are evident in the 
patient, or have been reduced or removed by treatment. 
As mentioned earlier, determination of asthma control 
requires careful evaluation of both current symptoms 
and the future risk of adverse outcomes. Direct question-
ing about asthma symptoms for 1 to 4 weeks prior to the 

appointment should be asked to assess symptom control. 
Speci�c enquiry into the frequency of asthma symptoms 
(days per week), night waking, exercise limitation, and fre-
quency of reliever use (excluding prior to exercise) should 
be determined. �e patient should also be asked about the 
nature and frequency of any exacerbations, unanticipated 
medical o�ce visits, courses of antibiotics or corticoste-
roids, and emergency room visits with or without hospi-
talizations. In U.K. primary care, simple tools such as the 
Royal College of Physicians three questions (RCP3Q)15 
can be used to identify individuals who require more 
detailed assessment (Table 13.4). Numerical or categori-
cal questionnaires, such as the ACQ16 or asthma control 
test (ACT)17 may also be used to determine asthma con-
trol, and can be completed by patients while waiting in the 
o�ce for their appointments.

�e second domain of the assessment of asthma con-
trol is to identify whether the patient is at increased risk of 

Table 13.3 Differential diagnosis of wheeze according to anatomic site of obstruction

Extrathoracic upper-airway obstruction
Intrathoracic upper-airway 

obstruction Lower-airway obstruction

Postnasal drip syndrome
Paroxysmal vocal cord 
motion
Hypertrophied tonsils
Supraglottitis
Laryngeal edema
Laryngostenosis
Postextubation granuloma
Retropharyngeal abscess
Benign airway tumors
Anaphylaxis
Malignancy

Obesity
Klebsiella rhinoscleroma
Mobile supraglottic soft 

tissue
Relapsing polychondritis
Laryngocele
Abnormal arytenoid 

movement
Vocal cord hematoma
Bilateral vocal cord paralysis
Cricoarytenoid arthritis
Granulomatosis with 

polyangiitis (Wegener’s)

Tracheal stenosis
Foreign body aspiration
Benign airway tumors
Malignancies
Intrathoracic goiter
Tracheobronchomegaly
Acquired tracheomalacia
Herpetic tracheobronchitis
Right-sided aortic arch

Asthma
COPD
Pulmonary edema
Aspiration
Pulmonary embolism
Bronchiolitis
Cystic �brosis
Carcinoid syndrome
Bronchiectasis
Lymphangitic 

carcinomatosis
Parasitic infections

Source: Adapted from Irwin RS. Evaluation of wheezing illnesses other than asthma in adults. UpToDate. Available at www.uptodate.com: 
UptoDate, Waltham, MA; 2016.

Table 13.4 The Royal College of Physicians three 
questions (RCP3Q)

In the last month

1 Have you had dif�culty sleeping because 
of asthma symptoms (including cough)?

Yes/No

2 Have you had your usual asthma symptoms 
during the day (cough, wheeze, chest 
tightness, or breathlessness)?

Yes/No

3 Has your asthma interfered with your usual 
activities (e.g., housework, work, school, 
etc.)?

Yes/No

Source: Adapted from Pearson MG and Bucknell CE., Measuring 
Clinical Outcomes in Asthma: A Patient Focused 
Approach, London, Royal College of Physicians, Clinical 
Effectiveness and Evaluation Unit, 1999.

Note: The “yes/no” responses are scored with 1 for each positive 
answer giving a total score between 0 and 3.

http://www.uptodate.com
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adverse asthma outcomes, including exacerbations, �xed 
air�ow limitation, and medication side e�ects as mentioned 
in GINA4 (Table 13.5). In the National Heart, Lung, and 
Blood Institute (NHLBI) guidelines in the United States, 
these are framed as both impairment and risk.6

�e control-based asthma management cycle recom-
mended by GINA (Figure 13.1) advocates adjustment of 
pharmacological and nonpharmacological treatments in a 
continuous fashion that involves assessment, treatment, and 
review. �erefore, following evaluation of asthma control, 
the current therapeutic regimen, and the patient’s compre-
hension of it should be reviewed, including adherence, dos-
ages, side e�ects, inhaler technique, and e�ectiveness of any 
changes in the regimen at controlling symptoms. It should 
be noted that poor inhaler technique leads to poor asthma 
control, increased risk of exacerbations, and increased 
adverse e�ects, and that the majority of patients (up to 70%–
80%) are unable to use their inhaler correctly; furthermore, 
most people with incorrect technique are unaware that they 
have a problem.18 Poor adherence is de�ned as the failure of 
treatment to be taken correctly as agreed upon by the patient 
and the health-care provider, and it is a common reason for 
poor asthma control. Approximately, 50% of individuals on 
long-term therapy for asthma fail to take medications as 
directed at least part of the time. In clinical practice, poor 
adherence may be identi�ed by an empathetic question that 
acknowledges the likelihood of incomplete adherence and 
encourages an open discussion to address social, mental, 
cultural, and economic barriers that may contribute to poor 
compliance. Checking the date of the last prescription or 

the date on the inhaler may also assist in identifying poor 
adherence.19

Comorbidities associated with asthma may contribute 
to symptom burden, poor asthma control, and impaired 
quality of life, and may lead to polypharmacy result-
ing in medication interactions. It is therefore impor-
tant that comorbidities, including obesity, diabetes, 
rhinitis/rhinosinusitis, GERD, VCD, and heart issues 
(e.g., CHF), are actively assessed and managed at each 
outpatient appointment. Obesity confers a significant 
negative impact upon the health status of individuals 
with asthma and has been reported to be associated with 
poorer asthma control, impaired response to inhaled 
corticosteroid therapy, increased exacerbation fre-
quency, increased healthcare utilization, and diminished 
asthma-specific quality of life relative to normal-weight 
asthmatics.20 Therefore, BMI should be recorded at each 
outpatient visit. In addition, patients with a confirmed 
diagnosis of asthma, GERD should be considered as a 
possible cause of dry cough. Since, psychiatric disorders, 
particularly depression and anxiety disorders, are more 
prevalent among individuals with asthma, it is important 
to be alert to these conditions, especially where there has 
been a previous history. Rhinitis and rhinosinusitis fre-
quently coexist with asthma and may contribute to poor 
asthma control. Therefore, these conditions should be 
assessed at each outpatient consultation with specific 
questions that address nasal blockage, obstruction, ante-
rior and posterior discharge, facial pain/pressure, and/or 
a reduction or loss of smell.21

Table 13.5 Risk factors for poor asthma outcomes

Risk factors for exacerbations
Risk factors for developing fixed 

airflow limitation
Risk factors for medication side 

effects

Ever intubated or in intensive care for 
asthma

Lack of ICS treatment Systemic: Frequent OCS; long-term, 
high-dose, and/or potent ICS; taking 
P450 inhibitors

≥1 severe exacerbation in the last 
month

Exposures: Tobacco smoke, noxious 
chemicals, occupational exposures

Local: High-dose or potent ICS, poor 
inhaler technique

Uncontrolled asthma symptoms Low initial FEV1 –
High SABA use Chronic mucus hypersecretion –
Inadequate ICS: Not prescribed, poor 

adherence, incorrect inhaler 
technique

Sputum or blood eosinophilia –

Low FEV1, especially if <60% is 
predicted

– –

Major psychological or socioeconomic 
problems

– –

Exposures: Smoking, allergen exposure 
if sensitized

– –

Comorbidities: Obesity, rhinosinusitis, 
con�rmed food allergy

– –

Sputum or blood eosinophilia – –
Pregnancy – –

Source: Adapted from GINA. Global Strategy for Asthma Management and Prevention; 2015. Available at www.ginasthma.org.

http://www.ginasthma.org
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13.1.2.2  Asthma in the emergency room: 
Clinical assessment of an asthma 
exacerbation

An asthma exacerbation is a deterioration in symptoms and 
lung function relative to the patient’s usual baseline status. 
Respiratory viruses cause approximately 90% of asthma 
exacerbations, with rhinovirus being the most common 
culprit. Exacerbations are an important cause of asthma 
mortality, and they result in frequent hospitalizations and 
considerable socioeconomic cost.4 It is especially impor-
tant to recognize signs of worsening asthma and to initiate 
appropriate treatment as early as possible.

Severe exacerbations of asthma are life-threatening 
medical emergencies. �erefore, in the context of an indi-
vidual with asthma presenting to the emergency room, a 
brief focused history and relevant physical examination 
should be conducted concurrently with the prompt initia-
tion of therapy. It is important to note that in a minority of 
patients (predominantly male or patients with a history of 
near-fatal asthma) symptoms may be perceived poorly, and 
a signi�cant decrease in lung function may occur without a 
perceptible change in symptoms.

On arrival of a known asthma patient to the emer-
gency room, the initial assessment should evaluate the 
individual’s airway, breathing, and circulation (ABC) and 
determine whether any features of life-threatening asthma 
(drowsiness, confusion, or silent chest) are present. If any 
of these latter signs are evident, the intensive care unit 
should be consulted, SABA and oxygen therapy initiated, 
and the patient prepared for intubation. If these signs of 
a life-threatening exacerbation are not present, then the 
patient may be triaged by clinical status. An asthma patient 
who is experiencing a mild/moderate exacerbation is able 
to talk in sentences, prefers sitting to lying, and is not 
agitated. Examination may reveal tachypnea or tachycar-
dia (100–120 bpm), and simple bedside observations may 
reveal oxygen saturations 90%–95% on air and PEF > 50% 
predicted or best. Conversely, individuals experiencing 

severe exacerbations are o�en only able to talk in words 
and are agitated. �ese patients o�en sit hunched forward, 
are tachypneic (RR > 30), tachycardic (>120 bpm), and use 
accessory muscles of respiration. Oxygen saturations may 
be < 90% on air and the PEF < 50% predicted of historical 
best e�ort.

Following the initial assessment and determination of 
asthma severity, the focused history performed in conjunc-
tion with initiation of appropriate therapy should prioritize 
the timing of onset and precipitating cause of the present 
exacerbation, the severity of asthma symptoms (including 
any limiting exercise or disturbance in sleep), any risk fac-
tors for asthma-related death, and all current reliever and 
preventer medications (including doses and devices pre-
scribed, adherence pattern, any recent dose changes, and 
response to current therapy). It should be noted that an 
asthma exacerbation thought to be occurring as part of an 
anaphylaxis event requires prompt administration of intra-
muscular epinephrine in conjunction with other therapies 
being used to manage the asthma exacerbation.

Health-care professionals should be aware that patients 
with severe asthma and one or more adverse psychosocial 
factors are at risk of death. �e risk factors for near-fatal 
asthma are the same as for asthma-related death and are 
outlined in Table 13.6. Notably, asthma patients who die 
are signi�cantly more likely to have learning di�culties, a 
history of psychosis requiring antipsychotic medications, 
�nancial and/or employment problems, repeated missed 
medical appointments, self-discharges from the emergency 
room or hospital against medical advice, drug/alcohol 
abuse, obesity, and previous near fatal asthma.

�e focused physical examination during an asthma 
exacerbation should include assessment of vital signs (level 
of consciousness, temperature, pulse, heart rate, respira-
tory rate, blood pressure), signs of exacerbation severity 
(including ability to complete sentences, use of accessory 
muscles), complicating factors (anaphylaxis, pneumonia, 
pneumothorax), and signs of alternative conditions that 
could explain acute breathlessness (e.g., cardiac failure, 

Diagnosis
Symptom control and risk factors
(including lung function)
Inhaler technique and adherence
Patient preference

Asthma medications
Nonpharmacological strategies
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Figure 13.1 The control-based asthma management cycle.
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upper airway dysfunction, inhaled foreign body, or pulmo-
nary embolism). Systolic paradox (pulsus paradoxus) is an 
inadequate indicator of asthma severity and should not be 
assessed.22

13.1.2.3  Initial consultation: Suspected 
COPD

COPD is a common, preventable, and treatable disease 
characterized by persistent air�ow limitation that is usu-
ally progressive and associated with an enhanced chronic 
in�ammatory response in the airways and the lung to nox-
ious particles and gases.5 COPD is an umbrella term that 
encompasses both chronic bronchitis and emphysema. 
Chronic bronchitis is de�ned clinically as a chronic pro-
ductive cough for 3 months in each of two successive years 
in a patient in whom other causes of chronic cough have 
been excluded, whereas emphysema, a pathological term, 
describes the abnormal and permanent enlargement of the 
airspaces distal to the terminal bronchioles that is accom-
panied by destruction of the airspace walls, without obvi-
ous �brosis.5 A diagnosis of COPD should be considered 
and spirometry performed in individuals over the age of 
40 years (35 years in some guidelines23), if one or more 
symptoms of dyspnea, chronic cough, or chronic sputum 
production exists; if there is a history of exposure to risk 
factors for COPD; or if there is a family history of COPD.

Dyspnea is the major cause of disability and anxiety in 
COPD; it is o�en progressive, presenting on exertion ini-
tially, but subsequently occurring at rest in end-stage dis-
ease. �e severity of dyspnea should be formally graded 
using a tool such as the Medical Research Council (MRC) 
dyspnea scale24 (see Table 13.7) and reevaluated at each con-
sultation, along with exercise tolerance and the impact of 
dyspnea on the individual’s quality of life and ability to per-
form their activities of daily living (ADLs).

Chronic cough is o�en the �rst symptom to develop in 
COPD, although it is frequently discounted by the patient 
as an expected consequence of smoking or environmental 
exposures. �e cough, which may be unproductive, is fre-
quently worse in the morning and may initially be inter-
mittent, but later becomes present on a daily basis and 
o�en persists throughout the day. Cough syncope may be 
reported and is a consequence of rapid increases in intra-
thoracic pressure during prolonged coughing attacks; 
furthermore, vigorous coughing may also result in rib frac-
tures and severe, and localized chest pain. �e di�erential 
diagnosis of chronic cough is shown in Table 13.8.

Any pattern of chronic sputum production may indicate 
COPD. It is common for individuals with COPD to expec-
torate small quantities of tenacious, thick sputum following 
coughing bouts. However, this is o�en di�cult to evaluate 
as patients frequently swallow sputum rather than expec-
torate it. �e sputum is o�en mucoid but the quality may 
change with exacerbations. Wheezing and chest tightness 
are nonspeci�c symptoms that may vary across the course 

Table 13.7 The Medical Research Council (MRC) 
dyspnea scale

Grade Degree of breathlessness related to activity

1 Not troubled by breathlessness except on 
strenuous exercise

2 Short of breath when hurrying on a level or 
when walking up a slight hill

3 Walks slower than most people on the level, 
stops after a mile or so, or stops after 
15 minutes walking at own pace

4 Stops for breath after walking 100 yards, or 
after a few minutes on level ground

5 Too breathless to leave the house, or 
breathless when dressing/undressing

Source: Fletcher CM., Br Med J., 2, 1665, 1960.

Table 13.8 Differential diagnosis of chronic cough

Intrathoracic Extrathoracic

COPD Chronic rhinitis with 
postnasal drainage

Asthma Upper airway cough 
syndrome (UACS)

Lung cancer Gastroesophageal re�ux
Tuberculosis Medication (e.g., ACE 

inhibitors)
Bronchiectasis –
Left heart failure –
Interstitial lung disease –
Cystic Fibrosis –
Idiopathic cough –

Source: Adapted from GOLD. Global Stategy for the Diagnosis, 
Management, and Prevention of Chronic Obstructive 
Pulmonary Disease; 2016. Available at www.goldcopd.org.

Table 13.6 Factors that increase the risk of 
asthma-related death

– A history of near-fatal asthma requiring intubation and 
mechanical ventilation

– Hospitalization or emergency care visit for asthma in 
the past year

– Currently using or having recently stopped using oral 
corticosteroids (a marker of event severity)

– Not currently using inhaled corticosteroids
– Overuse of SABAs, especially use of more than one 

canister of SABA (or equivalent) monthly
– A history of psychiatric disease or psychosocial 

problems
– Poor adherence with asthma medications and/or poor 

adherence with (or lack of) a written asthma action 
plan

– Food allergy in a patient with asthma

Source: Adapted from GINA. Global Strategy for Asthma 
Manage ment and Prevention; 2015. Available at www 
.ginasthma.org.

http://www.goldcopd.org
http://www.ginasthma.org
http://www.ginasthma.org
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of several days or over a single day. It is important to note, as 
with asthma, their absence does not exclude a diagnosis of 
COPD. Chest pain and hemoptysis are uncommon in COPD 
and should alert the health care provider as to the possibil-
ity of alternative diagnoses, such as ischemic heart disease, 
pulmonary embolism, or bronchogenic carcinomas.

Similar to asthma, in addition to determining the pre-
senting symptoms and the pattern of their development, 
predisposing risk factors for developing COPD should be 
formally evaluated. Cigarette smoking is the major risk fac-
tor for the development of COPD, and, consequently, cur-
rent smoking status and the number of pack years smoked 
(number of pack years = [packs smoked per day] × [years as 
a smoker] should be established). In the absence of genetic, 
environmental, or occupational factors, a pack-year history 
of < 15 years is unlikely to result in COPD, whereas the sin-
gle best variable for predicting which adults will have air-
�ow obstruction on spirometry is a pack-year history > 40. 
However, it should be emphasized that up to 20% of patients 
with COPD have never smoked. Current and previous occu-
pations and environmental history should be determined 
to establish any potential occupational or environmental 
exposures to fumes and organic/inorganic dusts. A fam-
ily history of COPD should be obtained, as it is a strong 
risk factor for developing subsequent COPD, independent 
of family history of smoking, personal lifetime smoking, 
or childhood environmental tobacco smoke exposure.25 
Furthermore, any factor that a�ects lung growth during 
gestation and childhood has the potential for increasing the 
risk of COPD. �erefore, it is useful to enquire about prema-
turity, and childhood or adolescent exposures.

Following clinical assessment of the presenting com-
plaints, risk factors, and comorbidities, symptoms sugges-
tive of secondary complications of COPD should actively 
be pursued. Fatigue, anorexia, and weight loss may occur 
in severe disease, but may also herald the development of 
pulmonary malignancy. Symptoms suggestive of the devel-
opment of secondary pulmonary hypertension, such as 
ankle swelling, fatigue, dizziness, syncope, chest pain, and 
palpitations should also be sought. �e impact of COPD 
on mental health is o�en underestimated and symptoms 
of both depression and anxiety should be evaluated, as 
both are common in severe COPD and are associated with 
increased risk of exacerbations and poorer overall health 
status. Finally, it is important for future planning that the 
social and family support networks available to the patient 
are determined.

Since clinical signs are not usually elicited in COPD until 
signi�cant impairment of lung function has occurred, it is 
not surprising that, in early stage disease, physical exami-
nation may be entirely normal.5 Numerous signs may be 
observed in individuals with more advanced disease sim-
ply by inspection at the bedside. Individuals with severe 
COPD may breathe through pursed lips (in an attempt to 
generate autoPEEP), exhibit tachypnea at rest, and adopt 
a “tripod” position to relieve dyspnea, leaning forward 
with arms outstretched and weight supported on palms or 

elbows (calluses or swollen bursas on the extensor surfaces 
of the forearms may even be seen). �e expiratory phase of 
the respiratory cycle may be prolonged, and audible wheeze 
on forced expiration may be evident. Use of the accessory 
muscles of respiration, especially the sternocleidomastoids, 
may be present (due to increased work of breathing), and the 
anterior-posterior thoracic diameter may be increased due 
to hyperin�ation, giving the impression of a barrel-shaped 
chest. Indeed, paradoxical retraction of the lower inter-
spaces during inspiration (Hoover’s sign) may be present. 
Body mass index may be increased due to decreased activity 
levels or decreased due to increased work of breathing. �e 
patient may be cyanotic, a feature diminished by anemia but 
accentuated by polycythemia, and exhibit peripheral edema 
as a consequence of secondary pulmonary hypertension 
(cor pulmonale).26

Examination of the peripheral extremities and digits 
may reveal tar staining of the �ngers and stigmata of hyper-
capnia, such as asterixis, warm hands and feet, and bound-
ing pulses. It should be noted that digital clubbing is not a 
feature of COPD, and its presence, in the clinical context of 
COPD, should raise suspicion of pulmonary malignancy or 
other chronic pulmonary and nonpulmonary conditions.27 
Closer examination of the neck may reveal a reduced ster-
nocricoid distance and an elevated jugular venous pres-
sure (JVP); neck veins may be distended due to increased 
intrathoracic pressures or the JVP may be elevated if pul-
monary hypertension is present. �e presence of cervical 
lymphadenopathy should again alert one to the possibility 
of malignancy.

As discussed, inspection of the chest may reveal an 
increased antero-posterior diameter and Hoover’s sign. 
Palpation may reveal diminished thoracic expansion and 
possibly a right ventricular heave if pulmonary hyperten-
sion is present. Hyperresonance may be observed upon 
percussion. Auscultation may elicit diminished breath 
sounds and di�use, multiple monophonic wheezes due to 
small airways obstruction. Crackles or rales suggest con-
current infection. Cardiac auscultation may reveal fur-
ther signs of pulmonary hypertension, such as a systolic 
murmur of tricuspid regurgitation and a loud pulmonary 
component to the second heart sound. Tender, pulsatile 
hepatomegaly and peripheral edema secondary to right 
heart failure may also be present.

13.1.2.4  Clinical assessment of individuals 
with COPD in the outpatient clinic

Routine follow-up is essential in COPD as lung function 
worsens with time, even with the best of care. �e average 
rate of FEV1 decline in nonsmoking, healthy adults is 15–20 
mL/year, so the progression to clinically overt COPD can be 
insidious and progressive similar to the natural course of 
asthma.28 Follow-up visits should reevaluate symptoms, 
particularly any new or worsening symptoms, and include a 
physical examination. Questionnaires such as the COPD 
Assessment Test (CAT)29 (Figure 13.2) or the St. George’s 
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Respiratory Questionnaire (SGRQ)30 are particularly useful 
for assessing trends in symptom changes.

Cough, sputum quality and production, dyspnea, 
fatigue, activity limitation, and sleep disturbance should be 
assessed, quanti�ed (where possible), and recorded at each 
consultation. Smoking status and smoke exposure should 
also be revisited at each appointment, and participation in 
programs to reduce and eliminate exposure to COPD risk 
factors promoted at every opportunity. �e current thera-
peutic regimen and the patient’s comprehension of it should 
be reviewed, including adherence, dosages, side e�ects, 
inhaler technique, and e�ectiveness of the current regimen 
at controlling symptoms (Table 13.9).

It is important to note the frequency, severity, and 
likely causes of any exacerbations that may have occurred 
between consultations. Speci�c inquiry into unscheduled 
visits to providers, telephone calls for assistance, and use 
of urgent or emergency care facilities is important. In addi-
tion, any hospitalizations should be documented, includ-
ing the facility, duration of stay, and any use of critical care 
or mechanical ventilatory support. �e dose and duration 
of any corticosteroid or antibiotic therapy should also be 
recorded, in addition to any available microbiology culture 
results. Naturally, increased sputum volume, worsening 

dyspnea, and the presence of purulent sputum revealed dur-
ing the course of an outpatient consultation should alert one 
to the presence of a current exacerbation.

Status of comorbidities (e.g., ischemic heart disease, dia-
betes mellitus) should also be reviewed, as they may amplify 
the disability of COPD patients and can potentially com-
plicate their management. �e psychological morbidity 
associated with COPD should not be underestimated, and, 
therefore, changes in social isolation and social support 

I never cough 0 1 2 3 4 5 I cough all the time

0 1 2 3 4 5 My chest is completely
full of phlegm (mucus)

I have no phlegm (mucus)
in my chest at all

0 1 2 3 4 5 My chest feels
very tight

My chest does not
feel tight at all

0 1 2 3 4 5
When I walk up a hill or
one flight of stairs I am
very breathless

When I walk up a hill or
one flight of stairs I am
not breathless

0 1 2 3 4 5 I am very limited doing
activities at home

I am not limited doing
any activities at home

0 1 2 3 4 5
I am not at all confident
leaving my home because
of my lung condition

I am confident leaving
my home despite my
lung condition

0 1 2 3 4 5
I do not sleep soundly
because of my lung
condition

I sleep soundly

0 1 2 3 4 5 I have no energy at allI have lots of energy

Figure 13.2 The COPD Assessment Tool.

Table 13.9 Questions to determine symptomatic 
response to clinical treatment

• Have you noticed a difference since starting this 
treatment?

• If you are better:
• Are you less breathless?
• Can you do more?
• Can you sleep better?

• Describe what difference it has made to you.
• Is that change worthwhile to you?

Source: Adapted from GOLD. Global strategy for the diagnosis, 
management, and prevention of chronic obstructive pul-
monary disease; 2016. Available at www.goldcopd.org.

http://www.goldcopd.org
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networks should also be addressed. Furthermore, each 
individual’s ability to cope in their usual environment and 
their capacity to carry out physical activity and their ADLs 
should be reviewed. Finally, one should constantly be alert 
for symptoms and signs suggestive of the development of 
new malignancy or pulmonary hypertension when review-
ing COPD patients in outpatient clinics.

13.1.2.5  Clinical assessment of COPD in the 
emergency room

Acute exacerbations are a common occurrence for many 
COPD patients, and the diagnosis relies on an acute change 
of symptoms (baseline dyspnea, cough, and/or sputum pro-
duction) that is beyond normal day-to-day variation.5 Several 
etiological factors have been associated with COPD exacer-
bations, including changes in air temperature and pollutant 
levels. However, the majority of COPD exacerbations are 
thought to be triggered by respiratory infection (both viral 
and bacterial).5 In addition to negatively impacting individ-
ual patients’ quality of life and lung function, COPD exacer-
bations are a common cause of hospitalization and death, and 
thus confer considerable socioeconomic costs to the patient 
and society.5 Similar to asthma exacerbations, a focused 
clinical history and examination should be performed with 
concurrent initiation of appropriate treatment if a COPD 
exacerbation is suspected (Table 13.10).

�e medical history should focus on careful charac-
terization of the presenting complaints (typically increas-
ing dyspnea, cough, sputum production), establishment of 
baseline status, COPD severity, determination of the treat-
ment regimen, and comorbidities. When assessing baseline 
status, it is useful to determine typical daily symptoms 
when healthy, smoking status, degree of air�ow limitation, 
exacerbation frequency (including hospitalizations and use 
of invasive/noninvasive ventilation [NIV]), use of long-term 

oxygen therapy or domiciliary NIV, previous or current 
malignancy, and whether a diagnosis of pulmonary hyper-
tension has been made. Enquiry into the potential trigger 
for the exacerbation (e.g., coryzal symptoms, exposures to 
air pollutants) should be made and the current, and previ-
ous, treatment regimen documented, including change in 
metered-dose inhaler or nebulizer usage, recent courses of 
antibiotics and corticosteroids, change in oxygen require-
ments, and previous pulmonary rehabilitation. It is impor-
tant to determine performance status, ability to cope at 
home and whether the patient has made any prior wishes 
regarding invasive and NIV. Naturally, it is essential that 
conditions that may mimic and/or aggravate exacerbations, 
including pneumonia, pulmonary embolism, congestive 
heart failure, cardiac arrhythmia, pneumothorax, and pleu-
ral e�usion should be considered and excluded.

When performing a physical examination of an indi-
vidual with a suspected COPD exacerbation, both the work 
of breathing and the general physical condition of the indi-
vidual should be determined. Signs indicative of increased 
work of breathing may be readily evident, including tachy-
pnea, use of accessory muscles, inability to complete sen-
tences, pursed lip breathing with a prolonged expiratory 
phase, paradoxical retraction of the lower interspaces dur-
ing inspiration (Hoover’s sign), and adoption of postures to 
relieve dyspnea (such as the tripod position). Furthermore, 
the patient may display evidence of peripheral and central 
cyanosis and signs of hypercapnia manifested as decreased 
conscious level, asterixis (neither sensitive nor speci�c), 
warm peripheral extremities with bounding, high-volume 
pulses, and, rarely, papilledema. In addition to respiratory 
acidosis, severe dyspnea with clinical signs suggestive of 
respiratory muscle fatigue, increased work of breathing, or 
both, such as use of respiratory accessory muscles, paradox-
ical motion of the abdomen, or retraction of the intercostal 
spaces, are indications for commencing NIV.31

Regarding the general physical condition of the patient, 
it is important to determine whether the patient is display-
ing signs of fatigue, sepsis, hemodynamic instability, cardiac 
failure, or general cachexia suggestive of either advanced dis-
ease or potential concurrent malignancy. If the patient has a 
productive cough, sputum purulence should be established, 
bearing in mind that its presence during an exacerbation 
can be su�cient indication for starting empirical antibiotic 
treatment. Examination of the chest typically reveals signs of 
hyperin�ation, with increased AP diameter, hyperresonance 
to percussion, and diminished breath sounds; however, aus-
cultation of the chest may reveal crepitations or bronchial 
breathing suggestive of concurrent pneumonia. Expiratory 
wheeze may be evident; however, this is neither sensitive nor 
speci�c for a COPD exacerbation. �e JVP may be di�cult 
to assess in COPD exacerbations due to a combination of 
prominent respiratory muscle activity and wide swings dur-
ing respiration. However, other signs of pulmonary hyper-
tension including a loud P2, peripheral edema, pulsatile liver, 
right ventricular heave and pansystolic murmur may still be 
evident and should be sought.

Table 13.10 Assessment of COPD exacerbations

Medical history Signs of severity

Severity of COPD based on 
degree of air�ow 
limitation

Use of accessory 
respiratory muscles

Duration of worsening or 
new symptoms

Paradoxical chest wall 
movements

Number of previous 
episodes (total/
hospitalizations)

Worsening or new onset 
central cyanosis

Comorbidities Development of peripheral 
edema

Present treatment regimen Hemodynamic instability
Previous use of mechanical 

ventilation
Deteriorated mental status

Source: Adapted from GOLD. Global stategy for the diagnosis, 
management, and prevention of chronic obstructive pul-
monary disease; 2016. Available at www.goldcopd.org.

http://www.goldcopd.org
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13.1.2.6  Clinical assessment of an individual 
with suspected ACO

Asthma and COPD are the most common diagnoses in the 
patient with breathlessness and airway obstruction present-
ing to the physician, but some of these patients may share 
characteristics of each condition. �is has been de�ned as 
ACO characterized by the presence of persistent air�ow 
limitation and clinical features of both asthma and COPD.2 
�e ACO is a common condition, with an estimated preva-
lence ranging between 1.8% and 4.5% individuals, based on 
receiving a diagnosis of COPD and asthma by their health-
care professional.3,32,33

An algorithmic approach to the diagnosis of this condi-
tion is recommended2 (Table 13.11). �e initial step com-
prises clinical history, physical examination, and imaging 
with the aim of identifying patients who have a disease of 
chronic air�ow limitation. Step two involves consolidation 
and comparison of the clinical features of each airways dis-
ease potentially present (asthma, COPD, or ACO), so that a 
provisional diagnosis may be reached.

As discussed in the sections above for asthma and COPD, 
the features that should prompt consideration of chronic 
airways disease include a history of chronic or recurrent 
cough, sputum production, dyspnea, wheezing, repeated 
lower respiratory tract infections, report of a previous doctor 

diagnosis of asthma or COPD, history of prior treatment 
with inhaled medications, history of smoking tobacco, and/
or other substances, and exposure to airborne pollutants 
and/or allergens in the home and workplace environments.

Physical examination may be normal in between exac-
erbations and signs of hyperin�ation and other features of 
chronic lung disease, or respiratory insu�ciency may not 
be evident. �e key features of the clinical history that may 
help distinguish between asthma, COPD, and ACO are out-
lined in Table 13.12.2

Table 13.11 Stepwise approach to the diagnosis of 
patients with respiratory symptoms

Step 1 Does the patient have chronic airways 
disease?

Step 2 The syndromic diagnosis of asthma, COPD, 
and ACO in the adult patient

Step 3 Spirometry
Step 4 Commence initial therapy
Step 5 Referral for specialized investigations (if 

necessary)

Source: Adapted from GINA, GOLD. Diagnosis of diseases of 
chronic air�ow limitation: Asthma, COPD and asthma-
COPD overlap (ACO); 2015. Available at www.ginasthma 
.org.)

Table 13.12 Usual features of asthma, COPD, and ACO

Feature Asthma COPD ACO

Age of onset Usually childhood onset but 
can commence at any age.

Usually > 40 years of age. Usually age > 40 years, but may 
have had symptoms in 
childhood or early adulthood.

Pattern of respiratory 
symptoms

Symptoms may vary over 
time (day to day, or over 
longer periods), often 
limiting activity. Often 
triggered by exercise, 
emotions (including 
laughter), dust, or 
exposure to allergens.

Chronic usually continuous 
symptoms, particularly 
during exercise, with 
“better” and “worse” 
days.

Respiratory symptoms including 
exertional dyspnea are 
persistent but variability may be 
prominent.

History or family history Many patients have allergies 
and a personal history of 
asthma in childhood, and/
or family history of 
asthma.

History of exposure to 
noxious particles and 
gases (mainly tobacco 
smoking and biomass 
fuels).

Frequently a history of doctor-
diagnosed asthma (current or 
previous), allergies, and a family 
history of asthma, and/or a 
history of noxious exposures.

Time course Often improves 
spontaneously or with 
treatment, but may result 
in �xed-air�ow limitation.

Generally, slowly 
progressive over years, 
despite treatment.

Symptoms are partly but 
signi�cantly reduced by 
treatment. Progression is usual 
and treatment needs are high.

Exacerbations Exacerbations occur, but the 
risk of exacerbations can 
be considerably reduced 
by treatment.

Exacerbations can be 
reduced by treatment. If 
present, comorbidities 
contribute to 
impairment.

Exacerbations may be more 
common than in COPD but are 
reduced by treatment. 
Comorbidities can contribute to 
impairment.

Source: Adapted from GINA, GOLD. Diagnosis of diseases of chronic air�ow limitation: Asthma, COPD and asthma-COPD overlap syn-
drome (ACOS); 2015. Available at www.ginasthma.org.

http://www.ginasthma.org
http://www.ginasthma.org
http://www.ginasthma.org
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Clinical features that are particularly favorable toward 
the diagnosis of asthma include age of onset before age 20, 
symptom variability over minutes, hours, or days; symp-
tom deterioration during the night; or early morning and 
characteristic triggers, such as exercise, emotions, dust, or 
allergen and irritant exposures. Conversely, features that 
particularly suggest a diagnosis of COPD include onset over 
the age of 40, persistence of symptoms despite treatment, 
daily symptoms, exertional dyspnea, chronic cough and 
sputum-preceded dyspnea, heavy smoking history or bio-
mass fuel exposure, progressive deterioration, limited relief 
from fast-acting bronchodilators, and severe hyperin�ation 
on imaging.2

13.2 SUMMARY

A thorough clinical history and physical examination are 
essential for establishing an accurate diagnosis of asthma, 
COPD, or ACO, especially when diagnostic uncertainty 
exists. Following fastidious characterization of the present-
ing respiratory symptoms and the predisposing risk factors 
for each condition should be evaluated. Once the di�eren-
tial diagnosis has been considered, and a working diagnosis 
of asthma, COPD, or ACO has been established, the severity 
of the condition should be determined and the impact on 
the patient’s quality of life and on their capacity to perform 
their daily activities evaluated. Furthermore, symptoms 
and signs of potential secondary complications for each air-
ways disease and their treatments should be actively sought 
at each consultation.

REFERENCES

1. Chung KF. Targeting the interleukin path-
way in the treatment of asthma. Lancet. 
2015;386(9998):1086–1096.

2. GINA, GOLD. Diagnosis of Diseases of Chronic 
Air�ow Limitation: Asthma, COPD and Asthma-COPD 
Overlap Syndrome (ACOS); 2015. Available at www 
.ginasthma.org.

3. Kumbhare S, Pleasants R, Ohar JA et al. 
Characteristics and prevalence of asthma/chronic 
obstructive pulmonary disease overlap in the United 
States. Ann Am Thorac Soc. 2016;13(6):803–810.

4. GINA. Global Strategy for Asthma Management and 
Prevention; 2015. Available at www.ginasthma.org.

5. GOLD. Global Stategy for the Diagnosis, Manage-
ment, and Prevention of Chronic Obstructive Pulmo-
nary Disease; 2016. Available at www.goldcopd 
.org.

6. NHLBI. Expert panel report 3 (EPR-3): Guidelines for 
the Diagnosis and Managment of Asthma—Summary 
Report; 2007. Available at http://www.nhlbi.nih.gov 
/health-pro/guidelines/current/asthma-guidelines 
/summary-report-2007.

7. Rajan JP, Wineinger NE, Stevenson DD et al. 
Prevalence of aspirin-exacerbated respiratory 
disease among asthmatic patients: A meta-
analysis of the literature. J Allergy Clin Immunol. 
2015;135(3):676–681. e1.

8. Castro-Rodriguez JA, Holberg CJ, Wright AL et al. A 
clinical index to de�ne risk of asthma in young chil-
dren with recurrent wheezing. Am J Respir Crit Care 
Med. 2000;162(4 Pt 1):1403–1406.

9. Ledford DK, Wenzel SE, and Lockey RF. Aspirin 
or other nonsteroidal in�ammatory agent exac-
erbated asthma. J Allergy Clin Immunol Pract. 
2014;2(6):653–657.

10. Raine JM, Palazzo MG, Kerr JH et al. Near-
fatal bronchospasm after oral nadolol in a 
young asthmatic and response to ventilation 
with halothane. Br Med J (Clinical research ed). 
1981;282(6263):548–549.

11. Gong H. Wheezing and asthma. In HK Walker, WD 
Hall, JW Hurst, eds. Clinical Methods: The History, 
Physical, and Laboratory Examinations. Boston, MA: 
Butterworths; 1990.

12. Irwin RS. Evaluation of wheezing illnesses other than 
asthma in adults. UpToDate. Available at www.upto-
date.com: UptoDate, Waltham, MA; 2016.

13. Forgacs P. The functional basis of pulmonary sounds. 
Chest. 1978;73(3):399–405.

14. Daniel SJ. The upper airway: Congenital mal-
formations. Paediatr Respir Rev. 2006;7(Suppl. 
1):S260–S263.

15. Pearson MG and Bucknell CE. Measuring Clinical 
Outcomes in Asthma: A Patient Focused Approach. 
London: Royal College of Physicians, Clinical 
Effectiveness and Evaluation Unit; 1999.

16. Juniper EF, O’Byrne PM, Guyatt GH et al. 
Development and validation of a question-
naire to measure asthma control. Eur Respir J. 
1999;14(4):902–907.

17. Nathan RA, Sorkness CA, Kosinski M et al. 
Development of the asthma control test: A survey 
for assessing asthma control. J Allergy Clin Immunol. 
2004;113(1):59–65.

18. Price D, Bosnic-Anticevich S, Briggs A et al. Inhaler 
competence in asthma: Common errors, barriers 
to use and recommended solutions. Respir Med. 
2013;107(1):37–46.

19. Lindsay JT and Heaney LG. Non-adherence in dif�cult 
asthma and advances in detection. Expert Rev Respir 
Med. 2013;7(6):607–614.

20. Pradeepan S, Garrison G, and Dixon AE. Obesity 
in asthma: Approaches to treatment. Curr Allergy 
Asthma Rep. 2013;13(5):434–442.

21. Giavina-Bianchi P, Aun MV, Takejima P et al. United 
airway disease: Current perspectives. J Asthma 
Allergy. 2016;9:93–100.

22. BTS, SIGN. British Guideline on the Management of 
Asthma; 2014. Available at www.brit-thoracic.org.uk.

http://www.ginasthma.org
http://www.ginasthma.org
http://www.ginasthma.org
http://www.goldcopd.org
http://www.goldcopd.org
http://www.nhlbi.nih.gov/health-pro/guidelines/current/asthma-guidelines/summary-report-2007
http://www.nhlbi.nih.gov/health-pro/guidelines/current/asthma-guidelines/summary-report-2007
http://www.nhlbi.nih.gov/health-pro/guidelines/current/asthma-guidelines/summary-report-2007
http://www.uptodate.com
http://www.uptodate.com
http://www.brit-thoracic.org.uk


158 History and physical examination of asthma, COPD, and asthma-COPD overlap

23. NICE, BTS. Chronic Obstructive Pulmonary Disease 
in Over 16s: Diagnosis and Management; 2010. 
Available at www.nice.org.uk/guidance/cg101.

24. Fletcher CM. Standardised questionnaire on respira-
tory symptoms: A statement prepared and approved 
by the MRC committee on the aetiology of chronic 
bronchitis (MRC breathlessness score). Br Med J. 
1960;2:1665.

25. Hersh CP, Hokanson JE, Lynch DA et al. Family history 
is a risk factor for COPD. Chest. 2011;140(2):343–350.

26. MacNee W. Pathophysiology of cor pulmonale in 
chronic obstructive pulmonary disease. Part One. Am 
J Respir Crit Care Med. 1994;150(3):833–852.

27. Dubrey S, Pal S, Singh S et al. Digital clubbing: 
Forms, associations and pathophysiology. Br J Hosp 
Med (Lond). 2016;77(7):403–408.

28. Kohansal R, Martinez-Camblor P, Agusti A et al. The 
natural history of chronic air�ow obstruction revisited: 
An analysis of the Framingham offspring cohort. Am J 
Respir Crit Care Med. 2009;180(1):3–10.

29. Jones PW, Harding G, Berry P et al. Development 
and �rst validation of the COPD Assessment Test. Eur 
Respir J. 2009;34(3):648–654.

30. Jones PW, Quirk FH, and Baveystock CM. The st 
george’s respiratory questionnaire. Respir Med. 
1991;85(Suppl. B):25–31; discussion 3–7.

31. Ramsay M and Hart N. Current opinions on 
non-invasive ventilation as a treatment for chronic 
obstructive pulmonary disease. Curr Opin Pulm Med. 
2013;19(6):626–630.

32. Menezes AM, Montes de Oca M, Perez-Padilla R 
et al. Increased risk of exacerbation and hospitaliza-
tion in subjects with an overlap phenotype: COPD-
asthma. Chest. 2014;145(2):297–304.

33. de Marco R, Pesce G, Marcon A et al. The coexis-
tence of asthma and chronic obstructive pulmonary 
disease (COPD): Prevalence and risk factors in young, 
middle-aged and elderly people from the general 
population. PLOS ONE. 2013;8(5):e62985.

http://www.nice.org.uk/guidance/cg101


159

14
Diagnostic testing for asthma, COPD, and 
asthma-COPD overlap

SVIEN A. SENNE AND KRISTINA L. BAILEY 

14.1 Introduction 161
14.2 Spirometry 161

14.2.1 Forced expiratory volume in one second 161
14.2.2 Forced expiratory volume in one second/

forced vital capacity (FEV1/FVC) ratio 162
14.2.3 Postbronchodilator spirometry 162
14.2.4 Forced expiratory flow at 25%–75% of FVC  

(FEF25–75)/maximal midexpiratory flow 162
14.3 Pulmonary function testing 162

14.3.1 Lung volumes 162
14.3.2 Diffusing capacity of the lungs for 

carbon monoxide 163
14.3.3 Bronchoprovocation and airway 

hyperresponsiveness testing 163

14.4 Radiographic studies 163
14.5 Biomarkers 164

14.5.1 Sputum 164
14.5.1.1 Cytokines 165

14.5.2 Serum and sputum biomarkers 165
14.5.2.1 Peripheral eosinophilia 165
14.5.2.2 IgE levels and allergy testing 165
14.5.2.3 Inflammatory cytokines 166

14.6 Exhaled nitric oxide testing 166
14.7 Genetic testing 166
References 167

CLINICAL VIGNETTE 14.1

Mr. W. is a 44-year-old male who presents to your office complaining of increasing shortness of breath and wheezing. He 
reports feeling wheezy during the day, and has several nocturnal awakenings per week due to wheezing. Upon further 
questioning, he denies changes in sputum production, fevers, or chills. He has past medical history of obesity, type II 
diabetes mellitus, tobacco use (quit 12 years ago, 30 pack years), and allergic rhinitis and asthma diagnosed as an ado-
lescent. He takes both long- and short-acting insulin, an angiotensin-converting-enzyme inhibitor (ACEi), an albuterol 
metered-dose inhaler (MDI) daily. He reports significant relief with his albuterol inhaler.

On physical exam, his temperature is 98.2°F, HR 94, RR 20, height 1.75 m tall, 110 kg, Sa 02 93% on room air. Lungs had 
scattered expiratory wheezing and prolonged expiratory phase, skin was without rashes, and extremities were without 
clubbing. A chest radiograph showed moderate hyperinflation. A pulmonary function test (PFT) shows a forced expiratory vol-
ume in one second/forced vital capacity (FEV1/FVC) ratio of .48 and an initial FEV1 of 66% predicted. He did have a significant 
response to bronchodilators, with his FEV1 /FVC increasing to .64 and his FEV1 improving to 78% predicted (12% response).

DISCUSSION

This patient has features of asthma and COPD, as well as a previous tobacco habit and a diagnosis by a physician of asthma. 
The chest radiograph showing moderate hyperinflation is supportive of either asthma, COPD, or ACO. His PFTs, however, 
show an FEV1/FVC ratio <0.7 both pre- and postbronchodilator, and he demonstrates marked reversibility. Due to his pre-
vious diagnosis of asthma, current symptoms, and PFTs, a diagnosis of ACO should be considered in this patient.
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DISCUSSION

This gentleman presents with increased wheezing, cough and sputum production. Allergic rhinitis is useful to assess 
as it gives us clues about underling allergies. His PFTs are supportive of COPD, with an FEV1/FVC ratio <.7 and no 
significant response to bronchodilator therapy. However, his methacholine challenge test is positive and definitely 
suggestive of airway hyperresponsiveness (AHR). Due to his increased AHR, it is reasonable to consider a diagnosis 
of ACO in this patient.

DISCUSSION

This patient presents with progressive wheezing, cough, and shortness of breath. He has a significant tobacco 
history, but no history of asthma (although he admittedly doesn’t regularly seek healthcare). He does, however, 
have symptoms consistent with allergic rhinitis. His PFTs are consistent with COPD with an FEV1/FCV ratio <0.7 
and an insignificant bronchodilator response. However, his laboratory studies suggest he may have some atopic 
inflammation that could be driving some of his respiratory symptoms. Given this mixed picture, it is reasonable to 
consider the diagnosis of ACO in this patient.

CLINICAL VIGNETTE 14.2

A 46-year-old male presents to your clinic complaining of increasing shortness of breath and wheezing and increasing 
frequency of “chest colds” (he describes as increased cough and sputum production). He relates that over the past 10 
years, he has noted a steady increase in his wheezing symptoms. He denies any current changes in sputum, weight loss, 
fevers, or chills. He has a medical history of allergic rhinitis, hyperlipidemia, hypertension, and atrial fibrillation. He is a 
former cigarette smoker, quitting 2 years ago, but has a 45 pk/yr history. His medications include, albuterol MDI PRN, 
levothyroxine, apixaban, cetirizine and metoprolol.

On physical exam the patient is afebrile and hemodynamic parameters are normal. Respiratory rate is 22 with a 
Sa 02 of 94% on RA. Lungs have diffuse scattered expiratory wheezing with a prolonged expiratory phase. Heart was 
irregularly irregular with no murmurs or gallops. Extremities were free of clubbing, cyanosis, or peripheral edema. PFTs 
were performed and his FEV1/FVC ratio was .57, his FEV1 was 1.92 (72% predicted). There was minimal response to bron-
chodilators; his FEV1/FVC ratio increased to .60 and FEV1 to 2.07. A methacholine challenge was performed, and he had 
significant (>20%) reduction in his FEV1 with </= 4 mg of methacholine administered.

CLINICAL VIGNETTE 14.3

A 45-year-old male presents complaining of increasing cough and shortness of breath. He explains that he is a 
farmer and has been experiencing intermittent cough, wheezing, and shortness of breath for many years, but it is 
increasing in frequency and severity. He has no previous history of asthma, but notes he hasn’t seen a physician 
since his last high school sports physical 27 years ago. He takes no medications. He has a 40 pack-year history of 
cigarette smoking, and continues to smoke, but only half the amount as previously. He denies any blood in his 
sputum, weight loss, fevers, or chills. He does admit to allergies to cats and pollens, and he further notes he has 
persistent nasal discharge.

On physical exam, he is afebrile, and his hemodynamic parameters are normal. His respiratory rate is 20 breaths per 
minute (BPM), and he is maintaining his oxygen saturation >95% on room air. He appears barrel-chested, and lung aus-
cultation reveals mild diffuse wheezing with a prolonged expiratory phase. Pulmonary function testing reveals an FEV1/
FVC of 0.49, FEV1 of 62%, and a bronchodilator response of 5% (<200 mL). Further studies including a complete blood 
count (CBC) with differential and Immunoglobulin E (IgE) were obtained, and the patient was found to have elevated 
eosinophils, and the serum IgE was >2x upper limits of normal.
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14.1 INTRODUCTION

Asthma-COPD overlap (ACO) is an emerging area of the 
literature with consensus de�nitions only recently being 
proposed. Distinguishing asthma from COPD in older 
smokers can be di�cult, and de�ning the overlap between 
these diseases has also proved challenging. Typically, stud-
ies examining diagnostic tests focus on either asthma or 
COPD, with individuals diagnosed with both COPD and 
asthma excluded from many studies that might better help 
us classify the diagnosis of this phenotype. When examin-
ing the literature regarding diagnostic testing in ACO, care-
ful attention must be paid to the de�nition of ACO as that 
de�nition varies greatly in the literature.

�e recent consensus statements by the Global Initiative 
for Asthma (GINA) and the Global Initiative for Chronic 
Obstructive Lung Disease (GOLD),1 as well as the Spanish 
COPD Guidelines,2 serve to help clarify the diagnosis of 
ACO. �e GINA/GOLD strategy documents rely heavily on 
the patient’s history and spirometry, while the Spanish crite-
ria assign some value to other measures. We do not propose a 
speci�c de�nition of ACO in this chapter, however, this chap-
ter will discuss diagnostic testing in asthma, COPD, and ACO 
including spirometry, pulmonary function testing, radio-
graphic studies, serum and sputum markers, exhaled nitric 
oxide, and genetic modalities of evaluating patients for ACO.

14.2 SPIROMETRY

Spirometry is a fundamental diagnostic test in the evalua-
tion of chronic airway diseases including asthma, COPD, 

and ACO. Spirometry should be the �rst diagnostic step 
a�er a thorough history and physical examination that sug-
gests obstructive airway disease.1 �e three main spiromet-
ric values that are useful in the diagnosis of asthma, COPD, 
and ACO are the FEV1, the FEV1/FVC ratio, and the post-
bronchodilator response.

Lung function in asthma may be normal between symp-
tomatic episodes, while ACO and COPD will have persistent 
air�ow obstruction. If spirometry is not performed at the 
initial encounter, it ought to be performed at a subsequent 
visit and, if at all possible, prior to initiation of therapy. Also 
consider that some patients may require repeat testing to 
make a diagnosis. Furthermore, spirometric values can be 
in�uenced by inhaled corticosteroid, as well as long-acting 
muscarinic or beta-agonist therapy, unless the patient has 
had a prolonged therapy-free period prior to testing.1

14.2.1  FORCED EXPIRATORY VOLUME IN 
ONE SECOND

In obstructive lung disease, the prebronchodilator FEV1 is 
usually low (<70% predicted), but not necessarily so. �e 
GOLD criteria use the FEV1 in tandem with the FEV1/FVC 
ratio as the primary spirometric parameters to diagnose 
and classify COPD (Table 14.1). Likewise, the FEV1, and to 
a lesser extent the FEV1/FVC ratio, is also used to classify 
the severity of asthma.3,4 In addition to being used to clas-
sify disease severity, numerous organizations have released 
a consensus statement suggesting the FEV1 be used to guide 
therapy in COPD.5 Several studies have tried to determine 
whether FEV1 is di�erent between asthma, COPD, and 
ACO groups. Certainly, the FEV1 in ACO is lower than that 
in healthy individuals.6 Interestingly, several have found 
that ACO also has a signi�cantly lower FEV1 than asthma.7,8 

DISCUSSION

This female patient presents with a minimal, remote smoking history and chronically uncontrolled wheezing, cough, and 
shortness of breath. Her PFTs show obstruction with some, but not significant, bronchodilator response. Her FeNo of 55 
PPB is supportive of eosinophilic inflammation, which is also confirmed with sputum studies. Given evidence of eosinophilic 
inflammation in the setting of obstructive lung disease and partial bronchodilator response, ACO should be considered.

CLINICAL VIGNETTE 14.4

A 52-year-old female presents complaining of chronically uncontrolled wheezing, cough, and shortness of breath. She 
denies hemoptysis, weight loss, fevers, or chills. She has a medical history significant for COPD, hypothyroidism, over-
active bladder, and osteoarthritis of her hands. She currently is prescribed albuterol nebulizers that she uses 4x daily 
along with an albuterol MDI that she uses 2–4x daily, inhaled ipratropium daily, oxybutynin, and naproxen. She has a 5–7 
pack-year history of tobacco use, but quit 30 years ago.

On exam, she is afebrile, and her hemodynamic parameters are normal. Her respiratory rate is 20 BPM, and she is maintain-
ing her oxygen saturation >95% on room air. Lung auscultation reveals diffuse wheezing and prolonged expiratory phase. A 
CT chest notes moderate emphysematous changes, but otherwise is normal. PFTs show an FEV1/FVC ratio of 0.48 and FEV1 of 
60%. After bronchodilators, her FEV1/FVC improved to 0.57. Exhaled nitric oxide testing was performed, and she was found to 
have a FeNo of 55 PPB. Further, sputum cytology was performed and found an elevated number of eosinophils.
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In other studies, ACO had a lower FEV1 than both asthma 
and COPD.9 Still others have shown no di�erence in base-
line FEV1 between ACO and COPD.10 In summary, FEV1 is 
decreased in COPD, and can be decreased in asthma and 
ACO, and therefore cannot be used in isolation to distin-
guish between them. �e FEV1 in ACO, however, tends to be 
lower than in asthma and similar to that of COPD.7–10

14.2.2  FORCED EXPIRATORY VOLUME 
IN ONE SECOND/FORCED VITAL 
CAPACITY (FEV1/FVC) RATIO

Generally, obstructive lung disease (asthma, COPD, and 
ACO) is de�ned by a low FEV1/FVC ratio. A low FEV1/FVC 
ratio can be de�ned as either <0.70 by the GOLD criteria, 
or less than the lower limit of normal (adjusted for demo-
graphic and physical variations with a reference equation), as 
de�ned by the American �oracic Society (ATS) criteria.3,11 
A reduced FEV1/FVC ratio is required for the diagnosis of 
COPD.3,5,12 Asthma, on the other hand, can have a normal 
or reduced FEV1/FVC ratio.4 A�er bronchodilator, the FEV1/
FVC ratio in asthma can be normal, but in COPD, and likely 
in ACO, it will remain less than 0.7.1,3,4,12 �ese �ndings are 
supported by several population-based studies showing a 
lower postbronchodilator FEV1/FVC ratio in COPD and 
ACO compared to asthma.8,9 �e normalization of the FEV1/
FVC ratio in asthma re�ects a greater degree of reversibility 
with bronchodilators and can also be seen in ACO.

14.2.3  POSTBRONCHODILATOR 
SPIROMETRY

In obstructive lung disease, spirometry should be repeated 
a�er the inhalation of a short-acting beta-agonist, typically 
albuterol or salbutamol.3,12 Asthma can show a signi�cant 
and sometimes complete reversal to normal a�er bron-
chodilator therapy, but this can depend on disease severity 
and control.1,4 COPD will likely show little to no reversibil-
ity, and, by de�nition, the postbronchodilator FEV1/FVC 

must remain <0.7 or the adjusted lower limit of normal.1,3,12 
Other analysis, however, has revealed a signi�cant number 
of those with COPD do exhibit bronchodilator response.13 
Individuals with ACO can exhibit incomplete reversibility of 
air�ow obstruction with bronchodilator treatment. Because 
of these di�erences, a marked bronchodilator response has 
been proposed as a de�ning characteristic of ACO.1,2 A 
marked bronchodilator response is de�ned as a greater than 
12%–15% increase in FEV1 and an increase of 400 mL.1,10

14.2.4  FORCED EXPIRATORY FLOW 
AT 25%–75% OF FVC (FEF25–75)/
MAXIMAL MIDEXPIRATORY FLOW

�e FEF25–75 is the fraction of air in midexpiration—or the frac-
tion of air expired from the 25th to the 75th percent of the expi-
ratory limb of the �ow volume loop. �e intent of measuring 
this fraction of expired air is to capture the impact of the small 
airways on PFT. Further, this measurement is considered e�ort 
independent.14 Researchers examining the FEF25–75 among 
those with COPD found that a low FEF25–75 is predictive of 
frequent exacerbations. �at same study found that a previous 
diagnosis of asthma by a physician (among the COPD group) 
also strongly predicted increased frequency of exacerbations 
compared to the COPD group that had never had a previous 
diagnosis of asthma.15 In patients with asthma, a decreased 
FEF25–75 in the setting of a normal FEV1 was associated with 
increased asthma severity, oral steroid use, and asthma exacer-
bations in a pediatric population.16 Unfortunately, at this time 
there are no published data comparing the FEF25–75 between 
asthma, COPD, or ACO groups.

14.3 PULMONARY FUNCTION TESTING

14.3.1 LUNG VOLUMES

Generally, in well-controlled asthmatics, lung volumes are 
normal.17 If asthma is poorly controlled, increases in the 

Table 14.1 Pulmonary function testing

Normal Asthma COPD ACO

FEV1/FVC >0.70 <0.70 although may be normal <0.70 <0.70 is generally agreed 
upon

FEV1 (Pre- BD) >70% 
Predicted

<70% Predicted although may be 
normal

<70% Predicted <70% Predicted

Bronchodilator 
response

Complete reversibility in most patients Minimal 
reversibility

Incomplete to marked 
reversibilitya

DLCO Normal Normal to increased Decreased Normal to decreased8,10

Airway-hyper 
reactivity

Present especially when symptomatic Usually minimal Present—and sometimes with 
less provocation8

a Marked Reversibility is de�ned as >12%–15% increase in FEV1 and 400 mL. (GINA/GOLD. Diagnosis of Diseases of Chronic Air�ow 
Limitation: Asthma, COPD and Asthma COPD Overlap Synrome (ACO); 2015. Available at http://www.ginasthma.org: GINA/GOLD; 
Cosio BG et al., Chest., 149, 45–52, 2016.)

http://www.ginasthma.org
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residual volume (RV) and total lung capacity can be seen.17 
On the other hand, a hallmark of COPD is nonreversible 
airway obstruction that leads to progressive increases in 
the RV and total lung capacity (TLC) as a result of air trap-
ping.18 ACO, like COPD, has signi�cantly higher TLC, RV, 
and functional residual capacity (FRC) values compared to 
asthma.8 �erefore, lung volume measurements can also be 
useful in evaluating a patient for ACO.

14.3.2  DIFFUSING CAPACITY OF THE 
LUNGS FOR CARBON MONOXIDE

Di�using capacity of the lungs for carbon monoxide (DLCO) 
is measured to determine how easily oxygen travels from the 
alveoli of the lungs to the bloodstream. In asthma, the DLCO 
is generally thought to be normal, but can be increased. In 
COPD, it is known that the DLCO is decreased, and this is 
related to the degree of emphysematous changes.19 �e lit-
erature reports that the DLCO in ACO is both unchanged 
like in asthma8 and decreased like in COPD with emphy-
sema.10 �ese changes likely depend on whether a signi�-
cant amount of emphysema is present with ACO.

14.3.3  BRONCHOPROVOCATION AND 
AIRWAY HYPERRESPONSIVENESS 
TESTING

Clinically, AHR or bronchial hyperresponsiveness (BHR) 
is an exaggerated bronchoconstriction response to a 
variety of both allergic and nonallergic inhaled stimuli 
including smoke, cold air, pollution, chemical fumes, 
and speci�c allergens. �is tendency to an exaggerated 
response can be measured by bronchoprovocation stud-
ies. Bronchoprovocation studies are typically performed 
in patients that have symptoms consistent with asthma, 
but have normal spirometry. Agents that are used in bron-
choprovocation studies include methacholine, mannitol, 
hypertonic saline, or adenosine. Methacholine is the most 
widely used clinically, as it is widely available in an FDA-
approved preparation and causes bronchoconstriction 
directly.20 Mannitol is used by some and as opposed to 
methacholine, has a secondary bronchoconstriction e�ect 
mediated by mast cells.4

In bronchoprovocation tests, baseline spirometry is 
measured, then methacholine (or another agent) is inhaled, 
and spirometry is measured again. Asthmatics are sen-
sitive to methacholine and generally have a decrease in 
FEV1.Conventionally, a methacholine challenge test is con-
sidered positive when there is a decline in the FEV1 of 20% 
a�er administration of methacholine. �e provocative con-
centration that is required to cause a positive reaction is 
termed the PC20 and determines the severity of bronchial 
hyperreactivity.20 Typically, there is very little change in 
FEV1 in response to methacholine in normal patients or 
patients with COPD. It is reported, however, that in patients 
with moderate to severe COPD, there is a small decrease in 

FEV1, mainly due to changes in RV.21 In ACO, increases in 
AHR are typical.

Patients with ACO appear to have more severe AHR than 
those with COPD or asthma alone. A group of asthmatics and 
those with ACO were compared a�er performance of a metha-
choline challenge test executed according to the ATS proto-
col.8,20 As per convention, the test was considered positive if 
there was a decrease in FEV1 of greater than 20% at a cumula-
tive concentration of methacholine of 16 or less (PC20 <16 mg/
mL).20 �e rates of AHR were similar in asthma and ACO; 
however, in ACO, the dose of methacholine required to induce 
a decline in the FEV1 was much smaller.8 Another group using 
a di�erent protocol for the methacholine challenge test fol-
lowed this study. In this study, airway hyperresponsiveness 
was de�ned as a 20% reduction in FEV1 a�er a cumulative dose 
</= 1 mg of methacholine. A signi�cantly higher percentage of 
the ACO group (92.1%) demonstrated AHR compared to the 
COPD (14.5%), asthma (66.6%), and healthy (3.5%) groups.6

Methacholine testing has limitations of poor speci�c-
ity. Some propose that agents such as mannitol, hypertonic 
saline, and adenosine are preferable agents because they do 
not directly cause airway smooth-muscle contraction, like 
methacholine.22 Hypertonic saline inhalation has been used 
to de�ne AHR in obstructive lung disease as well. �ose with 
ACO had more airway responsiveness than COPD, de�ned 
as a decline in the FEV1 by 15% or more, in response to 
inhalation of hypertonic saline.10 Likewise, individuals with 
ACO demonstrated increased AHR in response to hyper-
tonic saline than those with no underlying obstructive lung 
disease.22 Using mannitol as a bronchoprovocation agent, 
ACO and asthma had similar rates of AHR. However, like 
methacholine, the concentrations of mannitol required to 
induce AHR were lower in the ACO group.8

14.4 RADIOGRAPHIC STUDIES

High-resolution CT (HRCT) scans are o�en used to deter-
mine the cause of unexplained dyspnea (Table 14.2). In mild 
to moderate asthma, HRCT scans are typically normal, but 
air trapping and increased bronchial wall thickening can be 
seen. In COPD, air trapping and emphysema are frequently 

Table 14.2 Imaging �ndings

Asthma COPD ACO

Emphysema – ++ +23,24

Bronchial 
wall 
thickening

+ + ++24,26

Air trapping + or – Same as 
ACO

Same as COPD but 
with more 
improvement 
after 
bronchodilator23
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observed. CT scans can be used to quantify emphysema 
in COPD patients, usually in the context of research pro-
tocols. �ese techniques have been applied to asthma 
and ACO as well. Perhaps best studied is the emphysema 
index. �e emphysema index measures the areas of low 
attenuation (<950 HU) and calculates an index value using 
postprocessing imaging so�ware. �ere have been several 
groups that have examined di�erences in HRCT imaging 
between normal, asthma, COPD, and ACO groups. When 
interpreting and discussing their results, it is important to 
be cognizant of the fact that there was no control for age, 
tobacco exposure, or duration of disease.

When the HRCTs of patients with ACO and COPD are 
compared, those diagnosed with COPD have more emphy-
sema than those with ACO at baseline.23,24 When CT scans 
are used to try to di�erentiate between ACO and asthma, 
those with more emphysema are more likely to have ACO.25 
�us, these �ndings suggest that patients with ACO have 
more emphysematous changes than patients with asthma 
alone, but less than patients with COPD alone.

Bronchial wall thickness, an approximation of airway 
in�ammation, has also been studied in asthma, COPD, 
and ACO. Patients with ACO have signi�cantly increased 
bronchial wall thickening (measured as airway wall area) 
compared to those with COPD.26,24 �e bronchial wall 
thickening can be reduced by 12 weeks of budesonide 
treatment.26

Air trapping can be estimated on CT scan as well. In 
this case, radiographic air trapping is de�ned as areas <856 
HU on an expiratory CT scan. �ere are no statistically 
signi�cant di�erences in air trapping between COPD and 
ACO.23,24 A�er treatment with a bronchodilator, however, 
those with ACO had more improvement in radiographic air 
trapping than those with COPD.23

14.5 BIOMARKERS

Because an ACO diagnosis can be di�cult and may rely 
on subjective opinion, more de�nitive markers need to be 
de�ned. Objective biomarkers of ACO would be an attractive 

addition to the diagnosis of ACO. �ere have been numer-
ous studies attempting to identify sputum, serum, and other 
objective markers to assist in the diagnosis of ACO.

14.5.1 SPUTUM

Sputum biomarkers are an attractive target because sputum 
is easily obtained from patients with obstructive lung dis-
ease. It also directly re�ects the in�ammatory state of the 
airways. �e most widely available sputum analysis is spu-
tum cell count and di�erential.

Di�erent in�ammatory pathways predominate in 
patients with COPD as compared to those with asthma 
and ACO (Table 14.3). Generally speaking, in�amma-
tion in asthma is eosinophilic and driven by CD4 cells, 
whereas, in�ammation in COPD is typically neutrophilic 
and driven by CD8 cells.3,27,28 Noneosinophilic asthma 
with limited response to inhaled corticosteroids (ICS) 
is also recognized,29 as well as COPD with eosinophilic 
in�ammation.30 �ere have been several studies recently 
that focus speci�cally on sputum cell counts and di�eren-
tials in the ACO population.

Whether ACO has a predominantly neutrophilic, eosin-
ophilic, or a mixed in�ammatory picture is controversial. 
�is is likely due to two underlying cohorts of ACO being 
studied. First, there is a cohort of asthmatic smokers that 
developed irreversible airway obstruction. �eir sputum 
tends to show neutrophilic in�ammation due to smok-
ing. �ere is also a cohort of patients that has COPD with 
eosinophilic in�ammation and reversible airway obstruc-
tion. A large, cross-sectional study of more than 4000 
patients with airway disease, including asthma, COPD, 
ACO, and chronic cough was performed. In this study, 
53% of those with ACO had eosinophilic bronchitis, 19% 
had neutrophilic bronchitis, and 10% had a mixed in�am-
matory pattern. Notably, there was a higher proportion of 
sputum eosinophilia in patients that had stable disease and 
a relative shi� to increased sputum neutrophilia in exacer-
bated disease states.31 In another study, with more carefully 
de�ned ACO, sputum neutrophils predominated in both 
the ACO and COPD groups, with eosinophils predomi-
nating in asthma.22 Likewise, a large biological clustering 

Table 14.3 Sputum analysis

Asthma COPD ACO

Sputum cytology Generally eosinophilic Generally neutrophilica Eosinophilic Vs. Neutrophilicb

Cytokines IL-5, IL-13c IL-1B, IL-6, IL-8, CCL 13d IL-1B, TNFa, IL-8, IL-10,e NGAL, 
MPOf

a GOLD. Global Strategy for the Diagnosis, Management, and Prevention of Chronic Obstructive Pulmonary Disease; 2006; National Heart 
LaBi. Expert Panel Report 2: Guidelines for the Diagnosis and Management of Asthma; 2007; Papi A et al., Am J Respir Crit Care Med., 
162, 1772–177, 2000.

b Gibson PG and Simpson JL., Thorax, 64, 728–735, 2009; D’Silva L et al., Can Respir J., 18, 144–148, 2011.
c Manise M et al., PLOS ONE., 8, e58388, 2013.
d Gibson PG and Simpson JL., Thorax, 64, 728–735, 2009.
e IL-1B and TNFa were found to be the best discriminator between asthma, COPD, and ACO (Ghebre MA et al., J Allergy Clin Immunol., 

135, 63–72, 2015.)
f Iwamoto H et al., Eur Respir J., 43, 421–429, 2014.
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analysis supports neutrophilic in�ammation in both ACO 
and COPD, and eosinophilic in�ammation in asthma.32

14.5.1.1 Cytokines

In addition to examining sputum cytology, sputum cyto-
kine levels have been measured in an attempt to distinguish 
asthma, COPD, and ACO. In asthma, it is known that eosin-
ophilic cytokines such as IL-5 and IL-13 predominate.33 
In COPD, neutrophilic cytokines predominate, including 
IL-6, IL-8, and IL-1β.34

In a biological clustering analysis, ACO was found to 
have higher sputum levels of IL-1β, tumor necrosis fac-
tor alpha (TNFα), IL-8, and IL-10.23 COPD had elevated 
sputum levels of IL-6 and CCL13.23 In this cohort, the 
best discriminator between asthma, COPD, and ACO 
was sputum IL-1β levels greater than 130 pg/mL and 
TNFα levels greater than 5 pg/mL. These elevated cyto-
kine levels were found only in the ACO subjects. Others 
measured IL-1β, IL-6, IL-8, IL-10, and TNFα in a cohort 
of ACO patients before and after treatment with omali-
zumab, an anti-IgE therapy. There were no differences 
in these cytokine levels after treatment.35 This may be 
because a higher level of bacterial colonization in ACO, 
rather than allergic inf lammation, was driving these 
cytokines.32

Others have compared healthy volunteers, COPD, and 
ACO. �ey found that sputum levels of neutrophil gelati-
nase-associated lipocalin (NGAL) and myeloperoxidase 
(MPO) were signi�cantly elevated in the ACO group when 
compared to the other groups.36

14.5.2  SERUM AND SPUTUM 
BIOMARKERS

Serum biomarkers have also been sought to help better 
delineate asthma, COPD, and ACO (Table 14.4). �ese bio-
markers have focused on in�ammatory markers includ-
ing peripheral eosinophilia, IgE, and other in�ammatory 
cytokines.

14.5.2.1 Peripheral eosinophilia

Along with increases in sputum eosinophilia, peripheral 
eosinophilia has been reported in ACO. In fact, peripheral 
eosinophilia of 5% or higher has been used as a minor crite-
ria for ACO.10 Likewise, when comparing asthma and ACO, 
those in the asthma group had a higher percentage and 
absolute number of peripheral eosinophils.8

14.5.2.2 IgE levels and allergy testing

IgE has long been known as a serum marker of allergic in�am-
mation and asthma. Because of these correlations, it has been 
investigated in ACO. An elevated IgE modestly increases the 
probability of asthma but does not rule out COPD.1 It is also 
reported that there is a large subset of COPD patients (35%) 
with allergic sensitization that have elevated IgE levels.37 
When comparing ACO and asthma, ACO had signi�cantly 
higher IgE levels (322 U/mL) compared to the asthma group 
(199 U/mL).28 When comparing ACO to COPD, those with 
ACO had higher serum levels of IgE, however, in�uencing 
that �nding was the fact that serum IgE levels of >100 IU/mL 
were used as a minor criteria for the diagnosis of ACO.10

Table 14.4 Serum analysis

Asthma COPD ACO

Peripheral cytology Eosinophilic Neutrophilic Eosinophilic
IgE levels + –a +/–b

Serum cytokines
CRPc – + +
TNFc – + +
IL-6d – + +
IL-8c – + +
IL-17e – + +
IL-18e – + +
sRAGEf – +
SP-Af – +
Plasma nitratesg – + –

a Found to be higher than asthma (Cosio BG et al., Chest, 149, 45–52, 2016.)
b Up to 35% of individuals with COPD have an elevated IgE (Tamada T et al., Int J Chron Obstruct Pulmon Dis., 10, 2169–2176, 2015.)
c CRP, TNFa, IL-8 higher in COPD and ACO than healthy controls (Miravitlles M et al., Respir Med., 107, 1053–1060, 2013; Garcia-Rio F 

et al., Respir Res., 11, 63, 2010.)
d IL-6 increased in ACO compared to asthma and healthy controls. (Fu JJ et al., Allergy Asthma Immunol Res., 6, 316–324, 2014.)
e IL-17 and IL-18 higher in ACO and COPD than asthma and healthy controls. (Soodaeva S et al., Eur Resp J., 46, 2015.)
f Iwamoto H et al., Eur Respir J., 43, 421–429, 2014.
g Miravitlles M et al., Respir Med., 107, 1053–1060, 2013; Garcia-Rio F et al., Respir Res., 11, 63, 2010.
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IgE levels to speci�c aeroallergens have also been stud-
ied. In a large population dataset, those with ACO were 
more likely to have elevated levels of IgE to house dust mite, 
cat dander, Timothy grass, or Cladosporium compared to 
COPD and healthy controls. �e levels of sensitization were 
similar to those with asthma.6 Skin-prick testing to com-
mon allergens including cat, dog, dust mite, grasses, and 
fungi were performed in those with ACO and asthma. 
Overall, there were similar levels of positive skin-prick tests 
in those with ACO and asthma.8 Taken as a whole, these 
data suggest that allergic sensitization may play a role in 
ACO. However, when interpreting IgE levels, the race, age, 
and gender of the patient must be taken into account, as the 
female gender and Hispanic and African American groups 
have been found to have higher levels of IgE.38

14.5.2.3 Inflammatory cytokines

Systemic in�ammation plays a prominent role in the patho-
genesis of COPD and its comorbidities. C reactive protein 
(CRP), tumor necrosis factor alpha (TNFα), IL-8, and 
nitrates all are higher in COPD than healthy controls.39,40 
�ese in�ammatory biomarkers also have been examined 
in ACO. CRP, TNFα, and IL-8 were all elevated in both 
COPD and ACO. �e only di�erence was that the plasma 
nitrates/nitrates were much lower in ACO compared to 
COPD.9 Others show that IL-6 is increased in ACO com-
pared to healthy controls, asthmatics40 and COPD.30 Serum 
IL-17 and IL-18 also were higher in ACO and COPD than 
in asthma and healthy controls.41

Other potential novel biomarkers have also been inves-
tigated. Plasma-soluble receptor for advanced glycation end 
products (sRAGE) is shown to be elevated in ACO as com-
pared to asthma patients, and surfactant protein A (SP-A) 
is postulated to help di�erentiate overlap from asthma, but 
not overlap from COPD.36 Amyloid A also has been evalu-
ated and no di�erences between COPD, healthy, and ACO 
groups were found.7

14.6 EXHALED NITRIC OXIDE TESTING

Exhaled nitric oxide (NO) has been used in a clinical con-
text since the late 1990s. Papi was the �rst to associate ele-
vated sputum eosinophilia and increased exhaled NO with 

reversible air�ow obstruction, a disease feature typically 
associated with asthma.28 Furthermore, Papi et al. found that 
exhaled NO concentrations, but not percentage of sputum 
eosinophilia, correlated with degree of air�ow reversibility. 
More recently, Chou found that in patients with COPD, there 
are signi�cant correlations between exhaled NO and spu-
tum eosinophilia.42 As with all tests, there are limitations to 
exhaled NO concentrations as Barnes notes in a review that 
reports that current smoking and ICS use reduces exhaled 
NO concentrations.43 �e role of exhaled NO also has been 
investigated in the setting of ACO (Table 14.5).

�e consensus statement set forth by the scienti�c commit-
tees of GINA/GOLD discusses the role of fractional exhaled 
NO (FeNO) in the diagnosis of ACO, and suggests that a high 
level of exhaled NO (>50 ppb) in nonsmokers supports eosin-
ophilic airway in�ammation and, therefore, is supportive of 
ACO. Tamada et al. conducted a study measuring FeNO in 
patients with COPD in an attempt to be able to classify those 
with asthma-like atopic features by objective measures. �e 
authors postulate that the FeNO levels in patients are useful 
to help identify the ACO group.37 �e study was a multicenter 
cross-sectional study that targeted patients with COPD, and it 
ultimately enrolled 331 participants. Authors used PFT values 
to diagnose COPD then added FeNO as a measure of asthma-
like in�ammation. �ey report that the average FeNO was 
20 ppb and 16.3% of those with COPD had a FeNO level of 
>35 ppb. �e authors propose that an FeNO of >35 ppb com-
bined with PFTs supportive of COPD to be diagnostic of ACO. 
Overall, Tamada et al. estimate the prevalence rate of ACO 
is 16.3% in their COPD population based on FENO >35 ppb. 
�is is notable given there is general agreement that among 
those with COPD, 10%–20% have features of asthma.44

14.7 GENETIC TESTING

With an ever-evolving role of genetics used for diagnosis 
and therapeutics, several authors have investigated the role 
of genes in the diagnosis of asthma-COPD overlap.

Christenson and colleagues hypothesize that there are 
partially overlapping airway gene expression changes in 
asthma and COPD, and that these genetic changes can help 
identify a COPD subgroup more similar to asthma.45 To 
examine this, they compared disease-associated airway epi-
thelial gene expression in asthma and COPD cohorts. �e 

Table 14.5 Exhaled nitric oxide

Asthma COPD ACO

FeNOc Elevated in most asthmatics Normal in most with COPD Normal or elevated:
>50PPBa

>35PPBb

a GINA/GOLD. Diagnosis of Diseases of Chronic Air�ow Limitation: Asthma, COPD and Asthma COPD Overlap Synrome (ACO); 2015. 
Available at http://www.ginasthma.org: GINA/GOLD.

b Barnes PJ et al., Chest, 138, 682–692, 2010.
c FeNO testing is in�uenced by current cigarette smoking and use of inhaled corticosteroids.

http://www.ginasthma.org
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authors used a T helper type 2-signature expression score and 
found that this score was highest in a COPD subpopulation 
that had increased asthma-like features, such as increased 
response to ICS, bronchodilator reversibility, blood eosino-
philia, and airway wall eosinophilia. Interestingly, a higher 
score also correlates with decreased lung function, but not 
an asthma history in the COPD cohorts.45

Hardin et al. performed genome-wide-association analy-
ses in an attempt to identify speci�c genes associated with 
ACO. Study subjects were current or former smoking, non-
Hispanic whites or African Americans diagnosed with 
COPD. �e overlap patients were de�ned as having been 
diagnosed with asthma and COPD before the age of 40. �eir 
analysis concludes that while no speci�c genes met genome-
wide association study levels of statistical signi�cance, single 
nucleotide polymorphisms in the genes CSMD1, SOX5, and 
GPR65 are associated with asthma-COPD overlap.24
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CLINICAL VIGNETTE 15.1

An increasing body of evidence shows the occurrence of severe asthma epidemics during thunderstorms in the pollen 
season.

On May 28, 2012, a 36-year-old, 20-weeks-pregnant woman presented to an emergency department (ED) with acute 
shortness of breath, about 2 hours after being outdoors during a thunderstorm.

She was affected by seasonal asthma and sensitized to Parietaria (pellitory of the wall) pollen and was on inhaled 
corticosteroid and long-acting β 2-agonist combination therapy.

She had already been admitted to the ED for severe dyspnea on two previous occasions.
The first time she experienced near-fatal asthma in concomitance with a thunderstorm was in June 2004, and she was 

treated in the ED of the Antonio Cardarelli Hospital in Naples, Italy. The second time she experienced near-fatal asthma 
in concomitance with a thunderstorm, she was admitted to the ED of the same hospital 7 years later, on May 24, 2011, 
despite appropriate treatment with inhaled corticosteroids and bronchodilators.

Since the first episode, the patient had avoided being outdoors when a thunderstorm was approaching.
In 2012 an unexpected thunderstorm occurred while she was driving her motorbike, and she experienced increasing 

dyspnea that had to be treated in the ED some hours later. She was admitted to the ED and was unsuccessfully treated 
with adrenaline, high-dose steroids; then she was intubated and transferred to the intensive-care unit. Despite 4 days 
of systemic therapy with oxygen, methylprednisolone, and albuterol, her clinical picture dramatically improved only 
after infusions of magnesium sulfate, with a normalization of arterial blood gas parameters. At day eight, the patient 
was extubated, steroids were slowly tapered down, magnesium sulfate was infused for two additional days, and fluti-
casone via aerosol was given. Clinical and ultrasound checks did not show any fetal distress. The patient could then be 
discharged with inhalers and oral prednisone. The childbirth occurred with caesarean section at week 32, and the baby 
was in good health with a normal Apgar’s index.
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15.1 INTRODUCTION

�e massive increase of chemical and biologic pollutants 
in the atmosphere over the last century has made poor air 
quality a sentinal environmental issue in many regions 
of the world. �e negative impact of poor air quality on 
human health is now well recognized. �ere are numerous 
well-conducted studies that have con�rmed the association 
between short- and long-term exposure to air pollutants 
and adverse human health e�ects.2–9

�e prevalence of obstructive airway diseases such as 
asthma and chronic obstructive pulmonary disease (COPD) 
has increased dramatically to epidemic proportions world-
wide. Besides air pollution from industry-derived emissions 
and motor vehicles, the rising trend can be explained, in large 
part, by the profound changes in the environments where 
we live around the planet, in both developed and developing 
countries. �e world economy has been transformed over 
the last 50 years with developing countries being at the core 
of these changes. Many of these changes are considered to 
have negative e�ects on respiratory health, and they increase 
the frequency and severity of respiratory diseases such as 
asthma, COPD, and asthma-COPD overlap (ACO) in the 
general population. Increased concentrations of greenhouse 
gases in the atmosphere, especially carbon dioxide (CO2), 
have contributed substantially to global warming of the 
planet, as well as having caused more marked variations in 
temperature, increased air pollution, more frequent forest 
�res, prolonged droughts, severe �oods, powerful thunder-
storms, and more severe and prolonged heat waves, all of 
which can a�ect respiratory health.4

�ese changes in climate and air quality, both outdoors 
and indoors, have a measurable impact not only on the 
morbidity but also on the mortality of patients with asthma 
and other obstructive respiratory diseases such as COPD 
and ACO. �ere is also considerable evidence that subjects 
a�ected by asthma are at an increased risk of exacerbations 
with continuous exposure to gaseous and particulate com-
ponents of air pollution.10

Global warming is expected to a�ect the onset, duration, 
and intensity of the allergenic pollen season as well as the 
rate of asthma and COPD exacerbations due to air pollution, 
respiratory infections, and cold-air inhalation. Control of the 
environment requires attention to exposures that originate 
from both outdoor and indoor environments. �is emphasis 
leading to reduction of outdoor and indoor air pollution can 
help improve symptoms of obstructive respiratory diseases 
and reduce the health burden of these diseases.

Asthma and COPD signi�cantly have a substantial 
economic burden on our health care system. Asthma and 
COPD are among the top 10 chronic medical conditions that 
are associated with signi�cant activity restriction, impaired 
quality of life, and substantial health care utilization.

Asthma is a chronic in�ammatory disorder, character-
ized by reversible airway obstruction and hyperresponsive-
ness. In a Global Initiative of Asthma (GINA) report on the 
burden of asthma, it has been estimated that asthma is one 
of the most common chronic diseases, a�ecting 300 million 
people worldwide.11 �e asthma prevalence rate in the United 
States is approximately 10.9%, representing 35.5 million 
individuals.12 �e number of disability-adjusted life years 
(DALYs) lost due to asthma worldwide has been estimated 
to be approximately 15 million per year. �e economic costs 
associated with asthma account for 1%–2% of total health-
care budgets for developed countries. In the United States, 
the total cost of asthma in 2004 was estimated at $16.1 bil-
lion, with $11.5 billion the result of direct costs (71.4%) and 
$4.6 billion secondary to indirect costs (28.6%).13 �e ERS 
white book, published in 2003, estimated the total costs of 
asthma in Europe at approximately 17.7 billion Euros per 
annuum.14 An estimate of the costs of asthma in children 
in 25 European Union countries in 2005 was estimated to 
be 3 billion Euros. �e use of wheeze as the de�nition for 
asthma leads to a considerably higher cost of 5.2 billion 
Euros. However, it should be noted that the annual costs for 
childhood asthma per country varies widely.15

According to the World Health Organization (WHO), 
COPD “is a lung disease characterized by chronic 
obstruction of lung air�ow that interferes with normal 
breathing and is not fully reversible.” �e pathophysio-
logic spectrum of COPD includes chronic bronchitis and 
emphysema. COPD carries a high mortality burden; it is 
the fourth-leading cause of death in the United States, 
yet it may be largely underdiagnosed.16 COPD is associ-
ated with signi�cant economic burden. In the European 
Union, COPD accounts for 56% (38.6 billion Euros) of 
the cost of respiratory disease. In the United States, the 
estimated direct costs of COPD are $32 billion and the 
indirect costs are $20.4 billlion.16

A signi�cant proportion of patients who present with 
chronic respiratory symptoms, particularly older patients, 
have diagnoses or features of both asthma and COPD, and 
are found to have chronic air�ow limitation (that is not 
completely reversible a�er bronchodilatation). Although 
there is no general agreement to de�ne these patients, the 
term ACO has been proposed by the Science Committees of 
both GINA and GOLD.11,16

As in the previous two episodes, symptoms appeared after a thunderstorm occurred during the Parietaria pollen 
season (pollen count was 36 grains/m3 air on May 28 and 108 grains/m3 on May 27). Main pollutants levels did not show 
any significant change in respect to the previous days.

In conclusion, this case report is a dramatic example of how environmental conditions directly caused by thunderstorms 
can trigger an asthma attack; specifically, it described the first case of relapse of near-fatal thunderstorm-related asthma.1
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ACO patients experience frequent exacerbations, have 
poor quality of life, experience a more rapid decline in lung 
function, and have high mortality rates, and consume a dis-
proportionate amount of health-care resources than asthma 
or COPD alone.11,16

In this chapter, opportunities for intervention to control 
environmental determinants of asthma, COPD, and ACO 
are discussed.

15.2  COMPONENTS OF OUTDOOR AIR 
POLLUTION IN URBAN AREAS

Several studies17–25 con�rmed the negative e�ect of urban 
air pollution on human health and on respiratory diseases.

Air pollutants exert their detrimental e�ects on the lung 
and airways by several mechanisms, such as

1. Attenuation of ciliary activity of airway epithelial cells
2. Increase in permeability of airway epithelium
3. In�ammatory changes in cells of airways and lung 

parenchyma
4. Modulation of cell cycle and death of cells of respiratory 

system

Air pollutants exhibit their proin�ammatory e�ects on 
 airways by causing direct cellular injury or by inducing 
intracellular signaling pathways and transcription factors 
that are known to be sensitive to the oxidative stress.

Epidemiologic studies have demonstrated that urbaniza-
tion, high levels of vehicle emissions, and westernized lifestyle 
are correlated to an increase in the frequency of obstructive 
respiratory diseases prevalent in people who live in urban 
areas compared with those who live in rural areas.17–28

Reduction in exposure to air pollutants to prevent 
asthma episodes can be approached at a policy level through 
changes in indoor and outdoor air pollution and by modify-
ing the lifestyle of asthma patients.

�e most abundant components of air pollution in urban 
areas are nitrogen dioxide (NO2), ozone (O3), and particu-
late matter (PM).

1. Nitrogen dioxide (NO2) is a precursor of photochemi-
cal smog found in urban and industrial regions, and 
is most o�en generated by vehicle exhaust and power 
plants. In conjunction with sunlight and hydrocarbons, 
NO2 results in the production of O3. Similar to O3, NO2 
is an oxidizing pollutant, but has a lower chemical reac-
tivity. NO2 exposure is associated with increased ED 
visits, wheezing, and medication use among children 
with asthma. Controlled exposure studies on asthmatic 
patients have shown that NO2 can enhance the aller-
gic response to inhaled allergens. Furthermore, NO2 
concentrations in ambient air have also been associated 
with cough, wheezing, and shortness of breath in atopic 
patients.24–27

2. As mentioned, ozone (O3) is generated at ground level 
by photochemical reactions involving NO2, hydrocar-
bons, and ultraviolet (UV) radiation. Inhalation of O3 
induces epithelial damage and consequent in�ammatory 
responses in the upper and lower airways manifested 
as increased levels of in�ammatory cells and media-
tors in nasal and bronchoalveolar lavage.24 Exposure to 
increased atmospheric levels of O3 induces a reduction of 
lung function and an increase in airway hyperreactivity 
induced by bronchoconstrictor agents.26,27 Epidemiologic 
studies have provided strong evidence that high ambient 
concentrations of O3 are associated with an increased 
rate of asthma exacerbations, increased hospital admis-
sions, and/or ED visits for all respiratory diseases, 
including asthma. Furthermore, several studies26–31 sug-
gest that O3 increases asthma morbidity by enhancing 
airway in�ammation and epithelial permeability. It has 
been speculated that O3 and other pollutants may render 
allergic-atopic patients more susceptible to the antigen 
they are sensitized.29,30 Beck et al.29 observed that high 
environmental O3 levels enhance allergenicity of birch 
pollen with clinical relevance for susceptible individu-
als. �e acute health e�ects of exposure to ambient O3 
have been examined in many geographical regions. O3 
exposure has both a priming e�ect on allergen-induced 
responses and an intrinsic proin�ammatory action in 
the airways of allergic-atopic asthmatic patients. In the 
long term, continuous exposure to high O3 levels impairs 
respiratory function, and causes or exacerbates airway 
in�ammation in healthy patients and in asthma patients. 
At the population level, long-term exposure to O3 may 
reduce lung function in schoolchildren and adults, and 
increase the prevalence of asthma and asthmatic symp-
toms. In addition, studies have shown that asthma can 
be exacerbated by O3, as measured by increased visits to 
EDs on days with higher levels of O3 and other pollut-
ants. Recently Malig et al.31 explored ozone’s connection 
to asthma and total respiratory ED visits. A multisite, 
time-strati�ed, case-crossover study of O3 exposures for 
approximately 3.7 million respiratory ED visits from 
2005 through 2008 was conducted among California 
residents living within 12 miles of an O3 monitor.31 
�e result was that short-term O3 exposures among 
California residents living near an O3 monitor were 
positively associated with ED visits for asthma, acute 
respiratory infections, pneumonia, chronic obstructive 
pulmonary disease, and upper respiratory tract in�am-
mation from 2005 through 2008. �ose associations 
were typically larger and more consistent during the 
warm season.

3. PM is a mixture of organic and inorganic solid and liq-
uid particles of di�erent origins, size, and composition. 
Ultra�ne particulate matter (UFPM), with diameters of 
0.1 mm or less, is a major byproduct of vehicle emis-
sions. �ese particles accumulate into larger �ne PM 
with a diameter of 2.5 mm (PM2.5, PM with a diameter 
of 2.5 mm or less) within short distances from the point 
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of release. PM10 consists of PM2.5 and larger particles of 
mainly crustal or biological origin, including many aero-
allergens. Based on epidemiological and laboratory stud-
ies32–34 PM2.5 appears to be a more potent agent for the 
development of respiratory and cardiovascular disease 
compared with PM10. PM10 can penetrate the lower air-
ways, and PM2.5 is thought to constitute a notable health 
risk because it can be inhaled more deeply into the lungs 
at the alveoli level. Although human lung parenchyma 
retains PM2.5, particles larger than 5 mm and smaller 
than 10 mm reach the proximal airways only, wherein 
they are eliminated by mucociliary clearance if the 
airway mucosa is intact. A large portion of urban PM 
originates from diesel engines, as diesel exhaust particles 
(DEP), which include other components, such as polycy-
clic aromatic hydrocarbons (PAH).

4. DEPs account for up to 90% of airborne PM in the 
world’s largest cities and are composed of �ne (2.5–
0.1 mm) and ultra�ne (0.1 mm) particles, which can also 
coalesce to form aggregates of varying sizes. PM10 levels 
have been associated with early respiratory exacerbations 
in children with persistent asthma and with higher prev-
alence rates even a�er having considered the dispersion 
of the particles. Although there is compelling evidence 
that ambient air pollution exacerbates existing asthma, 
the link with the development of asthma syndrome is 
still less well established, as few studies provide extensive 
exposure data. Researchers have elucidated the mecha-
nisms whereby �ne particles induce adverse e�ects; 
they appear to a�ect the balance between antioxidant 
pathways and airway in�ammation. Gene olymorphisms 
involved in antioxidant pathways can modify responses 
to air pollution exposure. Acute exposure to diesel 
exhaust causes speci�c e�ects like irritation of nose and 
eyes, headache, lung function abnormalities, respira-
tory changes, fatigue, and nausea, whereas chronic 
exposure is associated with cough, sputum produc-
tion, and diminished lung function. Studies33–36 have 
demonstrated in�ammation in the airways of healthy 
individuals a�er exposure to diesel exhaust and DEP, 
and elevated expression and concentrations of in�am-
matory mediators have similarly been observed in the 
respiratory tract a�er diesel exhaust and DEP exposure. 
Recently, Carlstenet al.21 observed that inhalation of 
diesel exhaust at environmentally relevant concentra-
tions augments allergen-induced allergic in�ammation 
in the lower airways of atopic individuals. Particularly, 
diesel exhaust not only augmented the allergen-induced 
increase in airway eosinophils, interleukin-5 (IL-5), and 
eosinophil cationic protein (ECP), but also augmented 
markers of nonallergic in�ammation and monocyte 
chemotactic protein (MCP)-1, and suppressed activity of 
macrophages and myeloid dendritic cells.21

In the context of outdoor air pollution, we also need to 
consider that open biomass burning plays an important role 
in atmospheric pollution and in climate change.

15.3  POLLUTANTS OF THE INDOOR 
ENVIRONMENT

15.3.1 INDOOR POLLUTANTS

Indoor pollution sources that release gases or particles into 
the air are the primary cause of indoor air quality (IAQ) 
problems in homes and some people feel better as soon as 
they remove the source of the pollution. �ere are many 
sources of indoor air pollution in any home. �ese include 
combustion sources such as oil, gas, kerosene, coal, wood, 
and tobacco products; building materials and furnishings 
including deteriorated, asbestos-containing insulation, wet 
or damp carpet, and cabinetry or furniture made of certain 
pressed wood products; products for household cleaning 
and maintenance, personal care, or hobbies; central heating 
and cooling systems; humidi�cation devices; and outdoor 
sources that seep inside, such as radon, pesticides, and out-
door air pollution.

Some sources, such as building materials, furnishings, 
and household products like air fresheners, release pollut-
ants more or less continuously. Other sources, related to 
activities carried out in the home, release pollutants inter-
mittently. �ese include smoking; the use of unvented or 
malfunctioning stoves, furnaces, or space heaters; the use 
of solvents in cleaning and hobby activities; the use of paint 
strippers in re�nishing activities; and the use of cleaning 
products and pesticides in housekeeping. High pollutant 
concentrations can remain in the air for long periods a�er 
some of these activities. Volatile organic compounds (VOC) 
are emitted as gases from certain solids or liquids. VOCs 
include a variety of chemicals, some of which may have 
short- and long-term adverse health e�ects. Concentrations 
of many VOCs are consistently higher indoors (up to ten 
times higher) than outdoors. VOCs are emitted by a wide 
array of products numbering in the thousands. Microbial 
volatile organic compounds (MVOC) are a variety of com-
pounds formed in the metabolism of fungi and bacteria. 
MVOCs are a�ected by di�erent factors including, but not 
restricted to, the substrate, moisture content of the mate-
rial, and temperature.37 MVOCs can be used as a tracer of 
suspected or hidden microbial contamination, as well as 
in detection of moisture problems, risk of fungal develop-
ment, and sources of odors in buildings.38 �e most obvious 
health e�ect of MVOC exposure is eye and upper-airway 
irritation. However, symptoms of irritation have appeared 
at MVOC concentrations several orders of magnitude 
higher than those measured indoors (single MVOC levels 
in indoor environments have ranged from a few ng/m3 up 
to 1 mg/m3).39 Organic chemicals are widely used as ingre-
dients in household products. Paints, varnishes, and wax all 
contain organic solvents, as do many cleaning, disinfecting, 
cosmetic, degreasing, and hobby products. Fuels are made 
up of organic chemicals. All of these products can release 
organic compounds while being used and, to some extent, 
when stored. Poor ventilation can increase indoor pollutant 
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levels as a result of inadequate outdoor air exchange, which 
is necessary to dilute indoor sources of emissions and to 
allow the escape of indoor air pollutants from the home. 
Elevated temperature and humidity levels can also increase 
concentrations of some pollutants. IAQ refers to the air 
quality within and around buildings and structures, espe-
cially as it relates to the health and comfort of building 
occupants. Understanding and controlling common pollut-
ants indoors can help reduce an inhabitant’s risk of indoor 
health problems.

With respect to indoor pollution, few studies have asso-
ciated levels of air pollutants other than environmental 
tobacco smoke with increase asthma and COPD preva-
lence or symptoms. Environmental tobacco smoke is one 
of the most signi�cant risks for respiratory symptoms and 
diseases worldwide. Consistent results support short-term 
(aggravation) and, less commonly, long-term (prevalence 
augmentation) e�ects on asthma related to poor indoor air.

�e data available are also reliable for indoor nitrogen 
dioxide and PM, which have been associated with asthma 
and COPD. Whereas formaldehyde and VOC seem to be 
the main pollutants in indoor settings, relevant studies on 
asthma are still lacking.4

15.3.2 INDOOR ALLERGENS

�e most common indoor allergens are dust mites, furry 
pets, cockroaches, and molds.40–47

15.3.2.1 Dust mites

�e major dust mite allergens are Der f 1 and Der p 1 
from the two most common house dust mite species, 
Dermatophagoides farinae and Dermatophagoides pteron-
yssinus. Several di�erent approaches to dust mite allergen 
exposure reduction have been studied, and they focus on 
source removal (i.e., killing the dust mites) and/or removal 
of the allergen. As the major dust mite allergens are car-
ried on larger particles (>10 microns), they quickly settle to 
dependent surfaces a�er disturbance of the reservoir. �e 
primary avoidance measure approaches include interven-
tions that target the bed. �ese include frequent washing of 
all bed linens in hot water and use of allergen impermeable 
mattress. It is also e�ective to pull up carpet and apply acar-
icides or allergen-denaturing agents. Application of acari-
cides and allergen-denaturing agents is cumbersome, but 
one Cochrane review suggests that acaricides may be bene-
�cial.41 However, further studies are needed to o�er a de�ni-
tive recommendation. Home or room dehumidi�cation, 
with a goal of reducing relative humidity less than 45% can 
reduce dust mite populations. Sustained reduction of indoor 
relative humidity is di�cult to achieve, and carpet removal 
is expensive and of unclear bene�t. First-line approaches 
to reduce dust mite allergen exposure include washing of 
bed linens and use of allergen-impermeable mattress and 
pillow encasements, as these measures are highly e�ective 
in reducing dust mite allergens in the bed. In studies with 

carefully selected patients who are very likely to have dust 
mite–driven asthma, dust mite interventions that result in 
a substantial reduction in dust mite allergen levels showed 
a clinical bene�t.40

15.3.2.2 Furry pets

�e most common furry pets are cats and dogs. Cat and dog 
allergens can be found in virtually all homes, but, not sur-
prisingly, homes with pets contain much higher levels of the 
allergens than homes without pets. �e major dog allergen is 
Can f 1 and the major cat allergen is Fel d 1. �ese allergens, 
in contrast to dust mite and cockroach allergens, are pre-
dominantly carried on smaller particles (<10–20 microns) 
so remain airborne for long periods and are readily detect-
able in air samples from homes. A recent study addressed 
the question of whether certain dog breeds are “hypoal-
lergenic” by measuring dog allergen levels in dust and air 
samples collected from homes with a variety of dog breeds, 
including ones considered hypoallergenic. �e investigators 
found that homes with hypoallergenic dogs had similar lev-
els of dog allergen as homes with nonhypoallergenic dogs. 
Almost all studies support the notion that signi�cant reduc-
tions in animal allergen levels require source removal (relo-
cating the pet). Even a�er removing the pet from the home, 
it can take several months before signi�cant reductions in 
allergen levels are observed. However, there is no evidence 
supporting the hypothesis that sustained animal allergen 
exposure leads to tolerance and is therefore better or equiv-
alent to pet removal from the home in asthma management, 
so this cannot be a recommended approach for pet-allergic 
asthmatics.40 However, given the unconditional love pro-
vided by pets to their owners, complete avoidance is o�en 
not practical, and therefore interventions such as remov-
ing the pet from the bedroom and main activity room; 
frequent vacuuming; HEPA �ltration in the bedroom and 
main activity room; cheese cloth or vent �lters over out�ow 
vents into the bedroom; protective encasements for pillows, 
mattresses, and box springs; and frequent washing of bed-
ding may help signi�cantly reduce the patient’s total aller-
gen burden. Furthermore, allergen immunotherapy may be 
very e�ective at mitigating symptoms allowing patients to 
keep their pets.42

15.3.2.3 Cockroaches

�e most common cockroaches in U.S. inner cities are the 
German and American cockroaches, and the major German 
cockroach allergens, Bla g 1 and Bla g 2, are the best stud-
ied in terms of health e�ects. Cockroach allergen exposure 
among sensitized inner-city children with asthma was �rst 
linked to asthma morbidity by the National Cooperative 
Inner-City Asthma Study (NCICAS) in 1997. Since then, the 
link with asthma morbidity has been replicated, and highly 
e�ective methods based on integrated pest management 
principles to reduce cockroach allergen levels have been iden-
ti�ed. Moreover, in a successful multifaceted environmental 
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intervention in inner-city children with asthma, the degree 
of reduction in cockroach allergen was correlated with the 
degree of improvement in asthma symptoms, providing 
strong support for recommending cockroach allergen envi-
ronmental control measures as an integral part of asthma 
management in cockroach-sensitized children with asthma.40

15.3.2.4 Molds

�ere are a very large number of mold species, but very 
few have been well studied with respect to their e�ects on 
asthma. Molds can be found in both indoor and outdoor 
environments. Aspergillus and Penicillium species are 
among the most common indoor molds, and Alternaria 
can be found in both indoor and outdoor environments but 
is considered the outdoor mold causing the most clinical 
symptoms in mold-sensitized individuals.

Sensitization to molds has been associated with increased 
asthma severity and death, hospital admission and intensive 
care admissions in adults, and increased bronchial reactiv-
ity in children.43–48 In a retrospective study of 11 asthmatic 
patients who had a respiratory arrest, 10 out of 11 were skin-
test-positive for Alternaria alternata.46

Black et al. reported that 20 of 37 patients (54%) admit-
ted to the ICU for asthma had a positive skin test for one or 
more fungal allergens.47 Targonsky et al. reported that, dur-
ing the pollen season, mean concentrations of mold spores, 
but not tree, grass, or ragweed pollen, were signi�cantly 
higher on the days when there were deaths related to asthma 
compared to days when no asthma deaths were recorded.48

�e pathogenetic mechanisms by which certain mold 
allergens induce more severe airway disease compared to 
other common allergens remain to be elucidated. A possible 
explanation is that fungi, compared to other allergens, have 
the additional ability to actively germinate and infect the host 
skin or attempt to colonize the respiratory tract. It was sug-
gested that mold allergens acting in concert with other nonal-
lergen proteins or toxins produce an enhanced host response. 
For example, mold release mVOC, which manifest as the mil-
dew odors associated with mold contaminated areas. �ese 
mVOCs have been reported to cause a spectrum of irritant 
upper and respiratory symptoms in exposed individuals with 
or without rhinitis and asthma.49 Because molds prefer warm, 
moist environments, mold growth can be decreased by inter-
ventions that reduce moisture and humidity, such as dehu-
midi�cation, air conditioning, and increased ventilation.

Humidi�ers and vaporizers increase indoor humidity, 
and can become colonized with mold, so they should not 
be used in homes of people with asthma. If small amounts 
of molds are already present, thorough cleaning with fungi-
cides is recommended using personal protective equipment 
(e.g., a NIOSH N95 rated respirator). If cleaning is not possi-
ble, the item should be eliminated. Keeping windows closed 
to reduce exposure to outdoor molds and running the air 
conditioner, which acts as a natural dehumidi�er, will help 
prevent indoor mold growth. However, it is important to 
avoid perfrigeration or frosting, which can occur when the 

indoor temperature is lower than 75–77°F. A HEPA room air 
�lter may also help, but this intervention has not been exten-
sively studied.50 Water leaks can contribute to the growth 
of indoor molds, so it is important to prevent and eliminate 
water intrusion wherever possible. When outdoors, patients 
should avoid heavy exposure to moldy vegetation and use a 
properly �tting particulate mask when working with moldy 
material, such as mulching. Although there have been 
no randomized trials of mold abatement in persons with 
asthma, there is adequate evidence to recommend these 
basic interventions to reduce exposure for mold-sensitized 
patients with asthma. Furthermore, the NAEPP and Joint 
Task Force Practice Parameter guidelines recommend con-
sidering measures to control indoor dampness and molds.51

15.4  EFFECTS OF CLIMATE CHANGE 
ON AIR POLLUTION AND 
ALLERGENIC POLLEN

Climate change may a�ect air pollutant levels in several ways: 
regional weather (e.g., changes of wind patterns, amount 
and intensity of precipitation, and increase of temperature), 
the severity and frequency of air pollution episodes, and on 
anthropogenic emissions. For example, an increase of energy 
demand for space heating or cooling can lead to enhance-
ment of the urban heat island e�ect, which may increase 
some secondary pollutants (i.e., ozone) and indirectly lead 
to increased natural sources of air pollutant emissions, such 
as decomposition of vegetation, soil erosion, and wild�res.2–4

Tropospheric ozone (O3) is formed in the presence of 
bright sunshine and elevated temperatures by the reaction 
between VOC and nitrogen oxides (NO), both emitted from 
natural and anthropogenic sources. An association between 
tropospheric ozone concentrations and temperature has been 
demonstrated from measurements in outdoor smog cham-
bers and from measurements in ambient air, even if it does 
not occur when the ratio of VOC to NO is low. Tropospheric 
ozone concentrations are increasing in most regions, and this 
trend is expected to continue over the next 50 years.

Pollen from birch trees that have been exposed to higher 
ozone levels induce larger wheal and �are responses in 
skin-prick tests compared to lower ozone-exposed pollen, 
suggesting that ozone increases allergenicity of pollen.2–4 
Changes in temperature and precipitation may also increase 
frequency and severity of forest �res, which can have signi�-
cant public health consequences. Changes in wind patterns 
may increase episodes of long-distance anemophilous spread 
of pollutants and pollen grains, thereby making large-scale 
circulation patterns as important as regional exposures.2–4

Climate change appears to induce an increased concen-
tration of all health-related air pollutants. Climate change 
in�uences not only the levels and the type of air pollu-
tion but also allergenic pollens. Global warming a�ects the 
onset, duration, and intensity of the pollen season as well 
as the allergenicity of the pollen. Studies on plant responses 
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to elevated atmospheric levels of CO2 indicate that plants 
exhibit enhanced photosynthesis and reproductive e�ects 
and produce more pollen. Moreover, the plants �ower earlier 
in urban areas than in corresponding rural areas, with ear-
lier pollination of about 2–4 days. Over the last few decades, 
many studies have shown changes in production, dispersion, 
and allergen content of pollen and spores, and the nature of 
the changes may vary in di�erent regions and between spe-
cies. Current knowledge on the worldwide e�ects of climate 
change on respiratory allergic diseases is provided by several 
studies on the relationship between asthma and environmen-
tal factors, such as meteorological variables, airborne aller-
gens, and air pollution. Published data suggest an increasing 
e�ect of aeroallergens on allergic patients, leading to a greater 
likelihood for development of an allergic respiratory disor-
der in sensitized patients and aggravation of symptoms in 
patients already diagnosed with these conditions.2–10

15.4.1  THUNDERSTORM ASTHMA AND 
REDUCTION OF THE RISK OF 
ASTHMA CRISES

According to current climate change scenarios, there will be 
an increase in intensity and frequency of heavy rainfall epi-
sodes, including thunderstorms explained by the fact that 
warmer air carries more moisture, leading to heavier rain-
falls. �understorm asthma is a term used to describe an 
observed increase in acute bronchospasm cases following 

the occurrence of thunderstorms in the local vicinity.52,53 
Associations between thunderstorms and asthma morbid-
ity have been identi�ed in multiple locations around the 
world, predominantly in Europe and in Australia, during 
the pollen season, and it is now recognized that thunder-
storms are a risk factor for asthma attacks in patients su�er-
ing from pollen allergy (Table 15.1 and 15.2).52,53

�understorms can concentrate pollen grains at ground 
level, which may release allergenic particles of respirable size 
into the atmosphere a�er they rupture by osmotic shock. 
�erefore, during the �rst 20–30 minutes of a thunderstorm, 
patients su�ering from pollen allergy may inhale a high con-
centration of the allergenic material that is dispersed into the 
atmosphere.54–63 On 21st November 2016, there was a very 
unusual weather occurrence with wind and torrential rain 
combined with a high pollen count, sending high quantity 
of pollen allergens across the city in Melbourne, Australia. 
Hospitals were swamped with emergency patients a�ected 
by a thunderstorm-related severe asthma attacks (more than 
8,500 patients in Emergency Departments and 8 died).63

15.5  MEASURES TO IMPROVE 
OUTDOOR AIR QUALITY

A signi�cant amount of research still needs to be con-
ducted to better understand the health impact of air pol-
lution. Future investigations should use a multidisciplinary 

Table 15.1 Thunderstorm-associated asthma outbreaks worldwide57–63

Year/Country/Observations

• 1983 U.K.: 26 sudden cases of asthma attacks in relation to thunderstorms
• 1992 Australia: Late-spring thunderstorms in Melbourne were observed to trigger epidemics of asthma attacks (5 to 

10-fold rise).
• 1997 U.K.: Asthma or other airways disease hospital visits were noted to increase; 640 cases visited the ED during a 

30-hour period in June 1994, nearly 10 times the expected number.
• 1992–2000 Canada: 18,970 hospital ED asthma visits among children 2–15 years of age were noted. Summer 

thunderstorm activity was associated with an OR of 1.35 (95% CI 1.02–1.77) relative to summer periods with no 
thunderstorm activity.

• 1993–2004 U.S.: 215,832 asthma ED visits were observed, of which 24,350 of these visits occurred on days following 
thunderstorms. A signi�cant association was found between daily counts of asthma ED visits and thunderstorm 
occurrence. Asthma visits were 3% higher on days following thunderstorms.

• 2000 Australia: Asthma visits during thunderstorms increased. History of hay fever and allergy to ryegrass were strong 
predictors for asthma exacerbation during thunderstorms in the spring.

• 2001 Australia: The incidence of excess hospital attendances for asthma during late spring and summer was strongly linked to the 
occurrence of thunderstorm out�ow.

• 2002 U.K.: A case–control study of 26 patients presenting to Cambridge University Hospital with asthma after a 
thunderstorm found that Alternaria alternata sensitivity was a compelling predictor of this asthma epidemic in patients 
with seasonal asthma; grass pollen allergy was also found to be an important factor in thunderstorm-related asthma.

• 2004 Italy: Six cases of thunderstorm-related asthma because of pollen (Paretaria) were reported.
• 2010 Italy: Twenty cases of thunderstorm-related asthma because of pollen (olive tree) were reported.
• 2010 Australia: Epidemics of thunderstorm asthma that occurred in Melbourne during the spring found that the spring 

season in conjunction with heavy winter rainfall in and around Melbourne predicted a severe pollen season and raised 
the risk of allergic rhinitis and asthma in pollen-sensitive individuals.

• 2016 Australia: More than 8,500 people were affected by severe asthma attacks and nine died.
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approach incorporating biologic, genetic, epidemiologic, 
and clinical methods. However, public health approaches 
to decrease the general public’s exposure to air pollution 
should take into consideration the following goals:

 ● Reduce the use of fossil fuels and control vehicle emissions
 ● Reduce private tra�c in towns and improve public 

transportation, which also favors pedestrian tra�c
 ● Plant nonallergenic trees in cities4

As for the last point, it is important to consider that unfor-
tunately each year, hectares of forests are destroyed by large 
�res, frequently due to criminal intent. Moreover, although 
there is no general agreement, increasing the antioxidant 
defenses of the human airways by eating antioxidant foods 
should be encouraged. Governments and international 
organizations such as WHO and European Union are facing 
a growing problem related to the respiratory e�ects induced 
by gaseous and particulate pollutants arising from motor 
vehicle emissions. �e last release of the Intergovernmental 
Panel on Climate Change (IPCC) stated that climate change 
is very likely due to human activity. �is statement is sup-
ported by an impressive amount of data published in the last 
several years, which have had an impact on policymakers 
who are now advocating implementation of preventive mea-
sures (such as the Kyoto Protocol) and alternative energy 
sources. �e desired positive e�ects of these measures will 
hopefully be observable in the next decade, but, in the short 
term, global temperature will continue to increase despite 
these aggressive air-quality improvement measures.

�e detrimental e�ects of ambient air pollution can be 
reduced by decreasing the time spent on outdoor activities, 
and the level of activity when the air quality index (AQI) 
is higher than a speci�ed level. �e AQI is a number used 
by government agencies to communicate to the public the 

current degree of air pollution or how polluted it is fore-
casted to become. It is calculated from four major air pollut-
ants: ground level O3, particle pollution, CO, and SO2.

�e AQI tells people how clean or unhealthy the air is and 
what associated health e�ects might be a concern. �e AQI 
can be found on government websites; in the local media, 
such as newspapers and television; and through mobile 
phones applications. When the AQI reaches a certain high 
level, people should reduce the time outdoors and avoid exer-
cising in polluted air. AQI values can vary from one season 
to another and in di�erent places even in the same city, and 
at di�erent times of day. In urban areas, CO may be high in 
the central area during rush hours because of large numbers 
of vehicles and usually poor air�ow. O3 level is o�en higher 
in warmer months and peaks in the a�ernoon to early eve-
ning. Particle pollution is o�en elevated near busy roadways, 
especially during morning or evening rush hours.

Subjects with chronic respiratory disease, such as COPD 
and asthma, should adapt their daily activity according to 
the local AQI report.64

Wearing personal protective equipment (N95 mask or 
equivalent) might be useful for avoiding detrimental e�ect 
of ambient air pollutants. Masks have been proven useful in 
reducing respiratory virus transmission during a pandemic. 
Using a nose mask during haze environment can help peo-
ple to prevent adverse e�ects from vehicular pollution.64

Masks can be divided into at least two categories. One 
type works by mechanical �ltration that reduces the PM and 
the other by absorbing gaseous chemicals through the acti-
vated carbon inside. Surgical facemasks and plain facemasks 
are designed for preventing and avoiding the spread of spill-
age droplets, and �ltering out large particulate materials usu-
ally hundreds of micrometers in size. But they are not of any 
use in preventing inhalation of �ne articles like PM2.5. N95 
and R95 facemasks are e�cient �lter masks that can absorb 
as high as 95% of airborne particles in the inhaled air.64 �e 
later type is more e�cient and is recommended as an e�cient 
protective measure in minimizing exposure to gas emissions. 
But the disadvantage of these kinds of masks are obvious: 
they are not comfortable due to their high-respiratory resis-
tance and cannot be worn for a long time. �e e�ciency of air 
�ltration and chemical absorption will be lowered when used 
for a certain time, and frequent replacement would result in 
a high �nancial burden. To date, there is no recommended 
guidance for masks in preventing the e�ects of air pollution.

15.5.1  THE FARM ENVIRONMENT IS ABLE 
TO REDUCE THE RISK OF ASTHMA

�e relationship between exposure to a farming environ-
ment and the reduced risk of asthma has been investigated 
in several studies, however there is still much to  understand. 
Exposure to a farming environment seems to protect indi-
viduals from respiratory allergy. �e timing and duration of 
exposure seem to play critical roles. �e largest reduction in 
risk of developing respiratory allergies is seen among those 

Table 15.2 Characteristics of thunderstorm-associated 
asthma epidemics

1. The occurrence of epidemics is closely linked to 
thunderstorms.

2. The thunderstorm-related epidemics are limited to late 
spring and summer, when there are high levels of 
airborne pollen grains.

3. There is a close temporal association between the 
arrival of a thunderstorm, a major rise in the 
concentration of pollen grains, and the onset of 
epidemics.

4. Patients with pollen allergy, who stay indoors with the 
windows closed during a thunderstorm, are not 
affected.

5. There are no high levels of gaseous and particulate 
components of air pollution.

6. There is a major risk for patients who are not under 
adequate asthma treatment.

7. Patients with allergic rhinitis and without previous 
asthma can experience severe bronchoconstriction.
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who are exposed prenatally and continuously therea�er. Von 
Mutius et al. carried out a study analyzing the impact of di�er-
ent environmental and social conditions on the development 
of allergies in two genetically homogeneous populations. �e 
prevalence of asthma and allergic disorders was assessed in 
reuni�ed Germany (in the former East Germany and in the 
former West Germany). �e results showed that hay fever, 
skin-test reactivity to common aeroallergens, and asthma 
were considerably more prevalent in western Germany, where 
air quality was lower due to  tra�c-related air pollutants and 
NO2 exposure as compared to eastern Germany.65

�e Amish and Hutterites are U.S. agricultural popula-
tions whose lifestyles are remarkably similar in many respects 
but whose farming practices, in particular, are distinct; the 
former follow traditional farming practices whereas the lat-
ter use industrialized farming practices. �e populations also 
show striking disparities in the prevalence of asthma, and little 
is known about the immune responses underlying these dis-
parities. Stein et al.66 studied environmental exposures, genetic 
ancestry, and immune pro�les among 60 Amish and Hutterite 
children, measuring levels of allergens and endotoxins, and 
assessing the microbiome composition of indoor dust samples. 
Despite the similar genetic ancestries and lifestyles of Amish 
and Hutterite children, the prevalence of asthma and aller-
gic sensitization was four and six times as low in the Amish, 
whereas median endotoxin levels in Amish house dust was 
6.8 times as high. Profound di�erences in the proportions, 
phenotypes, and functions of innate immune cells were also 
found between the two groups of children. In a mouse model of 
experimental allergic asthma, the intranasal instillation of dust 
extracts from Amish but not Hutterite homes signi�cantly 
inhibited airway hyperreactivity and eosinophilia. �e results 
of the study by Stein et al. in humans and mice indicate that 
the Amish environment induces protection against asthma by 
engaging and shaping the innate immune response.66

15.6  MEASURES TO IMPROVE INDOOR 
AIR QUALITY

Air �ltration is frequently recommended as a component 
of environmental control measures for patients with aller-
gic respiratory disease. �e association between preventive 
asthma care and comprehensive environmental control prac-
tices was examined in a review of 3,727 adults with asthma 
using data from the Four-State National Asthma Survey.67 
Comprehensive management was de�ned as the implemen-
tation of combinations of at least �ve of eight measures. Air 
�ltration was found to be the fourth (27.4 %) most commonly 
implemented strategy, preceded only by no smoking (80%), 
no pets (53.9 %), and washing sheets in hot water (43.2 %), and 
followed by pillow covers (23.7 %), mattress covers (23.4 %), 
no carpets (14.5 %), and use of a dehumidi�er (13.8 %).

Residential air �ltration can be provided by whole house 
�ltration (WHF) via the home’s heating, ventilation, or air 
conditioning system (HVAC); by portable room air cleaners 

(PRACs); or a combination of the two. Use of high-e�ciency 
particulate air (HEPA) �lters reduce airborne allergens in 
the indoor environment and may provide clinical bene�ts 
for patients with respiratory allergies.68 �e role of air �ltra-
tion in disease prevention has been studied for a long time 
but it continues to be debated. Several investigations have 
demonstrated that indoor air cleaning devices can reduce 
concentrations of asthma triggers in indoor air. Recently, 
Brown et al. evaluated the performance of di�erent grades 
of �lters in a modeling, identifying �lters to be e�ective at 
reducing airborne asthma triggers by at least 50%. Several 
studies examined the e�cacy of air �ltration in reducing 
airborne pet allergen levels and improving asthma in sen-
sitized patients.67–70 Overall, these studies have found that 
this approach only modestly reduces airborne allergen lev-
els and is not e�ective to improve symptoms of asthma.

Of course, it is important to abolish indoor smoking to 
reduce the risk for asthma worsening/exacerbations in asth-
matic subjects.

CONCLUSIONS AND KEY POINTS

A body of evidence suggests that major changes induced by 
human activity to our planet are occurring and involve air 
quality and global warming.

In this chapter we have tried to focus on the following 
points based on scienti�c evidence:

 ● Currently, it is primarily the pollution generated by 
vehicles that degrades the quality of air in the cities of 
industrialized countries, whereas industrial pollution 
still constitutes the largest source of air pollution in 
countries undergoing progressive industrialization.

 ● Climate change a�ects the social and environmental 
determinants of health—clean air, safe drinking water, 
su�cient food, and secure shelter. �e direct health 
costs estimated by the WHO will be between $2 and $4 
billion per year by the year 2030.

 ● Exposure to air pollution has been linked to many signs 
of allergic respiratory diseases, including asthma and 
COPD exacerbations, increased bronchial hyperrespon-
siveness, increased medication use, visits to EDs, and 
hospital admissions.

 ● Asthma and COPD are heterogeneous diseases that are 
strongly in�uenced by environmental factors. Many of these 
factors are in�uenced by meteorological events and climate 
change that vary in type and intensity across the world.

 ● Respiratory and primary health professionals are key to 
ensuring that awareness of the importance of clean air 
is raised, that patients are getting the right advice with 
regards to both short- and long-term exposure.

 ● Air pollution is associated with mortality and morbidity 
from respiratory and cardiovascular disease.

 ● PM and O3 are aggravating factors of asthma and 
increase the e�ects of airborne allergens through vari-
ous mechanisms.
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 ● Living near heavy tra�c roads is associated with 
impaired respiratory health and lung development.

 ● Subjects living in urban areas tend to be more a�ected 
by plant-derived respiratory disorders than those living 
in rural areas.

 ● Global warming e�ects the onset, duration, and inten-
sity of pollen season (longer and more intense).

 ● Subjects a�ected by pollen allergy should be alerted to 
the danger of being outdoors during a thunderstorm 
during the pollen season.

Since strategies to reduce climate change and air pollu-
tion are political in nature, citizens and health professionals 
must voice their strong support for clean policies on both 
the national and international level.71
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16.1 INTRODUCTION

�e number of people a�ected by obstructive lung diseases 
worldwide represents a signi�cant global health problem. 
�e appropriate management of these patients is essential to 
reducing symptom burden and, as a corollary, maintaining 
and, when possible, improving, lung function. However, the 
treatments available for obstructive lung disease management 
are numerous and cover the spectrum from highly familiar 
inhalants to newer biologic agents. Further complicating the 
matter, the two primary obstructive lung diseases—asthma 
and chronic obstructive lung disease (COPD)—are not treated 
identically. �ere are important di�erences in the recom-
mended therapeutic algorithms for these diseases. Patients 
a�ected by asthma and COPD present with similar complaints 
related to lung function deterioration and air�ow obstruction. 
Many of the therapies available have been approved and uti-
lized for both conditions. However, the approach is funda-
mentally not the same for several critical reasons. Physicians 
treating patients with asthma and COPD must be capable of 
di�erentiating diseases with similar presentations and deter-
mining the most appropriate approach to pharmacologic 
therapy. �e simultaneous di�culty and signi�cance of this 
di�erentiation should not be understated. Using tables, sum-
maries of best practices, and clinical vignettes, we will high-
light the key di�erentiating points between the management 
of asthma and COPD, as well as discuss the overlap syndrome 
between the two that is increasingly being recognized as a 
related but distinct clinical entity. �e goal of this chapter is 
to provide physicians with a useful tool to help them deliver 
high-quality care that is tailored to the correct patient popula-
tion of those burdened by obstructive lung disease.

16.1.1 CLINICAL VIGNETTES

CLINICAL VIGNETTE 16.1

A 35-year-old woman with no known past medical his-
tory comes to her primary care physician to discuss her 
shortness of breath. She noticed increasing dyspnea 
with exertion over the last several weeks of insidious 
onset. She typically takes a brisk walk in the morning for 
several miles without any shortness of breath. However, 
over the last several weeks, she has been progres-
sively limited in the duration and pace of her exercise. 
She notes that this is accompanied by cough on most 
mornings as well. She denies any fever, chills, nasal con-
gestion, rhinorrhea, chest pain, or leg swelling. When 
questioned further, she notes that the cough is present 
at other times of the day as well. She coughs when she 
laughs, intermittently when talking on the phone, and 
at nighttime when she lays down to sleep. She denies 

any reflux, difficulty swallowing, dyspepsia, or other 
nocturnal symptoms. She works as an accountant, does 
not smoke, and denies sensitivity to any airborne par-
ticles. Her family history is as follows: father died at age 
65 from myocardial infarction, mother is still alive at age 
65 and has type 2 diabetes and hypertension, and her 
son at age 7 has eczema. On exam, the patient has a 
clear oropharynx, nasal mucosa is normal, there is no 
cervical lymphadenopathy or jugular venous disten-
tion, cardiac exam is normal and without S3, lungs are 
clear but there is a prolonged expiratory phase as well 
as wheeze on forced exhalation, the abdominal exam is 
normal, and there is no pedal edema.

What would be the next best test to determine the 
cause of the woman’s symptoms?

Spirometry is performed and demonstrates a 
FEV1/FVC ratio that is 0.65 and FEV1 that is 70% of pre-
dicted and reversible by 330 mL to 90% of predicted 
with inhalation of bronchodilator.

What diagnosis is suggested?
The patient likely has asthma. She has an obstruc-

tive lung disease with reversibility, a family history of 
atopy, and symptoms commensurate with asthma. 
The robustness of reversibility argues against COPD 
as do her lack of exposure to a triggering etiologic 
agent for COPD and the episodic nature of her symp-
toms. Other causes, such as upper airway cough syn-
drome, are not as likely without associated symptoms.

What is the suggested first line of therapy for this 
patient?

This patient’s clinical scenario suggests newly diag-
nosed asthma with currently poorly controlled symp-
toms. She should be started on inhaled corticosteroid 
(ICS) therapy at a medium dose concentration or low-
dose concentration/long-acting β 2-agonists (LABA) 
combination. She should also be given a rescue/reliever 
inhaler in the form of short-acting β 2-agonist (SABA).

What is a key step to help increase likelihood of 
success for the regimen above?

It is critical that clinicians demonstrate correct 
inhaler techniques and then ensure patient under-
standing by demonstration. Patient should also be 
provided with an asthma action plan to understand 
what to do if she is not improving and a follow-up 
appointment be scheduled to reassess her condition 
in 4–6 weeks or sooner if she is not improving.

CLINICAL VIGNETTE 16.2

A 22-year-old man with a history of intermittent asthma 
presents to his primary care physician due to worsen-
ing breathing. He notes that he recently cleaned his 
garage and then began having increased wheezing 
and shortness of breath with activities. Additionally, he 
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feels tightness in his chest when he leaves the house 
for work in the morning and notes that his eyes are 
itchy, and he has been sneezing more when outside. 
He feels that these symptoms are due to the pollen 
he has seen on his car. He recently moved to the area 
and denies known aeroallergen sensitivity but states 
there were no oak trees where he lived previously. 
His current medications include as-needed albuterol 
along with two puffs twice daily of 180 mcg/actuation 
inhaled budesonide (low dose). He has been using his 
albuterol multiple times every day. On exam, his ocular 
conjunctiva is injected with cobblestone appearance 
noted. There is boggy, pale nasal mucosa. There is no 
cervical lymphadenopathy. Lungs have wheeze bilat-
erally with diminished air movement. Cardiac exam is 
normal with mild tachycardia. Abdominal exam is nor-
mal. Spirometry revealed and FEV1/FVC ratio of 0.65, 
and an FEV1 of 75% of predicted.

What is the likely cause of the patient’s worsening 
symptoms?

The tree pollen seems to have triggered aller-
gic disease burden in this patient and subsequently 
worsened his asthma control.

What is the next best step in management of the 
patient?

Paramount, the patient requires improved asthma 
control. Control of allergic symptoms should also be 
undertaken, and this will likely improve his asthma over 
time as well; but priority should be made for decreased 
lower respiratory symptoms and improved lung func-
tion. There are options available to step-up therapy. 
Addition of LABA to his scheduled ICS is a very appro-
priate next step. The physician could also consider 
addition of LTRA to his current ICS dose, especially 
given his allergic symptom burden. Alternatively, the 
physician could increase the dose of the ICS.

What is an important next step after the medica-
tion change?

It is critical that a close follow-up appointment be 
made to reassess the patient’s clinical symptoms and 
consider addition of further controllers as needed.

The patient returns in 2 weeks and is feeling much 
improved. He notes that as the pollen has diminished 
and he has been using his new ICS/LABA, he has 
required his rescue SABA only rarely.

Should the regimen be changed?
At this point, it would be prudent to maintain the 

patient on his current controller regimen. Reassess 
the patient again in another 3 months to determine 
if he remains well controlled. If so, the physician and 
patient could discuss step-down to ICS monother-
apy (or lowering of dose based on previous option 
selected) and further management of allergic disease 
with allergy testing and consideration of referral to an 
asthma/allergy specialist.

CLINICAL VIGNETTE 16.3

A 44-year-old woman with a history of asthma returns 
to follow up with her primary care physician. She first 
noticed increased effort breathing and dyspnea on 
exertion 4 months ago, and was limiting her physical 
activities as a result. This shortness of breath was asso-
ciated with frequent coughing. She was already using a 
combination fluticasone/salmeterol inhaler at low dose  
(45 mcg/actuation of fluticasone) with two puffs twice 
daily. At that time, her physician stepped up her con-
troller regimen by increasing the ICS component of her 
combination inhaler to 115 mcg/actuation. The patient 
noticed improvement of her limitations and dyspnea with 
exertion gradually over the last 4 months and now feels 
back to her previous baseline. She has not been having 
cough either at night or during the day, she denies any 
awakening from sleep due to cough or shortness of 
breath, and has resumed her previous physical activities. 
She denies any thrush, hoarseness, dry mouth, or cough 
with use of her inhaler. She can’t remember when the last 
time she needed her rescue inhaler. She is a nonsmoker. 
On exam, her lungs are clear with mildly prolonged expi-
ratory phase on forced exhalation. The remainder of the 
physical exam is normal. Spirometry revealed an FEV1/
FVC ratio of 0.75, and FEV1 of 95% of predicted.

What is the next best step in management?
This patient had an asthma exacerbation that was 

treated with step-up therapy to level 4. She now has 
improved symptoms, and her exam is at baseline. Given 
that she has been controlled for a reasonable length of 
time, it would be prudent to examine the possibility of 
step-down therapy. She does not have any modifiable 
risk factors. The next best step is to reduce the ICS com-
ponent of her inhaler by approximately 50% or to the 
next available strength. Change of her controller inhaler 
to the low-dose ICS/LABA strength and carefully moni-
toring her for symptom change is recommended.

What is a key component of her new management 
plan?

The patient needs to understand her updated 
asthma action plan and have close follow up to ensure 
stability during de-escalation of therapy (see Chapter 21 
on asthma exacerbation management). The physician 
should emphasize the importance of appropriate vac-
cinations (e.g., influenza, pertussis) to help minimize risk 
of further exacerbation.

CLINICAL VIGNETTE 16.4

A 66-year-old man with a 50 pack-year tobacco smok-
ing history presents to his primary care physician. He 
has been dealing with chronic cough that is mildly 
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productive over the last several months. He first 
believed that he had a “chest cold,” but the failure 
of the cough to improve and chronic mucus produc-
tion has caused him to seek his physician’s guidance. 
Upon further questioning, he notes that he has been 
less capable of playing with his grandson in the yard 
over the last several weeks with insidious progression 
of this limitation. He denies any chest pain, palpita-
tions, weight gain, orthopnea, fevers, chills, or recent 
travel or immobility. He takes a baby aspirin daily 
for heart protection but is otherwise on no medica-
tions. He quit smoking 7 years ago when his grandson 
was born. On exam, he has normal nasal and ocular 
mucosa, there is no cervical lymphadenopathy, there 
is no jugular venous distention, cardiac exam is regu-
lar and without displacement of point of maximal 
impulse or presence of S3 gallop, lungs have bron-
chial breath sounds in the periphery bilaterally with 
wheeze on forced exhalation but no dullness to per-
cussion or egophony noted, the abdominal exam is 
normal, and there is no pedal edema. The primary 
care physician orders a complete blood count, a 
chest radiograph, and complete lung functions with 
DLCO. There is no leukocytosis and the differential 
on the white blood cell count is normal. The chest 
radiograph demonstrates hyperinflation but no bul-
lous changes. Complete lung functions reveal a FEV1/
FVC < 0.6, FEV1 predicted of 60%, FEV1 reversibility of 
10%, and a diminished diffusion capacity.

What is the likely diagnosis?
The patient is presenting with symptoms sugges-

tive of chronic airflow limitation and cough that have 
been persistent over the last several months. He does 
not describe significant variability. He has endured 
significant exposure to tobacco smoke. Lung function 
testing demonstrates an obstructive lung disease 
with mild reversibility and impaired diffusion. In total-
ity, the most likely diagnosis is COPD with chronic 
bronchitis phenotype.

What is the next best step in management?
The patient has significant symptoms and limita-

tion of activities and thus controller therapy, and not 
simply rescue or symptomatic therapy, should be initi-
ated. The recommended medication would be long-
acting bronchodilator, either in the form of β 2-agonist 
or anticholinergic. If either does not control his symp-
toms, then a combination of a LABA/long-acting 
muscarinic antagonist (LAMA) can be considered.

CLINICAL VIGNETTE 16.5

A 51-year-old woman with a history of COPD presents 
to her primary care physician for routine follow up. 
She has been on controller therapy for several years 

in the form of combination fluticasone/salmeterol at 
the 250/50 mcg dosing twice a day. Unfortunately, 
she still experiences a chronic productive cough, 
breathlessness with limited activities on most days, 
decreased ambulatory distances, and has been hos-
pitalized twice in the last 12 months for COPD exac-
erbation. She continues to smoke cigarettes though 
she has been able to cut back to half a pack daily with 
the use of nicotine replacement. She is reticent to use 
any alternative smoking cessation pharmacothera-
pies and is not sure she can fully quit smoking. On 
exam, she has a normal oropharyngeal exam, cardiac 
exam is normal, lungs have poor air movement bilat-
erally with bronchial breath sounds and faint wheeze 
appreciated on force exhalation, abdominal exam is 
normal, and there is no pedal edema.

In addition to continuing efforts to help with smok-
ing cessation, what would be the next best step in 
management?

Given that patient has significant symptom burden 
and associated exacerbation history, there are clear 
signs of poor control of her COPD. She is on medium-
dose ICS/LABA combination at present. She would 
now be categorized level D in the GOLD guidelines. 
Step-up therapy is indicated. The best choice would 
be to add long-acting anticholinergic to her regimen. 
Alternatively, roflumilast addition could be consid-
ered, given the patient’s chronic bronchitis pheno-
type. Theophylline would be another consideration.

What other measures would be important for her 
physician to consider?

Patients with this level of disease burden should 
be referred for pulmonary rehabilitation. Also, it is 
paramount that she receive a pneumococcal vaccine 
(unless she has received this already) and a yearly 
influenza vaccination.

CLINICAL VIGNETTE 16.6

A 61-year-old woman presents to her primary care 
physician to discuss her difficulty breathing. She has 
been having progressive difficulty with exercise toler-
ance for the last year but has been largely ignoring it. 
When she spent time with family members recently 
for a reunion, they commented on her exercise limita-
tions which prompted this visit. She endorses chronic 
cough that is occasionally productive during that time 
period as well. Her symptoms of shortness of breath 
and cough are present daily though she notes that 
some days are better than others. She denies any 
weight gain, orthopnea, leg swelling, reflux, weight 
loss, fevers, or chills. She has a history of asthma 
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16.2 MEDICATION CLASSES

16.2.1 SHORT-ACTING β 2-AGONISTS

16.2.1.1 Mechanism

SABAs bind to β2 adrenergic receptors on bronchial smooth 
muscle and other cells, activating the adenylyl cyclase 
enzyme, which increases intracellular levels of cyclic 
AMP. �is results in bronchial smooth-muscle relaxation, 

increased mucociliary clearance, and inhibition of mast cell 
mediator release.1

16.2.1.2 Medications

Albuterol is a 50:50 racemic mixture of the R-albuterol 
and S-albuterol isomers. R-albuterol is responsible for 
the majority of the bronchodilator e�ect, which led to the 
development of levalbuterol, a single enantiomer formu-
lation of R-albuterol. Despite its theoretical superiority, 
there does not appear to be a clinical bene�t over albuterol, 
although some patients report fewer adrenergic side e�ects 
with levalbuterol.2 Onset of action of both medications is 
within minutes of administration and lasts for 4–6 hours. 
When proper technique is used, albuterol administered by 
metered-dose inhaler (MDI) provides the same amount of 
bronchodilation when compared to delivery of medication 
by nebulizer at comparable doses. However, a nebulizer or 
MDI with spacer may be preferred when factors such as age, 
poor coordination, or respiratory distress preclude proper 
MDI technique.

16.2.1.3 Side effects

An exaggerated physiologic tremor is commonly seen with 
SABA use that is temporary and self-limited. Sinus tachycar-
dia and other more serious cardiac arrhythmias can be seen 
in susceptible patients by activation of β1 receptors on car-
diac tissue, however this is uncommon due to the selectivity 
of albuterol and levalbuterol for β2 receptors. Hypokalemia 
can also occur especially with overuse of a SABA.3

16.2.1.4 Use in asthma

SABAs are among the most potent bronchodilators 
approved for use in asthma and are highly e�ective for the 
quick relief of asthma symptoms. �eir use as monotherapy 
should be reserved for those with mild, intermittent asthma 
only, and clinicians should regularly inquire about the fre-
quency of SABA use as a gauge for asthma control. Frequent 
use of SABA is a risk factor for asthma exacerbations and 
asthma related death, which is likely due to poor underly-
ing control; however, the development of tolerance due to 
downregulation of beta receptors in bronchial tissue may 
be a contributing factor.4 SABAs are the drug of choice for 
prophylaxis against exercise-induced bronchospasm.

16.2.1.5 Use in COPD

Similar to asthma, SABAs are used for the quick relief of 
symptoms and exacerbations in COPD. SABAs can be used 
alone or in combination with a short-acting muscarinic 
antagonist (SAMA). �e combination of both SABA and 
SAMA provide more bronchodilation and, therefore, may be 
preferred in patients with stable COPD and daily symptoms.5

diagnosed as an adolescent that during her lifetime 
would occasionally flare requiring use of her rescue 
inhaler. She still had an albuterol inhaler from a pre-
vious visit to a walk-in clinic and has been using this 
with some relief when her dyspneic symptoms are 
more prominent. She is a former smoker with a 20 
pack-year history but quit when she was 40 years of 
age. On exam, there is a clear oropharynx, there is 
no jugular venous distention or cervical lymphade-
nopathy, the cardiac exam is normal and without S3 
or displaced point of maximal impulse, the lungs have 
diminished breath sounds bilaterally with wheeze 
noted in the end of the expiratory phase, there is no 
clubbing, the abdominal exam is normal, and there is 
no pedal edema. A chest radiograph demonstrates 
hyperinflation of the lungs bilaterally with apical bul-
lous changes but no lymphadenopathy or mass. A 
complete blood count is normal and without eosino-
philia on the leukocyte differential. Lung functions are 
obtained and show FEV1/FVC < 0.6, FEV1 of 65% pre-
dicted, mildly diminished diffusion capacity, normal 
lung capacity, and a bronchodilator response with an 
increase of FEV1 by 14% and 240 mL.

What diagnosis is suspected?
This patient has chronic symptoms of airflow limi-

tation and cough that do not demonstrate significant 
variability. Chest radiograph demonstrates hyperin-
flation and bullous changes consistent with emphy-
sema. However, there is marked reversibility of her 
lung obstruction that is uncharacteristic of COPD. 
Furthermore, she has a personal history of asthma 
earlier in life. The most likely diagnosis is asthma-
COPD overlap syndrome (ACO).

What is the next best step in management?
Given the likelihood of ACO in this patient, the 

next step in management should be to start a com-
bination ICS/LABA therapy. She should be carefully 
monitored for symptom improvement and therapy 
escalated as indicated based on her response. 
Additionally, this patient should be screened for 
alpha-1-antitrypsin deficiency given bullous changes 
on her chest radiograph.
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16.2.2 LONG-ACTING β 2-AGONISTS

16.2.2.1 Mechanism

Mechanisms for LABA is di�erent than SABA as it stays 
anchored to the beta 2 receptor for 12 hours. 

16.2.2.2 Medications

�e two inhaled LABAs approved for use in asthma are 
salmeterol and formoterol. �ey both have an e�ect that 
lasts for 10–12 hours, however formoterol has a quicker 
onset of action within �ve minutes whereas salmeterol 
takes 20–30 minutes to take e�ect.6 Formoterol is a full 
β2-agonist and has higher intrinsic activity compared to 
salmeterol.6

A subclass called Ultra-LABAs has emerged, named for 
their long duration of action allowing for once-daily dosing. 
Medications in this class are currently only approved in the 
United States for the treatment of COPD and include inda-
caterol, olodaterol, and vilanterol.

16.2.2.3 Side effects

Recently, the FDA has removed the boxed warning for 
asthma related deaths pertaining to LABA when used with 
ICS based on post-marketing surveillance studies that does 
not show more serious asthma related side e�ects than using 
ICS’s alone. �ere remains a boxed warning for increased 
asthma related deaths for LABAs when used without ICSs.

16.2.2.4 Use in asthma

LABAs are long-term controller medications used in mod-
erate to severe persistent asthma when symptoms are not 
adequately controlled with ICS. In adults with uncontrolled 
asthma on low-dose ICS, the addition of a LABA as step-up 
therapy was shown to be more e�ective in achieving control 
than increasing the dose of ICS.7 �e rapid-acting formoterol 
can be e�ectively used as a reliever medication in addition to 
maintenance regular therapy (not PRN); however, it should 
not be used without the coadministration of ICS.

�ere is uncertainty surrounding the use of LABAs 
in asthma a�er this class was questioned to increase the 
frequency of severe exacerbations and asthma-related 
mortality. �e Salmeterol Multicenter Asthma Research 
Trial (SMART) showed a small but statistically signi�cant 
increase of respiratory-related and asthma-related deaths 
when salmeterol was added to usual asthma care.8 �is 
outcome was most common in African Americans and in 
those not concurrently using ICS. In response to this data, 
the FDA issued a black box warning on all LABAs cau-
tioning about increased risk of asthma-related death and 
requested large prospective trials to be undertaken to assess 
LABA safety. Two of these trials were recently published 
that showed no increased risk of serious asthma-related 

events in patients using ICS and LABA versus ICS mono-
therapy.9,10 �is data suggests that while one should avoid 
LABA monotherapy in asthma, LABAs when combined 
with ICS are probably safe.

16.2.2.5 Use in COPD

Bronchodilators are the cornerstone of maintenance ther-
apy in COPD, and LABAs can be used as monotherapy or 
as an add on to LAMAs for maintenance therapy. LABAs 
have been shown to improve FEV1, dyspnea, health-related 
quality of life, and exacerbation rate.11 No maintenance 
medications have been shown to improve mortality or rate 
of decline of lung function in COPD.11

16.2.3 INHALED CORTICOSTEROIDS

16.2.3.1 Mechanism

ICSs exert their clinical e�ect on the airways by mul-
tiple di�erent mechanisms. Glucocorticoids have a potent  
anti-in�ammatory e�ect by increasing transcription of 
anti-in�ammatory cytokines and NF-kB, and by decreas-
ing transcription of in�ammatory cytokines, chemokines, 
and adhesion molecules. At the cellular level this results in 
a decrease in the number of eosinophils, T-lymphocytes, 
mast cells, and dendritic cells in the airway. ICSs also 
increase the expression of beta receptors in the airway aug-
menting the e�ect of β2-agonists and protecting against the 
downregulation of β receptors typically seen with chronic 
β2-agonist use.12

16.2.3.2 Medications

�e relative clinical comparability of the various ICS treat-
ments for asthma are summarized in Table 16.1. Factors 
such as particle size/formulation, cost, and delivery method 
should be considered when selecting therapy.

16.2.3.3 Side effects

Dysphonia, cough, and oral thrush are local side e�ects of ICS 
and occur due to the direct deposition of the corticosteroid 
onto the surface of the mouth, oropharynx, and larynx. �ese 
side e�ects are dose dependent and common with close to 
2/3 of patients reporting at least one.13 Oral thrush is a direct 
e�ect of oropharyngeal exposure and can be minimized with 
improving good inhaler technique, using a spacer device and 
routine rinsing of the mouth a�er inhaler use. �ese measures 
however do not reduce dysphonia or cough as these are caused 
by corticosteroid deposition in the larynx.13 Dysphonia due to 
vocal cord weakening is o�en more problematic in individuals 
who speak a lot for work or in general.

ICSs can enter the systemic circulation either by direct 
absorption from the lung or a�er they are deposited in the 
mouth, swallowed, and absorbed by the GI tract where they 
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are subject to �rst-pass metabolism.14 �e amount of sys-
temic absorption and risk of systemic side e�ects depends 
on the ICS, dose, particle size, and the delivery system used. 
In addition, the concomitant use of intranasal corticoste-
roids might add to this risk.

Adrenal Insufficiency: �ere is some degree of mea-
surable suppression of the hypothalamic-pituitary-adrenal 
axis with medium-dose ICS, however clinically signi�cant 
consequences are very uncommon, and if they do occur, are 
almost always observed in patients treated with high-dose 
ICS for long periods of time.15

Osteoporosis: �ere is a small but increased risk of 
osteoporosis in patient’s taking high-dose ICS for long 
periods of time, and it would be reasonable to screen these 
patients periodically with a bone-density examination, 
especially for those at increased risk because of race, body 
habitus, and age.15 Patient’s taking low- or medium-dose 
ICS do not appear to be at elevated risk.

Reduced Growth Velocity in Children: Treatment of 
children with low- to medium-dose ICS appears to initially 
reduce growth velocity resulting in approximately 1 cm dif-
ference of height a�er one year. However, a�er the �rst year, 
growth velocity returns to baseline.16 For those children 
who are on a normal growth curve and then begin to fall 
below this curve, closer monitoring is recommended and 
if persistent, then evaluation by an endocrinologist may be 
necessary.

Ophthalmologic: ICS use is a risk factor for the develop-
ment of both cataracts and glaucoma.17,18 �e risk is highest 
in those using high-dose ICS for long periods of time and in 
those with a family history of glaucoma. It is important to 
determine whether the cataracts are posterior versus anterior 
as posterior cataracts are more typical of corticosteroid usage.

16.2.3.4 Use in asthma

ICSs are the preferred controller therapy for persistent 
asthma. �ey have been shown to reduce asthma symptoms, 

decrease the need for rescue inhaler use, decrease the fre-
quency and severity of exacerbations, reduce hospitaliza-
tions, and reduce asthma-related mortality.19 While regular 
use of ICS has been shown to increase FEV1 and decrease 
asthma severity, these medications ultimately do not cure 
the disease.20 Clinical response is dose dependent, however 
the majority of clinical bene�t is achieved at low doses. It 
is always important to reassess asthma patients on ICS for 
control and to step down to a lower concentration if feasible.

16.2.3.5 Use in COPD

�e role of ICS in stable COPD is controversial, and their 
bene�t is likely limited to a select group of patients with more 
severe disease. Bene�ts including improvement in symp-
toms and decreased frequency of exacerbations have been 
observed primarily in patients with FEV1 < 60% predicted.12 
However, ICS can be used as an adjunctive treatment when 
symptoms are poorly controlled on bronchodilators alone. 
No controller medications have been shown to reduce mor-
tality from COPD or to modify the long-term decline in 
lung function. �ere is a small increased risk of pneumonia 
in patients with COPD treated with ICS, therefore the deci-
sion to use this class of agents in these patients should be 
individualized a�er a discussion of risks and bene�ts.21

16.2.4  LEUKOTRIENE RECEPTOR 
MODIFYING AGENTS

16.2.4.1 Mechanism

Leukotrienes are byproducts of the 5-lipoxygenase pathway 
in arachidonic acid metabolism. �ey have multiple e�ects 
that are important to the pathogenesis of asthma, includ-
ing eosinophil and mast cell recruitment, stimulation of 
mucus secretion, increased contractility and proliferation 
of bronchial smooth-muscle cells, and increased vascular 

Table 16.1 Low-, medium-, and high-dose inhaled corticosteroids for asthma in patient ≥ 12 years of age

Inhaled corticosteroid

Total daily dose (mcg)

Low Medium High

Beclometasone diproppionate (CFC) 200–500 > 500–1000 > 1000
Beclometasone diproppionate (HFA) 100–200 > 200–400 > 400
Budesonide (DPI) 200–400 > 400–800 > 800
Ciclesonide (HFA) 80–160 > 160–320 > 320
Flunisolide (CFC) 500–1000 > 1000–2000 > 2000
Flunisolide (HFA) 320 > 320–640 > 640
Fluticasone furoate (DPI) 100 200
Fluticasone propionate (DPI or HFA) 100–250 > 250–500 > 500
Mometasone furoate 110–220 > 220–440 > 440
Triamcinolone acetonide 400–1000 > 1000–2000 > 2000

Source: Adapted from Global Initiative for Asthma. Global Strategy for Asthma Management and Prevention, 2016. Available at www 
.ginasthma.org.

http://www.ginasthma.org
http://www.ginasthma.org
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permeability of endothelial cells.22 �ese mechanisms make 
leukotrienes an attractive target for the treatment of asthma.

16.2.4.2 Medications

Montelukast and za�rlukast block leukotriene recep-
tors, while zileuton inhibits the formation of leukotrienes 
by inhibiting 5-lipoxygenase. While there have been no 
head-to-head trials comparing these agents, the favorable 
side-e�ect pro�le and once daily dosing of montelukast has 
made it the preferred treatment in this class.

16.2.4.3 Side effects

Post-marketing surveillance has raised concern for an 
increased risk of suicide in young adults using montelu-
kast. However, subsequent trials have found no association. 
Cases of severe liver toxicity are associated with zileuton, 
and liver function should be monitored regularly in patients 
treated with this medication.

16.2.4.4 Use in asthma

Leukotriene modifying agents (LTMAs) are indicated for 
the treatment of persistent asthma. �ey have been shown 
to reduce asthma symptoms, reduce the frequency of 
asthma exacerbations, reduce required ICS doses, and pro-
vide a small bronchodilator e�ect.1 However, these agents 
are generally less e�ective than ICS as monotherapy and 
less e�ective than LABAs as add-on therapy.1,23 Adherence 
to once-daily montelukast is superior to that of ICS, which 
makes it a good option for patients with a history of inhaler 
noncompliance. Patients that are likely to have the most 
bene�t from LTMA treatment are those who have concur-
rent allergic rhinitis or aspirin-sensitive asthma where the 
underlying mechanism is thought to be leukotriene over-
production. In addition, LTMAs can be used for prophylaxis 
in patients with exercise-induced bronchospasm (although 
less e�ective than SABA), and unlike SABAs, there is no 
development of tolerance with chronic use.

16.2.4.5 Use in COPD

Currently there is no established role for LTMAs in the 
treatment of COPD.

16.2.5 ANTI-IgE

16.2.5.1 Mechanism

IgE is a major mediator of immediate hypersensitivity reac-
tions making it a key player in the pathogenesis of asthma 
and other atopic conditions. �is has made IgE an attrac-
tive target for the treatment of asthma. Omalizumab is a 
humanized monoclonal IgG1 antibody that inhibits the 

binding of IgE to the IgE receptor on the surface of mast 
cells and basophils. Omalizumab also works by reducing 
FcεR1 expression on the mast cell, basophil cell, and the 
antigen presenting dendritic cell surface.

16.2.5.2 Medications

Omalizumab is the only anti-IgE therapy approved for the 
treatment of asthma. It is administered as a subcutaneous 
injection every 2–4 weeks. �e starting dose and frequency 
are determined by patient weight and total IgE level.

16.2.5.3 Side effects

Anaphylactic reactions such as bronchospasm, hypoten-
sion, urticaria, and angioedema have been reported with 
use of omalizumab in approximately 0.2% of patients. �is 
is most likely to happen during the �rst three doses; how-
ever, it has also been reported late in the treatment course. 
Most reactions occur within two hours of administration, 
therefore patients should be monitored for an appropriate 
period of time in a health-care setting prepared to handle 
anaphylaxis. �e most commonly reported side e�ects are 
arthralgia, fatigue, and dizziness.

16.2.5.4 Use in asthma

Candidates for treatment with omalizumab are those with 
moderate to severe persistent asthma who are 12 years or 
older and not adequately controlled on ICS or ICS with LABA 
therapy. �ese patients must demonstrate positive reactivity 
to a perennial aeroallergen and have serum IgE levels between 
30–700 IU/mL. �e addition of omalizumab to this popula-
tion reduces the frequency of asthma exacerbations, decreases 
rescue inhaler use, and improves asthma symptoms.24 Patient 
response to omalizumab is variable, and peripheral eosinophil 
count > 300/mcL may be a predictor of favorable response.25 
Patients should be continued on omalizumab for at least  
16 weeks before treatment is said to have failed. While the cost 
of omalizumab can be upward of $10,000 per year, it has been 
shown to be cost e�ective for patients with greater than 20 
hospital days per year due to asthma if e�ective.1

16.2.5.5 Use in COPD

Currently there is no established role for omalizumab in the 
treatment of COPD.

16.2.6 ANTI-IL-5

16.2.6.1 Mechanism

Eosinophils play an important role in the pathogenesis of 
asthma. �e recruitment, di�erentiation, and survival of 
eosinophils is promoted by IL-5.26
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16.2.6.2 Medications

Mepolizumab (administered as a SQ injection every 
4 weeks) and reslizumab (administered as an IV infu-
sion every 4 weeks) are the two anti-IL-5 monoclonal 
antibodies currently approved by the FDA for the treat-
ment of eosinophilic asthma. Pivotal studies of reslizumab 
required higher peripheral eosinophil counts than did 
mepolizumab to show consistent therapeutic e�ects.27,28 
Benralizumab is an anti-IL-5 receptor alpha antibody that 
not only blocks eosinophils promoted by IL-5, but also 
causes antibody-dependent cellular apoptosis of eosino-
phils and basophils. Clinical trials to date indicate that it 
too may be an e�ective option for the treatment of severe 
eosinophilic asthma.29,30

16.2.6.3 Side effects

Anaphylactic reactions have been reported in association 
with both medications. Anaphylaxis with reslizumab was 
observed within 20 minutes of administration, whereas 
mepolizumab has the potential to cause delayed anaphy-
laxis a�er a few days. Both medications should only be 
given in a health-care setting that is equipped to handle 
anaphylaxis. �ere is a possible increased incidence of her-
pes zoster with mepolizumab, and patients over the age 
of 50 should receive the Zostavax before starting therapy 
if there are no other contraindications. �ere is increased 
incidence of malignancies (diverse types) observed in 
patients treated with reslizumab compared to placebo.

16.2.6.4 Use in asthma

Mepolizumab is FDA approved for add-on maintenance 
treatment of severe asthma in patients 12 and older with an 
eosinophilic phenotype (this term is not formally de�ned, 
however a reasonable de�nition would be peripheral eosino-
phil count >150 cells/mcL based on trial inclusion criteria). 
In patients with severe eosinophilic asthma, the addition of 
mepolizumab resulted in decreased rate of exacerbations, 
decreased ED visits and hospital admissions for asthma, and 
reduced oral corticosteroid doses.28,31 In patients with higher 
eosinophil levels (>500 cells/mcL), a signi�cant increase in 
FEV1 was observed.

Reslizumab is FDA approved for add-on maintenance 
treatment of patients with severe asthma aged 18 years 
and older with an eosinophilic phenotype. In patients with 
severe asthma and peripheral eosinophils > 400 cells/mcL, 
reslizumab was shown to decrease the frequency of exacer-
bations and improve FEV1.27

16.2.6.5 Use in COPD

Currently there is no established role for these agents in the 
treatment of COPD.

16.2.7 ALLERGY IMMUNOTHERAPY

16.2.7.1 Mechanism

Subcutaneous immunotherapy (SCIT) involves the admin-
istration of increasingly larger doses of a clinically relevant 
allergen into the skin to induce tolerance; whereas sublingual 
immunotherapy (SLIT) involves oral administration and 
does not require dose escalation. Allergen immunotherapy 
alters the allergic immune response that causes symptoms 
through various mechanisms including upregulation of 
T-regulatory cells, reduction of allergen-speci�c IgE, and 
decrease in tissue in�ltration by eosinophils and mast cells.20

16.2.7.2 Side effects

Subcutaneous immunotherapy has the potential to induce 
anaphylaxis and therefore must be administered in a health-
care setting that is equipped to treat anaphylaxis. Patients 
must be monitored for anaphylaxis for at least 30 minutes 
following therapy. Risk of anaphylaxis is higher in patients 
with moderate to severe asthma, and in those with poorly 
controlled asthma. �e risk is increased when FEV1 is less 
than 70% of predicted.18,20 �e most common side e�ect is a 
local injection site reaction.

�e most common side e�ects of SLIT are localized to 
the oropharynx, including pruritus and throat irritation; 
this uncommonly can progress to potentially life-threating 
laryngeal edema. �ese side e�ects tend to lessen in severity 
and frequency a�er one week of therapy. While SLIT has a 
much lower risk of anaphylaxis compared to SCIT, it is still 
recommended that patients be prescribed an epinephrine 
auto-injector and instructed on its use.

16.2.7.3 Use in asthma

Subcutaneous immunotherapy is approved for the treatment 
of asthma for which there is a clinically important allergic 
trigger. Patients should be considered for immunotherapy 
if they have symptoms refractory to environmental con-
trol and pharmacologic therapy, have adverse e�ects from 
pharmacologic therapy, or wish to avoid or decreased long-
term pharmacotherapy. In patients with allergic asthma, 
SCIT has been shown to improve asthma symptoms, reduce 
SABA use, and decrease allergen-speci�c and nonspeci�c 
airway hyperresponsiveness.18 Similar results have been 
demonstrated with SLIT32; however in the USA, SLIT is not 
approved for asthma. Patients should be aware that a typical 
course of allergen immunotherapy is 3–5 years and requires 
at least monthly visits for administration of SCIT. Potential 
side e�ects, cost, and required frequency of visits should all 
be discussed before therapy is initiated. Whereas SCIT can 
be administered for multiple sensitizing allergens, SLIT is 
only available for grass and ragweed in the United States. 
In general, SCIT has a more robust e�ect on inducing toler-
ance compared to SLIT.
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16.2.7.4 Use in COPD

Currently there is no established role for SCIT or SLIT in 
the treatment of COPD.

16.2.8  LONG-ACTING MUSCARINIC 
ANTAGONIST

16.2.8.1 Mechanism

Muscarinic antagonists block the e�ect of acetylcholine 
on muscarinic receptors in the bronchial tree, attenuating 
parasympathetic input that causes bronchoconstriction and 
mucus secretion. �eir mechanism of bronchodilation is 
unique to and synergistic with that of beta agonists. �ey 
also may have an anti-in�ammatory e�ect by altering the 
attraction and survival of neutrophils and other in�am-
matory cells.33 LAMAs have a longer residence time on M3 
muscarinic receptors, which are primarily responsible for 
cholinergic-induced bronchoconstriction.

16.2.8.2 Medications

Tiotropium 1.25 ug per actuation is the only LAMA 
approved for asthma in the United States. Tioptropium, 
umeclidinium, and aclidiniumare LAMAs are approved 
for COPD in the United States. Once-daily glycopyrro-
nium is also available in Europe. �e bronchodilator e�ect 
of tiotropium and umeclidinium lasts more than 24 hours, 
allowing for the convenience of once-daily dosing.

16.2.8.3 Side effects

Systemic absorption of muscarinic antagonists from the 
lungs and GI tract are minimal, which make them very 
well tolerated. �e most common reported side e�ect is dry 
mouth, a result of direct deposition of the medication on 
the oropharynx.33 Uncommonly patients report a bitter or 
metallic taste. A recent meta-analysis raised concern about 
increased cardiovascular events in patients with COPD 
treated with inhaled anticholinergics; however, a subse-
quent randomized trial did not con�rm this �nding. In 
general, clinical experience and studies suggest these agents 
result in fewer cardiac side e�ects compared to LABA.34–36

16.2.8.4 Use in asthma

Tiotropium was recently approved by the FDA for add-on 
therapy in persistent asthma. Tiotropium has been shown to 
improve lung function in patients with poor control despite 
ICS and LABAs; however, there does not appear to be any 
signi�cant e�ects on asthma symptoms.37 Data comparing 
LABA versus LAMA as �rst line step-up therapy is limited, 
but comparable e�ects have been noted.38 LABAs should 
remain the preferred step-up therapy given the abundance 
of data demonstrating their bene�t, whereas LAMAs should 
be reserved for those with a contraindication to LABAs or 

when LABAs are ine�ective until asthma guidelines are 
updated.

16.2.8.5 Use in COPD

Bronchodilators are the cornerstone of maintenance ther-
apy in COPD. In a head-to-head trial, maintenance therapy 
with tiotropium was found to be superior to salmeterol in 
preventing exacerbations in COPD patients.39 Although 
tiotropium reduces exacerbations and improves symptoms 
in COPD patients, there are no controller medications that 
have been shown to reduce the rate of lung function decline 
or mortality.12 LABA/LAMA and LABA/LAMA/ICS com-
binations are in development for obstructive airways dis-
eases. Anoro is the �rst once-daily LAMA/LABA product 
to be cleared as a maintenance treatment for COPD in the 
United States, and is a combination of vilanterol with ume-
clidinium bromide.

16.2.9  SHORT-ACTING MUSCARINIC 
ANTAGONIST

16.2.9.1 Mechanism

SAMA are not muscarinic receptor speci�c and therefore 
bind to all 3 M receptors in the airways (See Section 16.2.8.1).

16.2.9.2 Medications

Ipratropium is the only SAMA currently available in the 
United States and can be administered by MDI or nebu-
lizer. Its bronchodilator e�ects last for approximately eight 
hours.12

16.2.9.3 Side effects

�e side-e�ect pro�le of SAMAs are similar to LAMAs dis-
cussed in an earlier section.

16.2.9.4 Use in asthma

Ipratropium is less e�ective as a reliever medication than 
albuterol. �e combination of albuterol and ipratropium 
during an acute exacerbation produces a small improvement 
in lung function and decreases hospital admission rates 
compared to albuterol monotherapy.1 �e role of ipratro-
pium in the long-term management of asthma is limited to 
those who have intolerable side e�ects to SABAs.

16.2.9.5 Use in COPD

Ipratropium is used as a reliever medication in COPD. �e 
bronchodilator e�ect of ipratropium is more potent and 
lasts longer than most SABAs, and, therefore, it is the pre-
ferred reliever monotherapy.40 �e greatest bene�t in lung 
function is derived when SAMAs are used in combination 
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with SABAs, and, therefore, this combination should be the 
preferred treatment for COPD exacerbations.6

16.2.10 ORAL CORTICOSTEROIDS

16.2.10.1 Mechanism

Oral corticosteroids exhibit the same mechanism of action 
as described for ICS previously.

16.2.10.2 Side Effects

Short-term use of oral corticosteroids can result in hyper-
glycemia, increased appetite, �uid retention, weight gain, 
mood alteration, insomnia, peptic ulcer disease, and rarely, 
avascular necrosis. Most of these side e�ects are reversible.

Long-term use (>2 weeks) of oral corticosteroids include 
osteoporosis, osteopenia, hypertension, diabetes, sup-
pression of HPA axis, obesity, cataracts, glaucoma, skin 
thinning, myopathy (including risk of respiratory muscle 
myopathy), dysphoria, sleep disturbance, and agitation. 
Every attempt should be made to use alternative therapies, 
control environmental triggers, treat comorbid conditions 
that could exacerbate respiratory disorders, and use appro-
priate adjuncts to control respiratory symptoms before 
starting oral corticosteroids.

16.2.10.3 Use in asthma

Oral corticosteroids can be used as either short-term “burst” 
therapy to gain control of an exacerbation or as long-term 
controller therapy in severe, persistent asthma. Its use in 
acute exacerbations reduces the need for referral to the 
emergency room, reduces hospital admissions, and prevents 
early relapse a�er treatment in the ER.1 �e usual treatment 
course is for 5–14 days at 0.5 to 1 mg/kg, which is considered 
high-dose therapy. Oral corticosteroids can be stopped once 
symptoms have subsided and lung function has returned to 
normal, however, some patients clinically bene�t from a 
slower taper. In hospitalized patients, oral glucocorticoids 
are as e�ective as IV glucocorticoids.41 �e use of oral cor-
ticosteroids for maintenance therapy should be considered 
only in patients with severe, persistent asthma that do not 
respond to or have contraindications to other therapies. 
�e bene�ts of long-term oral corticosteroid therapy must 
always be weighed against the risk of side e�ects and when 
used should be maintained at the minimal e�ective daily or 
alternating daily dose necessary for achieving asthma con-
trol. Patients treated with prolonged corticosteroids should 
undergo a slow taper before discontinuing.

16.2.10.4 Use in COPD

�e short-term use of oral corticosteroids is well estab-
lished for the treatment of COPD exacerbations, however, 

in contrast to asthma, its role as a chronic controller ther-
apy is less clear.12 Its use in treating acute exacerbations 
has been shown to improve symptoms, lung function, 
shorten length of hospital stay, and reduce 30-day read-
mission rates due to recurrent exacerbations.12 Treatment 
duration ranges from 5–14 days and should be tailored to 
the severity of exacerbation and rate of response. In hos-
pitalized patients, oral glucocorticoids are noninferior to 
IV glucocorticoids.42 �e role of oral corticosteroids for 
chronic maintenance therapy in COPD is unclear with 
little data supporting their e�cacy. �e use of chronic 
corticosteroids should be weighed strongly against their 
numerous side e�ects.

16.2.11 THEOPHYLLINE

16.2.11.1 Mechanism

�eophylline causes nonspeci�c inhibition of phosphodies-
terase isoenzymes and antagonizes adenosine receptors. �e 
inhibition of phosphodiesterase III and IV causes bronchial 
smooth-muscle relaxation resulting in a small degree of 
bronchodilation; however, the majority of its clinical e�ect 
is likely due to its immunomodulatory, anti-in�ammatory, 
and bronchoprotective e�ects on the airway.43 �eophylline 
has also been shown to increase mucociliary clearance, 
increase systemic venous return and cardiac output, 
increase diaphragmatic contractility, and increase respira-
tory drive.

16.2.11.2 Side effects

�eophylline has a narrow therapeutic index and wide 
interpatient variation in metabolism. �is requires careful 
and individualized dose titration and education of both the 
patient and providers on physiologic states, tobacco use, 
and medications that may alter theophylline metabolism. 
When theophylline levels are maintained at nontoxic levels 
(between 8–13 ug/mL), it is a very well-tolerated medica-
tion with very few noticeable side e�ects. Potentially fatal 
toxicity results from antagonism of adenosine receptors, 
which can cause metabolic abnormalities, tremor, vomit-
ing, seizures, hypotension, and ventricular arrhythmias. 
Chronic toxicity may have a more insidious onset and may 
not correlate to serum levels.

16.2.11.3 Use in asthma

�e risk of side e�ects and the emergence of novel thera-
pies has caused theophylline to fall out of favor for the 
treatment of asthma. �eophylline has been shown 
to improve pulmonary function and symptoms when 
asthma is not adequately controlled on ICS and, there-
fore, may have a role as additive maintenance therapy 
when other alternatives are unacceptable.44 �eophylline 
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may also have a role as primary maintenance therapy in 
patients that require or prefer an oral medication when 
monteleukast is not su�cient; however, this should only 
be considered a�er the risks and bene�ts have been thor-
oughly discussed.

16.2.11.4 Use in COPD

�eophylline has been shown to improve FEV1, dyspnea, and 
PaO2 when used as additive maintenance therapy in stable 
COPD.45 Given its risk of toxicity and need for monitoring, 
it is generally not preferred over LABAs or LAMAs.

16.2.12 ROFLUMILAST

16.2.12.1 Mechanism

Ro�umilast is an oral phosphodiesterase IV inhibitor 
approved for the treatment of COPD. While the speci�c 
mechanism by which ro�umilast exerts its therapeutic 
e�ect on patients with COPD is not well de�ned, it is likely 
similar to that of theophylline.

16.2.12.2 Side effects

Ro�umilast has been associated with psychiatric side e�ects 
including worsening depression and suicidality and should 
be used cautiously in a patient with a history of depression 
a�er discussion of its risks and bene�ts. Ro�umilast has also 
been reported to cause severe weight loss. Most commonly 
reported side e�ects were mild and included nausea and 
headache.

16.2.12.3 Use in asthma

Currently there is no established role for the use of ro�umi-
last in the treatment of asthma.

16.2.12.4 Use in COPD

Ro�umilast reduces the risk of COPD exacerbation in patients 
with a history of frequent COPD exacerbations (at least two 
per year) compared to placebo.46 While ro�umilast is not a 
bronchodilator, it has been shown to provide modest improve-
ments in FEV1.46 Its use is typically reserved for patients that 
have frequent exacerbations despite maximal inhaler therapy.

16.3 DISCUSSION

16.3.1 ASTHMA MANAGEMENT

�e guidelines from the Global Initiative for Asthma (GINA) 
have been updated annually since 2002. �e workgroup is 

comprised of international experts in the care of asthma who 
review relevant literature and data where it exists to provide 
best practices recommendations. Asthma is a heterogeneous 
disease and the options for treatment are myriad; navigating 
this landscape can be daunting for the primary care physi-
cian and nonasthma specialist. As any physician who cares 
for patients burdened by this disease can attest, control is par-
amount to quality of life. However, due to cost, side e�ects, 
and encumbrance of medication routines, when feasible a�er 
patients are well controlled, e�orts should be made to reduce 
the therapeutic regimen. As a result, physicians who are on 
the forefront of asthma care need to be capable of assessing 
risk factors for asthma worsening, determining appropri-
ate initial controller and rescue therapy, ensuring patient 
understanding and demonstration of the skill set needed to 
use medications, regularly reviewing response to treatments, 
and considering escalating or deescalating therapy as appro-
priate. A summary of the most recent consensus guidelines 
from the GINA guidelines and literature review is provided 
in Tables 16.2–16.6.1,47 �ese tables highlight the assessment 
of risk factors for asthma/lung function worsening, useful 
questions to determine symptom control for patients, recom-
mended regimens for control and relief of symptoms based 
on patient risk/symptom pro�le, as well as a framework for 
escalation and de-escalation of therapy. �ere are innumer-
able subtleties/nuances involved in the sophisticated care 
of complex genetic and environmentally a�ected diseases 
such as asthma. �ese guidelines and tables are an e�ort to 
simplify this practice to improve management of chronic 
asthma for the general practicing physician. As such, they 
cannot replace expert-level knowledge, and, therefore, more 
complex select asthma cases should be referred to an asthma 
specialist for additional testing and management guid-
ance. In general, the principles of asthma management are 
to (1) strongly consider use of ICS as a controller therapy in 
patients with asthma symptoms or risk factors for asthma, 

Table 16.2 Risk factors for exacerbations/worsening lung 
function in asthma

• Poor symptom control
• Ineffective ICS due to adherence or technique
• FEV1 < 60%
• Ongoing exposures: tobacco smoke, occupational 

irritants, food, or aeroallergens, if documented 
sensitivity

• Obesity
• Poorly controlled GERD
• Chronic rhinitis and rhinosinusitis
• Eosinophilia in blood or sputum
• Pregnancy
• History of intubation or ICU admission for asthma
• Any severe exacerbation in last 12 months (e.g., oral 

steroid or hospitalization needed)

Source:  Adapted from Global Initiative for Asthma. Global Strategy 
for Asthma Management and Prevention, 2016. Available 
at www.ginasthma.org.

http://www.ginasthma.org
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(2) escalate therapy until symptoms are well controlled 
and lung function is stable, (3) consider adjunct therapy as 
needed and personalize asthma care plans based on patient-
speci�c characteristics, (4) frequently reassess patients who 
are requiring either step-up or step-down therapy, (5) main-
tain a combination of ICS/LABA treatment when stepping 
down from higher to a lower dose of ICS component, and  
(6) refer patients to asthma specialists when traditional ther-
apy does not yield the desired results.

16.3.2 COPD MANAGEMENT

�e guidelines from the Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) workgroup are updated 
regularly to re�ect the literature and best-practices recom-
mendations from experts in the �eld. �e management of 
COPD focuses on symptoms as well as lung function, and 
in that way mirrors the two-pronged approach to the man-
agement of asthma. Accompanying Tables 16.7–16.948 high-
light key areas of management consideration, notably (1) the 
categorization of patients based on their spirometry, exac-
erbations, and symptoms; (2) the recommended �rst-line 
therapies with listed alternatives for each category; and (3) 
summary of key management points. Although asthma and 
COPD share similar presenting symptoms (cough, short-
ness of breath, limitation of activity due to symptoms) and 
can be di�cult to distinguish from each other in certain 
instances, there are several key factors that di�er in their 
management (Table 16.10).49 Brie�y, the key management 
di�erences center on the preferred �rst-line agents, the 
additional risk of ICS in the COPD patient population, and 
the approach to the stable patient. It cannot be overempha-
sized that ICS are the mainstay treatment for asthma and 
in most patients should remain the core element of their 
controller regimen. Alternatively, in COPD, the addition 
of ICS should be reserved for patients with severe disease 
and those not responsive to isolated bronchodilator or in 
the presence of peripheral eosinophilia. Furthermore, with 
regards to COPD, there exists an additional signi�cant risk 

of pneumonia when compared to COPD patients not man-
aged with ICS.50 �is increased risk abates when the ICS is 
withdrawn. �ere is considerable emphasis in the literature 
to follow the GOLD guidelines, which clearly reserve ICS 
use as an adjunct in more severe patients (i.e., those with 
frequent or severe exacerbations and those with FEV1 ≤ 60% 
predicted). Much work has been done to emphasize the risk 
of ICS due to their overuse in patients with COPD catego-
rized as having less severe disease. However, it should be 
noted that ICS have proven ben�cial as an adjunct therapy 
for COPD to reduce exacerbations, improve all-cause mor-
tality, and improve lung function.51 �erefore, physicians 
must be cognizant that the long-term e�ects of these pneu-
monia episodes, the lack of known data to suggest clinical 
deterioration as a result, and the known bene�t of adjunc-
tive ICS must be considered on balance in each patient sce-
nario. Importantly, the approach to the stable/improved 
patient with COPD also di�ers fundamentally from the 
approach to those with asthma. While step-down therapy 
is a cornerstone of asthma management, there is no consen-
sus about step-down therapy with COPD. It is likely reason-
able to cautiously withdraw ICS from combination therapy 
with long-acting bronchodilators in patients with well-
controlled symptom burden and no exacerbations on cur-
rent therapy. Since there has been a link to decline in lung 
function despite good symptom control in these patients,52 
this observation diminished the enthusiasm for step-down 
approaches in the management of COPD.

16.3.3 ACO MANAGEMENT

�e ACO is increasingly recognized as a distinct clinical 
entity encountered in the adult population. Large segments 
of the global population are exposed during their lifetime 
to inhaled particles (e.g., tobacco smoke, indoor and out-
door air pollutants, noxious occupational inhalants) that 
are known to confer increased risk of COPD. It is inevitable 
that many of these patients also have preexisting asthma 
phenotypes with associated intermittent respiratory symp-
toms, sensitivity to respiratory infections and aeroaller-
gens, and personal and familial history of atopy. �e end 
result of this sequence is that patients can have features of 
both asthma and COPD. Furthermore, an epidemiologic 
study links poorly controlled asthma in children to the 
development of �xed airway obstruction earlier in adult-
hood.53 �is subset of patients is not a homogenous group 
and the relative burden of each symptom domain is vari-
able.54 Despite the ambiguity involved in the assessment of 
such patients and particular symptom pro�le they exhibit, 
it is critical that they be accurately identi�ed. Cohorts of 
patients that have been found to have poor reversibility 
and chronic symptoms (i.e., suggestive of COPD) with a 
self-reported history of asthma have been shown to have 
increased frequency of exacerbations regardless of GOLD 
category, increased health-care utilization, and a more 
rapid decline in lung function.55 �ere is, as of yet, not a 
speci�c de�nition of ACO. However, clinical features that 

Table 16.3 Assessment of asthma symptom control

In the past 4 weeks has the patient experienced:
• Daytime symptoms more than twice per week
• Need to use rescue inhaler more than twice per week
• Any limitation of activities due to asthma
• Any nocturnal waking due to asthma

If none of these are present, then the patient is well 
controlled.

If 1–2 of these are present, then the patient is partly 
controlled.

If 3–4 of these are present, then the patient is 
uncontrolled/poorly controlled.

Source:  Adapted from Global Initiative for Asthma. Global Strategy 
for Asthma Management and Prevention, 2016. Available 
at www.ginasthma.org.

http://www.ginasthma.org
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are suggestive have been proposed to help establish a clini-
cal de�nition that serves to improve the identi�cation and 
subsequent study of these patients. �e GINA/GOLD ACO 
guidelines suggest that ACO is characterized by persistent, 
though variable, air�ow limitation symptoms and features 
of both the COPD as well as asthma phenotype. �us, 
ACO is de�ned by patients that share features of both dis-
eases rather than by di�erences from either (Table 16.11). 
Patients with ACO exhibit chronic symptoms, a typical 
COPD feature, with variability in symptom burden, a fre-
quent asthma feature. Patients with ACO have a reduced 
FEV1/FVC ratio that typically remains less than 0.7 a�er 
bronchodilator, a COPD feature. However, they may 
exhibit a pronounced response to bronchodilator therapy 

with increase > 12% in FEV1 or of > 400 mL, an asthma 
feature. �erapy for ACO is focused on the importance of 
ICS use in patients with features of asthma, regardless of 
their existence in isolation or in the context of an overlap 
syndrome. Patients diagnosed with ACO should be treated 
with ICS as the cornerstone of therapy, similar to asthma. 
Long-acting bronchodilators as adjunctive therapies should 
be added as needed, typically with early initiation as symp-
toms dictate. As in asthma, the current recommendations 
would be to add therapeutics with alternative mechanisms 
of action (e.g., LABA or LAMA) before the escalation of 
ICS dose. Single-agent LABA should be avoided in patients 
with ACO, which is similar to what is recommended in the 
management of asthma.

Table 16.4 Stepwise approach for asthma according to GINA guidelines

Therapy 
level Step 1 Step 2 Step 3 Step 4 Step 5

Presentation No risk factors 
for 
exacerbation 
and symptoms 
are well 
controlled

Risk factor(s) for 
exacerbation 
present or 
symptoms 
only partly 
controlled

Uncontrolled 
symptoms

Uncontrolled symptoms and 
poor response to prior 
step therapy

Severe symptoms 
and/or poor 
response to prior 
step therapy

Preferred 
controller

None Low-dose ICS • If age > 11: 
low-dose  
ICS/LABA

• If age < 11: 
medium-dose 
ICS

• If age > 11:
– Low- dose ICS/

formoterol as 
controller and rescuedd

– Or medium/high-dose 
ICS/LABA

• If age < 11:
– referral to specialist

Referral to specialist 
for further 
assessment and 
adjunct treatment

Alternatives 
for control

Consider 
low-dose ICS 
if FEV1 < 80% 
of predicted

• LTRAa

• If age > 11: 
consider 
theophylline

• Medium/
high-dose ICSb

• Low-dose ICS + 
LTRA

• If age > 11: 
low-dose ICS + 
theophylline

• If age > 18: add 
tiotroprium to regimen

• High-dose ICS + LTRA
• If age > 11: high-dose 

ICS + theophylline

• If age > 18: add 
tiotroprium to 
regimen

• Add oral 
corticosteroids to 
regimen

• Consider biologic 
therapy (Anti-IL-5 
or Anti-IgE)

Rescue/
reliever

PRN SABA PRN SABA • If controller is 
low-dose ICS/
formoterol, then 
use as PRN 
rescue as wellc

• If not, then PRN 
SABA

• If controller is low-dose 
ICS/formoterol, then use 
as PRN rescue as well

• If not, then PRN SABA

• If controller is 
low-dose ICS/
formoterol, then 
use as PRN rescue 
as well

• If not, then PRN 
SABA

Source:  Adapted from Global Initiative for Asthma. Global Strategy for Asthma Management and Prevention, 2016. Available at www.ginasthma.org.
a LTRA are less effective than ICS for asthma control but may be considered for patients unable to use inhalers, having side effects from ICS, 

or with concomitant allergic rhinosinusitis disease.
b Medium/high-dose ICS is less effective than addition of LABA in patients > 11 years of age.
c Use of low-dose ICS/formoterol combination as both controller and rescue has shown to signi�cantly reduce exacerbations and yield 

equally effective symptom control. It should be noted that this therapy is not FDA approved, but is being used in Europe.
d If patient is already on combination low-dose ICS/formoterol from step 3, then dose can be increased for maintenance therapy, though 

not FDA approved in the United States.

http://www.ginasthma.org
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Table 16.5 Step-down approach for asthma according to GINA guidelines 

Current step Current medication Step down recommended

Step 5a High-dose ICS/LABA + oral 
corticosteroid

Reduce dose of oral corticosteroid or replace with additional 
high-dose ICS

Step 4 Medium- to high-dose ICS/LABAb Reduce ICS component of ICS/LABA combination by 50%
Medium-dose ICS/formoterol as 

controller and rescue
Reduce to low-dose ICS/formoterol as controller and rescue

High-dose ICS + alternative agent Reduce ICS by 50% and continue alternative agent
Step 3’ Low-dose ICS/LABA Change to once daily use of low-dose ICS/LABA

Low-dose ICS/formoterol as 
controller and rescue

Change to once daily use of low-dose ICS/formoterol as controller 
and continue PRN use as rescue

Medium-dose ICS Reduce ICS by 50%
Step 2 Low-dose ICSc Change to once daily use of low-dose ICS

LTRA Consider stopping controller if no symptoms for 6 months and no 
risk factors for worsening lung function present, but this is rare

Source:  Adapted from Global Initiative for Asthma. Global Strategy for Asthma Management and Prevention, 2016. Available at www 
.ginasthma.org.

a Strongly consider referral to asthma specialist for any Step 5 patients for step-down management
b  When using a combination ICS/LABA and step-down therapy, focus on reduction of ICS dose but avoid elimination of LABA component, 

as this has been shown to worsen asthma symptoms (Brozek JL).
c  Patients receiving ICS should not be taken off them completely.

Table 16.6 Key points for asthma management

• Low threshold to initiate controller ICS for patients with symptom burden, poor lung function by spirometry, or risk 
factors for exacerbations

• ICS is the fundamental management tool in asthma
• LABA should not be used in isolation
• Deliberate caution in the step-down process should be used to ensure continued control of symptoms and stable lung 

function
• When using step-down therapy, reduce ICS component of ICS/LABA rather than eliminating LABA
• If step-up therapy is not successful, low threshold for referral to specialist in asthma

Table 16.7 GOLD classi�cation of COPD

Patient category
Patient 
characteristics Risk classificationa,b

CAT score for 
symptom burden

mMRC score for 
breathlessness

A Low risk, less 
symptoms

GOLD 1 or 2 and < 2 
exacerbations and no 
hospitalizations

< 10 < 2

B Low risk, more 
symptoms

GOLD 1 or 2 and < 2 
exacerbations and no 
hospitalizations

≥ 10 ≥ 2

C High risk, less 
symptoms

GOLD 3 or 4 or ≥ 2 exacerbations 
or any hospitalizations

< 10 < 2

D High risk, more 
symptoms

GOLD 3 or 4 or ≥ 2 exacerbations 
or any hospitalizations

≥ 10 ≥ 2

Source:  Adapted from the Global Strategy for the Diagnosis MaPoC, Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2016.
a GOLD classi�cation is based on spirometry and FEV1 postbronchodilator.

• GOLD 1: FEV1 ≥ 80% predicted
• GOLD 2: 50% ≤ FEV1 < 80% predicted
• GOLD 3: 30% ≤ FEV1 < 50% predicted
• GOLD 4: FEV1 < 30% predicted

b Risk classi�cation is based on either spirometry or clinical history of exacerbations in preceding 12 months and should err on the side of 
whichever factor confers higher risk.

http://www.ginasthma.org
http://www.ginasthma.org
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Table 16.8 Step-up therapy for COPD according to GOLD guidelines

Patient category Recommended therapy Alternatives to consider

A PRN short-acting bronchodilatora • Combination of SABA/SAMAb

• LABAb

• LAMAb

B Long-acting bronchodilator • Combination of LABA/LAMAc

• Short-acting bronchodilator + theophylline d

C LAMA or ICS/LABA • Combination of LABA/LAMAc

• Combination of ICS/LAMA
• Long-acting bronchodilator + ro�umilast e

• Short-acting bronchodilator + theophylline d

D ICS/long-acting bronchodilator • Combination ICS/LABA/LAMA
• ICS/long-acting bronchodilator + ro�umilast e

• Short-acting bronchodilator + theophylline d

Source:  Adapted from the Global Strategy for the Diagnosis MaPoC, Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2016.
It is not clear whether increasing the dose of ICS component in COPD improves either symptoms or disease modi�cation.
a Either short-acting β 2-agonist (SABA) or short-acting muscarinic-antagonist (SAMA) is acceptable, though SAMA may be preferred.
b There is no convincing evidence to use multiple or long-acting agents for this patient population.
c Newer data suggest there may be superiority of LAMA/LABA over ICS/LABA (Wedzicha JA).
d Theophylline may be useful in situations where cost or access is prohibitive for long-acting bronchodilators.
e Ro�umilast, a phosphodiesterase-4 inhibitor, can be considered as add-on therapy if patient has chronic bronchitis phenotype.

Table 16.9 Key points for medication management of COPD

• Long-acting bronchodilators are preferred over short-acting for maintenance therapy.
• Combination of beta-agonists and anti-muscarinic is reasonable if needed for symptom control.
• Theophylline is not recommended unless other therapies are unavailable or have failed.
• ICS are recommended for patients with severe COPD not well controlled with long-acting bronchodilators.
• ICS as monotherapy is not recommended.
• Consideration should be given for ICS taper/withdrawal in patients on combination therapy with reduced risk  

(i.e., improved FEV1, limited/no exacerbations).
• There is an increased risk of pneumonia without associated increase in mortality in COPD patients on ICS.

Table 16.10 Distinguishing characteristics between asthma and COPD

Discrepancy issue Asthma COPD

ICS The principle controller medication for 
care

Should only be used as adjunct therapy in 
patients with more severe symptoms or 
higher risk

ICS risk • There are risks associated, especially 
with high-dose formulations, but 
bene�ts substantially outweigh risks 
in most instances

• No increased pneumonia risk seena

• Signi�cant increased risk in pneumonia 
without accompanying mortality risk

• Careful consideration of continued useb

Long-acting bronchodilators Useful as adjunct therapy in step-up 
management

The principle recommended therapy for 
patients who have more than trivial 
symptom burden

Step-down approach Well validated and a key part of asthma 
management

Not well established as part of COPD 
management and must weigh risks of 
medications with bene�ts of symptom 
control

a Studies have failed to show an increased risk of pneumonia in asthma patients treated with ICS (Bansal V).
b Physicians must discuss the proven bene�ts of ICS with patients who have severe COPD and signi�cant FEV1 decline versus the risk of 

pneumonia, as well as bone mineral density loss and other potential side effects.
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16.4 CONCLUSION

Asthma, COPD, and ACO are diseases that share many 
similar presenting features and have signi�cant overlap 
of therapeutic options for management. However, there 
are key di�erences in �rst-line therapies, approach to the 
poorly controlled patient, and recommendations for poten-
tial de-escalation of therapy when control or stability is 
achieved. �ese variances are not merely academic; they 
are critical to the best care of patients by maintaining or 
improving lung function and minimizing side e�ects and 
adverse events associated with pharmacologic therapy. 
Despite the seemingly daunting task of manipulating theses 
subtleties, physicians on the front line of patient care can 
make a tremendous impact on patient outcomes and health. 
Using cornerstone guidelines, such as GINA and GOLD, 
and reference tables such as those we have included in this 
section, physicians can correctly determine the most appro-
priate therapy for these patients as well as constructing a 
plan for further care as dictated by response to treatment. 
Referral to specialists will clearly be necessary at times, but 
all physicians need to have a fundamental working knowl-
edge of obstructive lung disease management to improve 
the care of the millions of individuals a�ected worldwide.
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17
Biologics and emerging therapies for asthma, 
COPD, and asthma-COPD overlap

ANGIRA DASGUPTA, AMBER J. OBERLE, AND PARAMESWARAN NAIR

17.1 INTRODUCTION

Guideline-based management of asthma, COPD, or their 
overlap (asthma-COPD overlap or ACO) is similar for all 

three of these conditions in many ways.1,2 It entails the use 
of inhaled bronchodilators (short- and long-acting anti-
muscarinic or β2-agonists), ICS and oral corticosteroids, 
leukotriene modifying agents (LTMAs), phosphodiester-
ase 4 inhibitors (ro�umilast), and other medications using 
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CLINICAL VIGNETTE 17.1

A 42-year-old woman; never-smoker; with allergies to grass, cats, and ragweed; rhinosinusitis and nasal polyposis; and a 
recently identified aspirin sensitivity, who was on treatment with 1,000 mcg equivalent of an inhaled corticosteroid (ICS) 
and a long-acting β 2-agonist (LABA), a long-acting muscarinic antagonist (LAMA), and a leukotriene receptor antagonist 
(LTRA), had three exacerbations in the previous year that required treatment with short courses of prednisone. Her spe-
cialist decides to maintain her on a low dose of prednisone (7.5 mg daily) to avoid the frequent courses of prednisone. 
Her forced expiratory volume in one second (FEV1) and vital capacity (VC) prebronchodilator are 1.6 L (62% predicted) 
and 3.2 L (78% predicted) respectively, with a ratio of 50%. The FEV1 and VC improve to 1.9 L and 3.4 L after inhaling 
200 μg of salbutamol. Her high-resolution thoracic CT scan does not show emphysema or bronchiectasis. Her total 
serum IgE is 480 IU/L. Other measurements include blood eosinophil count of 0.6/μL, sputum eosinophil count of 8% 
with moderate free granules, and an exhaled nitric oxide (NO) of 48 ppb.

CLINICAL VIGNETTE 17.2

A 63-year-old man, with a 40 pack-year history of cigarette smoking and allergies to grass pollen and possibly to isocya-
nate exposure at work, is referred for recurrent symptoms of wheezing, shortness of breath, and purulent sputum. He is 
also known to have stable coronary artery disease and is on baby aspirin, a beta-blocker, and a low-dose daily diuretic. 
He was on treatment with a combination of ICS and LABA as well as a LAMA. His FEV1 and VC prebronchodilator are 
1.4 L (60% predicted) and 2.7 L (72% predicted) with an FEV1/VC ratio of 52%. The FEV1 improved modestly to 1.5 L after 
inhaling 200 μg of salbutamol. A high-resolution thoracic CT scan shows paraseptal and centrilobular emphysema and 
mild cylindrical bronchiectasis of the lingula. His total serum IgE is 140 IU/L. Other measurements at the time of a previ-
ous asthma exacerbation revealed a peripheral blood eosinophil count of 0.5/μL, sputum eosinophil count of 7% with 
moderate free granules associated with a neutrophil count of 85%, and a total cell count of 43 million cells/g.
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symptoms, lung function, and patient-related outcome 
scores to titrate doses of these agents to achieve asthma 
control. However, there are a subset of patients who, despite 
standard guideline-based care, are di�cult to control, and 
experience more frequent exacerbations, worsening of lung 
function, and poorer quality of life. �ese patients o�en 
display characteristics of both asthma and COPD.3,4 
Accumulating evidence shows that these patients have 
more complex mechanisms driving their disease, neces-
sitating tailored treatment based upon individual patient 
characteristics.5,6

“Overlap syndrome” is a not a new concept. It is an 
extension of the “Dutch hypothesis,” whereby chronic air-
�ow limitation may arise as a result of chronic asthma or the 
association of bronchodilator reversibility and airway hyper-
responsiveness in patients with smoking-related airway dis-
eases or exposure to other environmental determinants.7 
Underlying shared biological similarities are reinforced by 
recent unbiased cluster analytical techniques of cytokines 
involved in the pathobiology of these diseases.8 Intuitively, 
it would make more sense to direct therapies with a clear 
understanding of the components (i.e., air�ow obstruction, 
airway hyperresponsiveness [AHR], and airway in�amma-
tion) associated with these diseases rather than based on the 
“disease label.”9 Identifying airway in�ammation through 
various biomarkers has proven to be a useful and exciting 
method for more targeted therapy, especially if the use of 
biologics is contemplated.5 �e strategy is to optimize air-
way in�ammation guided by its speci�c nature (e.g., eosino-
philic, neutrophilic, mixed, and paucigranulocytic) and is 
best achieved by using sputum quantitative assays to mea-
sure airway in�ammation.10 Indeed, this strategy has been 
shown to be superior to standard therapy in asthma as well 
as COPD.11,12 It is intuitive that this will also be applicable 
in patients with ACO. Some of these patients require long-
term high doses of corticosteroids, which predispose them 
to serious complications, including cataracts, glaucoma, 
osteoporosis, avascular bone necrosis, diabetes, and others. 
Biologics are helpful in such situations, as oral corticoste-
roid sparing agents or as add-on medications to standard 
therapy.1,13

�e clinical endotype of patients requiring biologics 
is usually one of the following: (a) allergic or nonaller-
gic patients with uncontrolled eosinophilic in�ammation 
despite high doses of inhaled or oral corticosteroids, and (b) 
uncontrolled neutrophilic in�ammation with or without 
associated airway eosinophilia. A third endotype of pauci-
granulocytic bronchitis (i.e., normal sputum cell counts) 
associated with hyperresponsive airways is currently not 
amenable to therapy with currently available biologics or 
small molecule antagonists. Procedures, such as bronchial 
thermoplasty, that attenuate airway smooth-muscle mass 
may be the best strategy to treat their symptoms. It is worth 
considering that these cellular endotypes correspond with 
the endotypes de�ned by more sophisticated “omics plat-
form based characterization,” such as the “�2-high,” “�2-
low,” or the “�2-low and �-17 low” immune endotypes.14,15

Current clinical evidence of the e�cacy and safety of bio-
logicals and small molecule antagonists to treat these endo-
types is limited to patients with asthma. However, there is 
emerging evidence for their e�cacy in COPD, and clinical 
trials are currently underway. �is chapter will illustrate 
a therapeutic approach to each of these unique, but not 
mutually exclusive, clinical endotypes for both asthma and 
COPD, and discuss the use of currently approved biologics 
using a case-based approach. However, these endotypes are 
not static, but rather dynamic, and might change over time 
in an individual. �erefore, it is important to reassess quan-
titative sputum counts whenever the patients are symptom-
atic to identify persistence of a particular endotype, which 
would then increase the likelihood of response to therapy 
targeted at a speci�c in�ammatory mediator. �is is not an 
exhaustive account of all the biological agents that are cur-
rently being evaluated for airway diseases. �e potential tar-
gets and drugs have been reviewed in detail elsewhere.16–18

17.1.1  DISCUSSION OF CLINICAL 
VIGNETTE 1

�is patient has severe atopic asthma with partially revers-
ible air�ow obstruction, and thus has asthma and associated 
chronic air�ow limitation with persistent eosinophilic bron-
chitis and peripheral blood eosinophilia despite being on high 
doses of inhaled and oral corticosteroids. �is illustrates a 
typical “eosinophil or high �2 phenotype.” �e most widely 
available biomarker for this phenotype is peripheral blood 
eosinophilia, and when elevated, is usually associated with a 
response to corticosteroids. However, it is a poor marker of 
airway eosinophilia and has a lower diagnostic accuracy for 
the detection of airway eosinophilia especially when asthma 
becomes severe.19 A possible explanation for this discrepancy 
is the local production of eosinophilopoietic cytokines, such 
as IL-5 and IL-13, by innate lymphoid cells-type 2 (ILC-2) 
residing in the airways.20,21 Other biomarkers of the �2 phe-
notype such as fraction of exhaled nitric oxide (FeNO) and 
serum periostin have certain disadvantages. FeNO has a wide 
normal range and is not speci�c for eosinophilic in�amma-
tion in patients who are on high doses of corticosteroids, while 
serum periostin estimation is currently not available for rou-
tine use in clinical practice.22 �us, sputum analysis a�ords 
a more comprehensive and accurate phenotype of patients 
with airway eosinophilia. In the absence of sputum analysis, 
blood eosinophil count is likely an acceptable surrogate19,23 
and when combined with other biomarkers like FeNO, may 
improve the diagnostic accuracy for the detection of airway 
eosinophilia.24 An absolute eosinophil count greater than 
150–400/μL, or a sputum eosinophil count greater than 3%, 
seem to be the best predictors of exacerbations and response 
to anti-IL5 agents.19

All the biologics that are currently being developed 
(Table 17.1) are directed against cytokines that either directly 
or indirectly recruit eosinophils into the airway (Figure 17.1). 
Omalizumab, a humanized IgG anti-IgE monoclonal anti-
body, was the �rst biologic to be approved by the Food and 
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Drug Administration (FDA) in the United States and to be 
recommended by international guidelines for the treatment of 
asthma.1 Although it is indicated in patients with moderate to 
severe allergic asthma with serum IgE levels between 30 and 

700 IU/mL experiencing frequent exacerbations and persis-
tent air�ow limitation, its e�ect in patients who are oral-cor-
ticosteroid dependent is less well established.25 Nevertheless, 
it would be reasonable to consider a trial of omalizumab as 

Table 17.1 Biologics for asthma and their clinical ef�cacies

Monoclonal Isotype Target Effect on FEV1

Effect on 
exacerbation

Prednisone-
sparing effect

Omalizumab IgG1 IgE ++ ++ Being evaluated
Mepolizumab IgG1 IL5 + +++ ++
Reslizumab IgG4 IL5 ++ +++ Not evaluated
Benralizumab IgG1 IL5Rα ++ ++ +++
Lebrikizumab IgG4 IL13 + + Not evaluated
Tralokinumab IgG4 IL13Rα1 and 2 + + Being evaluated
Dupilumab IgG4 IL4Rα/13 ++ ++ Being evaluated
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Figure 17.1 Tissue recruitment of eosinophils. In the traditional allergic (or atopic) patient, the exposure of an aeroallergen 
to the epithelial cells of the airway lumen stimulates the Th2 mediated allergic cascade leading to IgE class switching in 
the B cell. Upon re-exposure, the allergen binds to the high af�nity IgE receptor on the mast cell stimulating degranula-
tion and release of mediators implicated in symptoms of asthma such as bronchoconstriction, mucous production, and 
edema. The T helper cell also releases the cytokine IL-5, a potent stimulator for the production, recruitment, maturation, 
and survival of eosinophils within the airway lumen.

In the non-allergic (or non-classical pathway), an exposure (e.g., virus, bacteria, pollutants, allergens) may trigger the release of alarmins (IL-25, 
IL-33, and TSLP) from the airway epithelium that could lead to the recruitment of eosinophils into the airway. The activation of the innate type 2 
lymphoid cells and release of cytokines like IL-5 and IL-13 may also contribute to in-situ eosinophil differentiation in the airway tissues.

Novel anti-eosinophilic biologics and their targets are discussed further in Table 17.1.

Mepolizumab, Reslizumab, and Benralizumab target IL-5. Dupilumab target IL4 and IL13.
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the �rst line of monoclonal therapy in this patient before con-
sidering biologics directed against the other �2 cytokines 
implicated in severe asthma, as the patient has a history of 
signi�cant clinical allergies.

�e most extensively studied biologic speci�cally 
directed against the eosinophil is anti-IL-5. Mepolizumab, 
reslizumab (both e�ective in phase 3 clinical trials and 
approved for clinical use by the FDA and the European 
Medical Agency), and benralizumab are e�ective in reduc-
ing exacerbations in patients with increased blood or 
sputum eosinophil counts when high-dose ICSs or oral cor-
ticosteroids are ine�ective.26–29 �e relative risk reduction 
in exacerbations for the two approved biologics are compa-
rable (Table 17.1), and they may be e�ective in patients with 
eosinophilic asthma30 independent of the patient’s atopic 
status.31 Mepolizumab, in an observational study, has also 
been reported to be e�ective in patients who have previously 
been exposed but who have not necessarily failed to improve 
on omalizumab.32 �us, either reslizumab or mepolizumab 
may be a reasonable choice for this patient if there is inad-
equate response to therapy with omalizumab. �e dose and 
route of administration of these two biologics may be rel-
evant in patients with severe eosinophilic asthma who are 
on daily high doses of prednisone. As previously reported, 
the prednisone-sparing e�ect of 100 mg subcutaneous (s/c) 
mepolizumab is less than that of 750 mg intravenous (i/v) 
mepolizumab, and this may be due to inadequate suppres-
sion of local eosinophilopoietic processes.20,21 However, a 
direct comparison of s/c, i/v, or body-weight-adjusted versus 
a �xed dose of monoclonal antibodies may be necessary to 
resolve this observation in prednisone-dependent patients. 
It would appear reasonable to start with an s/c-dosing strat-
egy and to switch to i/v dosing if there is insu�cient clinical 
response. �e magnitude of improvement reported for FEV1 
seems to be greater with reslizumab, but this is likely to be 
dependent on how critical eosinophils are to the cause of air-
�ow obstruction rather than the biology of the molecule.17

Although there is no direct head-to-head comparative 
data available, the prednisone-sparing e�ect of benrali-
zumab seems to be more impressive than that of the other 
biologics.33 Despite a 75% reduction in prednisone dose 
(compared to 25% for placebo), the annualized reduction 
in rate of asthma exacerbation was 70% for every 8 weeks 
dosing of 30 mg s/c compared to 32% for every 4 weeks dos-
ing of mepolizumab 100 mg s/c in a similar patient popula-
tion.13 �e reductions in exacerbation rate of benralizumab 
in patients with less severe asthma (on lower maintenance 
doses of corticosteroids) have been less impressive.34–36 �is 
may have been related to nuances related to patient selec-
tion, countries from where patients were recruited, or sim-
ply that blood eosinophils (based on which the patients were 
recruited) in these milder patients may not truly re�ect the 
key e�ector role of eosinophils in these patients.

Both benralizumab37 and mepolizumab38 have also been 
evaluated in patients with asthma and associated COPD 
with sputum and blood eosinophilia. Although both drugs 
were e�ective in reducing sputum and blood eosinophil 

count, the e�ect on FEV1, and exacerbations were modest 
compared to previous reports in patients without associated 
COPD. �us, it remains to be resolved if anti-IL5 therapies 
will have the same e�ect in patients with asthma and COPD 
(smoker-related bronchitis or emphysema) as those without 
smoking-related bronchitis. Phase 3 studies of mepolizumab 
in this patient population have just been completed and have 
reported modest e�ect sizes (~14%–18% risk reduction in 
exacerbations). Further information should be forthcoming.

Other investigational antieosinophil biologics which 
have reached phase 3 clinical trials but not yet approved by  
the FDA are anti-IL13 (tralokinumab), anti-IL4R (dupi-
lumab), antithymic stromal lymphopoietin (TSLP), 
anti-CR�2,39,40 in addition to several others, including anti-
IL9.41–43 Nasal polyposis is largely driven by eosinophilic 
in�ltration, and reslizumab has been reported to be more 
e�cacious in those patients with associated sinus disease.44 
Dupilumab is the only biologic that has been speci�cally 
evaluated and shown to improve sinus disease outcomes.45 
CR�2 antagonists also have the potential to be e�ective in 
these patients. Another reason for persistent eosinophilia 
despite treatment with corticosteroid is corticosteroid resis-
tance or insensitivity. Several mechanisms have been sug-
gested to explain this process.46 �e two most examined ones 
are (a) phosphorylation of the glucocorticoid receptor (GR), 
which reduces its translocation into the nucleus and there-
fore impairs corticosteroid responsiveness, and (b) reduc-
tion in histone deacetylase 2 (HDAC2) activity resulting 
in increased acetylation of the GR, which prevents it from 
inhibiting NF-κB–driven in�ammation.47,48 Several kinases 
might be involved in the phosphorylation mechanism, such 
as p38 MAPK-alpha, p38 MAPK-gamma, and JNK1; inhibi-
tion of these kinases (e.g., p38 MAPK inhibitor) increases 
corticosteroid responsiveness.49 �ere are several drugs 
which can increase HDAC2 activity, notably low-dose the-
ophylline, nortriptyline, and macrolides, as well as novel 
therapies such as inhaled PI3Kd or p38 MAPK inhibitors, 
which are currently being investigated.50,51

In summary, a reasonable treatment strategy for this 
patient would be to ensure compliance and adequate inhaler 
therapy,52 initiate therapy with either omalizumab or one of 
the anti-IL5 therapies (mepolizumab or reslizumab). �en 
begin therapy with omalizumab, and if there is inadequate 
response within 6 months, switch to 100 mg s/c mepoli-
zumab. If this is not e�ective, switch to three mg/kg i/v resli-
zumab. However, it is also reasonable based on this patient’s 
clinical presentation to begin treatment with either of these 
anti-IL5 agents. Benralizumab may be another alternative, 
when it is approved for clinical use.

17.1.2  DISCUSSION OF CLINICAL 
VIGNETTE 2

In contrast to the �rst case scenario, this patient has a his-
tory of asthma and associated chronic air�ow limitation 
due to smoker’s bronchitis and emphysema. He also has 
a pleotropic bronchitis manifesting as mixed eosinophilic 
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and neutrophilic bronchitis. In addition, the increase in 
his total cell count indicates that neutrophilic bronchitis 
is likely due to an infective etiology.53 It is important to 
recognize that peripheral blood examination is not help-
ful to identify this pleiotropic bronchitis. �e role of neu-
trophils in airway diseases is still not fully understood. It 
is possible that they release reactive oxygen species and 
proteases, which have the potential to cause exacerbations 
and are poorly responsive to corticosteroids. �e prob-
lem with targeting neutrophils is that they are important 
cells in combating infection due to their protective role 
in our innate immune defense system. A common prac-
tice for recurrent neutrophilic bronchitis is to use add-on 
macrolides, which has been found to reduce exacerbation 
rates54 and improve quality of life.55 A recent large study 
reported impressive results with the use of azithromycin 
in an unselected group of patients with moderate to severe 
asthma independent of the type of bronchitis.56 �e mech-
anism of bene�t is still unclear.

More speci�c antineutrophil-directed therapies such as 
brodalumab, a human anti-IL17 receptor monoclonal anti-
body, in initial clinical trials did not demonstrate a signi�cant 
clinical bene�t in patients with moderate to severe asthma.57 
Airway neutrophilia can be reduced by blocking neutrophil 
attractant chemokines such as CXCL1 (GRO-a), CXCL5 
(ENA-78), and CXCL8 (IL8), which are increased in patients 
with COPD and with severe asthma, especially in patients 
who smoke. Orally active small molecule antagonists against 
CXCR2,58 while e�ective in reducing circulating and sputum 
neutrophil counts, do not appear to o�er signi�cant clinical 
bene�ts in asthma59,60 or in COPD.61 �e dominant cyto-
kine in patients with pleiotropic bronchitis seems to be IL6.62 
However, it remains to be seen whether antagonism of the 
IL6-signaling pathway would be bene�cial in these patients.

In summary, a reasonable treatment strategy for this patient 
would be to ensure compliance and adequate inhaler therapy, 
which may include a LABA and LAMA,63 in addition to admin-
ister empiric therapy with macrolide antibiotics. �e patient 
may be considered for anti-IL5 therapies. If there is inadequate 
response a�er 4–6 months, it should be discontinued.

17.2 CONCLUSION

Anti-IL5 therapies are e�ective in patients with an eosin-
ophilic phenotype, independent of their atopic status, 
although anti-IgE therapy seems to be the reasonable �rst 
option for patients whose airway disease is critically driven 
by an IgE-mediated allergic pathway. �eir role in patients 
with asthma and associated COPD related to smoking is less 
well established. In patients with associated sinus disease, 
anti-IL4R–directed therapy may be a suitable alternative. A 
prednisone-sparing e�ect has currently been demonstrated 
only for mepolizumab. New biologics targeting epithelial 
alarmins (e.g., IL33, TSLP) and chemokines such as CR�2 
are currently being evaluated. �e optimum dose and route 

of administration of anti-IL5 therapies need further evalua-
tion. �ere is currently no e�ective biologic for patients with 
noneosinophilic asthma, however, IL6- and IL23-directed 
therapies are likely to be bene�cial and merit evaluation in 
this endotype.

Several antieosinophilic biologic agents are being devel-
oped for the treatment of poorly controlled asthma. �is 
list compares the currently available and investigational 
novel biologic targets based on their e�cacy on lung-
function improvement, exacerbation reduction, and pred-
nisone-sparing e�ect. While thus far there are only three 
FDA-approved agents (omalizumab, mepolizumab, and 
reslizumab), it is expected that more will be ready for clini-
cal use in the coming years.
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18
Endoscopic and surgical treatment for asthma, 
COPD, and asthma-COPD overlap

DIANE TISSIER-DUCAMP, A. BOURDIN, ALAIN PALOT, CÉLINE TUMMINO, 
LAURIE PAHUS, AND PASCAL CHANEZ

Despite recent improvements in the pharmacological arsenal 
for asthma and chronic obstructive pulmonary disease 
(COPD), including new long-acting muscarinic antagonists 
(LAMA) long-acting β2-agonists (LABA) combinations 
for COPD and biologics for severe asthma, many patients 
remain uncontrolled, causing a major burden both for the 
patient and for the health-care system.1 However, in addition 
to current medical therapies, novel endoscopic and surgical 
treatments have been developed and are emerging as impor-
tant therapies for many of these challenging patients.

One example of these newer treatments is bronchial 
thermoplasty (BT), which has been developed and became 
available in the last decade. BT has been shown to improve 
quality of life and control of asthma in some patients.2 On 
the other hand, endoscopic lung reduction using coil place-
ment may bring some relief in exercise-induced breath-
lessness, and subsequently improve exercise tolerance and 
quality of life in COPD patients with high levels of static 
hyperin�ation (residual volume [RV] > 220%).3 If asthma-
COPD overlap (ACO) represents a real overlap between 
asthma and COPD,4 one can question the potential for these 
interventions to help those patients with residual symptoms 
and disability despite current treatments.

In this chapter, we provide three vignettes of patients: 
one with COPD, one with asthma, and a third one descrip-
tive of a more complex clinical situation. �e patient with 
COPD was treated with coil insertion, and the other two 
received bronchial thermoplasty. For the last vignette, we 
evaluate the potential for coils in a patient described ini-
tially as su�ering from severe asthma.

18.1 COPD

18.1.1 INTRODUCTION

COPD is de�ned by permanent and progressive airways 
obstruction.5 Pulmonary emphysema may decrease the elas-
tic retraction forces and induce exaggerated expiratory bron-
chiolar collapse involved in thoracic distension.6 Dyspnea in 
COPD is considered to be a consequence of such distension, 
which initially appears during intense exercise but could 
become disabling and dramatically impair quality of life.

Currently, very few treatments e�ectively decrease pul-
monary distension and improve symptoms during exercise: 
pharmacological treatments face a maximal plateau e�ect7 
and surgical lung volume reduction only gets utilized in 
highly selected patients with major distension and hetero-
geneous emphysema. �e risk of morbidity and mortality of 
such a surgery remains substantial, and this technique is now 
progressively being abandoned worldwide.8 Accordingly, 
less-invasive techniques have been developed. At this time, 
unidirectional valves and coils are the most advanced 
devices in their clinical development. Unidirectional valves 
are devices that are inserted during bronchoscopy. Because 
of their shape, they are opening only during expiration, 
whereas they remain closed during inspiration leading to 
progressive de�ation of the treated lobe. �e main issue with 
this technique is related to the frequent existence of collat-
eral ventilation usually seen in patients with incomplete scis-
sors likely implicated in rein�ation of the treated lobe—and, 
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in the end, in the absence of clinical bene�t. �is issue can 
be addressed through a barometer device (called Chartis) 
used during bronchoscopy, which can determine whether 
important collateral ventilation will preclude success. �ese 
devices are developed in emphysematous lungs, and they 
improved forced expiratory volume in one second (FEV1) 
and forced vital capacity (FVC) by respectively 140 (95% CI: 
55–225) and 370 mL (95% CI: 107–588 mL) in the Dutch ran-
domized controlled trial, whereas six-minute walking test 
distance gained 76 m (47–100) over the control group. Safety 
issues are a real cause for concern since some death, pneu-
mothorax, device migration, or a requirement for replace-
ment or removal occurred in the treated groups.9–11

Insertion of shaped-memory coils during bronchos-
copy is more dedicated to increase lung elastic recoil forces 
through increased tensing of the upper lobes. One French 
and one American randomized controlled trial demon-
strated clinical bene�ts of uncertain magnitude as a greater 
improvement in the six-minute walking test distance in the 
treated arms vs. control was respectively by +21 m (95% 
CI −4 to in�nite) and +14.6 m (97.5% CI 0.4 to in�nite).3,12 
Because many other endobronchial techniques are cur-
rently developed, a meta-analysis aimed at giving pooled 
results, but, as expected, heterogeneity precludes clarity of 
the conclusion.13,14

18.1.2 DISCUSSION

Endoscopic lung volume reduction is a promising technique 
that provides hope to patients and physicians. Patients suf-
fering from COPD, particularly severe emphysema, have 
impaired quality of life due to disabling dyspnea during 
exercise related to pulmonary distension. Very few avail-
able conventional treatments are highly e�ective and safe 
for severe COPD. �e endobronchial lung volume reduction 
with coils seems to be hopeful as an appropriate procedure 
for the most severe patients. However, bene�ts obtained 
from this treatment are inconsistent from one study to 
another, and, as described previously, discrepancies exist 
between United States and European Union experiences.3,12 
Mandatory improvements are required to predict a posi-
tive treatment response but also to de�ne its mechanisms 
of action. Real life cost-e�ectiveness is another issue that 
requires further assessment. Although short-term adverse 
e�ects are now well described, long-term issues need to be 
assessed, and this will require the development of rigor-
ously organized registries.

Currently, bronchodilator reversibility, a feature of 
asthma, has been considered an exclusion criteria for par-
ticipating in clinical trials on lung volume reduction. 
Indeed, variability of airway obstruction is a mandatory 

CLINICAL VIGNETTE 18.1

A 72-year-old COPD patient with severe emphysematous lung changes but no exacerbations presents for further 
evaluation. He had no relevant medical history except for a smoking history of 30 pack years; he stopped smoking 
5 years earlier. The patient describes major impairment of his quality of life related to daily disabling dyspnea with the 
slightest effort. Clinical examination showed a distended lung with a barrel chest, pursed-lips breathing indicating a 
high level of intrinsic positive expiratory pressure consistent with his excessive distal airway collapsibility, and chest 
distention. Chest X-ray showed hyperin�ation consistent with COPD (see Figure 18.1). Pulmonary function testing 
revealed severe nonreversible obstructive impairment: FEV1/FVC: 0.50, FEV1 = 0.70 L (28% predicted value) associated 
with major chest distention; functional residual capacity (FRC): 6.77 L (198% predicted value); residual volume (RV): 
6,53 L (259%); arterial blood gas at rest while breathing room air showed pH of 7.42, PaO2 of 70 mmHg, and PaCO2 of 
38 mmHg. The six-minute walking test demonstrated exercise-induced oxygen desaturation (from 90% to 84%) while 
covering 441 m. Borg dyspnea scale changed from 5/10 at baseline to 10/10 at the end of the effort.

Management was optimized in this weaned-from-smoking patient and included a pharmacological treatment com-
bining a long-acting β2-agonist and a long-acting muscarinic antagonist agent in conjunction with a long-term rehabili-
tation program. Because of his major quality of life alteration closely related to symptoms during exercise and because 
he was too old for a lung transplant, he was enrolled in the REVOLENS clinical trial, which compared the ef�cacy and 
safety of coils with pharmacological treatment compared to pharmacological treatment alone on exercise-induced 
symptoms. The patient met the eligibility criteria: severe bilateral symptomatic emphysema, FEV1 < 50%, RV > 220% 
postbronchodilators, and currently enrolled in a respiratory rehabilitation program. The patient underwent a �rst 
bronchoscopy procedure for placement of nine coils in the left lobe without incident during the procedure, and 
6 weeks later, the patient underwent a second bronchoscopy with contralateral placement of nine coils inserted in the 
right upper lobe without incident short or long term. Anterior-posterior chest X-ray (Figure 18.2) shows correct place-
ment of the coils in both lower lobes.

Several months later, the patient reported a reduction of symptoms during exercise and an improvement in quality of 
life. Pulmonary function testing before and after the endoscopic procedure (Table 18.1) showed no signi�cant improve-
ment: FEV1/FVC = 46%, FEV1 = 0.71 L (28%), decreased pulmonary distension (FRC: = 6.29 [183%], RV = 5.39 [214%]), 
and the six-minute walking test remained unchanged. The chest and computed tomography (CT) scan (Figure 18.3) 
showed the spirals in the two upper lobes.



18.2 Asthma / 18.2.1 Introduction 211

criterion to con�rm asthma diagnosis, as stated in the last 
Global Initiative for Asthma (GINA) update,4 although it 
is commonly observed to be di�cult to demonstrate in the 
most severe cases. Even though asthma per se is not a good 
indication for coils, clinical situations in which distension 
and static hyperin�ation can be documented as predomi-
nantly relying on emphysematous changes of the lung and 
decreased elastic recoil forces—and not only as a conse-
quence of airways obstruction—may potentially overcome 
this feeling.

Alternatives such as lung volume reduction surgery 
(LVRS) and lung transplantation are worth discussing with 
such patients. Now a robust experience of LVRS is avail-
able, and more than 1600 patients could be pooled in the 
last meta-analysis.15 Improved selection criteria and greater 
experience in expert centers are key points likely to explain 
how it could go over the negative results of the National 
Emphysema Treatment Trial (NETT).16 Safety concerns are 
still to be addressed especially in nonexpert centers, as this 
technique is rarely performed.

COPD is a more frequent indication for lung trans-
plantation, probably because other conditions bene�ted 
from medical improvements. Comorbidities and age (and 
this was an issue for the present patient) are important 
hurdles in this area, and long-term survival bene�ts are 
debated.8,17

18.2 ASTHMA

18.2.1 INTRODUCTION

Severe asthma continues to represent a major challenge 
for clinicians. New treatment strategies and approaches 
are urgently needed for these patients. Appropriate patient 
selection is paramount when considering any new treatment 
modality, be it pharmacological or device-based. Bronchial 
thermoplasty (BT), is a nonpharmacological, device-based 
therapy that delivers controlled thermal energy to the 

Figure 18.1 Standard chest X-ray from the COPD patient 
before intervention distention and destruction of the lung 
parenchyma.

Figure 18.2 Standard chest X-ray from the COPD patient 
after intervention showing the spirals in the 2 upper 
lobes.

Table 18.1 Pulmonary function assessment before and after endoscopic treatment

Dyspnea PBD FEV1 FEV/VC CRF RV TM6 d TM6 desat

Before At rest 28% 46% 198% 259% 441 m 84%
12 m At rest 28% 47% 168% 190% 401 m 87%
24 m At rest 29% 57% 185% 238% 378 m 88%

PBD FEV1: Post bronchodilator FEV1

CRF: Residual functional capacity
RV: Residual volume
TM6 d: Walked distance in 6 minutes
TM6 desat: Maximal desaturation during 6 min walk test



212 Endoscopic and surgical treatment for asthma, COPD, and asthma-COPD overlap

airway walls through a series of three bronchoscopic proce-
dures.18 It was approved in 2010 by the U.S. Food and Drug 

Administration (FDA) for the treatment of severe persis-
tent asthma in patients 18 years and older whose asthma is 
not well controlled with inhaled corticosteroids (ICS) and 
long-acting β2-agonists (LABAs), and it has been European 
Medicines Agency (EMA)–approved in Europe since 2011. 
�e clinical-development program consisted of �ve main 
clinical trials, four in subjects with asthma, and three were 
randomized. �e largest sham-controlled, device-based 
clinical trial in severe asthma, the Asthma Intervention 
Research 2 (AIR2) Trial,2,19,20 has recently published �ve-
year e�cacy and safety data. Several studies demonstrated 
its potential mechanisms of action and the relationships 
between clinical e�cacy and structural changes.21–23 Indeed, 
even though the debate is still open, decreased smooth mus-
cle layer thickness and, more unexpectedly, decreased neu-
roendocrine cell contingency within the airway epithelium 
were shown as the most obvious structural changes explain-
ing how it works.22,24–26 �e short- and long-term safety have 
been investigated with no severe adverse events despite more 
than 1000 patients having been treated in clinical trials and 
real life at present. Few cases of hemoptysis and pneumotho-
races have been reported and were managed without major 
persistent harm or negative outcomes for the patients.

CLINICAL VIGNETTE 18.2

A sea carpenter born in 1964 began to suffer from asthma in 2004. His asthma was uncontrolled from the time of diag-
nosis, leading to numerous hospitalizations and emergency room visits. He had no signi�cant past medical history, fam-
ily history, or comorbid conditions. He was a past smoker with a cumulative smoking history of less than 10 pack years. 
He was not able to work any longer due to his severe asthma. His main complaint was an intractable cough resistant to 
all treatments and leading to rib fractures. In 2014 he was on maximal treatment, receiving 2000 µg ICS: Fluticasone, 
200 μg Salmétérol, and 44 μg glycopyrronium, 48 µg LABA/LAMA, and 40 mg oral prednisone daily. He was dyspneic 
after brief exercise and had 12 emergency room visits during the last year. He was wheezy at rest, and the asthma-
control questionnaire score was always higher than two at each outpatient visit. Despite several therapeutic trials with 
drugs including methotrexate, cyclosporine, and omalizumab, his asthma remained uncontrolled. His condition deterio-
rated despite high daily doses of oral corticosteroids, leading to bilateral cataracts and severe osteoporosis. His lung 
function demonstrated persistent air�ow obstruction, with an FEV1 of 25% (0.850 liter) (6% postbronchodilator revers-
ibility) with an FEV1/FVC < 0.7, a normal diffusing capacity of the lungs for carbon monoxide (DLCO), and an RV at 120% 
of predicted value. A six-minute walking test was not associated with oxygen desaturation despite marked dyspnea. 
Imaging of the airways by CT scan displayed only thickening of the airway walls without emphysema, and there was no 
evidence of signi�cant bronchiectasis or interstitial lung disease. No relevant triggers for his symptoms were identi-
�ed. Fiberoptic bronchoscopy showed some features of bronchomalacia, and endobronchial biopsies showed minimal 
in�ammatory cell in�ltrates but increased bronchial smooth muscle mass > 15% of the submucosal area on 10 biopsies 
(Figure 18.3). Despite long-term azithromycin treatment (at a similar regimen than in the azithromycin for prevention 
of exacerbations in severe asthma [AZISAST] study)27 and continuous positive airway pressure (CPAP) during the night, 
because a moderate, obstructive sleep apnea syndrome was documented (Apnea-Hypopnea Index [AHI] of 17 hours, 
mostly related to hypopnea, without any central event), his asthma remained uncontrolled. The patient was considered 
eligible for BT. Three sessions were administered, without any adverse event. One year after the last session, his asthma 
was improved but still uncontrolled with an ACQ = 1.5; OCS requirement was decreased to 20 mg a day, and he expe-
rienced only one exacerbation during the follow-up without ER requirement. His quality of life improved mainly due 
to the disappearance of his intractable cough, and his FEV1 improved to 65% (2.21 L, +1.150 L compared to previous 
assessment) (Table 18.2). This bene�t on this outcome was sustained at 24 months, even though he still required OCS 
and ICS/LABA combination therapy, as unacceptable symptoms relapsed with OCS tapering. A follow-up CT scan of 
the chest revealed no signi�cant changes before and 12 months after bronchial thermoplasty (Figure 18.4).

Figure 18.3 Endobronchial biopsies obtained from the 
severe asthma patient before bronchial thermoplasty 
displaying the important contribution of bronchial smooth 
muscle bundlles in the submucosa.



18.2 Asthma / 18.2.2 Discussion 213

18.2.2 DISCUSSION

In severe asthma, the armamentarium of potential new 
treatments is increasing. However, �rst, it is important to 
secure the diagnosis of asthma, assess adherence to the 
prescribed medications, and investigate and treat potential 
environmental triggers, as well as comorbid conditions, 
according to current guidelines. �is initial assessment 
o�en takes 6 to 12 months as reported in the 2014 European 
Respiratory Society (ERS)/American �oracic Society (ATS) 
Task Force.28 While novel biologics targeting interleukin 5 
have been recently approved, BT has also been approved 
for potential use in uncontrolled severe asthmatics.29 �e 
mechanisms underlying its e�cacy have been recently 
studied. BT in severe asthmatics reduces airway smooth 
muscle (ASM) area, but also mucosal and ASM-associated 
nerve endings, neuroendocrine epithelial cells, and, to a 

lesser extent, bronchial smooth muscle thickening.22,30,31 
�ese e�ects correlate with asthma control with fewer exac-
erbations, hospitalizations, and intensive care unit (ICU) 
admissions for asthma, decreased Asthma Control Test 
and Asthma-Related Quality of Life Questionnaire scores, 
and reduced requirement of OCS. In most of the studies, 
BT failed to reduce airway obstruction. �e present severe 
asthma vignette is a good illustration of the potential suc-
cess of this new approach. �e short- and long-term safety 
aspects have been reported with minimal tolerance prob-
lems.2 Despite its e�ect on airway structure, particularly 
on the bronchial smooth muscle, the absence of e�ect on 
lung function is surprising and worth discussion. First, 
the causality and correlation between structural changes 
and lung function are not clearly established. Second, the 
bene�t on asthma control and exacerbations is perhaps 
dissociated, with no functional improvement, possibly 

Table 18.2 Clinical symptoms and lung function evaluations before and after bronchial thermoplasty

Control 
ACQ ER/Hosp EXA

CS mg median 
dose PBD FEV1 Cough TM6

Before 2.5 12 14 40 40% +++ 400 m
12 m 2 0 6 30 60% + NA
24 m 2 0 3 20 65% ± 420 m

ACQ: Composite score of control: Asthma control questionnaire
ER/Hospitalizations: Emergency/hospitalization visits and stays
EXA: Exacerbations requiring increase in systemic corticosteroids
CS: Systemic corticosteroids
PBD: Post bronchodilator FEV1

TM6: Distance walked during 6 minutes

Before BT After BT

Figure 18.4 Chest CT scan slides obtained from the severe asthma patient showing some increase in the airway wall 
before and 12 months after bronchial thermoplasty without any major change.
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re�ecting a decreased in airway responsiveness, as reported 
by Cox32 in mild to moderate asthma. It can be hypoth-
esized that decreased airway smooth muscle mass will 
reduce the extent of exaggerated bronchoconstriction and 
also limit severity of air�ow obstruction, in the case of an 
exacerbation; it can also help in daily living activities. In 
other terms, ASM reduction is likely related to an increased 
PD20. Unfortunately, the permanent airway obstruction 
observed in severe asthma patients with low baseline FEV1 
values, and sometimes the impossibility to withdraw bron-
chodilators for adequate duration may preclude the assess-
ment of airway hyperresponsiveness in these severe asthma 
patients with greatly impaired air�ow. �ird, as shown in 
some imaging reports,21 a di�usion of the thermal e�ect 
seems to occur in bronchi distal to the treated segments, 
as evidenced by ground-glass hyperdensities, visible in the 
untreated middle lobe or any treated lobe or segment. �e 
measurement of parameters linked to distal airways may 
represent a potential outcome to assess BT e�cacy.33 �e last 
question with BT is its place in the treatment algorithm of 
severe asthma, as several biologics are also available to treat 
this condition. In our experience, which is similar to the 
patient in the vignette, most of these patients with severe 

asthma have been previously exposed to one or two biolog-
ics directed against a T2-related phenotype. Treatment fail-
ure a�er 4–6 months may require consideration of a new 
biologic or shi�ing to BT. Lastly, non T2 or noneosinophilic 
severe asthma represents a major challenge for specialists 
who manage asthma, and, therefore, a patient with this 
phenotype represents a potential target for BT. However, 
more mechanistic research is needed to identify the optimal 
patients most suitable for BT, as that will save time, reduce 
false hopes, and save money for patients and society.

18.3 ASTHMA-COPD OVERLAP (ACO)

18.3.1 INTRODUCTION

Chronic airway diseases have been recognized to be hetero-
geneous for a long time. Most chest physicians have reported 
cases of smoking asthmatics with a full recovery of their 
lung function a�er a short course of corticosteroids. On the 
other hand, some patients with asthma may display a �xed 
component of airway obstruction even though they were 

CLINICAL VIGNETTE 18.3

This patient suffered from asthma at the age of 20 when �nishing his university curriculum to become an engineer. 
Asthma was mainly related to the presence of a cat where he lived with several fellow students. He was born pre-
maturely and had a cardiac abnormality (aortic coarctation), which was corrected at age 5. This last intervention was 
complicated by a transient pneumothorax with a full recovery. No speci�c respiratory disease was found in his family. 
His childhood and adolescence was free of health concerns, and he was able to ski and enjoy his family life. He never 
smoked and did not drink. After graduating as an engineer, he worked in an alpine resort. He was able to exercise nor-
mally and received an ICS/LABA prescription treatment for asthma from his chest physician between 2006 and 2011. 
His best FEV1 during this period was 70% of predicted value. After a �u episode in the winter of 2011, his condition 
deteriorated, and his asthma became uncontrolled despite treatment. After this episode, he experienced twice-yearly 
exacerbations requiring systemic corticosteroids. Despite the addition of a LAMA, azithromycin, and omalizumab, 
his best FEV1 values remained below 40%. The investigation found no major trigger or comorbid conditions, and his 
adherence to treatment was estimated to be excellent. His RV was 180%, and he was able to complete exercise on a 
bicycle in the laboratory. FEV1 values varied between 25% and 40% during or after exacerbations. His blood eosino-
phil count was below 300 eosinophils/µl, and total IgE count was less than 120 KIU/L. There were no criteria for allergic 
bronchopulmonary aspergillosis (ABPA) or vasculitis. No macroscopic abnormality was found at endoscopy, and the 
pathological report of bronchial biopsies described pauci-in�ammatory wall in�ltration with increased smooth muscle 
mass (Figure 18.5). The patient was deemed eligible for a BT trial. Three sessions were applied during a 3-month 
period, with hemoptysis as a serious adverse event leading to a hospitalization after one of the procedures. One 
year after the last session, his asthma was better controlled, and the patient reported only one exacerbation during 
the follow-up without ER requirement. Improvement in quality of life was mainly attributed to the exacerbation-rate 
reduction, whereas FEV1 was still severely impaired, measured at 35% of predicted value (Table 18.3). At 24 months 
the patient reported two exacerbations, and his maximal achievable FEV1 was 28%, but his exercise capacity remained 
reduced. The RV was 220% at maximal bronchodilation. Chest CT scan was reassessed, and several cysts and centri-
lobular emphysema lesions were described, resulting in a possible diagnosis of Langerhans cell histiocytosis being 
�nally con�rmed (Figure 18.6). At this stage, endoscopic lung volume reduction was evaluated as a therapeutic option 
for this patient who previously received BT. BT in this patient did not lead to a major improvement in quality of life 
but did result in a reduction in exacerbation. On the other hand, the increased RV and the CT scan aspect suggested 
the potential bene�t for endoscopic reduction of emphysema. The history and follow-up of this patient supports the 
coexistence of features of both asthma and COPD.
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never smokers. �e combination of clinical and functional 
features of asthma and COPD has led to the concept of 
ACO.34 �e origin of the condition is still controversial. 
GINA and GOLD guidelines acknowledged this, and pro-
moted the acronym of ACO instead of ACOS—because the 
association is evident, whereas “syndrome” suggested that 
a new entity should be distinguished. Furthermore, cur-
rent case de�nitions may confuse the understanding of this 
syndrome by general practitioners who manage asthma and 
COPD.

18.3.2 DISCUSSION

Postma and Rabe underlined the need for better de�ning 
and characterizing ACO, as illustrated by the variability of 
de�nitions used in available studies.34 �e main concern is 
related to the need to establish a consensus de�nition for 
ACO in the �eld of chronic disorders. One may question the 
heterogeneity of these diseases and the need to add another 

Figure 18.5 Endobronchial biopsies obtained from ACO 
phenotype asthma patient before bronchial thermoplasty 
displaying the important contribution of bronchial smooth 
muscle bundles in the submucosa.

Table 18.3 Clinical and pulmonary function testing before and after bronchial thermoplasty in an ACO patient

Control ACQ ER/Hosp EXA CS mg median dose PBD FEV1 Cough TM6

Before 1.5 0 4 0 30% 0 NA
12 m 1 0 2 0 34% 0 NA
24 m 1 0 2 0 37% 0 NA

ACQ: Composite score of control: Asthma Control Questionnaire
ER/Hospitalizations: Emergency/hospitalization visits and stays
EXA: Exacerbations requiring increase in systemic corticosteroids
CS: Systemic corticosteroids
PBD: Post bronchodilator FEV1

TM6: Distance walked during 6 minutes

Figure 18.6 Chest CT scan slides obtained from the ACO phenotype asthma patient after bronchial thermoplasty showing 
some emphysema lesions; the initial imaging was identical.
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entity, with the potential to reduce confusion among spe-
cialists, primary care physicians, and patients. Regarding 
these diseases, it is important to better understand their 
underlying mechanisms and design treatments that address 
the main mechanism(s) responsible for daily symptoms and 
future negative risks. In the case of our patient, the history 
suggests a diagnosis of asthma with both variable but revers-
ible symptoms and signi�cant FEV1 improvement a�er 
inhaling a bronchodilator, even though it did not return 
to normal. BT was an option when omalizumab failed and 
the endobronchial biopsies displayed an increase in smooth 
muscle mass. We can argue that the morphological changes 
on CT scan and the persistent air�ow obstruction with 
increased RV may warrant endoscopic treatment of emphy-
sema. Whether patients with ACO exhibit worse outcomes 
than those with COPD only is an area of debate. �ere are 
no real options than to follow cohorts of well-characterized 
patients and to integrate new outcomes, such as imaging 
and in�ammatory markers to assess and understand the 
natural history of these patients. We are just beginning to 
consider the role of early events during lung development 
and early life on the overall picture of the patient with a 
chronic airway disorder.

18.4 CONCLUSION

Chronic airway disorders are clearly heterogeneous respira-
tory diseases. As we try to integrate more rapidly into cur-
rent care the most recent knowledge acquired from research 
on respiratory disease mechanisms in order to choose the 
best treatment options, we are facing new challenges. First, 
precise and multiscale phenotyping criteria are now obtain-
able in routine practice, and this increases the likelihood 
of �nding overlapping features. In fact, we don’t perfectly 
know how to weigh di�erent traits and which thresholds 
should drive treatment choices. Second, the availability 
of many di�erent therapeutic options highlights the need 
for more complex and frequently updated treatment algo-
rithms. In our experience, endoscopic treatments for bron-
chial diseases should be performed in specialized centers 
with a progressive approach and while integrating research 
and innovative treatment options. �is is the only way to 
better understand the e�cacy/tolerance ratio of new thera-
pies and to provide them to the right patient at the right 
time.
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19
Supplemental oxygen and pulmonary 
rehabilitation for chronic obstructive pulmonary 
disease (COPD), asthma, and asthma-COPD 
overlap

RALPH J. PANOS

19.1 INTRODUCTION

�e asthma-chronic obstructive pulmonary disease 
(COPD)-overlap (ACO) is a recently described clinical 
phenotype for individuals with features of both asthma 
and COPD.1 Although both disorders are characterized 
by airway in�ammation and eosinophils, type 2 helper 
T lymphocytes predominate in asthma, whereas neutro-
phils and CD8 lymphocytes prevail in COPD.1 Despite 
these pathophysiologic di�erences, the clinical mani-
festations of asthma and COPD are very similar, with 
multiple overlapping/intersecting respiratory symptoms 
and physiologic derangements, including breathless-
ness, wheezing, air�ow obstruction with bronchodilator 
responsivity, and bronchial hyperresponsiveness. Because 

these clinical manifestations and pulmonary physiologic 
abnormalities overlap, it is o�en di�cult or impossible to 
determine the underlying process. Furthermore, phar-
macologic management of asthma and COPD utilizes the 
same medications, albeit in very di�erent sequences: both 
use short-acting β2-agonists for urgent relief, but the ini-
tial mainstay of asthma management is inhaled cortico-
steroids whereas, in COPD, utilization of anticholinergics 
and long-acting β2-agonists precedes the use of cortico-
steroids. �e pharmacologic treatment of ACO is dis-
cussed in Chapter 16. In this chapter, we will discuss the 
use of supplemental oxygen and pulmonary rehabilita-
tion. Because of the lack of prospective, randomized trials 
of these interventions in ACO, general principles and the 
use of supplemental oxygen and pulmonary rehabilitation 
in asthma and COPD are discussed.

19.1 Introduction 219
19.2 Supplemental oxygen and COPD 224
19.3 Resting hypoxemia 224
19.4 Mild resting or nocturnal hypoxemia 225
19.5 Exertional desaturation 225
19.6 Short-burst oxygen 226
19.7 Adverse effect of supplemental oxygen 226

19.8 Oxygen and asthma 226
19.9 Pulmonary rehabilitation 227
19.10 Pulmonary rehabilitation and COPD 228
19.11 Pulmonary rehabilitation and asthma 229
19.12 Conclusion 230
References 230

CLINICAL VIGNETTE 19.1: SUPPLEMENTAL OXYGEN AND COPD

A 59-year-old man transferred his care from the private sector to the Veterans Health Administration (VHA) in the United 
States. He had been diagnosed several years ago with COPD after smoking up to three packs per day and stopping 
1 year ago. He experiences shortness of breath when walking up one flight of steps, 1/3 mile on level ground, and with 
activities of daily life, such as bathing and dressing. He has intermittent wheezing and a cough productive of white to 
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gray phlegm with no blood. He had pneumonia about 8–10 years ago and has frequent episodes of bronchitis treated 
with antibiotics and oral corticosteroids. He was hospitalized approximately 3–4 months ago for respiratory distress 
after breathing cooking fumes. He worked as a boiler technician in military service, where he was exposed to asbestos, 
and has also worked as an auto mechanic and commercial/residential/industrial electrician. He snores at night, and his 
former wife noted apneic events. He awakens at night with shortness of breath and gasping. Although he does not have 
a morning headache, he frequently awakens feeling tired and drowsy. He feels fatigued throughout the day and falls 
asleep watching TV or talking with someone but not with driving. Other medical disorders include cardiac disease with 
placement of coronary artery stents, hypertension, hyperlipidemia, diabetes, and chronic kidney disease. His medica-
tions include aspirin, 81 mg daily; carvedilol, 12.5 mg twice daily; glipizide, 5 mg daily; lisinopril, 5 mg daily; omeprazole, 
20 mg daily; pravastatin, 40 mg daily; nebulized albuterol/ipratropium, 3–4 times daily; and budesonide 160/formoterol 
4.5 mcg, 2 puffs twice daily.

His height is 66 inches and weight is 219 pounds. Vital signs are blood pressure of 107/75 mmHg, pulse of 73 beats/
minute, respiratory rate at 18 breaths per minute, and SpO2 of 86% while breathing room air. Head, ears, nose, and 
throat exams are normal and the Mallampati Score is class 4. Chest is hyperresonant to percussion. Breath sounds are 
diminished throughout with poor air movement, and there are no wheezes, rales, or rhonchi. Auscultation of the chest 
reveals normal heart sounds and no murmurs or gallops. His abdomen is soft and nontender, with normally active bowel 
sounds. Extremities show a well-healed surgical scar on the right arm but no clubbing, cyanosis, or edema. Neurological 
examination is normal.

Pulmonary function tests are shown in Table 19.1. Chest radiographs reveal hyperinflation, increased retrosternal 
airspace, flattened diaphragms, and parenchymal hyperlucency (Figure 19.1).

Table 19.1 Clinical vignette 19.1: Pulmonary function tests

Prebronchodilator Postbronchodilator

Spirometry Actual Predicted % Predicted Actual % Predicted

FVC (l) 3.2 3.61 90 3.58 99
FEV1(l) 0.89 2.91 31 1.11 38
FEV1/FVC (%) 27 31
Lung volumes
TLC (l) 6.97 6.18 113
RV (l) 3.72 2.07 180
Diffusing capacity
DLCO (mL/min/mmHg) 6.70 30.03 22

Abbreviations: DLCO, diffusing capacity; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second; l, liters; RV, residual 
volume; TLC, total lung capacity.

(a)  (b)

Figure 19.1 (a) Anteroposterior chest radiograph, (b) Lateral chest radiograph. Chest radiographs reveal hyperin�a-
tion, increased retrosternal airspace, �attened diaphragms, and parenchymal hyperlucency.
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 CLINICAL VIGNETTE 19.2: SUPPLEMENTAL OXYGEN AND ASTHMA

A 22-year-old man with a history of asthma since early childhood presents to the emergency room (ER) with 
increasing respiratory distress that started early in the day after exposure to charcoal smoke at a barbeque. He 
has used at least 10 puffs of his albuterol rescue inhaler with no relief. His asthma had been well controlled with 
budesonide/formoterol, which he uses twice daily, plus normally less than 2–4 puffs of his albuterol weekly. He 
sleeps through the night and has been able to exercise regularly with no respiratory limitations. He has not been 
to the ED or hospitalized for his asthma. Previously, he was diagnosed with hay fever and has seasonal oculorhi-
nitis, which he treats with over-the-counter medications. He is taking no other medications and has had no other 
medical disorders.

He is in respiratory distress with audible wheezes. Heart rate is 132, respiratory rate is 28, blood pressure is 
155/90, and SpO2 is 88%. He is using accessory muscles to breathe. Chest auscultation reveals diffuse wheezing 
but poor air movement and tachycardia. Peak flow cannot be performed reliably. A portable chest radiograph 
reveals hyperinflation and no parenchymal opacification, and an arterial blood gas demonstrates pH of 7.39, PCO2 
of 35, and PO2 of 53. Due to the impending respiratory failure suggested by ineffectual ventilation evidenced by a 
near normal PCO2 despite a respiratory rate of 28, bilevel noninvasive ventilation with IPAP 12 and EPAP 6 cm H2O 
with 4 LPM supplemental oxygen is initiated with concurrent intravenous corticosteroids and albuterol nebulized 
treatments. Within 6 hours, his respiratory distress is gone, and he is breathing comfortably with no further wheez-
ing. The bilevel noninvasive ventilation is discontinued and supplemental oxygen is titrated to maintain his SpO2 > 
92%. After 12 hours, his supplemental oxygen is titrated down to room air and he is discharged home with an oral 
corticosteroid taper.

 CLINICAL VIGNETTE 19.3: PULMONARY REHABILITATION AND COPD

A 68-year-old man is experiencing exertional breathlessness after walking less than 50 yards. The shortness of breath 
causes him to limit his exertion and his travel outside of the home. Very occasionally, he notes a whistling sensation 
in his chest. He also has a chronic cough productive of small amounts of white phlegm with no hemoptysis. He has 
had several episodes of bronchitis treated with antibiotics and corticosteroids over the past 2 years but has not been 
seen in the ER or hospitalized for respiratory reasons. He never had pneumonia, tuberculosis, or known tuberculosis 
exposure. He smoked two to three packs per day for nearly 45 years, and he quit smoking 8 years ago. He was diag-
nosed with COPD nearly 10 years ago. Other medical diagnoses include hypertension, hyperlipidemia, diabetes with 
peripheral neuropathy and microalbuminuria, atrial flutter treated with ablation, and gout. Supplemental oxygen 
was started 4 years ago for resting hypoxemia. He is currently using 3 LPM continuously. Other medications include 
albuterol, 2 puffs as needed (he rarely uses his albuterol); budesonide 160/formoterol 4.5 mcg, 2 puffs twice daily; 
cholecalciferol, 1000 units daily; diltiazem, 240 mg daily; gabapentin, 400 mg thrice daily; glipizide, 15/20 mg morn-
ing/night; lisinopril, 10 mg daily; pravastatin, 80 mg daily; saxagliptin, 5 mg daily; allopurinol 150 mg daily; and tiotro-
pium, 18 mcg daily.

His height is 72 inches, and weight is 260 pounds. Vital signs are blood pressure of 145/77 mmHg, pulse at 93 beats/
minute, respiratory rate at 16 breaths per minute, and SpO2 of 93% breathing 3 LPM oxygen. Head, ears, nose, and 
throat exam is normal. Chest is barrel-shaped and resonant to percussion. Breath sounds are diminished throughout, 
and there are no wheezes, rales, or rhonchi. Auscultation of the chest reveals normal heart sounds and no murmurs or 
gallops. Abdomen is soft and not tender with normally active bowel sounds. There is no clubbing, cyanosis, or edema. 
Sensation is diminished in the lower extremities.

Supplemental oxygen was titrated to 3 liters per minute (l pm) to maintain a resting SpO2 at 93% and prevent exer-
tional desaturations. A polysomnography study revealed obstructive sleep apnea with a respiratory disturbance index 
(RDI) of 26.6 events per hour but no central apneas. The SpO2 dropped to a nadir of 80% while breathing room air. There 
were no periodic limb movements. He was started on bilevel noninvasive ventilation, IPAP 14 cm H2O and EPAP 8 cm 
H2O with 3 lpm supplemental oxygen, which prevented nocturnal desaturations during sleep and reduced the RDI to 
three events per hour.
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 (a)        (b)

Figure 19.2 (a) Anteroposterior chest radiograph, (b) Lateral chest radiograph. Chest radiographs shows hyperin�ation with 
increased anterior-posterior diameter, paucity of lung markings in the apices, and mild linear opaci�cations in the bases.

Chest radiograph is shown in Figure 19.2 and shows hyperinflation with increased anterior-posterior diameter, pau-
city of lung markings in the apices, and mild linear opacifications in the bases. A chest CT scan showing apical centri-
lobular emphysema is shown in Figure 19.3. Pulmonary function test results are presented in Table 19.2.

Based on his persistent respiratory symptoms despite maximal pharmacologic treatment and supplemental oxygen, 
he was referred to pulmonary rehabilitation and completed a 12-week program of exercise and education. Pulmonary 
rehabilitation metrics, pre-, post-, 6 months, and 12 months after the program are shown in Table 19.3. During the course 
of pulmonary rehabilitation, his exercise capacity increased and his daily activity level at home also improved. With dia-
betes, diet, and exercise education, his fasting blood glucose dropped from more than 300 to 170–195.

Figure 19.3 Chest computed tomography (CT) scan. CT scan shows apical centrilobular emphysema.
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Table 19.2 Clinical vignette 19.3: Pulmonary function tests

Prebronchodilator Postbronchodilator

Spirometry Actual Predicted % Predicted LLN Actual % Predicted

FVC (l) 3.27 4.83 68 3.86 3.41 71
FEV1(l) 1.63 3.59 45 2.77 1.94 54
FEV1/FVC (%) 50 74 67 64 57 77
Lung volumes
TLC (l) 6.92 7.43 93 6.03
ERV (l) 0.80 1.15 70
RV (l) 3.53 2.60 136 1.78
Diffusing capacity
DLCO (mL/min/mmHg) 12.87 25.43 51 15.75

Abbreviations: DLCO, diffusing capacity; ERV, expiratory reserve volume; FVC, forced vital capacity; FEV1, forced expiratory volume in 
1 second; l, liters; LLN, lower limit of normal; RV, residual volume; TLC, total lung capacity.

Table 19.3 Clinical characteristics before and after pulmonary rehabilitation

Metric Pre-PR Post-PR immediate Post-PR 6 months Post-PR 12 months

SABA use (puffs/week) 0 7 0 0
Respiratory hospitalization 0 0 0 0
Respiratory ER visits 0 0 0 0
Questionnaires
UCSD SOB 50 35 38 7
HADS anxiety 7 6 6 4
HADS depression 12 11 8 3
PHQ-9 8 6 0 16
SGRQ 65 55 44 34
Dartmouth COOP 19 23 21 25
CAT 21 16 15 15
Pulmonary Knowledge Test 80 95 70 95
MMRC 3 2 2 2
BODE 5 3 3 3

Weight 259 248 250 238
Waist circumference 51 49.5 50 49.25
BMI 35.1 33.6 33.9 32.3
6MWD
Distance 590 932 945 1000
Minimal SpO2 88% 91% 89% 89%
Maximal HR 126 96 117 84

Abbreviations: BMI, body mass index; BODE, BODE Index (body mass index, air�ow obstruction, dyspnea, exercise); CAT, Chronic 
Obstructive Pulmonary Disease Activity Test; Dartmouth COOP, Dartmouth Cooperative Functional Assessment Charts; ER, emergency 
room; HADS, Hospital Anxiety and Depression Scale; HR, heart rate; 6MWD, 6 minute walk distance; MMRC, Modi�ed Medical Research 
Council Dyspnea Scale; PHQ-9, Patient Health Questionnaire 9; PR, pulmonary rehabilitation; SABA, short acting β2-agonist; SGRQ, Saint 
George’s Respiratory Questionnaire; SpO2, peripheral capillary oxygen saturation; UCSD SOB, University of California San Diego Shortness 
of Breath Questionnaire.

 CLINICAL VIGNETTE 19.4: PULMONARY REHABILITATION AND ASTHMA

A 31-year-old woman with a history of lifelong asthma presents to her primary care physician after starting an 
exercise program for weight reduction but not being able to exercise for more than 5 or 10 minutes before devel-
oping mild chest tightness and wheezing relieved with 2 puffs of albuterol. Her asthma has been well controlled 
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19.2  SUPPLEMENTAL OXYGEN AND 
COPD

More than 1 million patients with COPD in the United 
States use Medicare-reimbursed long-term supple-
mental oxygen therapy at an annual cost of $2 billion.2 
Supplemental oxygen improves survival in patients with 
hypoxemia at rest (PaO2 < 55 torr or SpO2 < 88%; or PaO2 
< 60 and > 55 torr with evidence of cor pulmonale).3,4 
The mechanisms by which supplemental oxygen improve 
mortality are not known.5 Oxygenation should be mea-
sured on room air at rest, with exertion, and during 
sleep, after the administration of supplemental oxygen to 
insure that desaturation is prevented. Although Medicare 
and many insurance plans reimburse for supplemental 

oxygen during exercise or at night with evidence of exer-
cise or nocturnal desaturation, there is no substantive 
evidence that supplemental oxygen during exercise or 
at night is beneficial in individuals with stable COPD 
(Table 19.4).

19.3 RESTING HYPOXEMIA

Supplemental oxygen was the �rst therapy demonstrated 
to prolong survival in individuals with COPD and resting 
hypoxemia. �is evidence was generated in two landmark, 
randomized, controlled trials performed in the 1970s, 
the Nocturnal Oxygen Treatment Trial (NOTT)3 and the 
Medical Research Council (MRC) study.4

with low-dose inhaled corticosteroids, and she normally only uses her albuterol once or twice monthly. She last 
presented to the ER with asthma symptoms at age 14, and she was hospitalized once at age 8 but never required 
intensive care or intubation. Her usual exacerbating factors are mold, mildew, and fragrant odors, which she 
avoids. Her blood pressure is slightly elevated at 148/90, and her weight has been increasing to a BMI of 29, due 
mainly to inactivity.

Pulmonary rehabilitation is prescribed, and she begins a graduated-exercise program. Prior to exercising, she 
uses two puffs of albuterol and acclimates to the exercise environment for 5 minutes with a brisk walk. With this 
pre-exercise regimen, she is able to progress through the 12-week pulmonary rehabilitation program, increasing 
her exercise capacity to 30 minutes walking on a treadmill with no wheezing or respiratory limitation. Upon comple-
tion of the rehabilitation program, she continues the pre-exercise conditioning regimen, and expands and intensi-
fies her workout routine. After 6 months, she is able to reduce her BMI to 24 and is now able to exercise rigorously 
for an hour or more.

Table 19.4 U.S. medicare oxygen reimbursement guidelines

Patient condition PaO2 SpO2

Awake, at rest ≤ 55 mm Hg or 56–59 mm Hg and dependent 
edema or cor pulmonale or pulmonary 
hypertension by right heart catheterization or 
echocardiogram or P pulmonale on ECG  
(P wave > 3 mm in leads II, III, or AVF) or 
erythrocythemia (HCT > 56%)

≤ 88% or = 89% and dependent edema or cor 
pulmonale or pulmonary hypertension by right 
heart catheterization or echocardiogram or P 
pulmonale on ECG (P wave > 3 mm in leads II, 
III, or AVF) or erythrocythemia (HCT > 56%)

Exercise ≤ 55 mm Hg and documentation that use of 
supplemental oxygen ameliorates the decline 
in oxygen levels

(Duration of desaturation and type/level of 
exertion are not speci�ed.)

≤ 88% mm Hg and documentation that use of 
supplemental oxygen ameliorates the decline in 
oxygen levels

(Duration of desaturation and type/level of 
exertion are not speci�ed.)

Sleep ≤ 55 mm Hg or PaO2 declines > 10 mm Hg from 
awake, resting level and dependent edema or 
cor pulmonale or pulmonary hypertension by 
right heart catheterization or echocardiogram or 
P pulmonale on ECG (P wave > 3 mm in leads II, 
III, or AVF) or erythrocythemia (HCT > 56%)

(Duration of desaturation and type/level of 
exertion are not speci�ed.)

≤ 88% or SpO2 declines > 5% from awake, resting 
level and dependent edema or cor pulmonale 
or pulmonary hypertension by right heart 
catheterization or echocardiogram or P 
pulmonale on ECG (P wave > 3 mm in leads II, 
III, or AVF) or erythrocythemia (HCT > 56%)

(Duration of desaturation and type/level of 
exertion are not speci�ed.)

Source:  Modi�ed from Panos, R.J., Management of Stable Chronic Obstructive Pulmonary Disease. RJ Panos and WL Eschenbacher, eds. 
COPD Primer. DeGruyter; February, 2016. http://www.degruyter.com/view/product/468864.

http://www.degruyter.com/view/product/468864
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The MRC study examined whether supplemental oxy-
gen for 15 or more hours daily (including overnight use) 
compared with no oxygen for at least 3 years affected the 
survival of 87 subjects (66 men and 21 women) who were 
< 70 years old with airf low obstruction (FEV1 < 1.2 L) 
and a room air resting PaO2 of 40–60 mm Hg.4 Oxygen 
was delivered by nasal cannula, usually at 2 L/minute (or 
higher if needed to achieve a PaO2 > 60 mm Hg). Study 
participants had severe COPD with mean FEV1 of 0.76 L 
(men) and 0.58 L (women), PaO2 of 49–52 torr, PCO2 of 
56–59 torr, mild pulmonary hypertension, and mean pul-
monary artery pressure of 33–35 mmHg. Supplemental 
oxygen improved longevity, 55% survival in the oxygen 
group compared with 33% survival in the control group. 
The survival advantage was evident from the start of the 
study in women, but only became evident in men after 
about 500 days. For men, the risk of death after 500 days 
appeared to be constant, 12% annually in participants 
receiving oxygen and 29% annually in the control group, 
whereas, for women, the risk of death from study enroll-
ment was 5.7% annually in subjects receiving oxygen 
and 36.5% in controls. Most patients died suddenly at 
home during the night of presumed respiratory failure. 
The mean pulmonary artery pressure and red cell mass 
declined slightly in men surviving for > 500 days and 
receiving supplemental oxygen compared with the con-
trol group. Supplemental oxygen did not appear to alter 
the decline in other physiologic variables, work time, or 
exacerbations.4

NOTT3 compared continuous supplemental oxygen 
with nocturnal oxygen treatment in 203 subjects with 
optimally treated COPD, resting hypoxemia (PaO2 ≤ 
55 torr or ≤ 59 torr), and at least one of edema, hemato-
crit ≥55%, or electrocardiographic evidence of P pulmo-
nale (3 mm P waves in leads II, III, aVf). Resting oxygen 
measurements were obtained twice over a three-week, 
exacerbation-free observation period. Individuals who 
had received oxygen therapy in the previous 2 months for 
30 days or more were excluded. Only about 20% (203 of 
1043) of screened subjects were eligible for participation 
in the study; interestingly, 21% of the excluded individu-
als experienced an elevation in arterial PaO2 with optimal 
treatment during the observation period, which increased 
their oxygen to a level that prevented enrollment. �e two 
groups had similar physiologic characteristics with severe 
air�ow obstruction, hypoxemia, and minimal hypercarbia 
and pulmonary hypertension. �e nocturnal treatment 
group averaged 12.0 h/d of oxygen use and the continu-
ous treatment group used supplemental oxygen for an 
average of 17.7 h/d. Over the average 19.3 months of study 
participation, the relative risk of death for the nocturnal 
oxygen treatment group was 1.94 (95% con�dence limits, 
1.17, 3.24). �e 12- and 24-month mortality rates were 20.6 
± 4.0% versus 11.9 ± 3.2%, and 40.8 ± 5.5% versus 22.4 
± 4.6%, continuous versus nocturnal treatment, respec-
tively. Signi�cant decreases in hematocrit and pulmonary 
vascular resistance but not in other physiologic variables 

occurred in the continuously treated group compared with 
the nocturnal group.3

19.4  MILD RESTING OR NOCTURNAL 
HYPOXEMIA

Other studies of supplemental oxygen therapy in individ-
uals with COPD and mild resting hypoxemia or noctur-
nal desaturation have not demonstrated improvements in 
survival. Gorecka and colleagues6 studied 135 individu-
als with severe airf low obstruction (mean FEV1 of 0.83L), 
mild resting hypoxemia PaO2 of 56–65 torr randomized 
to treatment with supplemental oxygen to increase the 
PaO2 to at least 65 torr for at least 17 hours daily, or no 
treatment. The cumulative survival rate was 88% at one 
year, 77% at 2 years, and 66% at 3 years, and there were no 
differences in survival between the two groups over the 
mean observation period of 40.9 months. Additionally, 
longer oxygen use (>15 hours daily) did not improve 
survival6.

The recently completed Long-Term Oxygen Treatment 
Trial (LOTT) was a large prospective study enrolling 738 
patients with COPD and either moderate resting hypox-
emia (SpO2 of 89%–93%) or moderate exercise desatu-
ration (SpO2 < 90% for ≥ 10 seconds and ≥ 80% for ≥ 
5 minutes while walking) randomized to supplemental 
oxygen (long-term oxygen treatment [LTOT]) or con-
ventional room air.7 Patients with resting desaturation 
randomized to LTOT were prescribed 24-hour oxygen; 
patients with only exercise desaturation randomized to 
LTOT were prescribed oxygen during exercise and sleep. 
Participants were followed for at least one year and up 
to 6 years. There was no difference in the principal out-
come, time to death, or first hospitalization (hazard 
ratio = 0.94, 95% confidence interval [CI] [0.79, 1.12], P 
= 0.52) and no difference in rates of all hospitalizations 
(rate ratio = 1.02, 95% CI [0.92, 1.14]), COPD exacerba-
tions (rate ratio = 1.09, 95% CI [0.99, 1.20]), and COPD-
related hospitalizations (rate ratio = 0.99, 95% CI [0.84, 
1.18]). There were no consistent differences in measures 
of quality of life, lung function, or six-minute walking 
test. This study found that in patients with stable COPD 
and moderate resting hypoxemia or exertional desatura-
tion, supplemental oxygen did not improve survival or 
any other measured outcome and, thus, raises the ques-
tion whether supplemental oxygen treatment benefits 
these individuals.7

Chaouat and coworkers8 studied the e�ect of noctur-
nal supplemental oxygen in 76 individuals with moderate 
to severe air�ow obstruction, mild to moderate daytime 
hypoxemia (PaO2, 56–69 torr), and nocturnal desaturation 
(de�ned as SpO2 < 9 0% for ≥ 30% of sleep time). All subjects 
underwent polysomnography studies to exclude obstruc-
tive sleep apnea. During the mean follow-up period of 35.1 
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± 14.3 months, the mortality rate was similar in the two 
groups, 22% (9 of 41) of subjects receiving nocturnal oxygen 
and 20% (7 of 35) of control subjects. �e same proportion 
of subjects required institution of continuous supplemen-
tal oxygen, 12 (29%) in the nocturnal oxygen group and 10 
(29%) in the control group. Further, there were no di�er-
ences in pulmonary vascular hemodynamics between the 
two groups. Based on these results, the investigators con-
cluded that nocturnal oxygen therapy in isolation should 
not be prescribed for individuals with COPD and nocturnal 
desaturation.8

19.5 EXERTIONAL DESATURATION

�ere is no uniform de�nition of exertional desatura-
tion or standardized exercise protocol to elicit decreases 
in oxygen levels in individuals with COPD. �e most 
widely used clinical threshold for exertional hypoxemia 
in individuals with chronic stable COPD is de�ned by the 
Centers for Medicare and Medicaid Services (CMS) as a 
PaO2 ≤ 55 mmHg or an arterial oxygen saturation ≤ 88% 
measured during exercise.9 In studies of supplemental 
oxygen in exertional desaturation, investigators have used 
di�erent absolute values or relative decrements for vary-
ing durations in either oxygen tension or saturation to 
de�ne exertional desaturation. Examples of various de�-
nitions include PaO2 ≤ 55 mmHg or ≤ 8–8.5 kPa (1 kPa 
= 7.5 mmHg), SpO2 ≤ 88%–90%, and relative declines 
in SpO2 > 2%–5%. Measurements beyond these absolute 
thresholds or relative declines are considered signi�cant. 
Oxygenation is dynamic and not constant during exertion, 
and, therefore, some studies require a desaturation below 
a threshold value be maintained for a speci�ed duration to 
be considered signi�cant. Finally, the type and intensity of 
activity, activities of daily living, six-minute walking test, 
treadmill walk, step test or shuttle exercise, and incremen-
tal maximal or steady-state cycle ergometry may a�ect 
exertional desaturation.5

A retrospective analysis of 7700 patients with COPD 
who were prescribed supplemental oxygen revealed that 
1425 (18.5%) had a resting PaO2 > 8 kPa (60 mmHg) 
and, therefore, were assumed to have either nocturnal or 
exercise-related desaturation as the indication for pre-
scribed supplemental oxygen treatment.10 �ese patients 
had a similar longevity to patients with COPD and resting 
hypoxemia, PaO2 between 6.7–8 kPa (50–60 mmHg), who 
were also treated with supplemental oxygen but a lower 
survival rate compared with a gender- and age-matched 
general population. �e eight-year survival of 471 partici-
pants in the National Emphysema Treatment Trial with 
resting normoxemia and exertional desaturation (SpO2 < 
90% during a seven-minute treadmill walk) who received 
medical management was similar among individuals 
treated with continuous, intermittent, or no oxygen.11

Exercise performance in individuals with COPD who are 
normoxemic at rest but who desaturate with exertion may 
be improved with supplemental oxygen.12,13 Breathlessness 
declined and distance walked increased with supplemen-
tal oxygen compared with room air during the six-minute 
walking test in 11 patients with COPD (mean FEV1 of 0.9 l, a 
resting SaO2 of 94.7%, and a mean minimal exertional SaO2 
of 84.8%).13 Further, the training work rate increased more 
rapidly, and the maximal workload achieved and level of 
endurance were greater in 29 patients with COPD and rest-
ing normoxemia treated with supplemental oxygen com-
pared with compressed air during 7 weeks of high-intensity 
cycle ergometer exercise.14 Supplemental oxygen in concen-
trations up to 50% reduces respiratory rate and dynamic 
hyperin�ation during exercise in patients with COPD and 
mild hypoxemia.15 However, other studies have not dem-
onstrated signi�cant improvements in the exercise capac-
ity of patients with exertional desaturation treated with 
supplemental oxygen.16–18 A meta-analysis of supplemental 
oxygen use during exercise training in patients with COPD 
concluded that oxygen did not increase exercise training 
bene�ts and recommended any exercise program, with or 
without oxygen supplementation.19

Supplemental oxygen improves health-related quality of 
life in individuals with COPD and exertional desaturation.20 
28 of 50 (68%) patients with COPD (mean FEV1 % predicted 
of 25.9 ± 8.0, resting PaO2 of 9.2 ± 1.0 kPa, and SpO2 a�er 
six-minute walking test of 82 ± 5.4%) increased their dis-
tance in the six-minute walking test (≥ 54 m) or decreased 
their Borg dyspnea scale (≥ 1) during a 12-week double-
blind, randomized, crossover trial.20 Health-related quality 
of life measured by the Chronic Respiratory Questionnaire; 
levels of anxiety and depression determined by the Hospital 
Anxiety and Depression Scale; and general health, physi-
cal, and emotional states measured by the Short Form (36) 
Health Survey also improved. However, despite these bene-
�ts, nearly half (41%) of the responders preferred not to con-
tinue supplemental oxygen a�er the study. Supplemental 
oxygen may alleviate cerebral desaturation during exertion 
and maintain cognitive function.21

19.6 SHORT-BURST OXYGEN

In the United Kingdom, short-burst oxygen (intermit-
tent use of oxygen for short periods before or immediately 
a�er exertion) is frequently used to ameliorate dyspnea.22–27 
Although earlier studies suggested that short-burst oxygen 
alleviated breathlessness and potentially increased the dis-
tance walked in 6 minutes28–30 more recent studies show that 
short-burst oxygen prior to or immediately a�er exertion 
does not reduce dyspnea or increase the distance walked 
in 6 minutes.31–34 A meta-analysis showed that short-burst 
oxygen therapy does not decrease dyspnea, and its e�ect on 
other parameters, such as exercise capacity, oxygen satura-
tion, and other ventilatory parameters is not consistent.26
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19.7  ADVERSE EFFECT OF 
SUPPLEMENTAL OXYGEN

Although usually considered benign, supplemental oxygen 
may have untoward e�ects. Fires may be started by light-
ers, cigarettes, stoves, or even cell phones.35–38 A review of 
3673 admissions to a burn center showed that 27 (0.74%) 
were related to supplemental oxygen39 and 34 of 38 (89%) 
of deaths associated with �res related to supplemental oxy-
gen occurred in individuals who were smoking while using 
supplemental oxygen.40 �ere is also preliminary evidence 
that oxygen treatment may increase lower airway oxidative 
stress and in�ammation.41

Supplemental oxygen does not improve survival in 
patients with COPD and mild resting hypoxemia and does 
not appear to reduce the mortality of patients with exertional 
desaturation. Use of oxygen in individuals with COPD and 
exertional desaturation has variable and inconsistent e�ects 
on exercise capacity, dyspnea, and health-related quality of 
life.42

19.8 OXYGEN AND ASTHMA

Because asthma is principally a disorder of the airways, 
alveolar gas exchange capacity is limited only during 
asthma exacerbations that signi�cantly perturb air�ow 
and cause ventilatory limitations to oxygenation and 
possibly perfusion due to hypoxemic vasoconstriction. 
Derangements in ventilation and perfusion during severe 
asthma exacerbations may cause hypoxemia and hypercar-
bia. Chronic supplemental oxygen is rarely, if ever, required 
in the management of asthma. During acute exacerba-
tions, oxygenation should be monitored by pulse oximetry 
and supplemental oxygen instituted to maintain the SpO2 
greater than 90%. Hypercarbia leading to respiratory aci-
dosis requires measurement of the arterial PCO2 and pH 
with an arterial blood gas. Elevated PCO2 or reduced pH 
(signifying respiratory academia) suggest severe disease and 
potential impending respiratory failure. Oxygen should be 
administered to maintain the SpO2 > 90% regardless of the 
PCO2 or pH. End tidal CO2 monitoring may be bene�cial to 
detect CO2 retention and worsening respiratory failure that 
might require intubation and mechanical ventilation.43,44

Heliox, a mixture of helium and oxygen, usually at a 
ratio of 20:80 or 30:70, may be used in nebulizer treatments 
during severe asthma exacerbations.45 �e lower density of 
Heliox compared to air/oxygen mixtures causes less turbu-
lent �ow in the larger airways therby reducing resistance 
and potentially improving ventilation for better medica-
tion and oxygen delivery. Heliox reduces the sensation of 
breathlessness and hospitalization rates while increasing 
peak expiratory �ow rates, and it may decrease the work of 
breathing, but it has not been shown to diminish intubation 
rates during asthma exacerbations.46,47

19.9 PULMONARY REHABILITATION

Pulmonary rehabilitation is a multidisciplinary program of 
education and exercise that teaches patients with respira-
tory disorders about their disease, its management includ-
ing pharmacological and nonpharmacological therapies, 
and mechanisms to cope with respiratory symptoms and 
their e�ects on daily activities, as well as an exercise and 
conditioning program. Individuals with COPD and other 
respiratory disorders tend to decrease their physical activ-
ity over time; this reduction in activity leads to loss of both 
muscle mass and tone, reducing the capacity for exercise 
and daily activities.48,49 �is process leads to a gradual 
downward spiral of “the less one does, the less one is capable 
of doing” that culminates in being housebound and socially 
estranged from family and friends.

�e American �oracic Society/European Respiratory 
Society Task Force on Pulmonary Rehabilitation de�ned 
pulmonary rehabilitation as “a comprehensive interven-
tion based on a thorough patient assessment followed by 
patient-tailored therapies, which include, but are not lim-
ited to, exercise training, education, and behavior change, 
designed to improve the physical and psychological con-
dition of people with chronic respiratory disease and to 
promote the long-term adherence of health-enhancing 
behaviors.”50,51 Pulmonary rehabilitation is a multimodal-
ity intervention that may include exercise, education, moti-
vational interviewing, instruction about the underlying 
respiratory disorder and its treatment, nutritional counsel-
ing, and advanced-care planning delivered by an interdisci-
plinary team that may include physicians, nurses, physical 
therapists, respiratory therapists, occupational therapists, 
nutritionists, and social workers. �ese programs are usu-
ally developed for individuals with COPD but may include 
nearly all respiratory disorders, and can be utilized at nearly 
any point in the course of disease with salubrious, bene�-
cial e�ects on respiratory symptoms, overall well-being and 
quality of life, improved exercise capacity, and reduced 
healthcare utilization (Table 19.5).50–52

Pulmonary rehabilitation has the best e�ects when it 
is integrated into a comprehensive management program 
that encourages behavior change and a shi� from provider-
initiated to patient-initiated care. For those with COPD, 
pulmonary rehabilitation improves respiratory symp-
toms.53,54 In addition to improving respiratory symptoms, 
pulmonary rehabilitation decreases health-care utilization 
and may improve survival.55 Patients with COPD who main-
tain physical activity have less breathlessness with exertion, 
better health-related quality of life, improved long-term 
function and independence, and better psychological and 
physiological function. Physical inactivity is associated with 
worse survival, increased risk of respiratory-related hospi-
talization, lower self-reported health status, and greater 
systemic in�ammation.56 Home-based pulmonary rehabili-
tation programs have the same bene�ts as hospital-based 
programs.57,58
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19.10  PULMONARY REHABILITATION 
AND COPD

A large 2015 Cochrane analysis of 65 randomized con-
trolled trials of pulmonary rehabilitation in individuals 
with COPD concluded that, based on its bene�cial e�ects 
on respiratory symptoms and health-related quality of life, 
further comparison studies of pulmonary rehabilitation 
and conventional management are no longer warranted.53,54 
Instead, the authors suggested that future pulmonary reha-
bilitation studies should concentrate on the determina-
tion of the critical elements of pulmonary rehabilitation 
programs that confer these bene�ts; the optimal program 
length, location, intensity, and level of supervision required; 
and the duration of bene�ts and best use of maintenance 
or reprisal of program participation. �is analysis showed 
that pulmonary rehabilitation improved all four qual-
ity of life domains measured by the Chronic Respiratory 
Questionnaire—dyspnea, fatigue, emotional function, and 
mastery—and these e�ects all exceeded the minimal clini-
cally important di�erence (dyspnea 0.79 [0.56, 1.03], fatigue 
0.68 [0.45,0.92], emotional function 0.56 [0.34,0.78], mas-
tery 0.71 [0.47,0.95], and mean di�erence [95% con�dence 
interval]) (McCarthy 2015). �e improvement in the overall 
St. George’s Respiratory Questionnaire, –6.89 (–9.26, –4.52) 
and all of its individual domains exceeded the minimal 
clinically important di�erence (–4). Pulmonary rehabili-
tation improved both maximal and functional exertional 
capacity.

Exercise capacity does not necessarily equate with physi-
cal activity.59 Exercise is “a subset of physical activity that is 
planned, structured, repetitive, and purposeful,”60 whereas 
physical daily activity is de�ned as “the totality of voluntary 
movement produced by skeletal muscles during every day 
functioning.”61,62 Reduced physical activity is a universal 
�nding in individuals with COPD. �is inactivity occurs in 
individuals with mild air�ow obstruction as well as those 

with more severe physiologic impairments, and decreased 
activity may proceed the diagnosis of COPD.63,64 Most indi-
viduals with COPD have lower levels of physical activity 
measured by both walking duration and intensity when 
compared with analogous individuals who do not have 
COPD.65–68 Studies evaluating the e�ect of pulmonary reha-
bilitation on physical activity show inconsistent e�ects.59

�e optimal time in the course of COPD when pul-
monary rehabilitation should be o�ered remains unclear. 
Most guidelines recommend pulmonary rehabilitation 
for patients with more advanced disease, frequently those 
with a modi�ed Medical Research Council (mMRC) dys-
pnea scale score ≥ 2.50,51,69,70 Review of four randomized 
controlled trials of patients with COPD and mMRC dys-
pnea scale scores ≥ 1 revealed short-term improvement in 
health-related quality of life measured by the St. George’s 
Respiratory Questionnaire, mean di�erence –4.2 (95% CI, 
–4.51, –3.89), nonclinically important improvement in the 
distance walked in 6 minutes, and no di�erence in mortal-
ity. Maximal exercise capacity and muscle strength could 
not be assessed.71 When compared with conventional care, 
pulmonary rehabilitation initiated a�er a COPD exacer-
bation reduces hospital readmissions (pooled odds ratio 
0.22 [95% CI 0.08–0.58], number needed to treat [NNT] 4 
[95% CI 3–8], over 25 weeks) and mortality (OR 0.28, 95% 
CI 0.10 to 0.84, NNT 6 [95% CI 5–30] over 107 weeks). 
Health-related quality of life measured by all domains of the 
Chronic Respiratory Questionnaire and exercise capacity 
measured by the six-minute walking test and shuttle walk 
tests also improved.72 �ese promising results have been 
questioned by recent studies with less bene�cial e�ects on 
hospital readmissions, necessitating more careful analysis 
with speci�c attention to participation, program setting, 
timing, and content.73

An analysis of randomized controlled trials of postdis-
charge patient self-management programs a�er hospitaliza-
tion for COPD exacerbations showed improvements in the 
St. George’s Respiratory Questionnaire, mean di�erence 
–3.84 (95% CI –1.29, –6.40) that are less than the minimal 
clinically important di�erence and no e�ect on all-cause 
mortality or hospital readmission rates.74,75

Pulmonary rehabilitation also reduces COPD exacer-
bations.76,77 In a review of 170 veterans referred to pulmo-
nary rehabilitation, Major and colleagues76 showed that 
respiratory-related emergency room visits declined by 38%, 
and hospitalizations decreased by 44% in the year a�er 
completing rehabilitation. In addition, when compared 
with patients who were referred to pulmonary rehabilita-
tion but did not participate, those completing pulmonary 
rehabilitation had 44% fewer emergency room visits and 
61% fewer hospitalizations.76 Regular physical activity is 
associated with a reduced risk of hospitalization due to 
COPD exacerbations.62–78,79

Other bene�ts of pulmonary rehabilitation in patients 
with COPD include reduction in anxiety and depression.80,81 
Although anxiety and depression are associated with failure 
to complete pulmonary rehabilitation, increased respiratory 

Table 19.5 Potential bene�ts of pulmonary rehabilitation

Diminished respiratory symptoms, especially 
breathlessness

Enhanced exercise capacity and endurance
Increased activity and function
Improved understanding of the underlying respiratory 

disorder and its management
Boost in overall well-being and quality of life
Enhanced self-ef�cacy and sense of control over disease 

and destiny
Less depression and anxiety
Reduction in health-care utilization
Better survival, especially after hospitalization for a 

COPD exacerbation

Source:  Adapted from Nici L and ZuWallack R., Semin. Respir. 
Crit. Care Med., 36(4), 567–574, 2015.
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symptoms, and reduced functional status, some patients 
with these symptoms may have greater improvement in 
exercise capacity.82–86

Pulmonary rehabilitation is usually provided as a hospi-
tal- or clinic-based outpatient service, but there is increas-
ing evidence that home- or community-based programs are 
also bene�cial.58,87 In a meta-analysis, nonhospital-based 
pulmonary rehabilitation improved distance walked in 6 
minutes and health-related quality of life measured by all 
domains of the Chronic Respiratory Questionnaire com-
pared with usual treatment and these bene�ts were not 
di�erent from the improvements achieved by outpatient 
programs.87

19.11  PULMONARY REHABILITATION 
AND ASTHMA

Individuals with asthma may limit or eliminate exercise 
or physical exertion due to acute and subacute exacerba-
tions of respiratory symptoms. Lower levels of asthma 
control are associated with increasing functional impair-
ment, as well as e�ects on work, regular life activities,88 
greater psychological distress, and poorer quality of life.89 
Physical activity may precipitate wheezing or other respi-
ratory symptoms in individuals with exercise-induced 
asthma.90 An estimated 10%–50% of elite athletes may 
have exercise-induced asthma.91 Adults with asthma may 
have a reduced overall level of physical �tness compared 
with peers who do not have asthma.92–94 Several studies 
have demonstrated an association between increasing 
levels of physical exercise and a reduced risk of asthma-
related respiratory symptoms or exacerbations,95–97 
whereas other investigations have not revealed an asso-
ciation between exercise- and asthma-related respira-
tory symptoms.98–100 Trevor and colleagues101 showed that 
individuals with asthma who completed pulmonary reha-
bilitation had improved physical function and emotional 
well-being measured by the Beck Depression Inventory 
and Short Form (36) Health Survey.

At least two controlled trials have evaluated the e�ects 
of exercise training in patients with asthma.102,103 Mendes 
and colleagues102 assigned adults with asthma to either a 
control program (education and breathing exercises) or 
a training program (education, breathing exercises, and 
aerobic training). A�er 3 months, the training group expe-
rienced improvements in physical limitations, symptom 
frequency, psychological score, and anxiety and depres-
sion levels, and had more days with no asthma symptoms. 
Individuals with worse baseline psychological scores had 
better improvement. Turner and coworkers103 evaluated 35 
individuals with �xed-airway obstructive asthma who were 
randomized to either supervised-exercise training or usual 
care for 6 weeks. �e exercise training group experienced 
improvements in symptoms and activity levels measured by 
the Asthma Quality of Life Questionnaire, and were able to 

walk farther in 6 minutes immediately and 3 months a�er 
completing the intervention.

Two Cochrane analyses have reviewed breathing exer-
cises and physical training in asthma.104,105 Review of 
breathing exercise (such as Papworth method, Buteyko 
breathing technique, or yoga) studies revealed that, although 
individual trials demonstrated bene�ts, the Cochrane 
analysis could neither support nor refute the e�ective - 
ness of breathing exercises in adults with asthma.104 
Physical training improved cardiopulmonary �tness mea-
sured by an increase in maximal oxygen uptake, but there 
were no changes in lung function.105 �ere also appeared to 
be a bene�t in health-related quality of life but di�erences 
in assessment methods prevented the pooling of data. Most 
importantly, no adverse e�ects were reported for physical 
training.

In a review of 17 studies including 599 subjects with 
asthma, Eichenberger and colleagues (106) showed that 
exercise training increased days without asthma-related 
respiratory symptoms, FEV1, exercise capacity, and sug-
gested improvement in quality of life, bronchial hyperre-
sponsiveness, and exercise-induced bronchoconstriction. 
Multiple linear regression analysis demonstrated that 
the improvements in quality of life were due to changes 
in airway hyperreactivity and lung function, and bet-
ter exercise capacity was related to changes in airway 
hyperreactivity.106

Because exercise is considered important in the man-
agement of asthma,107 individuals with asthma should be 
taught how to prevent exercise-induced symptoms (Table 
19.6).108 Most guidelines recommend excellent baseline 
control of respiratory symptoms prior to initiating an 
exercise program.90,108 Use of inhaled corticosteroids for 
at least 4 weeks prior to exercise testing reduces exercise-
induced bronchoconstriction.109 Respiratory symptoms 
may be minimized with careful and thorough pre-exercise 
warm-up.110 Short-acting β2-agonists, mast cell stabilizing 
medications (cromolyn sodium, nedocromil) and anticho-
linergics e�ectively reduce exercise-induced bronchospasm 
with a relative e�cacy: short-acting β2-agonist > mast cell 

Table 19.6  Management of exercise-induced 
bronchoconstriction in individuals with asthma

Baseline
• Optimal baseline control of respiratory symptoms
• Use of inhaled corticosteroids for at least 4 weeks

Prophylactic treatments
• Use of short-acting bronchodilators prior to 

exercise: Relative ef�cacy: short-acting β2-agonist > 
mast cell stabilizers > anticholinergics

Preventative measures
• Thorough pre-exercise warm-up
• Avoid environmental triggers such as pollen, mold, 

fungus, cold, or air pollution
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stabilizers > anticholinergics.111 Prophylactic single-dose 
treatment with both short- and long-acting β2-agonist bron-
chodilators e�ectively and safely prevents exercise-induced 
asthma; however, current guidelines do not recommend the 
use of long-acting β2-agonist bronchodilators without con-
current inhaled corticosteroids.112 Avoidance of potential 
environmental triggers, such as pollen, mold, fungus, cold, 
or air pollution is also key to the prevention of respiratory 
symptoms during exercise.

Additionally, asthma self-management education var-
ies with the age of asthma onset.113 Overall, approximately 
three quarters (76.4%) of adults with active asthma have 
been taught what to do during an asthma attack, but only 
28.7% have an asthma action plan. Patient-reported asthma 
self-management education declines as the age of asthma 
onset increases.113

19.12 CONCLUSION

Supplemental oxygen is a long-standing treatment for 
patients with stable COPD and resting hypoxemia, and it 
was one of the �rst therapies to improve survival in COPD. 
Despite its current use, there is no substantive evidence that 
supplemental oxygen during exercise or at night is ben-
e�cial in individuals with stable COPD. Because asthma 
is a disorder of the airways, the lung parenchyma and gas 
exchange function is well preserved maintaining nor-
mal oxygenation. However, during asthma exacerbations, 
ventilation/perfusion mismatching may lead to hypoxemia, 
and although supplemental oxygen is frequently utilized, 
there are no prospective, randomized trials supporting this 
practice. Supplemental oxygen treatment in ACO has not 
been prospectively studied, and resting hypoxemia is not 
usually described in this syndrome.1 During ACO exacerba-
tions, supplemental oxygen treatment may be used to main-
tain normal oxygen levels, but, similar to asthma or even 
COPD exacerbations, there is a lack of evidence to support 
these practices.

Pulmonary rehabilitation has signi�cant salubrious ben-
e�ts for individuals with COPD and asthma but has not 
been studied in ACO. Because of its potential comprehen-
sive advantageous e�ects, pulmonary rehabilitation in con-
junction with optimal pharmacological treatment warrants 
evaluation in individuals with ACO.
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20
Smoking cessation for asthma, COPD, and 
asthma-COPD overlap

ADRIENNE L. JOHNSON, ALISON C. MCLEISH, AND TALYA ALSAID-HABIA

20.1 OVERVIEW

Despite the known compromising e�ects of smoking on lung 
function and health, cigarette smoking is more common 
among individuals with asthma and chronic obstructive pul-
monary disease (COPD) compared to those without.1,2 Indeed, 
individuals with asthma are 1.36 times more likely and indi-
viduals with COPD more than twice as likely to be cigarette 
smokers than individuals without these diseases.2–4 Moreover, 
smokers with asthma are more likely to be heavier and more 
nicotine-dependent smokers than those without asthma.5,6 
Given that smoking is the leading risk factor for COPD,2 these 
high rates of smoking are not entirely surprising. �e �ndings 
for asthma, however, are even more striking when taking into 
consideration that for at least half of all smokers with asthma, 
their asthma diagnosis preceded smoking onset.5

Cigarette smoking is a signi�cant contributor to the 
increased rates of morbidity and mortality associated 
with asthma and COPD. For example, smoking results 
in increased frequency and severity of respiratory symp-
toms, poorer asthma control, and decreased lung func-
tion.1,7–10 Indeed, patients with poorly controlled asthma 
are more likely to be current or former smokers than those 
with well-controlled asthma, and smoking status has been 
found to have the greatest in�uence on whether or not 
patients achieve asthma control.8 Smokers with asthma and 
COPD also report greater interference with daily activities 

compared to their nonsmoking counterparts, as well as 
greater health-care utilization.11,12 Unfortunately, smoking 
also signi�cantly decreases the e�ectiveness of inhaled cor-
ticosteroids used to treat these conditions.13

Given these high prevalence rates and associated nega-
tive outcomes, quitting smoking is a critically important 
goal for patients with asthma and COPD. Quitting smoking 
decreases the risk of developing smoking-related health prob-
lems and may increase the survival time among those persons 
who have already developed medical problems.14 In terms of 
asthma and COPD, speci�cally, quitting smoking results in 
signi�cant improvements in lung function, reductions in 
asthma medication use, and improved quality of life.15,16

20.2  CURRENT SMOKING CESSATION 
GUIDELINES

�e majority of all smokers are interested in quitting smok-
ing, and this motivation to quit is typically even higher 
among smokers with asthma or COPD.6,16 Notably, provider 
advice to quit smoking has been cited by smokers as one 
of the strongest motivators for quitting.17 As a result, cur-
rent smoking cessation guidelines recommend that provid-
ers not only assess smoking status, but also provide at least 
a brief intervention to every smoker at each o�ce visit.17 
�ese brief interventions require 3 minutes or less to imple-
ment, yet have been shown to be highly e�ective.
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Providers are encouraged to follow the 5 A’s model of smok-
ing cessation intervention (see Table 20.1). For all patients, 
clinicians need to ask the patient if he or she is a smoker. For 
those who endorse current cigarette smoking, they then need 
to advise the patient to quit smoking in a clear, strong, and 
personalized manner and assess the patient’s willingness to 
make a quit attempt at this time. Below is an example of how 
to implement the �rst three of the 5 A’s:

20.2.1 FOR PATIENTS WILLING TO QUIT

For patients who endorse a willingness to quit smoking at 
this time, providers should then provide practical assis-
tance for quitting. Current smoking cessation guidelines 
highlight two primary approaches for smoking cessation: 
counseling and pharmacotherapy.17

20.2.1.1 Counseling

Providers can be e�ective in providing brief counseling 
interventions during the o�ce visit (see Table 20.2). First, 
they should assist patients in developing a quit plan that 
involves the following components: (1) setting a quit date 
within 2 weeks; (2) informing family, friends, and cowork-
ers about the quit date and soliciting social support; (3) 
identifying smoking triggers and developing a plan for 
managing them; and (4) removing tobacco products from 
places where patients spend a lot of time (e.g., home, work, 
car). �e majority of the discussion should focus on hav-
ing patients identify their triggers for smoking and help-
ing them develop strategies to manage these triggers. For 
certain triggers, such as alcohol, avoiding them altogether 
is the best strategy. For other triggers, patients can try to 
alter the situation slightly (e.g., drink a di�erent �avor of 
co�ee if co�ee is a strong smoking trigger) or use behav-
ioral substitution (e.g., replacing smoking with gum or 
brushing their teeth). It is also helpful to help patients 
learn from previous quit attempts by identifying what was 
and was not helpful. Below is an example of how to develop 
such a plan.

Table 20.1 The “5 A’s” model for smoking cessationa

ASK Ask about and document smoking status for every patient at every visit.
ADVISE In a clear, strong, and personalized manner, urge every tobacco user to quit.
ASSESS Is the tobacco user willing to make a quit attempt at this time?
ASSIST For patients willing to make a quit attempt: offer medication and provide or refer for counseling or 

additional treatment to help the patient quit.
For patients unwilling to make a quit attempt at this time: provide interventions designed to increase 

motivation for future quit attempts.
ARRANGE For patients willing to make a quit attempt: arrange for follow-up contacts, beginning within the �rst 

week after the quit date.
For patients unwilling to make a quit attempt at this time: address tobacco dependence and 

willingness to quit at next clinic visit.

a  (Fiore MC et al., Treating Tobacco Use and Dependence: 2008 Update, U.S. Dept. of Health and Human Services, Public Health Service, 
Rockville, 2008.)

Table 20.2 Guidelines for developing a quit plan

1. Set quit date within 2 weeks of appointment.
2. Enlist social support by informing family, friends, and 

coworkers of quit date.
3. Identify smoking triggers and create a plan to deal 

with them.
4. Remove tobacco products from personal environment 

(e.g., home, work, car) prior to quit date.

CLINICAL VIGNETTE 20.1: 
INTERACTION BETWEEN PROVIDER 
AND PATIENT ADDRESSING QUITTING

Provider: Before we get started with your exam, I want 
to go over the paperwork you filled out. It 
says here that you are a cigarette smoker. Is 
that correct?

Patient: Yes, but I just smoke a few cigarettes a day.
Provider: Even light smoking is still dangerous to 

your health. As your clinician, I need you 
to know that one of the most important 
things you can do for your current and 
future health is to quit smoking. In fact, 
smoking can make your medications for 
asthma less effective, and quitting smok-
ing can help us manage your asthma bet-
ter and may even reduce the number of 
asthma attacks you have.

Patient: I know smoking is bad for me, but I’ve been 
under a lot of stress lately.

Provider: Yes, a lot of people believe that smoking 
helps you deal with stress, but research 
has shown us that, in the long run, smoking 
actually leads to more stress and puts you 
at risk of developing an anxiety disorder. 
So quitting smoking will not only improve 
your physical health, but your emotional 
health as well. Are you willing to try to quit 
smoking?
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Although brief interventions are e�ective, research indi-
cates that more intensive treatments are associated with 
the highest abstinence rates. Speci�cally, those with four or 
more sessions of at least 10 minutes in duration have been 
shown to be most e�ective.17 �ese intensive programs are 
appropriate for any smoker and are typically delivered by 
clinicians who specialize in smoking cessation. �ey are 
conducted either in an individual or group-based format, 
although telephone counseling is also e�ective. �e two 
primary treatment components of these intensive pro-
grams are practical counseling and social support. Practical 
counseling includes problem solving and skills training 
(e.g., identifying situations that will likely lead to relapse, 
psychoeducation on the quitting process and withdrawal 
symptoms, cognitive restructuring, and other strategies to 
cope with smoking triggers).17 Social support as part of the 
counseling process may include things such as encourage-
ment for the upcoming quit day and open communication 
about the patient’s concerns about quitting.17

In addition to these in-person interventions, there are a 
number of online tools that provide resources for quitting 

CLINICAL VIGNETTE 20.2: 
INTERACTION BETWEEN PROVIDER 
AND PATIENT COUNSELING A 
PATIENT WHO HAS DECIDED TO QUIT

Provider: I’m glad you are ready to take this important 
step toward improving your health. Let’s go 
ahead and create a plan for quitting. The 
first step is to set a quit date, ideally some-
time in the next 2 weeks.

Patient: Okay. How about next Monday?
Provider: That sounds perfect, you can start off the 

week fresh! This means on Sunday night 
you will want to make sure you remove all 
cigarettes, lighters, ashtrays, and any other 
smoking materials from your house and 
car. Be sure to find and destroy all of those 
emergency cigarettes you have hidden 
around. I usually tell people to break all of 
their remaining cigarettes in half, get them 
wet, and then throw them away. That way 
you won’t be tempted later when you have a 
really strong craving.

Patient: That makes sense. That’s how I started 
smoking again after I quit the last time—
after finding an old pack of cigarettes in a 
purse I hadn’t used in a long time.

Provider: Yes, that happens a lot. So definitely try to 
go through old bags, purses, clothes, and 
things like that before Monday. Now that 
you’ve set your quit date, the next step is 
to let your family and other important peo-
ple in your life, like friends and coworkers, 
know you are quitting, so they can provide 
you support. Who do you think you should 
tell?

Patient: Definitely my husband and kids. They have 
been nagging me to quit for years.

Provider: Wonderful! It might be helpful if you let 
them know how they can be the most sup-
portive. For example, if you were having a 
really strong craving to smoke, what would 
you want them to do? Help distract you? Or 
would you prefer if they left you alone?

Patient: I think I would want them to let me deal with 
the cravings on my own. In the past when 
I’ve tried to quit, I’ve been really cranky, and 
I don’t want to snap at them.

Provider: So you can let them know that you tend to 
get irritable when you quit smoking, and 
that the best thing they can do to sup-
port you is be understanding if you snap 
at them. And you can tell them that you 
may ask them to leave you alone if you are 

having a particularly rough time. This plan 
is really coming along. The last thing we 
need to do is to figure out what your smok-
ing triggers are and develop a plan for how 
to deal with them.

Patient: My biggest smoking trigger is driving. I 
can’t smoke at work, so I usually smoke a lot 
on my way to and from work.

Provider: Smoking and driving seem to go hand-
in-hand for a lot of people. One thing I 
would suggest is trying to give your car a 
good cleaning before your quit day to get 
rid of the smell of smoke as much as pos-
sible. Something that has worked for peo-
ple in the past is to change the route they 
drive to work, maybe find one that doesn’t 
go by many places where you could buy 
cigarettes. Another trick that works well for 
people is to substitute another behavior for 
smoking. So instead of smoking you could 
chew a piece of sugar-free gum, have a 
piece of hard candy, or drink a glass of cold 
water.

Patient: Those sound like great ideas! I’m feeling a 
lot more confident about quitting smoking 
now.

Provider: Wonderful. I will also have my nurse give 
you some more information about quitting 
as well as some referrals for local quitlines 
and smoking-cessation programs before 
you leave today. The last thing we need to 
talk about is medications that can help you 
quit smoking. . . .
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smoking (e.g., website cessation programs, mobile phone 
apps), as well as national hotlines that provide telephone-
based counseling for smoking cessation (see Table 20.3). It 
may also be useful for providers to develop a list of local 
resources (e.g., local quitline numbers, information about 
local treatment programs) and have smoking cessation 
guides on hand (e.g., Clearing the Air [https://smokefree 
.gov/sites/default/�les/pdf/clearing-the-air-accessible.pdf]) 
to give to patients who are current smokers.

20.2.1.2 Pharmacotherapy

�ere are seven �rst-line, FDA-approved medications for 
smoking cessation.17 �ese include nicotine replacement 
therapies (NRTs [patch, gum, lozenge, nasal spray, and 
inhaler]), as well as two nonnicotine medications, bupro-
prion SR (Wellbutrin®) and varenicline (Chantix®). Table 
20.4 provides a summary of dosing guidelines for these 
medications. Providers are also strongly encouraged to 

Table 20.3 Resources for smoking cessation

American Cancer Society http://www.cancer.org/healthy/stayawayfromtobacco/index
American Lung Association http://www.lung.org/stop-smoking/i-want-to-quit/
American Heart Association http://www.heart.org/quitsmoking
National Cancer Institute http://www.SmokeFree.gov

Toll-free hotline: 1-877-44U-QUIT
National Network of Tobacco Cessation Quitlines Toll-free hotline: 1-800-QUITNOW

TTY: 1-800-332-8615
En Español: 1-855-DÉJELO-YA

U.S. Department of Health and Human Services http://betobaccofree.hhs.gov/quit-now/index.html

Table 20.4 Dosing recommendations for smoking cessation medicationsa

Medication Dosage

Over the Counter
Nicotine patch If smoking > 10 cigarettes per day: 21 mg patch daily for 4 weeks, then 14 mg patch daily for 

2 weeks, then 7 mg patch daily for 2 weeks
If smoking < 10 cigarettes per day: 14 mg patch daily for 4 weeks, then 7 mg patch daily for 

4 weeks
Nicotine gum Use 4 mg if smoking > 25 cigarettes per day and 2 mg if smoking < 25 cigarettes per day

Use at least 1 piece every 1–2 hours for �rst 6 weeks, but no more than 24 pieces per day. Use 
for up to 12 weeks.

Nicotine lozenge Use 4 mg for patients who smoke their �rst cigarette within 30 minutes of waking, and 2 mg for 
those who smoke their �rst cigarette more than 30 minutes after waking. Use 1 lozenge 
every 1–2 hours for the �rst 6 weeks, using a minimum of 9 lozenges per day, but no more 
than 20. Decrease lozenge use to 1 every 2–4 hours during weeks 7–9 and then to 1 every 
4–8 hours during weeks 10–12.

Prescription
Nicotine nasal spray A dose of nicotine nasal spray consists of one 0.5-mg dose delivered to each nostril. Initial 

dosing should be 1–2 doses per hour, increasing as needed for symptom relief. Minimum 
recommended treatment is 8 doses/day, with a maximum limit of 40 doses/day (5 doses/
hour). Recommended duration of therapy is 3–6 months.

Nicotine inhaler A dose from the nicotine inhaler consists of a puff or inhalation. Each cartridge delivers a total 
of 4 mg of nicotine over 80 inhalations. Recommended dosage is 6–16 cartridges/day. 
Recommended duration of therapy is up to 6 months, but patient should taper dosage 
during the �nal 3 months of treatment.

Buproprion SR Start 1–2 weeks prior to quitting. 150 mg every morning for 3 days, then increase to 150 mg 
twice daily. Dosage should not exceed 300 mg per day. Dosing at 150 mg twice daily should 
continue for 7–12 weeks. Can be used for up to 6 months postquit.

Varenicline Start 1 week prior to quit at 0.5 mg once daily for 3 days, followed by 0.5 mg twice daily for 
4 days. Starting on quit day (day 8), patient should take 1 mg twice daily for 3 months. Can 
be used for up to 6 months.

a  (Adapted from Fiore MC et al., Treating Tobacco Use and Dependence: 2008 Update, U.S. Department of Health and Human Services, 
Public Health Service, Rockville, 2008.)

https://smokefree.gov/sites/default/files/pdf/clearing-the-air-accessible.pdf
http://www.cancer.org/healthy/stayawayfromtobacco/index
http://www.lung.org/stop-smoking/i-want-to-quit/
http://www.heart.org/quitsmoking
http://www.SmokeFree.gov
http://betobaccofree.hhs.gov/quit-now/index.html
https://smokefree.gov/sites/default/files/pdf/clearing-the-air-accessible.pdf
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refer to the FDA package inserts for more complete infor-
mation on these medications. Both buproprion SR and var-
enicline must be started prior to quit day. Patients using 
NRT should ensure they are using the proper dose and, 
for all versions of NRT except the patch, taking enough 
doses throughout the day. Of note, patients should be 
instructed on proper chewing technique for nicotine gum. 
Speci�cally, the gum should be chewed slowly until a �a-
vored or peppery taste emerges, then “parked” between the 
cheek and gum. �e gum should be “chewed and parked” 
slowly and intermittently for about 30 minutes or until the 
taste disappears. Moreover, acidic drinks (e.g., co�ee, juice, 
so� drinks) interfere with the absorption of the nicotine 
gum and should be avoided for 15 minutes before chewing 
and during chewing.

20.2.1.3 Summary

Although both medication and counseling are e�ective 
individually, they are nearly twice as e�ective when com-
bined.17 �us, the clinical guidelines state that practitioners 
should encourage all smokers making a quit attempt to use 
this combined approach.17 As such, it is critical that provid-
ers are aware of the counseling-based smoking cessation 
programs in their area. State tobacco quitlines are o�en a 
good referral source as they can provide telephone-based 
counseling as well as assist with obtaining NRT. Further, 
it should be noted that repeated interventions and quit 
attempts are o�en needed before a patient is successful in 
maintaining abstinence in the long term. �erefore, it is 
recommended that providers arrange for follow-up with 
patients making a quit attempt (the last of the 5 A’s) whether 
in person, by phone, or electronically. Moreover, providers 
should continue to check in regarding smoking cessation at 
future appointments until long-term abstinence (i.e., at least 
12 months) has been attained, as it may be necessary to pro-
vide additional brief interventions to help patients remain 
abstinent a�er a lapse or make another quit attempt a�er 
a full relapse to smoking. Here it will be important to help 
patients reframe their unsuccessful quit attempt as a learn-
ing experience and make a new quit plan that addresses the 
barriers or triggers encountered in the unsuccessful quit 
attempt.

20.2.2  FOR PATIENTS UNWILLING 
TO QUIT

For patients who are not willing to make a quit attempt, the 
most e�ective treatment is to increase motivation to quit, 
which can be accomplished through brief motivational 
enhancement interventions. Such interventions are based 
on motivational interviewing (MI), a directive, patient-
centered approach that can be successfully implemented in 
brief o�ce visits and has demonstrated e�cacy in enhanc-
ing motivation to quit smoking and increasing the likeli-
hood of making a future quit attempt.17,18 �e goal of MI 

for smoking cessation is to have the patient examine their 
beliefs and values about smoking in order to highlight areas 
of ambivalence, which, once identi�ed, can be used to elicit 
“change talk” (e.g., reasons for quitting smoking) and a 
commitment to change. MI consists of four main princi-
ples. �e �rst is expressing empathy, which involves asking 
open-ended questions and using re�ective listening to bet-
ter understand the patient’s reasons both for smoking and 
quitting smoking, as well as normalizing the patient’s con-
cerns about quitting while respecting their current level of 
preparedness to make a change. �e second principle, devel-
oping discrepancy, involves highlighting the discrepancy 
between the patient’s behaviors (i.e., smoking) and their val-
ues, goals, and priorities. �e third principle is rolling with 
resistance, which highlights the need to avoid directly chal-
lenging the patient when they express resistance to change. 
Providers, instead, are encouraged to express empathy for 
the patient’s concerns and ask permission to provide infor-
mation. �e �nal MI principle, supporting self-e�cacy, 
involves helping the patient identify previous successful 
quit attempts. �e following example illustrates a provider 
discussing quitting smoking with a patient who is unwilling 
to make a quit attempt, �rst using a non-MI approach and 
then an MI approach.

20.2.2.1 Non-MI approach

As is evident in the example, the provider expressed min-
imal empathy when the patient expressed concerns about 
being able to quit smoking successfully. Moreover, the pro-
vider continued to challenge and push the patient to com-
mit to quitting smoking without highlighting the patient’s 
change talk or the discrepancy between the patient’s smok-
ing despite stating a desire to quit. Below is an example of 
the same interaction using an MI approach.

CLINICAL VIGNETTE 20.3: 
INTERACTION BETWEEN PROVIDER 
AND PATIENT DEMONSTRATING 
NONMOTIVATIONAL APPROACH

Provider: So you aren’t willing to quit smoking?
Patient: I know I should quit, but it’s just a really dif-

ficult time right now with the stress from 
work.

Provider: Well, we all have difficult times, but you 
really need to quit smoking or your asthma 
is going to get much worse. Don’t you want 
to improve your health?

Patient: Well, yes, but I’m just not sure I can do it.
Provider: Lot’s of people feel that way. The truth is, 

you never know if you can do something 
until you try. So, I think you should go 
ahead and just do it.
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20.2.2.2 MI approach

In the above example, rather than trying to push the 
client to quit smoking, the provider expressed empathy 
with the patient’s struggles and tried to highlight the dis-
crepancy between the patient’s smoking and the patient’s 
goal of being healthy and less stressed. �e provider never 
directly challenged the client when the client expressed 
resistance, but rather expressed empathy with the patient’s 
concerns about managing stress and provided informa-
tion about the nature of stress and smoking. Lastly, the 
provider identi�ed and reinforced change talk, while not 
making assumptions about what that change would be 
(i.e., not jumping to the conclusion that the change would 
mean quitting smoking). Although seemingly straightfor-
ward, MI can be di�cult to implement successfully; there-
fore, it can be helpful to obtain specialized training in MI. 
As MI can be used to address a number of patient behav-
iors (e.g., medication adherence), the time spent receiving 
this training is typically worthwhile. As with patients who 
are willing to quit, it is also important to follow all of the 
5 A’s and arrange for follow-up to re-evaluate the patient’s 
motivation to quit smoking.

20.3  SPECIAL CONSIDERATIONS 
FOR SMOKING CESSATION FOR 
PATIENTS WITH ASTHMA AND 
COPD

Although following the recommendations described in 
this chapter should help improve smoking cessation rates, 
there are several issues speci�c to patients with asthma and 
COPD that warrant consideration.

20.3.1  MANAGING WITHDRAWAL 
SYMPTOMS

Recent research has shown that there may be few di�erences 
between smokers with and without asthma and COPD 
in terms of abstinence rates during a quit attempt.19–21 
However, at least one study has found that, compared to 
smokers without asthma, smokers with asthma demon-
strated a slower decline in withdrawal symptoms and crav-
ing during a quit attempt.19 Accordingly, smokers with 
asthma may bene�t more from using NRT, possibly for an 

CLINICAL VIGNETTE 20.4: 
INTERACTION BETWEEN PROVIDER 
AND PATIENT DEMONSTRATING 
MOTIVATIONAL APPROACH

Patient: I know I should quit, but it’s just a really dif-
ficult time right now with the stress from 
work.

Provider: Yes, it can be really daunting to make big 
changes when you are under a lot of stress. 
What kinds of things are you doing to help 
manage your stress?

Patient: I don’t know. I guess I try to do nice things 
for myself every once in a while—like get-
ting a massage or giving myself time to relax 
on the weekends.

Provider: That’s great that you are focused on self-
care. That can be an effective way to man-
age stress. And doing things like coming 
to your doctors’ appointments is another 
way you are taking care of yourself.

Patient: Yes, I guess that’s true. I have a tendency to 
get sick when I am stressed, so I try really 
hard to keep that from happening.

Provider: It sounds like your health is really important 
to you.

Patient: Yes, it is.
Provider: Can I make an observation?
Patient: Sure.
Provider: Well, I’m hearing that you care a lot about 

your health, and are doing things to try to 
decrease your stress and stay healthy. I’m 
wondering how that desire to stay healthy 
fits with smoking.

Patient: Hah! Good point. I guess it doesn’t.
Provider: I guess not.
Patient: I mean, I’ve thought about quitting before. 

But then I worry about whether I could do it. 
And I don’t think I could deal with all of the 
stress in my life without smoking.

Provider: It sounds like you would really like to quit, 
but are worried you won’t be successful, in 
part, because you aren’t sure how you would 
handle stress without smoking.

Patient: Exactly!
Provider: Can I offer a piece of information?
Patient: Sure.
Provider: Well, like you, a lot of smokers smoke to 

reduce their stress. But what researchers 
have found is that smoking actually ends up 
making you more, rather than less, stressed 
in the long term.

Patient: Wow. I didn’t know that. I keep saying I 
need to be less stressed and that I want 
to quit smoking. I guess maybe it’s time to 
think about making a change.

Provider: So you’re ready to consider changing your 
smoking behavior. My staff and I are here to 
help with that.
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extended period of time, as well as specialized psychoso-
cial treatments to prepare them for these slower declines in 
withdrawal symptoms and cravings.

20.3.2 COMORBID PSYCHOPATHOLOGY

Rates of mood and anxiety disorders are elevated among 
cigarette smokers, as well as individuals with asthma 
and COPD.22–24 �us, it is likely that many smokers with 
asthma or COPD also have a comorbid mood or anxiety 
disorder. Unfortunately, comorbid mood and anxiety 
psychopathologies are associated with greater motivation 
to smoke, poorer smoking cessation outcomes, greater 
withdrawal symptoms, and a lack of response to smok-
ing cessation pharmacotherapy.25–27 Moreover, patients 
and providers alike are o�en unaware of this connec-
tion between psychopathology and cigarette smoking. 
�erefore, these patients, in particular, should be referred 
to mental health providers trained in combined approaches 
to smoking cessation that incorporate medication with 
intensive psychosocial smoking cessation interventions. 
Several specialized smoking cessation interventions have 
been developed that target anxiety and depression in the 
context of smoking cessation.28,29 Additionally, bupropion 
SR may be a bene�cial pharmacotherapy for smokers with 
comorbid depression, as it has been shown to also be an 
e�ective antidepressant.30

20.3.3 SYMPTOM MANAGEMENT

Patients with asthma who are able to successfully quit 
smoking may report a temporary increase in their asthma 
symptoms upon quitting. �ese increased symptoms are 
likely related to the clearing of the mucus that has built 
up in lungs and esophagus immediately following quitting 
smoking.31 It will likely be useful to let patients know to 
expect this slight exacerbation in symptoms and to reas-
sure them that these symptoms are only temporary, and 
quitting smoking will ultimately result in improved lung 
functioning, fewer respiratory symptoms, and improved 
quality of life.15,32 Further, as smoking decreases the e�ec-
tiveness of inhaled corticosteroids and quitting smoking 
results in improved lung function, patients should be eval-
uated a�er quitting to determine the appropriate medica-
tion regimen.

20.3.4  SMOKING CESSATION 
MEDICATIONS

Providers should take caution when prescribing certain 
smoking cessation medications to patients with asthma 
who want to quit smoking. First, providers should avoid 
prescribing the nicotine nasal spray, as it can exacerbate 
asthma symptoms.33 Second, providers should use cau-
tion when prescribing varenicline, as there can be harm-
ful drug interactions with certain asthma medications (i.e., 
theophylline).17,34

20.4 SUMMARY

 ● Smoking is more common among individuals with 
asthma, COPD and asthma COPD overlap, and it is 
associated with increased rates of morbidity and mor-
tality in both diseases.

 ● Smoking cessation results improved lung functioning, 
reduced asthma medication use, and improved quality 
of life.

 ● Providers are encouraged to follow the 5 A’s model of 
smoking cessation intervention: Ask, Advise, Assess, 
Assist, and Arrange (see Table 20.1).

 ● For smokers unwilling to quit, MI techniques should be 
used to increase motivation for quitting.

 ● For smokers willing to quit, a combination of pharma-
cotherapy and smoking cessation counseling is the most 
e�ective treatment.

 ● Specialized intensive psychosocial smoking cessation 
interventions may be useful for smokers with asthma or 
COPD and comorbid mood and anxiety disorders.

 ● Patients with asthma should be warned of slight, 
temporary increases in their asthma symptoms upon 
quitting and reassured that these symptoms are only 
temporary.

 ● For smokers with asthma and COPD, providers should 
take caution before prescribing nicotine nasal spray and 
varenicline, and reassess respiratory medication dosages 
a�er quitting.

 ● Strategies for smoking cessation applied to asthma and 
COPD should also apply to ACO.
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21
Management of acute asthma, COPD, and 
asthma-COPD overlap

CRISTINA VILLA-ROEL AND BRIAN H. ROWE

21.1  DEFINITION AND ECONOMIC 
BURDEN

Asthma and chronic obstructive pulmonary disease 
(COPD) exacerbations are both acute events character-
ized by a progressive increase in respiratory symptoms 
often in response to external precipitants.1,2 Patients with 
features of both asthma and COPD (asthma-COPD over-
lap [ACO]) also experience exacerbations.3 These acute 
events result in visits to health professionals, school and 
work absenteeism, impairment of quality of life (QoL), 
emergency room (ER) visits, hospital admissions, and 
significant costs to the health-care system throughout 
the developed world.4–6

Asthma and COPD exacerbations represent a consid-
erable number of the ER visits in North America.7,8 Most 
adults presenting to the ER with asthma exacerbations are 
treated and subsequently discharged; only 6%–12% are 
admitted.9 In contrast, COPD exacerbations resulting in ER 
visits o�en lead to hospitalization (50%–60%).10ACO exac-
erbations are three times more common than COPD exacer-
bations and have shown to be associated with more frequent 
hospitalizations and greater mortality rates.11 Despite this, 
the evidence in ACO is just emerging, and little is known 
about this entity.

In the United States, asthma-related health-care costs 
are signi�cantly higher in individuals experiencing 

exacerbations when compared to individuals not experienc-
ing them.4 In Canada, it has been estimated that 7% of the 
direct costs in asthma could be the result of acute asthma 
care.12 Exacerbations with hospitalization are the main 
cost drivers for both COPD and ACO. In the United States 
in 2000, there were 8 million outpatient visits for COPD, 
1.5 million ER visits, and 673,000 hospital admissions.13 
Resource utilization and costs attributable to ACO exac-
erbations are signi�cantly higher than those derived from 
asthma and COPD alone.11

21.2 DIAGNOSIS

While patients presenting with acute wheezing episodes 
may su�er from a variety of cardiorespiratory condi-
tions and mimics of asthma (i.e., gastroesophageal re�ux, 
rhinitis/rhinosinusitis, vocal cord dysfunction), COPD 
and ACO must be ruled out. �e diagnosis of asthma, 
COPD, or ACO exacerbations usually rely on a compre-
hensive, albeit focused, history and physical examination 
(Table 21.1). For example, young patients who wheeze and 
deny cigarette smoking, endorse allergies/family history 
of atopy, and respond to short-acting β2-agonists (SABA), 
likely have acute asthma. Conversely, those over 55 years of 
age who have >20–30 pack-year histories of smoking, who 
have never had asthma or atopy, who have had a gradual 
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onset of symptoms, and o�en have other comorbidities 
(e.g., diabetes, hypertension, etc.), likely have acute COPD. 
Finally, older patients (>40 years of age) with a previous 
medical diagnosis of asthma and no smoking history who 
reveal incomplete reversibility of air�ow obstruction in the 
pre-/postbronchodilator �ow measurement likely have ACO.

Objective measures of lung function are most commonly 
designed to establish a diagnosis, stratify, and manage 
chronic stable respiratory diseases. During exacerbations, 
they can be helpful in asthma and ACO with asthma domi-
nant pro�le; however, they are generally not recommended 
for the assessment of COPD (and ACO with COPD domi-
nant pro�le). If the diagnosis has not been con�rmed previ-
ously, however, they may be useful in some cases, to suggest 
a diagnosis of asthma/ACO instead of COPD. Forced 
expiratory volume in 1 second (FEV1) and, as a second 
choice, peak expiratory �ow (PEF), help con�rm the diag-
nosis, evaluate the exacerbation severity, and monitor the 
response to treatment. On the other hand, they are di�cult 
to perform, o�en do not change with treatment, and are 
not accurate during COPD exacerbations. �e diagnosis of 
COPD exacerbations relies mainly on the clinical presen-
tation, which commonly re�ects a sustained worsening of 

symptoms leading to an increase in maintenance medica-
tions. Severe exacerbations are potentially life-threatening, 
thus factors that increase the risk of asthma- or COPD-
related death should be identi�ed and evidence-based care 
promptly provided (Table 21.2).1,2

21.3 MANAGEMENT

21.3.1  ROLE OF PATIENTS AND PRIMARY 
CARE PROVIDERS IN THE 
MANAGEMENT OF ASTHMA, 
COPD, AND ACO EXACERBATIONS

�e goals of the management of asthma exacerbations are to 
control symptoms, improve QoL, and prevent relapses and 
subsequent exacerbations.1 �e goals of the management 
of COPD exacerbations are to relieve bronchospasm and 
treat infection/in�ammation while maintaining adequate 
oxygenation.2

Depending on the severity of the exacerbation/underly-
ing disease, the external resources and the clinical expertise, 

Table 21.1 Factors that can assist in the differentiation of asthma, COPD, and ACO exacerbations

Factors Asthma ACO COPD

Pathophysiology In�ammation +++ +++ +++
Infection +/– +++

Age of onset Early +++
Late (age > 40) +++ +++

Sex Female > male +++
Male > female +++ +++

Family history +++
Allergic conditions +++
Previous diagnosis of asthma +++ +/–
History of cigarette smoke exposure +/– +++
Comorbidities +/– +++ +++
Symptoms Wheeze +++ +/– +/–

Dyspnea +++ +++ +++
Cough +/– +/– +++
Sputum production +/– +++

Course Intermittent 
exacerbations

+++

Chronic progressive +/– +++
Response to treatment Response to 

bronchodilators
+++ +/– +/–

Response to 
corticosteroids

+++ +/– +/–

Post-bronchodilator �ow measurement FEV1/FVC ratio > 0.7 +++
FEV1/FVC ratio < 0.7 +++ +++

Recovery after exacerbation +++ +/– +/–

Note:  ACO = asthma-COPD overlap; COPD = chronic obstructive pulmonary disease; FVC = forced vital capacity; FEV1 = forced expiratory 
volume in one second
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patients and primary care providers (PCPs) can contribute 
to the achievement of these goals. For example, the use of 
written asthma action plans (AAPs) adapted to patients’ 
level of asthma control and improving health literacy from 
patient education can be the �rst self-management strat-
egy to prevent asthma exacerbations. �e assessment of 
patient severity and medication adjustments (e.g., increas-
ing reliever medications, stepping up the dose of existing 
controller medication, and starting patients on systemic 
corticosteroids) by a PCP can be the second strategy for the 
management of mild or moderate asthma exacerbations not 
adequately controlled with the instructions provided in the 
written AAP.1 �is stepwise approach would allow acute-
care facilities (e.g., ERs or equivalent settings) to focus on 
the provision of urgent care to severe episodes, and those 
that were not controlled with the previous two strategies 
(Table 21.3).

Patient self-management programs should be carefully 
selected during COPD exacerbations to avoid harm.14 While 
some episodes can be managed in an ambulatory basis 
(including guided adjustment or change to medication), their 
association with signi�cant mortality o�en justi�es hospital 
assessment and admission, especially in patients with older 
age, insu�cient home support, history of frequent exacer-
bations, severe underlying COPD with low FEV1, serious 
comorbidities (e.g., heart failure or newly occurring arrhyth-
mias), onset of new physical signs (e.g., cyanosis, peripheral 
-edema), marked increase in symptoms (e.g., sudden resting 
dyspnea), and no response to initial medical management 
(Table 21.4).2,15

Individuals with ACO have shown an increased risk 
of undesired outcomes (e.g., more respiratory symptoms, 

worse lung function, lower perception of general health 
status, and higher use of medication, hospitalizations, 
and exacerbations).16 �is increased risk justi�es hospital 
assessment for all but the most minor exacerbations. �e 
role that patients and PCPs can play in the management 
of ACO exacerbations has not yet been identi�ed; this will 
not be possible until its phenotypes and clinical progres-
sion are better characterized.17

21.3.2  ROLE OF ACUTE-CARE FACILITIES 
IN THE MANAGEMENT OF 
ASTHMA, COPD, AND ACO 
EXACERBATIONS

CLINICAL VIGNETTE 21.1

A 25-year-old female university student nurse pres-
ents to the ER with a two-day history of progressive 
shortness of breath, cough, and wheezing associated 
with symptoms of a viral upper respiratory infection 
(e.g., sore throat, myalgia, coryza). The patient has 
a life-long history of asthma and has recently been 
experiencing increased fibromyalgia symptoms of 
pain and fatigue. She denied fever or chest pain, and 
had been using her salbutamol puffer up to 16 times 
in the past 24-hour period. She stated that she usu-
ally used inhaled salbutamol (1–2 puffs as needed) 
and inhaled budesonide (two 200 mg inhalations, 
twice daily), when she remembers and can afford the 

Table 21.2 Factors that increase the risk of asthma- and COPD-related death

Asthma COPDa

History of near-fatal asthma requiring intubation and mechanical 
ventilation

Older age

ER visits or hospitalizations for asthma in the previous year Severity of illness
Current or recent use of OCS Dyspnea (measured with a validated survey 

instrument)
Unopposed SABA use/no current ICS use PaO2/FIO2 ratio
Frequent use of SABAs, especially the use of more than a canister of 

salbutamol in the previous month
APACHE II score at admission

History of mental health or psychosocial issues Low serum albumin
Poor adherence to asthma medications or poor adherence to (or lack of) 

a written asthma action plan
Presence of cor-pulmonale/end-stage disease.

Food allergy Poor exercise capacity
Long-term use of OCS
Cardiac disease/comorbidities

Source:  The Global Strategy for Asthma Management and Prevention, Global Initiative for Asthma (GINA); 2015. Available at http://www 
.ginasthma.org/; Global Initiative for Chronic Obstructive Lung Disease (GOLD). Global Strategy for Diagnosis, Management and 
Prevention of COPD; 2016. Available at http://www.goldcopd.org/.

Note:  ER = Emergency Room; OCS = oral corticosteroids; ICS = inhaled corticosteroids; SABA = short-acting β2 agonist; PaO2/FIO2 = ratio of 
arterial oxygen partial pressure to fractional inspired oxygen; APACHE = Acute Physiology and Chronic Health Status Evaluation.

a Risk factors for in-hospital mortality.

http://www.ginasthma.org/
http://www.goldcopd.org/
http://www.ginasthma.org/
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21.3.2.1 Asthma

Emergency rooms (or equivalent acute-care facilities) 
are the ideal settings to manage moderate/severe asthma 
exacerbations that do not improve with self-management 
and/or the initial management provided in the primary 
care setting, as well as potentially life-threatening asthma 
exacerbations.

21.3.2.1.1 ASSESSMENT

A brief medical history, physical examination, and objec-
tive measure of lung function (e.g., PEF or FEV1) should 
precede the prompt initiation of therapy in acute asthma. 
�e patient’s clinical condition and response to treatment 
should be reassessed regularly during their ER stay. Current 
guidelines recommend lung function to be measured one 
hour a�er initial bronchodilator/corticosteroid treatment 
to document improvement or deterioration. Ordering addi-
tional tests (e.g., chest radiographs or laboratory tests) is not 
routinely recommended in adults, unless other diagnoses 
need to be ruled out.1

21.3.2.1.2 ER TREATMENT

Low-dose oxygen: Signi�cant hypoxemia is common in 
moderate to severe asthma exacerbations, and therapy 
should target physiological levels of oxygen. Oxygen ther-
apy either by nasal cannula or mask is recommended to all 
patients whose saturation is below this parameter (using 
oximetry when possible).18 Since hyperoxia has been associ-
ated with increased oxidative stress and free radical dam-
age, oxygen saturation above 92% is not recommended.19

Inhaled SABA: Inhaled SABA therapy should be admin-
istered as early as possible to all patients presenting to the 
ER with asthma exacerbations in an attempt to reverse 

air�ow obstruction. At comparable doses, nebulizer-
delivery products have not been associated with signi�-
cantly better outcomes than metered-dose inhalers (MDI) 
delivered by spacer.20

Systemic corticosteroids: Systemic corticosteroids (oral 
or intravenous [IV]) speed the resolution of exacerbations, 
prevent admission, and relapses, and are recommended to 
all but the mildest cases of acute asthma.21 Systemic corti-
costeroids should be administered within the �rst hour of 
presentation when possible. Fi�y (50) mg of prednisone for 
5–7 days have shown to be e�ective in the resolution of exac-
erbations.22 No bene�t has been associated with tapering the 
dose of oral corticosteroids (OCS) in the short-to-medium 
term;23 in adults, very short courses have not replaced stan-
dard 7–10–day therapy.

Inhaled corticosteroids (ICS): Although ICS agents are 
thought to improve asthma control over days to weeks, there 
is evidence that they are e�ective in the acute setting. �e 
administration of high doses of ICS within the �rst hour 
of ER presentation reduces the need for hospitalization in 
those patients receiving and not receiving systemic corti-
costeroids.24 �ese observations are likely the result of local 
vasodilatation, membrane stabilization, and inhibition of 
the in�ammatory cascade.

Short-acting anticholinergics (SAAC): Anticholinergic 
agents are weak bronchodilator agents, which also decrease 
mucous production. �e combined use of SAAC/SABA has 
been associated with synergistic e�ects, especially in severe 
disease; fewer hospitalizations and greater improvement in 
pulmonary function, speci�cally PEF and FEV1, when com-
pared to SABA administration alone.25

Aminophylline/theophylline: Methylxanthine agents 
are weak bronchodilators and respiratory muscle enhanc-
ers through their in�uence on cyclic adenosine monophos-
phate (cAMP). �e IV administration aminophylline is not 
routinely recommended in the ER management of asthma 
exacerbations due to lack of e�ectiveness as a bronchodi-
lator in this setting and increased risk of adverse events 
when compared to standard inhaled bronchodilators and 
corticosteroids.26

Magnesium sulfate (MgSO4): Intravenous sulfate 
exhibits its e�ect on smooth muscles, including those in the 
respiratory system, and also is a weak anti-in�ammatory 
agent. Administered intravenously (2 g infusion over 
20 minutes), MgSO4 is recommended in adults present-
ing with severe exacerbations who have exhibited blunted 
response to initial inhaled bronchodilation therapy (e.g., 
initial FEV1 < 25%–30% predicted, those who fail to 
respond to initial treatment and have persistent hypox-
emia).27 �is agent must be used in combination with sys-
temic corticosteroids and bronchodilators and has a wide 
margin of safety.

Epinephrine: Epinephrine, a mixed alpha- and beta-
receptor agent, is most o�en used in allergic reactions, such 
as anaphylaxis. �e intramuscular (IM) administration 
of this agent (adrenaline) is not routinely recommended 
in the ER management of asthma exacerbations; it is only 

prescription. She used to have a spacer device (but 
lost it), and her “action plan” when she senses she 
is starting to have an asthma attack is to take a cold 
shower, use more salbutamol, and seek out the care 
of a physician. Although she admitted to occasionally 
smoking marijuana, she denied cigarette smoking. 
Her vital signs were as follows: pulse = 100 beats/
minute; respirations = 24 breaths/minute; blood pres-
sure = 110/60 mmHg; T = 36.8°C (oral); and SaO2 = 
95% on room air. Her PEF was 200 L/min (57% pre-
dicted for age, height, and sex). On examination, she 
was alert and oriented, spoke in full sentences, and 
was calm. She exhibited expiratory-phase prolonga-
tion and musical wheezing throughout the lung fields, 
and she was not using her accessory muscles of respi-
ration. Her upper respiratory, cardiac, abdominal, and 
neurological examinations were normal.*

* See discussion of clinical vignettes at the end of section 3.
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indicated in acute asthma cases associated with anaphylaxis 
and allergic angioedema.

Leukotriene receptor antagonists: While these novel 
and important add-on therapeutic options are commonly 
recommended and used in chronic asthma, their adminis-
tration is not routinely recommended in the ER manage-
ment of asthma exacerbations.28

ICS/long-acting β2-agonist combination agents 
(LABA): �e administration of ICS/LABA agents is not 
routinely recommended in the ER management of asthma 
exacerbations.29

Antibiotics: Despite the fact that most acute asthma epi-
sodes result from exposure to indoor and outdoor environ-
mental triggers and viral upper respiratory tract infections, 
antibiotics are commonly administered to patients who 
wheeze, in an attempt to treat any infection (or superinfec-
tion). �e administration of these agents is only recommended 
for asthma exacerbations in which there is strong evidence of 
lung infection or in people who have failed to respond to an 
initial treatment with aggressive anti-in�ammatory agents.

Noninvasive ventilation (NIV): �e use of NIV in acute 
care comes in a variety of forms; however, the general con-
cept is the positive pressure is provided to airways during 
respiration to maintain airway patency and gas exchange. 
�is airway intervention can be used in patients with severe 
air�ow limitation (usually hypercarbic, hypoxemic, and aci-
dotic) as a strategy to prevent intubation. �e use of NIV 
in the ER for acute asthma is not supported by strong evi-
dence.30 For example, only one randomized, controlled trial 
exists, and while positive, the evidence is insu�cient for 
most guidelines to recommend its use in all but the most 
extreme cases. Nonetheless, given its use in exacerbations 
for heart failure and COPD in the ER, familiarity, and a 
desire to avoid intubations in these patients, a trial may be 
considered. It should be avoided in agitated patients, and 
concomitant sedation should not be attempted.

Heliox: �e administration of heliox (helium/oxygen 
mixture in a ratio of 80:20 or 70:30) is not recommended 
for routine ER care of adult asthma. It has been suggested 
as an alternative for patients not responding to standard 
therapy.31

Intravenous fluids: While many patients with acute 
asthma have increased insensible losses (e.g., fever, hyper-
ventilation, nausea/vomiting) and decreased �uid intake, 
most patients are not clinically dehydrated. �e adminis-
tration of IV �uids is therefore not recommended in the 
routine management of asthma exacerbations; selected 
patients may need rehydration and correction of electrolyte 
imbalance.

21.3.2.1.3 DISPOSITION DECISIONS

Most patients with acute asthma respond to therapy and 
can be safely discharged from the ER with follow-up a�er 
several hours of therapy. Patients’ clinical condition and 
lung function one hour a�er commencement of therapy 
have shown to predict the need for hospital admissions.32 

Sociodemographic factors (e.g., female sex, older age, and 
nonwhite race), asthma history (e.g., previous severe exac-
erbations), medication factors (e.g., previous use of OCS), 
and severity at ER presentation have been associated with 
an increased likelihood of hospitalizations.33,34

21.3.2.1.4 POST–ER MANAGEMENT

Management of asthma in the hospital is beyond the scope 
of this chapter, so emphasis is made on the evidence behind 
the current recommendations for discharge planning.

21.3.2.1.4.1  Pharmacologic management at ER 
discharge

Systemic corticosteroids: Systemic corticosteroids (oral or 
IM) use in the outpatient treatment of exacerbations has 
been associated with a reduction in relapses and the need 
for reassessment in the subsequent 7–10 days.21 Since most 
patients have preference for oral over IM administration 
of these agents, short courses of OCS are recommended. 
Ultrashort doses of agents such as dexamethasone, while 
used in children,35 have not proven to be e�ective in adults 
and should be avoided.

ICS: Inhaled corticosteroids are widely recommended 
as �rst-line agents for mild-to-moderate stable asthma.36 
�e addition of ICS agents to OCS has been associated 
with a signi�cant reduction in relapses, improvement in 
health-related QoL, and reduction in SABA use, without 
signi�cant adverse events.37,38 Given that patients who have 
an exacerbation of asthma have demonstrated a failure 
of current management, the addition of ICS agents a�er 
an ER visit makes intuitive and guideline-recommended 
sense. �e overall evidence in this �eld is based on three 
trials of variable quality and the pooled evidence fails to 
reach statistical signi�cance (RR = 0.68; 0.46, 1.02); how-
ever, it is di�cult to ignore a 32% reduction in relapse with 
a potential of up to a 54% decrease in relapses compared to 
a possible 2% increase in relapses. Overall, these agents are 
well tolerated and safe.

ICS/LABA combination agents: Asthma guidelines in 
adults suggest a step-up to ICS/LABA agents in chronic stable 
asthma if the regular use of low-to-moderate–dose (moderate 
in children) agents fails to achieve control.39 �e addition of 
ICS/LABA agents a�er an ER discharge for acute asthma has 
been studied infrequently. �ere is weak evidence to suggest 
that patients who experience an exacerbation while already 
receiving ICS may experience improved QoL and potentially 
less-frequent relapses if ICS/LABA agents are combined with 
OCS at discharge.29 Finally, patients already receiving these 
agents at ER presentation should continue them at discharge 
to avoid a step-down in treatment.

Leukotriene receptor antagonists: �e use of these agents 
is not routinely recommended in the post-ER management of 
acute asthma. Patients already receiving these agents at ER 
presentation should not have them discontinued if discharged, 
since this represents a step-down in treatment. Primary care 
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clinicians should reassess the e�ectiveness of these agents and, 
if not e�ective, discontinue to reduce polypharmacy.

21.3.2.1.4.2  Nonpharmacological management 
at ER discharge

ER visits due to asthma exacerbations have been recognized 
as ideal scenarios for the identi�cation of gaps in asthma 
care.40 Recent asthma guidelines have added content dedi-
cated to the management of asthma exacerbations and 
highlighted the essential role of the discharge planning.1 
Follow-up 2–7 days a�er ER presentations for asthma exac-
erbations and strategies to promote self-management, such 
as reviewing inhaler techniques, providing written AAPs, 
and instruction on patient self-monitoring following dis-
charge are recommended.1,41,42 However, no clear evidence 
supports the di�erent timing proposed for this visit and the 
overall e�ectiveness of this encounter.

A Cochrane systematic review examining the impact 
of ER-based educational strategies versus standard care 
showed a statistically signi�cant reduction in hospitaliza-
tions but no conclusive reduction in ER visits.43 A recent 
systematic review revealed that ER-directed educational 
interventions targeting either patients or providers increase 
the chance of having o�ce follow-up visits with PCPs a�er 
asthma exacerbations. �eir impact on health-related out-
comes (e.g., relapse and admissions) remains unclear.44

21.3.2.2  Chronic obstructive pulmonary 
disease

Emergency settings (or equivalent acute-care facilities) are 
the ideal settings to manage mild (FEV1 ≥ 80% predicted) or 
moderate (50% ≤ FEV1 < 80% predicted) COPD exacerbations 
(that don’t improve with the initial management provided in 
the primary care setting), as well as severe (30% ≤ FEV1 < 50% 
predicted) and/or potentially life-threatening exacerbations.2

21.3.2.2.1 ASSESSMENT

A focused, brief medical history and physical examination 
should precede the prompt initiation of therapy in patients 
presenting with COPD exacerbations. Current guidelines 
recommend the early provision of respiratory support 
(supplemental oxygen and ventilation) and pharmacologi-
cal agents (including bronchodilators, corticosteroids, and 
antibiotics). �e Anthonisen criteria have been used to guide 
treatment decisions for many years.45 �ese criteria require 
clinicians to evaluate the following symptoms: increased 
sputum volume, increased sputum purulence, and dys-
pnea. �e presence of three symptoms classi�es patients as 
type I, two symptoms as type II, and one symptom as type 
III. Additional investigations are helpful in clarifying com-
plications (e.g., complete blood count, venous or arterial 
blood gases, chest radiographs, serum electrolytes, and spu-
tum collection) and ruling out other diagnoses (e.g., elec-
trocardiogram [ECG], D-dimer to rule out thromboembolic 

disease, brain-natriuretic peptide [BNP] to rule out conges-
tive heart failure, advanced imaging, etc.).2

21.3.2.2.2 ER TREATMENT

21.3.2.2.2.1 Respiratory support
Oxygen: Early low-dose oxygen therapy is one of the key 
management components for all patients with COPD pre-
senting to ERs with exacerbations (unless they have indica-
tions for ventilatory support).46 Some medical centers now 
have capnography monitoring of partial pressure of carbon 
dioxide (pCO2); however, limited evidence has been col-
lected to date on the utility of this monitoring in the ER 
setting.47 �e optimal amount of oxygen needs to be indi-
vidualized, and it depends on the chronic needs and the 
severity of the COPD exacerbation. While oxygen satura-
tion above 92% is the goal for most patients with COPD 
presenting to ERs with exacerbations, saturations between 
88%–92% may be acceptable for chronic carbon dioxide 
(CO2) retainers.

Ventilator Support: �e use of NIV is indicated in patients 
with respiratory acidosis (arterial pH ≤ 7.35 and/or PaCO2 ≥ 

CLINICAL VIGNETTE 21.2

A 65-year-old, retired married male presented to the 
ER with a seven-day history of progressive shortness 
of breath, increased sputum volume, and increased 
sputum purulence. The patient reported a long-
standing history of hypothyroidism, hypertension, and 
type 2 diabetes mellitus; he was diagnosed by a doc-
tor at a clinic as having asthma two years previously. 
He denied fever or chest pain, and he had been using 
his “blue puffer” more frequently than in the past. His 
medications included inhaled salbutamol (1–2 puffs as 
needed), inhaled tiotropium (e.g., 18 μg, once daily), and 
inhaled fluticasone (250 mg inhalations, twice daily). He 
stated he had been immunized against pneumococ-
cal infections; however, not influenza. Despite quitting 
smoking two years ago, he had a 40 pack-year history 
of smoking. His vital signs were as follows: pulse = 86 
beats/minute; respirations = 20 breaths/minute; blood 
pressure = 155/95 mmHg; T = 37.4°C (oral); and SaO2 
= 92% on room air. On examination, he was alert and 
oriented, spoke in short sentences, and did not appear 
anxious. He exhibited decreased air entry, expiratory 
prolongation, and wheezing, and he was using his 
accessory muscles of respiration (e.g., scalene and 
intercostal muscles). While his throat was clear and tra-
chea was midline, there was a tracheal tug. His heart 
sounds were normal, there was no peripheral edema, 
and his jugular veins were not distended. There was no 
evidence of swollen turbinates or cobblestoning sug-
gestive of postnasal drainage.
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6.0 kPa, 45 mmHg) and severe dyspnea with increased work 
of breathing, and/or clinical signs of respiratory muscle 
fatigue.2 �e high success rate (80%–85%), the reduced num-
ber of complications, and the improved outcomes related to 
intubation and mortality are some of the reasons behind the 
increased use over time.48 �e use of invasive mechanical 
ventilation is currently indicated for patients in respiratory or 
cardiac arrest, hemodynamic instability, massive aspiration, 
or psychomotor agitation not controlled by sedation; also in 
those with severe ventricular arrhythmias, diminished alert-
ness (heart rate < 50 beats/minute) and consciousness, NIV 
failure/intolerability, and inability to mobilize respiratory 
secretions. Some patients do not tolerate NIV; others arrive at 
the ER with severe exacerbations or develop respiratory fail-
ure while there. �ose patients need endotracheal intubation 
and admission to the intensive care unit.

21.3.2.2.2.2 Pharmacological agents
Bronchodilators: Inhaled SABA or SAAC therapy is recom-
mended for the management of patients presenting to the ER 
with COPD exacerbations, and the route of delivery can be 
chosen based on patients’ tolerability. Minimal additional 
bene�t has been demonstrated by the use of SABA/SAAC 
combination therapy in COPD exacerbations.49 In addition, 
given the advanced age of many patients with COPD exac-
erbations and their preexisting cardiac comorbidities, SABA 
toxicity is a concern, which suggests initiating treatment with 
SAAC agents. Finally, while the evidence is not as strong in 
COPD as in asthma, the use of MDI and a spacer device is 
preferred to nebulization except in the most extreme cases.50

Systemic corticosteroids: Systemic corticosteroids (oral 
or IV) speed the resolution of exacerbations and improve 
lung function; they also reduce hospital admissions and pre-
vent relapses.51 In most cases, patients with COPD exacer-
bations are capable of tolerating oral OCS agents; however, 
in some cases (e.g., severe dyspnea, vomiting, obtundation/
intubation), the use of IV delivery is required.

Antibiotics: �e administration of these agents is recom-
mended in patients with COPD presenting to the ER with 
increasing dyspnea, sputum volume, sputum purulence, 
and/or requiring mechanical ventilation.52 Antibiotics 
reduce sputum purulence, hospital admissions, relapses, 
and short-term mortality. Although local bacterial resis-
tance patterns should guide clinicians’ choice of antibiot-
ics, guidelines recommend an evaluation of the sensitivity 
to the three most common pathogens (Streptococcus pneu-
monie, Haemophilus influenzae, and Moraxella catarrha-
lis). Cultures are recommended for patients with frequent 
exacerbations and severe air�ow limitation, as well as those 
requiring mechanical ventilation, since resistance is com-
mon in such cases.

Aminophylline/theophylline: �e IV administration of 
aminophylline/theophylline is not routinely recommended 
as a �rst-line therapy in the ER management and should 
be considered only when there is insu�cient response to 
inhaled SABA/SAAC.53

21.3.2.2.3 DISPOSITION

Decisions to admit patients with COPD exacerbations to 
the hospital are complex. Several factors related to medical 
history (≥ 2 COPD admissions in the past two years), treat-
ment (receiving OCS for COPD and adjunct ER treatments), 
and severity at ER presentation (triage score) have shown 
to predict hospital admissions during COPD exacerbations 
in Canada.54 In the United States, sociodemographics (older 
age, female sex), smoking history, recent use of ICS, activ-
ity limitation, higher respiratory rate at ER presentation, 
and having a concomitant diagnosis of pneumonia have 
been associated with hospital admissions a�er visiting the 
ER for COPD exacerbations.55 In Nordic countries, anxiety 
disorders have been associated with an increased risk of 
rehospitalizations.56

21.3.2.2.4 POST–ER MANAGEMENT

Approximately 20%–30% of the patients who are discharged 
from the ER a�er being treated for COPD exacerbations 
will relapse within the next 4 weeks.10 �is chapter makes 
emphasis on the evidence behind management choices that 
may in�uence recovery and relapses.

21.3.2.2.4.1  Pharmacologic management at ER 
discharge

Oxygen: While all patients should be assessed for the need 
of supplemental home oxygen before ER discharge, most can 
be discharged without it.2 Guidelines for accessing home 
oxygen therapy vary across jurisdictions, and clinicians are 
advised to seek local guidance on the requirements.

Systemic corticosteroids: Systemic corticosteroids (oral) 
prevent relapses, hospital admissions, and reduce the aver-
age hospital length of stay.51 Forty to sixty (40–60) mg of 
prednisone for 7–10 days have shown to be e�ective in the 
resolution of exacerbations. Shorter courses may be rec-
ommended for older patients with comorbidities that are 
potentially exacerbated by systemic corticosteroids (e.g., 
type 2 diabetes mellitus, heart failure, hypertension).

Antibiotics: Guidelines recommend to discharge 
patients on antibiotics who exhibit a combination of at least 
two or more of the following features: increased dyspnea, 
increased sputum volume, and increased sputum puru-
lence.57 Considerations regarding antibiotic choice are the 
same that were mentioned for the ER treatment and short 
courses (7–10 days or even less) are recommended for the 
elderly as opposed to longer courses.

21.3.2.2.4.2  Nonpharmacological management 
at ER discharge

Similar to ER visits due to asthma, visits due to COPD 
exacerbations represent an excellent opportunity for the 
assessment of gaps in care. Both, historical (previous urgent 
care/ER visits) and acute factors (activity limitation and 
respiratory rate at ER presentation) have been associated 
with relapse occurrence, and emergency physicians should 
take them into consideration while making ER decisions.58 
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Medical follow-up a�er ER presentations for COPD exacer-
bations is always recommended.57 A preventive strategy fol-
lowing discharge, such as the use of in�uenza vaccination, 
has been associated with reduced rates of in�uenza-related 
acute respiratory illness and of COPD exacerbations;59 the 
evidence for pneumococcal vaccinations is less robust but 
su�cient to recommend its use in patients at risk for pneu-
monia, including patients with COPD.59 Strategies targeting 
smoking cessation are recommended due to their decline in 
the rate of lung function loss and of all-cause mortality.15 
Finally, the bene�ts derived from an early referral to pul-
monary rehabilitation include improvement in functional 
exercise capacity and QoL, and the reduction of COPD 
exacerbations, hospitalizations, and health-care costs.15

21.3.2.3  Asthma-chronic obstructive 
pulmonary disease overlap

Since the role that patients and PCPs could play in the manage-
ment of ACO exacerbations has not yet been identi�ed, ERs 
(or equivalent acute-care facilities) may be the ideal settings to 
manage patients with combined features of asthma and COPD 

who experience rapid and progressive increase in respiratory 
symptoms or demands in their maintenance medication.

21.3.2.3.1 ASSESSMENT

Similar to asthma and COPD, a focused and brief medi-
cal history, physical examination, and objective measure of 
lung function (e.g., PEF or full spirometry, when possible) 
should precede the prompt initiation of therapy. Patients’ 
clinical condition and response to treatment should be reas-
sessed regularly during their ER stay if there is an asthma 
dominant clinical pro�le. If there is a COPD dominant clini-
cal pro�le, additional tests are helpful in clarifying compli-
cations (e.g., complete blood count, venous or arterial blood 
gases, chest X-rays, serum electrolytes, and sputum collec-
tion) and ruling out other diagnoses (e.g., ECG, D-dimer, 
BNP, advanced imaging).

21.3.2.3.2  ER TREATMENT AND POST-ER 
MANAGEMENT

Most of the patients with ACO have been excluded from 
both asthma and COPD pharmacological trials. �erefore, 
the evidence supporting the current pharmacological rec-
ommendations for the treatment of this syndrome is lim-
ited and mostly extrapolated from the published literature 
in asthma and COPD.60 To date, no recommendations have 
been provided for the ER and post-ER management of ACO 
exacerbations, and emergency physicians should focus on 
the stabilization of the dominant clinical pro�le until there 
is more conclusive evidence for its speci�c phenotypes.

CLINICAL VIGNETTE 21.3

A 59-year-old single male presented to the ER with a 
three-day history of progressive shortness of breath, 
without increased sputum volume or purulence. The 
patient reported a recent history of coronary artery 
disease, “asthma” since childhood (e.g., atopic dis-
ease), and osteoarthritis. He denied fever or chest 
pain, and he had been using his “green puffer” more 
frequently than in the past. His medications included 
inhaled salbutamol (1–2 puffs, four times daily, as 
needed), inhaled ipratropium bromide (1–2 puffs, four 
times daily, as needed), and an inhaled combination 
agent (budesonide/formoterol; 200/6 μg/activation) 
through a Turbuhaler (one inhalation, twice daily). He 
stated he had received pneumococcal and influenza 
vaccinations within the last year. He had a 30 pack-year 
history of smoking and was “trying to quit.” His vital 
signs were as follows: pulse = 70 beats/minute; respi-
rations = 24 breaths/minute; blood pressure = 128/72 
mmHg; T = 36.8°C (oral); and SaO2 = 94% on room air. 
On examination, he was alert and oriented, spoke in 
sentences, and did not seem anxious. He exhibited 
decreased air entry, expiratory prolongation, and 
wheezing; however, he was not using his accessory 
muscles of respiration. His throat was clear, trachea 
was midline, and there was no tracheal tug. His heart 
sounds were normal, there was no peripheral edema, 
and his jugular veins were not distended. Breathing 
through nose was not obstructed, and there was no 
evidence of postnasal drainage.

CLINICAL VIGNETTE SUMMARIES 

In Clinical vignette 21.1, the 25-year-old nursing stu-
dent with acute asthma responded to three doses 
of six puffs of inhaled salbutamol and 50 mg of oral 
prednisone in the ER. Her PEF increased from 57% pre-
dicted to 75% predicted during 2 hours of treatment, 
and she was discharged on oral prednisone for 5 days 
and encouraged to adhere to her moderate-dose fluti-
casone. In fact, the social worker was able to apply for 
assistance with drug coverage. A spacer device was 
provided, and inhaler techniques were reviewed before 
ER discharge. An appointment was made with her PCP 
to review a written AAP, obtain influenza immunization, 
and reassess her symptoms in 7 days.

In Clinical vignette 21.2, the 65-year-old patient 
with wheezing, his FEV1/forced vital capacity (FVC) 
ratio was 62%, and his FEV1 = 1.35 L, confirming the 
diagnosis of severe COPD. His chest radiograph failed 
to reveal pneumonia or pneumothorax; however, 
he was slow to respond to the care provided in the 
ER (including ipratropium bromide, 6 puffs every 20 
minutes × 3, oral prednisone, and oral doxycycline). His 
arterial blood gas revealed mild respiratory acidosis:  
pH = 7.30; pCO2 = 55 mmHg; pO2 = 50 mmHg; and 
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21.4  GAPS IN ACUTE CARE AND 
RESEARCH OPPORTUNITIES

Despite the dissemination of e�ective interventions for the 
management of asthma and COPD exacerbations, variation 
still exists and undesired outcomes like relapses occur. �ese 
outcomes a�ect the QoL of patients with asthma and COPD, 
and represent signi�cant costs to the health-care system. 
Epidemiological and health services research may help iden-
tifying relevant factors (e.g., admission/discharge decision 
tools, unnecessary procedures) and e�ective strategies (e.g., 
care bundles) to be considered while making clinical deci-
sions. Methods to standardize patient self-management and 
medical practice (in and outside the ER), as well as, to facili-
tate the transitions in care (e.g., hospital and PCP linkages) 
are needed. �e engagement of patients and other knowledge 
users in research initiatives is a promising approach for the 
identi�cation of facilitators and barriers for the implementa-
tion of research results into day-to-day clinical management. 
Finally, comparative e�ectiveness research should be incen-
tivized so there is a rigorous comparison of the di�erent alter-
natives for the management of these entities.

While initial attempts to de�ne ACO and to measure 
its human and economic burden have been made, no high-
quality data exist upon which to base management rec-
ommendations. �ere is an urgent need to identify ACO 
phenotypes and their clinical progression so that targeted 
treatments can be assessed. In addition, nonpharmacologi-
cal strategies, such as self-management programs, should be 
adapted to the needs of this speci�c population and tested 
using high-quality research methods.
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22
Quality of life and health outcomes in asthma, 
COPD, and asthma-COPD overlap

CHRISTINE F. MCDONALD AND DON D. SIN

22.1 INTRODUCTION

Asthma and chronic obstructive pulmonary disease 
(COPD) are a huge medical burden worldwide. There 
are 330 million people globally with asthma and another 
384 million individuals with COPD. COPD accounts 
for 5% of all deaths globally (3 million per year).1 The 
most recent estimates suggest that 1 in 12 people have 
one or both of these disorders.2,3 Asthma and COPD are 
distinct disorders, which share some similar clinical fea-
tures including symptoms (e.g. dyspnea, wheezing, and 
cough) and airf low limitation. In asthma, however, the 
airf low limitation tends to be episodic with complete or 

near complete reversibility during periods of stability or 
with treatment.2 The airf low limitation associated with 
COPD, on the other hand, tends to be persistent, non-
reversible, or incompletely reversible, and is often pro-
gressive.3 Some individuals demonstrate clinical features 
of both asthma and COPD and thus have been recently 
labeled as patients with asthma-COPD overlap (ACO). 
The details on ACO epidemiology, definition, and patho-
physiology have been discussed in previous chapters. 
Here, we will focus largely on clinical presentations, 
health-related quality of life (HRQL) and prognosis of 
patients with ACO in the context of asthma and COPD, 
including discussion of a case study that will illustrate 
the most salient features of ACO on these domains.
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CLINICAL VIGNETTE 22.1

Mr I.B. is a single semiretired, 69-year-old magician and television producer living alone. He suffered from childhood 
asthma and was exposed to environmental tobacco smoke as his father worked for a tobacco company and was a heavy 
smoker. His mother was a nonsmoker. Hospital emergency room attendance occurred several times with exacerba-
tions of his asthma, but he never required hospital admission. A major improvement in his asthma symptoms came with 
the introduction of the short-acting β2-agonist (SABA), and by his early teens he grew out of the condition. In his 20’s, 
Mr. I.B. started smoking, continuing this habit on and off until his early 60s, with a total exposure of 30 pack years. His 
asthma was largely quiescent during middle age, and he perceived that smoking appeared to help his asthma. In the 
early 2000s, his asthma recrudesced, and he had several exacerbations of his condition treated with oral corticosteroids 
by his primary care physician. In 2005, lung function tests showed mild poorly reversible airflow obstruction with post-
bronchodilator forced expiratory volume in 1 second (FEV1)/forced vital capacity (FVC) of 61%, and FEV1 of 2.36L (73% 
of predicted), with an increase in the FEV1 of only 4% from baseline values. The pre- and postbronchodilator FVC was 
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22.1.1 DISCUSSION OF CLINICAL VIGNETTE

�is patient has features of ACO, with a history of child-
hood asthma, a signi�cant active and passive smoking 
history, and persistent chronic air�ow limitation. FEV1 
declined acutely and rapidly during continued active smok-
ing and has stabilized now with no decline over the past 
5 years. Cessation of smoking, continued physical activ-
ity, and regular medication use have seen stabilization of 
his symptoms. Important elements in this man’s treatment 
were eventual cessation of smoking, constancy of medical 
review, and psychological support.

22.2  QUALITY OF LIFE IN ASTHMA 
AND COPD

Both asthma and COPD are associated with impaired 
HRQL. In an Australian survey of adults aged 15+ years, 
39% of those with current asthma rated their health as 
excellent or very good compared with 58% of those with-
out asthma,4 while 25% of people with current asthma 
rated their health as “fair or poor” compared with only 
14% of people without the condition. Asthma also impacts 
psychological health, with the prevalence of one or more 
anxiety or depressive disorders being at least double than 
that in the general population.5 Quality of life in asthma 
can be measured using a number of measurement tools 
which have been shown to correlate with symptoms and 
exacerbations.

�e asthma quality of life questionnaire (AQLQ) and 
its shorter version, the mini-AQLQ, measure the impact of 
asthma across four domains including symptoms, activity 
limitation, emotional function, and environmental stim-
uli.6,7 Although one would postulate that better asthma con-
trol would be associated with better HRQL, few studies have 
examined this using validated tools. In the Gaining Optimal 
Asthma Control (GOAL) study of more than 3000 patients, 

mean AQLQ score was signi�cantly higher in those who 
achieved good asthma control than in those who did not.8 
Similarly, in a recent study of asthma in primary care in 
Portugal, better control of asthma correlated strongly with 
quality of life as measured with the mini-AQLQ.9 Supported 
self-management in patients with asthma including the use 
of a written action plan, together with self-monitoring and 
regular review has been shown to reduce emergency room 
presentations, hospitalizations, and unscheduled consulta-
tions, as well as improving HRQL.10

Smoking is associated with more asthma symptoms and 
emergency room visits,11,12 worse asthma control, and, con-
sequently, worse quality of life, as well as a reduced response 
to both inhaled and oral corticosteroids. Fortunately, smok-
ing cessation is associated with signi�cant improvements 
in symptoms, lung function, and quality of life in most, 
although not all, asthmatics.13

Patients with COPD also have impaired health status 
compared to those without the condition, with determi-
nants of health status impairment including the severity of 
air�ow limitation, level of dyspnea and frequency of exac-
erbations.14,15 In the Burden of Obstructive Lung Disease 
(BOLD) study, a general population–based cross-sectional 
survey in 17 countries, COPD signi�cantly impacted phys-
ical and, to a lesser extent, psychological health status; the 
impact worsening with increasing COPD severity.16 �e 
“COPD uncovered” survey, which determined the impact 
of COPD on a working population, found that 40% of peo-
ple had been forced to stop working due to their COPD,17 
and other studies have suggested that approximately one 
in �ve people is likely to retire prematurely due to their 
COPD.18,19 �e majority of patients with COPD also have at 
least one chronic comorbidity. Comorbidity burden pres-
ents a signi�cant challenge in the management of patients 
with COPD. It is associated with increased risk of mortal-
ity, longer lengths of hospital stay, and higher readmis-
sion rates.20 A relationship between increasing number 
of comorbidities and worse quality of life in patients with 
COPD has also been demonstrated. Although supported 

3.9L (90% of predicted) and 4.10L respectively. Carbon monoxide transfer factor (corrected for hemoglobin) was 72% of 
predicted. During the next few years, he used inhaled corticosteroid (ICS)/long-acting β2-agonist (LABA) medications 
intermittently, tending to cease these after acute attacks had subsided, because of poorly tolerated ICS side effects 
and resolution of symptoms. He continued to smoke lightly. In 2010 he was hospitalized briefly during an episode of 
thunderstorm asthma. This author saw him in 2011 after referral with persistent breathlessness and recurrent exacer-
bations requiring frequent courses of oral corticosteroids. He was still smoking intermittently, described symptoms 
of mild anxiety and depression, and was minimally physically active. Spirometry revealed a severe obstructive defect 
with postbronchodilator FEV1 = 1.77L, VC = 4.2 L, and FEV1/FVC 43%; demonstrating a dramatic fall in FEV1 of 116 
mLs/year over 6 years, twice the average annual fall in FEV1 seen in heavy-smoking asthmatics.40 Spirometry remained 
stable over months despite ICS/LABA and long-acting muscarinic antagonist (LAMA) therapy and a diagnosis of ACO 
was made. Despite no personal history of atopy, skin-prick tests (performed during work-up for consideration of anti- 
Immunoglobulin E [IgE] therapy to better control his asthma) were positive for house dust mite (D. pteronyssinus), grass, 
and English plantain weed. Treatment included education about his disease, including the importance of maintenance 
of quit status, pulmonary rehabilitation, continued LAMA/LABA/ICS, psychologist input, and encouragement of regular 
physical activity. Five years later (2016), lung function was not altered substantially, and his symptoms improved.
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self-management is demonstrably bene�cial in patients 
with asthma, its role in patients with COPD is less clear, 
and further studies are needed to determine which 
patients or patient groups will be best served by such inter-
ventions.21 Smoking cessation slows lung function decline 
and improves survival in COPD compared with continued 
smoking;22 however data regarding the impact of smoking 
cessation on quality of life in COPD are limited. In patients 
with mild COPD enrolled in the Lung Health Study (LHS), 
a longitudinal study assessing the impact of smoking ces-
sation on FEV1 decline, the prevalence of symptoms of 
chronic cough and phlegm, chronic wheeze and breath-
lessness decreased by more than 80% a�er 5 years of smok-
ing cessation.23 Nonetheless, even smokers and former 
smokers without COPD may have worse quality of life than 
nonsmokers. In a study of 2,736 current or former smok-
ers and control subjects enrolled in the Subpopulation and 
Intermediate Outcomes in COPD Study (SPIROMICS), 
symptomatic current or former smokers with preserved 
pulmonary function had exacerbations and activity limita-
tion. Quality of life, as measured by the COPD Assessment 
Test (CAT) score, was signi�cantly worse in current smok-
ers compared with never-smokers.24

22.3 CLINICAL PRESENTATION OF ACO

Asthma and COPD o�en coexist in the same individual. 
Recognizing this reality, the Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) and Global Initiative for 
Asthma (GINA) jointly coined the term “asthma-COPD 
overlap” (ACO) to describe those individuals who demon-
strate clinical features of both asthma and COPD.25

In the largest study of its kind, Brzostek and Kokot 
evaluated 12,103 smokers, who were older than 45 years 
of age and with a diagnosis of ACO (i.e., having features 
of both asthma and COPD) by respiratory specialists in 
Poland (Table 22.1).26 �ey found that the most common 
patient symptom among those with a diagnostic label 
of asthma was the presence of paroxysmal dyspnea and 
wheezing, which was noted in 63% of asthmatics. Other 
common symptoms or signs of asthma were a good thera-
peutic response to ICSs (which was noted in 53% of asth-
matics), a positive skin test to aeroallergens (which was 
noted in 53% of asthmatics), a family history of atopy 
(47%), the presence of other allergic symptoms (45%), 
early onset of bronchial disease (45%), and variability of 
air�ow limitation (42%). Blood eosinophilia was demon-
strated in only 24% of the asthmatic patients and elevated 
serum IgE, de�ned as blood concentration of > 100 IU 
occurred in only 8% of asthmatics. In contrast, among 
those who had a COPD diagnosis by respiratory special-
ists in Poland, the most common symptoms or signs were 
persistent air�ow limitation de�ned as postbronchodila-
tor FEV1 of less than 80% (79%), chronic productive cough 
(72%), progressive exertional dyspnea (68%), and physical 

signs of emphysema (48%). Interestingly, poor response to 
ICSs was reported in only 8% of COPD patients despite 
the widespread promulgation by experts that COPD is 
insensitive to these drugs and is a distinguishing feature 
of COPD (versus asthma). �us, in the real world, clini-
cians rarely use poor responsiveness to ICSs to distin-
guish COPD from asthma.3

22.4  SYMPTOM BURDEN AND HEALTH 
STATUS OF ACO PATIENTS 
(VERSUS THOSE WITH COPD AND 
THOSE WITH ASTHMA)

In general, patients with ACO appear to be more symptom-
atic and have worse health status compared with patients 
with asthma or COPD alone, although there is consider-
able heterogeneity of data across studies. �e two large 
systematic reviews and meta-analyses conducted on ACO 
have a�rmed these �ndings by demonstrating that patients 
with ACO have greater symptomatic burden and require 
greater health-care utilization, including emergency room 
visits and hospitalizations, than individuals with COPD or 
asthma alone.27,28

In a large study of South Korean men and women, 
who participated in the Fourth Korea National Health 
and Nutrition Examination Survey of 2007–2009, 
Chung and colleagues found that individuals with ACO 
(defined by FEV1/FVC < 0.7 prebronchodilator plus a 

Table 22.1 What are the common symptoms and signs 
that persuade clinicians to diagnose asthma and COPD in 
current or exsmokers presenting to their clinic with 
respiratory complaints?

Asthma

1. Paroxysmal dyspnea with wheezing (63%)
2. Good therapeutic response to inhaled corticosteroids 

(53%)
3. Positive skin tests to common aeroallergens (47%)
4. Family history of atopy (46%)
5. Other allergic symptoms (45%)
6. Early onset bronchial disease (45%)
7. Variability of air�ow limitation (42%)

COPD
1. Persistent air�ow limitation (postbronchodilator FEV1 

less than 80%) (79%)
2. Chronic productive cough (72%)
3. Progressive exertional dyspnea (68%)
4. Clinical signs of emphysema (48%)

Source: Brzostek D. and Kokot M., Postepy Dermatol Alergol., 
31, 372–379, 2014.

Note: Listed only those presentations that were endorsed in 
more than 40% of the cases.



260 Quality of life and health outcomes in asthma, COPD, and asthma-COPD overlap

history of wheezing) were 2.5 times more likely to rate 
their self-health as “fair” or “poor” compared with con-
trol subjects who did not have any airf low limitation or 
wheezing (Figure 22.1). In contrast, in this study, the 
prevalence of those who rated their health as “fair” or 
“poor” was no different between those with asthma and 
control subjects, and was only very modestly increased in 
those with COPD only compared with control subjects.29 
Interestingly, ACO patients were more likely to demon-
strate moderate to severe airf low limitation compared 
with all the other groups, including those with only 
asthma or COPD despite comparable smoking histories 
(Figure 22.1).

In the COPDGene study, Hardin et al. defined ACO 
on the basis of self-report of physician diagnosis of 
asthma before 40 years of age in addition to persistent 
airf low limitation defined by postbronchodilator FEV1/
FVC < 0.7 in current or former smokers.30 Among the 
first 3,570 COPD patients they evaluated, 13% (n = 450) 
of the subjects met the case definition of ACO. Compared 
with patients with COPD only, those with ACO were 
younger (60 years vs. 64 years; p < .001), had lower expo-
sure to cigarettes over their lifetimes (46 pack years vs. 54 
pack years; p < .001), were more likely to be females (56% 
vs. 43%; p < .001), and had less emphysema on thoracic 
computed tomography (CT) scans. Most importantly, 
patients with ACO compared with those with COPD only 
had worse health status as measured by Saint George’s 
Respiratory Questionnaire (SGRQ; 47 points vs. 40 
points; p < .001), had more exacerbations (120 per 100 per-
son years vs. 70 per 100 person years; p < .001) and severe 
exacerbations (34% vs. 21%; p < .001). Symptomatically, 

patients with ACO were three times more likely to report 
having hay fever than patients with COPD (50% vs. 18%; 
p < .001) (Figure 22.2). One interesting and perhaps unique 
phenotype associated with ACO (and not frequently found 
in patients with COPD alone) is atopy and allergic rhi-
nitis. De Marco and colleagues examined this relation-
ship using data from the Gene Environment Interaction 
in Respiratory Disease (GERD) study, which evaluated 
approximately 3,000 Italians aged 20–40 years. They 
found that individuals who had ACO (defined by self-
report of asthma and COPD) were two times more likely 
to report allergic rhinitis compared with individuals who 
had COPD only.31 However, because most patients with 
allergic rhinitis or atopy do not develop airf low limita-
tion, the presence of these conditions is not very useful 
in defining ACO in clinical practice.

ACO is associated with reduced health status. In the 
EPI-SCAN Study, for instance, which was a population-
based Spanish cohort, examined 3,885 individuals 
40–80 years of age and de�ned COPD by postbroncho-
dilator FEV1/FVC < 0.7 and ACO by the presence of 
COPD and self-report of a physician diagnosis of asthma. 
Miravitlles and colleagues showed that compared with 
individuals with COPD alone, those who had both COPD 
(based on spirometry) and asthma (based on self-report) 
had more dyspnea (modi�ed Medical Research Council 
Dyspnea score of 1.9 vs. 1.59; p = 0.008) and worse health 
status (as measured on SGRQ).32 In terms of SGRQ, the 
patients with ACO had worse global scores (37 points 
vs. 25 points; p < .001), which was driven by reduced 
scores in activity (41 vs. 28; p < .001) and impact domains  
(23 vs. 12; p < .001).
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Figure 22.1 General health rating and clinical characteristics of South Korean men and women with asthma, COPD, or 
ACO. (From Chung JW et al., Int J Chron Obstruct Pulmon Dis., 9, 795–804, 2014.)
“Better Health” is de�ned by self-rated health status of “excellent,” “very good,” or “good.”
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22.5  EXACERBATIONS IN ACO 
PATIENTS

In the PLATINO Study, which was a population-based 
study in �ve Latin American countries, individuals with 
ACO, which was de�ned by the presence of COPD on 
the basis of spirometry (i.e., persistent air�ow limitation 
de�ned as postbronchodilator FEV1/FVC below 0.7) and 
asthma (based on self-report of wheezing in the previous  
12 months and a bronchodilator response in FEV1 or FVC 
of ≥ 200 mL and ≥ 12%) had more respiratory symptoms, 
worse lung function, and were 2.1 times more likely to expe-
rience an exacerbation and four times more likely to become 
hospitalized than those with COPD alone.33 Interestingly, 
unlike another previous study,34 this study did not show 
any signi�cant di�erence in the number of comorbidi-
ties between those with ACO and COPD only, or a gender 
di�erence between ACO and COPD groups (~53% preva-
lence of females for each group). However, the PLATINO 
Study did �nd that the asthma-only group had signi�cantly 
greater numbers of female patients than those in the ACO 
group (75% vs. 54%).

In the COPDgene Study, individuals with ACO were 3.6 
times more likely to be a frequent exacerbator (de�ned as 
having two or more exacerbations per year), and to experi-
ence severe exacerbations requiring hospitalization or ven-
tilatory support in the intensive care unit.30 �ese �ndings 
have been largely recapitulated in other parts of the world, 
including in Asia. Rhee and colleagues in South Korea have 
shown that individuals with ACO were more likely to use 
emergency rooms and be hospitalized for their respiratory 
condition compared with individuals with COPD alone.35 

�e totality of data to date suggests that ACO elevates the risk 
of exacerbations and hospitalizations by 2–3-fold compared 
with COPD or asthma alone. Moreover, patients with ACO 
have greater symptom burden and reduced health status 
compared with those with asthma or COPD alone. Whether 
ACO increases the risk of respiratory tract infections, throm-
boembolic disease, or cardiac comorbidities, which are the 
leading triggers for COPD exacerbations, is not known.

22.6  PROGNOSIS OF ASTHMA, 
COPD, AND ACO PATIENTS: 
TRAJECTORY OF LUNG 
FUNCTION DECLINE FOR 
PATIENTS WITH ASTHMA, COPD, 
AND ACO

It is well known that COPD is a risk factor for accelerated 
decline in lung function over time, though there is tremen-
dous heterogeneity across patients.36,37 What is more con-
troversial is whether asthma by itself induces accelerated 
decline in lung function over time. It is notable and inter-
esting that population based studies indicate that approxi-
mately 25%–30% of individuals with COPD (de�ned based 
on postbronchodilator FEV1/FVC falling below the lower 
limit of normal values) are lifetime never-smokers, repre-
senting approximately 7% of the general population.38,39 
�e main risk factors for COPD among never-smokers are 
history of asthma and increasing age. Indeed, self-reported 
history of asthma (which is present in 5%–10% of the gen-
eral population aged 40 years and older) increases the risk 
of COPD by ~4–5 fold.39
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Figure 22.2 Clinical characteristics, health status, and risk of exacerbations in ACO versus COPD in the COPDGene study. 
(From Hardin M et al., Eur Respir J., 44, 341–350, 2014.)
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Parental-smoking exposure is also an important 
but o�en overlooked risk factor for the development of 
air�ow obstruction in middle age. In the Tasmanian 
Longitudinal Health Study cohort heavy maternal smoking 
(>20 cigarettes/day) during childhood was associated with 
a 2.7-fold higher incidence of air�ow obstruction than in 
those without such exposure.40 Presence of airway hyper-
responsiveness (AHR), which is a cardinal (objective) �nd-
ing in asthma, also increases the risk of incident COPD 
by fourfold, independent of other factors including smok-
ing and aging.41 In the general population, the population 
risk factor of asthma (de�ned either by AHR or self-report 
of a physician diagnosis of asthma) for incident COPD is 
approximately 20%–25%. To put this in perspective, ciga-
rette smoking, which is an undisputed risk factor for COPD, 
imposes a population attributable risk of 38% for incident 
COPD.41 Moreover, independent of smoking and baseline 
lung function, AHR as measured by histamine or metha-
choline, is a strong predictor of COPD mortality in the 
general population, increasing the risk by 4–15 fold beyond 
that experienced by those who do not demonstrate AHR42 
(Figure 22.3).

Even in individuals with COPD, AHR is an indepen-
dent predictor of rapid decline in lung function. Tkacova 
and colleagues used AHR to de�ne the asthmatic pheno-
type in patients with COPD.43 Using the LHS data, which 
measured AHR to methacholine in patients with mild to 
moderate COPD (FEV1 between 70% and 90% of predicted), 
they found that 24% of these patients demonstrated AHR as 
de�ned by a provocation concentration (PC20) of 4 mg/mL 
or less (to induce a 20% fall in FEV1). Use of a higher PC20 
threshold such as 8 mg/mL increased the prevalence of ACO 
to 1 in 3 patients with COPD. Importantly, ACO de�ned 
by AHR in COPD patients was associated with a faster 
decline in FEV1 and increased risk of respiratory but not 
all-cause mortality over 11 years of follow-up. It should be 
noted, however, that although AHR is one of the hallmarks 

(and de�ning features) of asthma, its pathophysiology may 
be quite di�erent in COPD than in asthma. In asthma, for 
instance, AHR appears to be driven by underlying eosino-
philic airway in�ammation and disturbances in airway 
smooth muscle; whereas in COPD, the main risk factors 
of AHR are altered baseline geometry of the airways and 
smoking.44

What is less known is the impact of lifetime cigarette 
smoking on the incidence of COPD among asthmatics. 
In one of the most important studies on this topic, James 
and colleagues used longitudinal spirometric data from 
the Busselton Health Study to map out the trajectory of 
lung function in the population strati�ed by asthma and 
smoking status.45 In terms of FEV1 decline, the popula-
tion average for 60 year olds was 36 mL/year in men and 
25 mL/year in women. Smoking was the most impor-
tant risk factor for accelerated decline for both men and 
women, such that heavy smokers experienced a 50 mL/
year decline in FEV1 in men and a 32 mL/year decline 
in women (Figure 22.4). Asthma by itself imposed a 
slightly increased risk of accelerate decline. Male asth-
matics experienced on average 40 mL/year FEV1 decline 
and female asthmatics experienced a 28 mL/year decline. 
�ere was an additive e�ect of smoking and asthma 
such that male asthmatics who smoked experienced a  
54 mL/year decline and female asthmatics who smoked 
experienced a 36 mL/year decline (Figure 22.4).

Despite this relatively modest excess risk of FEV1 
decline imposed by asthma or the asthma pheno-
type, asthmatics are grossly overrepresented in the 
COPD population by age 60 years, because asthmat-
ics, in general, have smaller lungs at full lung matu-
rity (which occurs between 18 and 25 years of age), 
and the small excess risk in FEV1 decline leads to poor 
lung function with aging. Thus, James and colleagues 
found that at age 60, an average white, nonsmok-
ing male with asthma in Busselton had FEV1 that was 
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approximately 380 mL lower than that observed in a 
similar nonasthmatic male (we will call the latter indi-
vidual the “reference male”).40 Interestingly, a similar 
(heavy) smoking (nonasthmatic) male had FEV1 that 
was 190 mL lower than the reference male. If the heavy 
smoker was also an asthmatic, his FEV1 was 560 mL  
lower than of the reference male (Figure 22.5).

�e complex interaction of reduced lung growth and 
accelerated decline in FEV1 in asthmatics was well described 
in the Childhood Asthma Management Program (CAMP) 
study, which followed children aged 5–12 years with annual 
spirometry until their third decade of life.46 �e CAMP study 
originally enrolled 1,041 children with a history of chronic 
asthma and demonstration of AHR based on a methacho-
line challenge test that resulted in a 20% reduction in FEV1 
at a methacholine concentration of 12.5 mg/mL or less. �e 
randomized controlled trial component that evaluated the 
e�ects of nedocromil lasted 4.5 years, a�er which the CAMP 
cohort was converted to an observational study, which lasted 
13 years. Of the CAMP participants, 25% followed a nor-
mal lung function trajectory, which was de�ned as a FEV1 
growth curve that was almost always at or above the 25th 

percentile of age-, sex-, and height-adjusted normative values 
in the U.S. general population. Another 25% demonstrated 
normal growth during childhood and adolescence, but then 
experienced accelerated (or early) decline in FEV1 during 
early adulthood. Another 25% demonstrated reduced lung 
growth during childhood with relatively normal lung decline 
in adulthood. Finally, the remaining 25% experienced both 
reduced lung growth during childhood and accelerated 
(or early) decline in lung function in adulthood. �us, 2/3 
of asthmatic children in the CAMP study demonstrated 
reduced lung function at age 30. �e risk factors for reduced 
lung function at age 30 were (1) low lung function at age 9, (2) 
increased bronchodilator response at age 9, (3) AHR at age 9, 
and (4) reduced body mass index at age 9.46 Because smok-
ing was infrequent among study participants, the e�ects of 
smoking on lung function growth and decline could not be 
evaluated in the CAMP study.

�e additive e�ects of smoking on asthmatics were well 
described in the Busselton Health Study, which was dis-
cussed earlier, and in the Copenhagen City Heart Study 
(CCHS). CCHS was a prospective population-based study, 
which began in 1976 and in which 50% of the study subjects 
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were smokers at enrollment and ~3% were asthmatics. �e 
average FEV1 decline in those with asthma was 38 mL/year  
versus 22 mL/year in those without asthma. As with the 
Busselton Health Study, smoking had an additive e�ect in 
accelerating the decline in FEV1 over 15 years by increas-
ing the rate of FEV1 decline by 10–20 mL/year.47 Together, 
these data suggest that asthmatics have increased risk of 
COPD (de�ned by postbronchodilator FEV1/FVC below 
70% or the lower limit of normal on spirometry) between 40 
and 80 years of age through two independent mechanisms: 
(1) reduced lung growth in childhood and (2) accelerated 
decline in FEV1 during adulthood. Smoking ampli�es this 
risk (in an additive fashion) by accelerating FEV1 decline. 
While there is tremendous variation, on average, asthmat-
ics experience 10 mL/year excess decline in FEV1 versus 
nonasthmatics, and smoking adds another 10–20 mL/year 
decline in FEV1. �us, by age 60, 1 in 3 to 1 in 2 asthmatics 
who smoke throughout their lifetimes will develop COPD 
(vs. 15%–20% of nonasthmatics who smoke).

22.7  PROPOSED MANAGEMENT OF 
ACO

Most clinical-trial evidence for asthma or COPD excludes 
patients with a diagnosis of both conditions; a median of 
only 5%–7% of patients with airways obstruction would 
have satis�ed inclusion criteria for large, randomized, 
controlled trials in asthma or COPD, limiting the clinical 
relevance of such evidence in patients with either asthma 
or COPD.48,49 Patients with ACO were excluded from such 
trials, and thus, treatment for ACO is at this time based 
on �rst principles. Treatment goals are similar in asthma, 
COPD, and ACO, and they include controlling symptoms, 
improving quality of life, preventing exacerbations and hos-
pitalizations, improving functional outcomes, and, ideally, 
reducing long-term decline in lung function. GINA/GOLD 
recommend nonpharmacological strategies, including 
smoking cessation, physical activity, pulmonary rehabili-
tation, treatment of comorbidities, and appropriate self-
management strategies.25

Although asthma is classically associated with eosino-
philic in�ammation, patients with asthma and persistent 
air�ow obstruction may show a predominant airway neu-
trophilia and a relative resistance to ICS therapy, the latter 
the cornerstone of asthma management. Similarly, asth-
matic patients who smoke, as well as patients with COPD 
and neutrophil-predominant in�ammation, have disease 
that is relatively corticosteroid resistant.50 GINA/GOLD 
Joint Guidelines on ACO20 recommend treating patients 
with ACO initially as for asthma, given the key role of ICS 
in impacting morbidity and mortality in this condition. 
Depending on the clinical presentation of a patient with 
ACO, the patient (if previously treated for asthma) may 
have already received inhaled combination therapy with 
ICS/LABA. If not, appropriate treatment is with ICS �rst, 

progressing to combination therapy if the clinical response 
is inadequate, and subsequently adding treatment with 
LAMA if needed. If the individual with ACO is a current 
smoker, as with all patients with airways disease, major 
e�orts should be made to encourage quitting through 
both psychosocial and pharmacological support, given the 
known reduction in long-term decline in lung function 
induced by smoking cessation in COPD. Individuals with 
asthma who smoke require higher doses of ICSs to induce 
the same anti-in�ammatory e�ect. As with asthma, there 
are at present strong recommendations in ACO against 
use of LABA monotherapy (i.e., without ICS) because of 
the risk of severe exacerbations and asthma-related death. 
By contrast, for COPD, LABA monotherapy is actively rec-
ommended for milder disease, and use of ICS-only medi-
cations is discouraged because of their lower bene�t/risk 
ratio.

22.8  MORBIDITY AND MORTALITY IN 
ACO

Sorino and colleagues followed patients with ACO, COPD, 
and asthma for 15 years, and the researchers found that, 
compared with individuals in the community without any 
of these airway disorders, those with ACO had a 1.83-fold 
increase in mortality (p < .0001), those with COPD only 
had a 2.31-fold increase (p < .0001), and those with asthma 
only had a 1.19-fold increase in risk of total mortality 
(p = 0.085).51

In the CCHS, ACO was subdivided into two groups: ACO 
with early onset asthma (asthma onset before 40 years of age) 
and ACO with late onset asthma (asthma onset ≥ 40 years 
of age). �ey found that 36% of study participants with any 
airway disease had ACO. Individuals with late-onset asthma 
ACO had the highest rate of decline in FEV1 at 49.6 mL/year, 
followed by those with COPD only at 39.5 mL/year, early 
onset asthma ACO at 27.3 mL/year, and healthy former or 
never-smokers at 21 mL/year.52 Most importantly, compared 
with never-smokers without asthma or COPD, total mor-
tality was increased by 1.81-fold in late-onset asthma ACO 
(p < .0001); by 1.44 in early onset asthma ACO (p = 0.03); by 
1.73 in COPD alone (p < .0001); and by 1.05 in asthma alone 
(p = 0.73). For respiratory mortality, the corresponding haz-
ard ratios are 6.36 in late-onset asthma ACO (p < .0001); 2.30 
in early onset ACO (p = 0.06); 3.69 in COPD alone (p < .0001); 
and 2.58 in asthma alone (p = 0.01).47 Compared with COPD 
only, late-onset asthma ACO is associated with greater risk of 
total mortality (HR, 1.39; p = 0.001) and respiratory mortal-
ity (HR, 3.51; p < .0001). In contrast, there was no signi�cant 
mortality di�erence between COPD alone and early onset 
asthma ACO.

One major limitation of these studies is the case de�-
nition of ACO, which is variable across studies, lacking 
consistency. Recently, the Spanish Society of Pneumology 
and �oracic Surgery (SEPAR) endorsed a case de�nition 
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based on major and minor criteria. SEPAR recommends 
the presence of at least one major criterion (history of 
asthma or bronchodilator response of ≥ 400 mL) or two 
minor criteria (IgE > 100 IU or a history of atopy, or bron-
chodilator response of ≥ 200 mL on two di�erent occa-
sions or blood eosinophilia of > 5%) in the presence of 
�xed air�ow limitation. Using this case de�nition, Cosio 
and colleagues examined the prevalence of ACO in the 
COPD History Assessment in Spain (CHAIN) cohort. 
Of the 831 patients who were diagnosed with COPD on 
the basis of �xed air�ow limitation (FEV1/FVC < 70% 
postbronchodilator) and ≥ 10 pack years of smoking, 125 
patients (15%) met the criteria for ACO.53 Importantly, 
98% of the patients diagnosed with ACO on the basis of 
the SEPAR criteria maintained their ACO status at a one-
year follow-up, suggesting that ACO is a stable phenotype. 
In this cohort, the use of ICSs was similar between ACO 
and non-ACO COPD patients; however, the use of LAMA 
was signi�cantly lower in the ACO than non-ACO COPD 
patients (62% vs. 72%). Interestingly, patients with ACO 
had signi�cantly higher one-year mortality than patients 
with COPD alone, with ACO patients experiencing a mor-
tality that was twofold higher.53

Collectively, these data suggest that ACO has a worse 
prognosis than asthma or COPD alone with more rapid 
decline in lung function, increased risk of hospitaliza-
tion, and increased risk of COPD or respiratory mortality. 
Paradoxically, patients with ACO have been largely excluded 
from therapeutic trials in asthma and COPD.54 �us, there 
is little evidence-based therapy available for these patients. 
�ere is a pressing need to conduct large Phase III trials of 
therapeutics in patients with ACO.

REFERENCES

1. World Health Organization. Chronic diseases: 
Burden of COPD; 2016. Available at http://www 
.who.int/respiratory/copd/burden/en/. Accessed 
August 21, 2016.

2. Reddel HK, Bateman ED, Becker A et al. A summary 
of the new GINA strategy: A roadmap to asthma 
control. Eur Respir J. 2015;46(3):622–639.

3. Vestbo J, Hurd SS, Agusti AG et al. Global strategy 
for the diagnosis, management, and prevention 
of chronic obstructive pulmonary disease: GOLD 
executive summary. Am J Respir Crit Care Med. 
2013;187(4):347–365.

4. Australian Centre for Asthma Monitoring. Asthma in 
Australia 2011. AIHW Asthma Series no. 4. Cat.no. 
ACM 22. Canberra: AIHW; 2011.

5. Kuehn BM. Asthma linked to psychiatric disorders. 
JAMA. 2008;299(2):158–160.

6. Juniper EF, Guyatt GH, Epstein RS et al. Evaluation of 
impairment of health related quality of life in asthma: 
Development of a questionnaire for use in clinical tri-
als. Thorax. 1992;47(2):76–83.

7. Juniper EF, Guyatt GH, Cox FM et al. 
Development and validation of the mini asthma 
quality of life questionnaire. Eur Respir J. 
1999;14(1):32–38.

8. Bateman ED, Bousquet J, Keech ML et al. The corre-
lation between asthma control and health status: The 
GOAL study. Eur Respir J. 2007;29(1):56–62.

9. Correia de Sousa J, Pina A, Cruz AM et al. Asthma 
control, quality of life, and the role of patient enable-
ment: A cross-sectional observational study. Prim 
Care Respir J. 2013;22(2):181–187.

10. Pinnock H. Supported self-management for asthma. 
Breathe. 2015;11:98–109.

11. Althuis MD, Sexton M and Prybylski D. Cigarette 
smoking and asthma symptom severity among adult 
asthmatics. J Asthma. 1999;36(3):257–264.

12. Silverman RA, Boudreaux ED, Woodruff PG et al. 
Cigarette smoking among asthmatic adults pre-
senting to 64 emergency departments. Chest. 
2003;123(5):1472–1479.

13. Chaudhuri R, Livingston E, McMahon AD et al. Effects 
of smoking cessation on lung function and airway 
in�ammation in smokers with asthma. Am J Respi Crit 
Care Med. 2006;174(2):127–133.

14. Ståhl E, Lindberg A, Jansson SA et al. Health-related 
quality of life is related to COPD disease severity. 
Health Qual Life Outcomes. 2005;3:56.

15. Seemungal TA, Donaldson GC, Paul EA et al. Effect of 
exacerbation on quality of life in patients with chronic 
obstructive pulmonary disease Am J Respir Crit Care 
Med. 1998;157:1418–1422.

16. Janson C, Marks G, Buist S et al. The impact of COPD 
on health status: Findings from the BOLD study. Eur 
Respir J. 2013;42(6):1472–1483.

17. Fletcher MJ, Upton J, Taylor-Fishwick J et al. COPD 
uncovered: An international survey on the impact 
of chronic obstructive pulmonary disease [COPD] 
on a working age population. BMC Public Health. 
2011;11:612.

18. Britton M. The burden of COPD in the U.K.: Results 
from the Confronting COPD survey. Respir Med. 
2003;97(Suppl. C):S71–S79.

19. Chapman KR, Bourbeau J and Rance L. The burden 
of COPD in Canada: Results from the Confronting 
COPD survey. Respir Med. 2003;97(Suppl. 
C):S23–S31.

20. Almagro P, Cabrera FJ, Diez J et al. Working group 
on COPD spanish society of internal medicine. 
Comorbidities and short-term prognosis in patients 
hospitalized for acute exacerbation of COPD: The 
EPOC in Servicios de Medicina Interna (ESMI) study. 
Chest. 2012;142(5):1126–1133.

21. Nici L, Bontly TD, ZuWallack R et al. Self manage-
ment in chronic obstructive pulmonary disease. 
Time for a paradigm shift? Ann Am Thorac Soc. 
2014;11(1):101–107.

http://www.who.int/respiratory/copd/burden/en/
http://www.who.int/respiratory/copd/burden/en/


266 Quality of life and health outcomes in asthma, COPD, and asthma-COPD overlap

22. Godtfredsen NS, Lam TH, Hansel TT et al. COPD-
related morbidity and mortality after soking 
cessation: Status of the evidence. Eur Respir J. 
2008;32(4):844–853.

23. Kanner RE, Connett JE, Williams DE et al. 
Effects of randomized assignment to a smoking 
cessation intervention and changes in smok-
ing habits on respiratory symptoms in smok-
ers with early chronic obstructive pulmonary 
disease: The lung health study. Am J Med. 
1999;106(4):410–416.

24. Woodruff PG, Barr RG, Bleecker E et al. Clinical 
signi�cance of symptoms in smokers with pre-
served pulmonary function. N Engl J Med. 
2016;374(19):1811–1821.

25. GINA/GOLD Joint Report. Asthma, COPD and 
asthma-COPD overlap syndrome (ACOS); 2015. 
Available at http://ginasthma.org/asthma-copd-and-
asthma-copd-overlap-syndrome-acos/. Accessed 
August 1, 2016.

26. Brzostek D and Kokot M. Asthma-chronic obstruc-
tive pulmonary disease overlap syndrome in Poland. 
Findings of an epidemiological study. Postepy 
Dermatol Alergol. 2014;31(6):372–379.

27. Nielsen M, Barnes CB, and Ulrik CS. Clinical charac-
teristics of the asthma-COPD overlap syndrome—A 
systematic review. Int J Chron Obstruct Pulmon Dis. 
2015;10:1443–1454.

28. Alshabanat A, Zafari Z, Albanyan O et al. Asthma 
and COPD overlap syndrome (ACOS): A sys-
tematic review and meta analysis. PlOS ONE. 
2015;10(9):e0136065.

29. Chung JW, Kong KA, Lee JH et al. Characteristics and 
self-rated health of overlap syndrome. Int J Chron 
Obstruct Pulmon Dis. 2014;9:795–804.

30. Hardin M, Cho M, McDonald ML et al. The clinical 
and genetic features of COPD-asthma overlap syn-
drome. Eur Respir J. 2014;44(2):341–350.

31. de Marco R, Pesce G, Marcon A et al. The coexis-
tence of asthma and chronic obstructive pulmonary 
disease (COPD): Prevalence and risk factors in young, 
middle-aged and elderly people from the general 
population. PloS one. 2013;8(5):e62985.

32. Miravitlles M, Soriano JB, Ancochea J et al. 
Characterisation of the overlap COPD-asthma phe-
notype. Focus on physical activity and health status. 
Respir Med. 2013;107(7):1053–1060.

33. Menezes AM, Montes de Oca M, Perez-Padilla R 
et al. Increased risk of exacerbation and hospitaliza-
tion in subjects with an overlap phenotype: COPD-
asthma. Chest. 2014;145(2):297–304.

34. Hardin M, Silverman EK, Barr RG et al. The clinical 
features of the overlap between COPD and asthma. 
Respir Res. 2011;12:127.

35. Rhee CK, Yoon HK, Yoo KH et al. Medical utilization 
and cost in patients with overlap syndrome of chronic 
obstructive pulmonary disease and asthma. COPD. 
2014;11(2):163–170.

36. Lange P, Celli B, Agusti A et al. Lung-Function tra-
jectories leading to chronic obstructive pulmonary 
disease. N Engl J Med. 2015;373(2):111–122.

37. Zafari Z, Sin DD, Postma DS et al. Individualized 
prediction of lung-function decline in chronic 
obstructive pulmonary disease. CMAJ. 
2016;188:1004–1011.

38. Tan WC, Sin DD, Bourbeau J et al. Characteristics 
of COPD in never-smokers and ever-smokers in the 
general population: Results from the canCOLD study. 
Thorax. 2015;70(9):822–829.

39. Thomsen M, Nordestgaard BG, Vestbo J et al. 
Characteristics and outcomes of chronic obstructive 
pulmonary disease in never smokers in Denmark: A 
prospective population study. Lancet Respir Med. 
2013;1(7):543–550.

40. Perret JL, Walters H, Johns D et al. Mother's smok-
ing and complex lung function of offspring in middle 
age: A cohort study from childhood. Respirol. 
2016;21(5):911–919.

41. de Marco R, Accordini S, Marcon A et al. Risk fac-
tors for chronic obstructive pulmonary disease in a 
European cohort of young adults. Am J Respir Crit 
Care Med. 2011;183(7):891–897.

42. Hospers JJ, Postma DS, Rijcken B et al. Histamine air-
way hyper-responsiveness and mortality from chronic 
obstructive pulmonary disease: A cohort study. 
Lancet. 2000;356(9238):1313–1317.

43. Tkacova R, Dai DL, Vonk JM et al. Airway hyper-
responsiveness in chronic obstructive pulmonary 
disease: A marker of asthma-chronic obstructive 
pulmonary disease overlap syndrome? J Allergy Clin 
Immunol. 2016;138:1571–1579.

44. Jones RL, Noble PB, Elliot JG et al. Airway 
remodelling in COPD: It’s not asthma! Respirol. 
2016;21:1347–1356.

45. James AL, Palmer LJ, Kicic E et al. Decline in lung 
function in the busselton health study: The effects 
of asthma and cigarette smoking. Am J Respir Crit 
CareMmed. 2005;171(2):109–114.

46. McGeachie MJ, Yates KP, Zhou X et al. Patterns 
of growth and decline in lung function in per-
sistent childhood asthma. N Engl J Med. 
2016;374(19):1842–1852.

47. Lange P, Parner J, Vestbo J et al. A 15-year follow-up 
study of ventilatory function in adults with asthma. 
N Engl J Med. 1998;339(17):1194–1200.

48. Travers J, Marsh S, Caldwell B et al. External validity 
of randomized controlled trials in COPD. Respir Med. 
2007;101(6):1313–1320.

http://ginasthma.org/asthma-copd-and-asthma-copd-overlap-syndrome-acos/
http://ginasthma.org/asthma-copd-and-asthma-copd-overlap-syndrome-acos/


References 267

49. Travers J, Marsh S, Williams M et al. External valid-
ity of randomised controlled trials in asthma: To 
whom do the results of the trials apply? Thorax. 
2007;62(3):219–223.

50. Barnes PJ. Therapeutic approaches to asthma-chronic 
obstructive pulmonary disease overlap syndromes. 
J Allergy Clin Immunol. 2015;136(3):531–545.

51. Sorino C, Pedone C and Scichilone N. Fifteen-year 
mortality of patients with asthma-COPD overlap syn-
drome. Eur J Intern Med. 2016;34:72–77.

52. Lange P, Colak Y, Ingebrigtsen TS et al. Long-
term prognosis of asthma, chronic obstructive 

pulmonary disease, and asthma-chronic 
obstructive pulmonary disease overlap in the 
copenhagen city heart study: A prospective 
population-based analysis. Lancet Respir Med. 
2016;4(6):454–462.

53. Cosio BG, Soriano JB, Lopez-Campos JL et al. 
De�ning the asthma-COPD overlap syndrome in a 
COPD cohort. Chest. 2016;149(1):45–52.

54. Sin DD, Miravitlles M, Mannino DM et al. What is 
asthma-COPD overlap syndrome? Towards a con-
sensus de�nition from a round table discussion. Eur 
Respir J. 2016;48:664–673.





269

23
Asthma, COPD, and asthma-COPD overlap 
from the primary care physician perspective

MARK L. LEVY 

�is chapter discusses the particular challenges faced by 
doctors and nurses working in primary care management 
of patients with asthma and chronic obstructive pulmo-
nary disease (COPD). �e focus is directed at issues related 
to diagnosis, di�erential diagnosis, and ongoing manage-
ment challenges, as well as identifying when to refer to 
a specialist. As therapy is dealt with in more detail else-
where in this book, the reader is directed to those chapters, 

bearing in mind that patients with features of combined 
asthma and COPD are generally more at risk than in 
cases where they su�er from only one of these diseases.1–3 
�e reader is also directed to the relevant chapters in 
the Global Initiative for Asthma (GINA) and the Global 
Initiative for Chronic Obstructive Lung Disease (GOLD) 
strategy documents for more information on management 
of these conditions.1,2

CLINICAL VIGNETTE 23.1

G.S. is a 45-year-old man, who consulted his general practitioner in the summer with difficulty sleeping due to coughing. 
He had been getting short of breath on exertion and suffering from intermittent, nonproductive coughing for the last 
few weeks; this got worse after he mowed his lawn.

According to his medical notes, he had suffered from episodic cough and wheeze in childhood, but this seemed to 
resolve in his teenage years although on questioning, he said these symptoms had occurred during the few years he 
worked as a spray painter in his 20s. He currently worked as a manual laborer, sometimes in a very dusty environment. 
He had been smoking 20 cigarettes a day from the age of 19 and was living with his wife, also a smoker.

On examination, his fingers were heavily stained with nicotine, his chest was moderately hyperinflated and wheezy 
with scattered crackles throughout on auscultation. His oxygen saturation was 96% while breathing room air, his peak 
expiratory flow (PEF) was 70% predicted for his height and age, and his spirogram demonstrated a reversible obstruc-
tive airflow pattern with increased predicted FEV1 percentage after bronchodilation.

Comment: This is a common clinical scenario in primary care where the dilemma for the doctor relates to the 
diagnosis and which treatment would be appropriate. This man’s history strongly suggests undiagnosed childhood 
asthma, which seems to have an allergic component; he also possibly had occupational asthma during the time he 
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23.1  NATURE OF PRIMARY CARE 
(GENERAL PRACTICE)

�e extensive role of doctors in primary care generally 
encompasses caring for both the medical and social care 
aspects of their patient’s lives, and more speci�cally both 
acute as well as ongoing management of chronic diseases. 
In most countries, patients’ �rst point of contact when ill 
is with a primary care physician or nurse. �ey present 
with symptoms that may be speci�c or vague; nonetheless, 
the clinician has to make a working diagnosis and initiate 
treatment.

Primary care clinicians are generalists; they have to 
know about and deal with, on average, more than 400 
different types of clinical problems in any one year, in 
most cases without access to investigations or second-
ary care opinion. In contrast, the average specialist will 
only deal with about 20–30 different medical conditions. 
In contrast with specialist physician practice where 
patient referrals are usually accompanied by clinical 
findings and a suggested diagnosis, those presenting to 
a general practitioner may have a disease affecting any 
system. The average duration of primary care consulta-
tions worldwide varies between five and (unusually) 30 
minutes; during this time, the doctor has to establish 
the presenting complaint, generate a working diagnosis 
or hypothesis, educate and inform the patient, prescribe 
appropriately, arrange further investigations and fol-
low-up, and attend to any other ongoing medical issues 
for the patient.

General practitioners have a few major advantages over 
their secondary care colleagues; these include time and con-
tinuity of care. �ey usually have access to patient’s medical 
records, coupled with the fact that diagnosis and treatment 
is not generally limited to a single consultation or event. 
Once a working diagnosis has been established, and treat-
ment initiated, the diagnosis can be re�ned with follow-up 
review, and decisions can be made on the need for a special-
ist opinion.

In some countries, such as currently in the United 
Kingdom, patients are registered with a single general 
practice/primary care provider, and their medical records 
(from birth onward) are available to all clinicians con-
sulted by these patients. �erefore, provided the medical 
records are up-to-date, su�ciently detailed, and describe 
the clinical �ndings, and underlying rationale for work-
ing diagnoses, clinicians can subsequently re�ne or revise 
their diagnoses.

Hospital colleagues have the advantage of being pro-
vided with a targeted referral letter from primary care, as 
well as having access to specialist colleagues and investi-
gations, which helps guide the clinician in the direction 
of the correct diagnosis and subsequent therapy. Together 
with access to further investigations, such as computed 
tomography (CT) scans, high-de�nition ultrasonography, 
lung biopsy, and more detailed lung function tests, such 
as the ability to assess di�usion capacity (di�usion capac-
ity of the lungs for carbon monoxide [DLCO] and transfer 
coe�cient [KCO]), clinicians in secondary care are ideally 
placed to provide primary care clinicians with an accu-
rate diagnosis on patients discharged from the hospital. 
Unfortunately, many secondary care clinicians are becom-
ing more specialized, which results in at least two possible 
consequences. First, it is the “luck of the draw” (depend-
ing on the health system and country) as to which type 
of specialist cares for a patient attending a hospital in an 
emergency; this depends on the duty roster, and a patient 
with respiratory problems may be attended to by a cardi-
ologist, for example. Secondly,  patients may need multiple 
referrals from general practitioners in primary care until 
a specialist with appropriate expertise is able to provide a 
correct diagnosis.

23.2  ACCURATE DIAGNOSIS IS 
IMPORTANT

Securing an accurate diagnosis is a fundamental aspect 
of medical care. In the extremely short consultation time 
available for most general practitioners, it is not o�en pos-
sible to quickly come to a �rm diagnosis in patients present-
ing with respiratory symptoms. Due to time constraints and 
lack of access to investigations, the initial diagnosis needs 
to be made based on the clinical history and �ndings, to be 
con�rmed later.

Respiratory symptoms (cough, wheeze, or shortness of 
breath), may be due to a number of conditions, for exam-
ple, and not exclusively, an upper or lower respiratory tract 
infection, one of the chronic obstructive lung conditions 
or cardiac disease.4 Furthermore, in her excellent paper, 
Reddel describes the complex nature of COPD.3 She refers 
to guidelines on asthma and COPD, which are based on 
evidence derived from studies in which subjects, who are 
highly selected, are not very representative of the popula-
tion managed in primary care. For example, patients with 
asthma have been excluded from COPD studies and vice 
versa, despite evidence that at least 20% of patients with 

worked as a spray painter. His personal smoking history coupled with passive exposure at home, his dusty work envi-
ronment, his clinical findings together with evidence of further reaction to triggers (i.e., grass pollen) complicates the 
diagnostic process—he may have asthma with limited airflow reversibility; however, he may also have mild to moder-
ate COPD or a combination of both diseases (i.e., ACO).
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obstructive lung disease have features of both diseases. 
How then does a primary care physician decide to treat 
patients with features of both? It is clear that asthma and 
COPD are not “clear cut,” separate entities, rather that 
these are heterogeneous conditions comprising many 
phenotypes.1–3,5,6

For primary care physicians, and generalists in sec-
ondary care, diagnosis of obstructive lung disease is not a 
straightforward process. �is is even more complex when 
a patient falls between the care provided by both primary 
and secondary care clinicians; as illustrated by the follow-
ing clinical vignette.

CLINICAL VIGNETTE 23.2 

M.J. was a 76-year-old man who was admitted to the hospital with fever and severe breathlessness. His current medica-
tion, prescribed by his primary care physician, included high-dose inhaled corticosteroids (ICSs) in combination with a 
long-acting  β 2-agonist bronchodilator (LABA). The patient had not been informed of his diagnosis by his primary care 
doctor. On admission, he had obstructive airflow on spirometry testing, an FEV1/FVC ratio of 62%, FEV1 of 68% pre-
dicted, and peripheral oxygen saturation of 92%. A chest radiogram suggested lung hyperinflation. An acute asthma 
attack was diagnosed, and he was treated with 5 mg of nebulized salbutamol, a short-acting β 2-agonist bronchodilator 
(SABA), oral corticosteroids, broad-spectrum antibiotics, and oxygen. His FEV1 was 70% predicted posttreatment. After 
4 days in the hospital, he was discharged back to the care of his primary care doctor, with a diagnosis of probable COPD 
based on his predischarge spirometry showing little reversibility of his airflow obstruction.

However, the discharge note advised the primary care physician to repeat the spirometry after a period of 6 weeks 
following the acute episode. Subsequent repeat spirometry by the primary care nurse found that the FEV1 had remained 
at 70% predicted; so, the doctor amended his records, which had previously stated the man had asthma, to a new diag-
nosis of COPD. Then, in keeping with the national guidance against use of ICSs in mild-to-moderate COPD, he advised 
the patient to discontinue his ICS treatment. Sadly, this man died mowing his lawn a few months later, and the postmor-
tem found severe macroscopic bronchiolar mucous plugging and thickened basement membrane on histology of the 
lungs. The man’s wife reported at the coroner’s inquest, that he had a past history of allergy, and had been treated with 
inhaled medication in childhood.

Comment: Fixed airflow (irreversible) obstruction may occur in people with longstanding or severe asthma, and it 
is important to establish from the medical history whether older people with respiratory problems had symptoms in 
their youth. Someone with childhood asthma can exhibit ongoing respiratory symptoms without reporting these to the 
doctor. As a result, chronic asthma with fixed airflow obstruction can persist, and patients may tolerate the symptoms 
without complaining to their doctor. In this clinical vignette, the hospital treated the man’s acute problem, and although 
the primary care clinician was advised to repeat the lung function, the doctor misinterpreted the results in isolation 
without taking the past medical history into account.

In the case of chronic obstructive lung diseases, the respiratory literature is peppered with studies demonstrat-
ing that many patients are treated on the basis of an uncorroborated clinical diagnosis.7–9 Furthermore, many of the 
clinical drug trials include patients with so-called “physician-diagnosed asthma or COPD” without corroboratory 
evidence of an accurate diagnosis. From personal experience, up to 25% of people diagnosed with and on treat-
ment for COPD in North London general practices in the United Kingdom, do not have evidence supporting the 
diagnosis of this disease. Furthermore, one large Italian study found that 33% of 2,090 patients managed by 540 
general practitioners, diagnosed with chronic lung disease (such as COPD and chronic upper-airway disease) had 
undiagnosed asthma.7

Differentiating asthma from COPD in older patients can be challenging. The U.K. National Review of Asthma Deaths 
(NRAD)10 investigated 900 asthma deaths during the 12 months from February 2012. Asthma was classified as the under-
lying cause of these deaths (i.e., ICD-10 code J459) according to the national statistics offices of the four U.K. countries 
by implementing the algorithm of the World Health Organization (WHO) International Classification of Diseases (ICD).11 
However, following detailed analysis of the clinical records, provided by doctors who had previously cared for them, 39% 
of these deaths were not due to asthma. Furthermore, a proportion of the doctors believed their patients had suffered 
from COPD rather than asthma, despite the fact that asthma was recorded on the death certificates; experts concluded 
that many of these “COPD” patients had suffered from “chronic asthma with fixed airflow obstruction,” which resulted 
in the rapid creation of a new READ code for use in U.K. primary care computerized records.

As the treatment of asthma and COPD differs, and the outcomes are worse when features of both diseases overlap,1,2 
it is very important for these diseases to be accurately differentiated and correctly diagnosed, particularly as the ongo-
ing management often occurs in the primary care sector. Furthermore, detailed research is needed to establish the 
most-effective therapy based on the phenotypic nature of the patient’s obstructive lung disease.3,6,12
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23.3  THE ASTHMA-COPD OVERLAP 
(ACO)

The GINA and GOLD strategy documents titled 
“Diagno sis of asthma, COPD and asthma-COPD overlap 
(ACO)”1,2 were simultaneously published in 2015. They 
define and describe three conditions: asthma, COPD, 
and ACO, with the aim of assisting nonspecialists (both 
in primary and secondary care) in differentiating the 
three conditions. This idea, while welcomed by primary 
care colleagues (personal communications), has gener-
ated widespread debate among specialists.5,13 The authors 
argue that the terms asthma and COPD have perhaps 
outlived their usefulness and do not accurately describe 
the number of phenotypic manifestations of chronic 
obstructive respiratory disease encountered in clinical 
practice. Nonetheless, until there is clear agreement on 
the use of different descriptive terms for classifying the 
various phenotypes of these diseases, it seems sensible 
that the GINA and GOLD recommendations on ACO 
should be used in primary care (and specifically by gen-
eral physicians) for diagnosing and deciding on manage-
ment of these three conditions.

23.3.1 DEFINITIONS

Asthma is a heterogeneous disease, usually characterized 
by chronic airway in�ammation. It is de�ned by the his-
tory of respiratory symptoms such as wheeze, shortness 
of breath, chest tightness, and cough that vary over time 
and in intensity, together with variable expiratory air�ow 
limitation.1

COPD is a common, preventable, and treatable disease, 
characterized by persistent air�ow limitation that is usu-
ally progressive and associated with enhanced chronic 
in�ammatory responses in the airways and the lungs to 
noxious particles or gases. Exacerbations and comor-
bidities contribute to the overall severity in individual 
patients.1

Asthma-COPD overlap (ACO) is characterized by per-
sistent air�ow limitation with several features usually 
associated with asthma and several features usually asso-
ciated with COPD. ACO is therefore identi�ed in clinical 
practice by the features that it shares with both asthma 
and COPD.

It is important to note that a specific definition for  
ACO cannot be developed until more evidence is avail-
able about its clinical phenotypes and underlying 
mechanisms.1

23.3.2  DIFFERENTIATING ASTHMA, COPD, 
AND ACO IN PRIMARY CARE

Ideally, a clear diagnosis should be con�rmed before initiat-
ing treatment for a patient. However, in primary care the 

doctor o�en has to make a preliminary diagnosis, based 
on a hypothesis using the clinical symptoms and signs, fol-
lowed by initiation of a trial of therapy.

Someone with obstructive air�ow, without a past per-
sonal or family history suggestive of asthma, who has 
been exposed to noxious particles or gasses, particularly 
with a signi�cant smoking history, and with evidence of 
obstructive air�ow limitation, has probably got COPD. 
Alternatively, someone with a history of atopy or allergy, 
a family history of asthma and allergy, and whose chronic 
intermittent respiratory symptoms started before the age of 
30, probably has asthma.

Some patients may have both diseases, some may have 
asthma with �xed (or at least partly irreversible) airway 
obstruction,14 some may have COPD with eosinophilia and/
or reversible air�ow obstruction; others may have been 
incorrectly diagnosed with asthma or COPD; whereas 
some, particularly older patients, may have other comorbid 
conditions all contributing to the di�culty in making a cor-
rect diagnosis.

While there are well-developed research questionnaires 
available for di�erentiating asthma from COPD,15 GINA 
and GOLD have devised two practical tables, which are 
helpful in making an initial working diagnosis in primary 
care. Table 23.1 lists the key features of asthma, COPD, and 
ACO, while Table 23.2 provides a checklist of features sug-
gestive of asthma or COPD.

A practical approach suggested by GINA and GOLD for 
primary care and general physicians is to start by determin-
ing from Table 23.2, which features apply to a patient and 
then assigning an initial diagnosis accordingly. Someone 
with at least three features of asthma or COPD is diagnosed 
and treated with that disease, and if there are similar num-
bers of features of both diseases, then ACO should be diag-
nosed.1,2 If ACO is diagnosed, then it would be advisable to 
consult a specialist colleague for assistance with diagnosis; 
however, treatment for both conditions could be initiated 
in people with troublesome symptoms while awaiting this 
opinion.

�e challenge then is �rst to try to con�rm the diagnosis 
in those people assumed to have asthma or COPD by assess-
ing past medical history, family history of asthma, smoking 
habits and environmental exposures, lung function, and the 
patient’s response to treatment.

23.4  CHRONIC MANAGEMENT IN 
PRIMARY CARE

Having made an initial diagnosis of asthma, COPD, 
or ACO, primary care physicians are responsible for 
ongoing care, including education, monitoring, treat-
ment of exacerbations with subsequent review, and iden-
tifying those patients that may need referral for specialist 
advice.
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23.4.1 EDUCATION

Patients with asthma and COPD should be provided with 
clear information on their medication, how to recognize 
and what to do in the event of exacerbations and �are-ups, 
and when to seek medical attention. Patients can bene�t 
from reference to an experienced asthma educator to obtain 
essential information and teach self-management skills, if 
available. Education takes time, and the busy clinicians are 
not always able to provide this type of intervention.

Asthma16,17 and COPD18,19 self-management plans (SMPs) 
are a good method for achieving this intervention and have 
been demonstrated to improve health status, and to reduce 

hospitalizations and physician visits. In asthma, the inclu-
sion of PEF measurements (based on personal best) in SMPs 
is more e�ective in reducing health-care utilization and 
improving patient’s quality of life.17

It is logical that poor inhaler technique renders inhaled 
medication ine�ective,20–22 and therefore patients must 
be taught, and be able to demonstrate proper use of their 
devices.23 Furthermore, it is essential that medical students, 
primary- and secondary-care health professionals, and 
dispensing pharmacists are aware of the common usage 
errors,24 and they learn how to select,25 demonstrate,26 
and assess the use of the increasing numbers of di�erent 
devices.27–29

Table 23.1 Usual features of asthma, COPD, and ACO

Feature Asthma COPD ACO

Age of onset Usually childhood onset but 
can commence at any age

Usually > 40 years of age Usually age ≥ 40 years, but may 
have had symptoms in 
childhood or early adulthood

Pattern of respiratory 
symptoms

Symptoms may vary over time 
(day-to-day, or ever longer 
periods), often limiting 
activity. Often triggered by 
exercise, emotions 
(including laughter), dust, or 
exposure to allergens

Chronic usually continuous 
symptoms, particularly 
during exercise, with 
“better” and “worse” 
days

Respiratory symptoms including 
exertional dyspnea are 
persistent but variability may 
be prominent

Lung function Current and/or historical 
variable air�ow limitation 
(e.g., bronchodilator [BD] 
reversibility, airway 
hyperresponsiveness [AHR])

FEV1 may be improved by 
therapy, but post-BD 
FEV1/FVC < 0.7 persists

Air�ow limitation not fully 
reversible, but often with 
current or historical variability

Lung function 
between symptoms

May be normal between 
symptoms

Persistent air�ow limitation Persistent air�ow limitation

Past history or family 
history

Many patients have allergies 
and a personal history of 
asthma in childhood, and/or 
family history of asthma

History of exposure to 
noxious particles and 
gases (mainly tobacco 
smoking and biomass 
fuels)

Frequently a history of doctor-
diagnosed asthma (current or 
previous), allergies, a family 
history of asthma, and/or a 
history of noxious exposures

Time course Often improves spontaneously 
or with treatment, but may 
result in �xed air�ow 
limitation

Generally, slowly 
progressive over years 
despite treatment

Symptoms are partly but 
signi�cantly reduced by 
treatment. Progression is usual 
and treatment needs are high

Chest X-ray Usually normal Severe hyperin�ation and 
other changes of COPD

Similar to COPD

Exacerbations Exacerbations occur, but the 
risk of exacerbations can be 
considerably reduced by 
treatment

Exacerbations can be 
reduced by treatment. If 
present, comorbidities 
contribute to impairment.

Exacerbations may be more 
common than in COPD but are 
reduced by treatment. 
Comorbidities can contribute 
to impairment.

Airway in�ammation Eosinophils and/or neutrophils Neutrophils ± eosinophils in 
sputum, lymphocytes in 
airways, may have 
systemic in�ammation

Eosinophils and/or neutrophils 
in sputum

Source:  The Global Strategy for Asthma Management and Prevention, Global Initiative for Asthma (GINA); 2016. Available at http://www 
.ginasthma.org. Reprinted with Permission; The Global Initiative for Chronic Obstructive Lung Disease (GOLD); 2016. Available at 
http://www.goldcopd.org. © Reprinted with Permission.

http://www.ginasthma.org
http://www.ginasthma.org
http://www.goldcopd.org
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Enabling patients with knowledge and emergency sup-
plies of medication for initiating treatment for exacerbations is 
important, not only because they may have di�culty accessing 
medical care early enough, but also to try and abort the attacks 
and prevent hospitalization. A typical self-management emer-
gency pack for asthma usually includes oral corticosteroid 
tablets, an extra short-acting bronchodilator inhaler, and a 
peak-�ow meter to monitor progress. In COPD, this would also 
include corticosteroid tablets and a course of broad-spectrum 
antibiotics. �ese SMPs should be agreed upon and adjusted 
according to the patient’s understanding of their disease, and 
will di�er according to a physician’s personal approach and the 
regulations speci�c to di�erent countries.

In all cases, patients should be taught to seek medical 
assistance soon a�er initiating these medications, mainly 
so the clinician can assess the severity and progress of the 
attack, to establish whether there were any preventable fac-
tors preceding the attack, and so that treatment and preventa-
tive measures can be optimized according to local guidelines.

23.5 MONITORING AND FOLLOW-UP

Key issues in managing chronic obstructive air�ow diseases 
is �rst to acknowledge these are chronic conditions requir-
ing ongoing attention, and also to recognize when a patient 
is not responding to treatment. �e diagnosis may be wrong, 
comorbid conditions may be adversely a�ecting disease 

control, the patient may not have been prescribed or may not 
be taking appropriate medication, or the patient may not be 
administering their drugs correctly. Simply treating patients 
for acute �are-ups or exacerbations without recognizing 
these issues signify failure of treatment, is insu�cient.

Following initial diagnosis and treatment, and a�er 
approximately 6 to 8 weeks or sooner following treatment for 
an acute attack (i.e., within a few days), a follow-up evaluation 
should then be arranged, to assess progress and either amend 
the treatment or referral to a specialist if the patient has not 
responded as expected.

A�er the initial diagnosis, further testing that could be 
arranged should include the following:

 ● Quality-assured spirometry with reversibility testing 
following administration of inhaled short-acting β2-
agonist bronchodilator helps both in diagnosis and in 
establishing severity plus risk of the disease.

 ● Serial PEF charts and allergy tests where indicated 
(skin-prick tests and speci�c IgE) in those patients sus-
pected with asthma

 ● Blood counts and chemistry are important to identify 
risk factors (e.g., high eosinophil counts in asthma) 
and comorbid conditions (like metabolic syndrome) in 
asthma and COPD
– Chest X-ray in patients with newly diagnosed COPD 

or ACO, because of the relatively high incidence of 
lung cancer and other cardiorespiratory conditions 
in these patients.

Table 23.2 List of features suggestive of asthma or COPD

More likely to be asthma if several of …a More likely to be COPD if several of …a

□ Onset before age 20 years □ Onset after age 40 years
□ Variation in symptoms over minutes, hours, or days □ Persistence of symptoms despite treatment
□ Symptoms worse during the night or early morning □ Good and bad days but always daily symptoms and 

exertional dyspnea
□ Symptoms triggered by exercise, emotions (including 

laughter), dust, or exposure to allergens
□ Chronic cough and sputum preceded onset of dyspnea, 

unrelated to triggers
□ Record of variable air�ow limitation (spirometry, peak 

�ow)
□ Record of persistent air�ow limitation 

(postbronchodilator FEV1/FVC < 0.7)
□ Lung function normal between symptoms □ Lung function abnormal between symptoms
□ Previous doctor diagnosis of asthma □ Previous doctor diagnosis of COPD, chronic bronchitis, 

or emphysema
□ Family history of asthma, and other allergic conditions 

(allergic rhinitis or eczema)
□ Heavy exposure to a risk factor: tobacco smoke, biomass 

fuels
□ No worsening of symptoms over time. Symptoms vary 

either seasonally, or from year to year
□ Symptoms slowly worsening over time (progressive 

course over years)
□ May improve spontaneously or have an immediate 

response to BD or to ICS over weeks
□ Rapid-acting bronchodilator treatment provides only 

limited relief.
□ Normal □ Severe hyperin�ation

Source:  The Global Strategy for Asthma Management and Prevention, Global Initiative for Asthma (GINA); 2016. Available at http://www 
.ginasthma.org. © Reprinted with Permission; The Global Initiative for Chronic Obstructive Lung Disease (GOLD); 2016. Available 
at http://www.goldcopd.org. © Reprinted with Permission.

a Syndromic diagnosis of airways disease, how to use table: Columns list features that, when present, best identify patients with typical asthma and 
COPD. For a patient, count the number of check boxes in each column. If three or more boxes are checked for either asthma or COPD, the 
patient is likely to have that disease. If there are similar numbers of checked boxes in each column, the diagnosis of ACO should be considered.

http://www.ginasthma.org
http://www.ginasthma.org
http://www.goldcopd.org
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23.6 LUNG FUNCTION TESTS

Spirometry is regarded as the gold standard test for diagnos-
ing obstructive air�ow and reversibility. As the test results are 
used as a basis for diagnosis and selection of therapy options, 
it is essential these are performed by trained individuals, and 
must be of a high standard for quality assurance.30 �e spi-
rometric features of asthma, COPD, and ACO are detailed 
in Table 23.3. While the absolute cuto� of 70% for FEV1/
FVC is advocated for diagnosing obstructive air�ow,2 there is 
some controversy as this system, compared with utilizing the 
Lower Limit of Normal (LLN) results in underdiagnosis of 
younger females and overdiagnosis of older patients.31

While spirometry may be the ideal test for lung function, 
this is not always available or practical in the primary care 
setting.

As normal lung function may be present at times, by 
de�nition, in the people with asthma, it is not practical in 
primary or specialist practice, to perform serial spirometry 

investigations in those with a suggestive clinical history. 
�erefore, apart the from usual bronchoprovocation tests 
(e.g., with methacholine) whenever available, serial PEF 
testing can be included in the investigation of people with 
suspected asthma with normal spirometry on initial inves-
tigation. �is is a simple test, utilizing a cheap, portable 
instrument, which can provide serial readings taken by the 
patient. As it is e�ort-dependent, proper technique should 
be taught and demonstrated. �ese readings can be done 
when at and away from work to identify an occupational 
component,32 before and a�er bronchodilator treatment 
to identify reversible air�ow obstruction, and at di�erent 
times of the day to identify diurnal patterns.1 PEF vari-
ability of > 10% in adults supports a diagnosis of asthma, 
using the following formula for analyzing a twice-daily 
PEF chart: [(day’s highest minus day’s lowest)/mean of day’s 
highest]. Physicians do need to be aware that readings may 
vary between individual peak-�ow meters,33 and, therefore, 
patients should ideally use the same PEF meter to monitor 
their asthma.

Table 23.3 Spirometry: Differentiating asthma, COPD, and ACO

Spirometric variable Asthma COPD ACO

Normal FEV1/FVC pre- or 
post-BD

Compatible with diagnosis Not compatible with 
diagnosis

Not compatible unless other 
evidence of chronic air�ow 
limitation

Post-BD FEV1/FVC < 0.7 Indicates air�ow limitation 
but may improve 
spontaneously or on 
treatment

Required for diagnosis 
(GOLD)

Usually present

FEV1 ≥ 80% predicted Compatible with diagnosis 
(good asthma control or 
interval between 
symptoms)

Compatible with GOLD 
classi�cation of mild 
air�ow limitation 
(categories A or B)  
if post-BD FEV1/FVC  
< 0.7

Compatible with diagnosis of 
mild ACO

FEV1 < 80% predicted Compatible with diagnosis, 
risk factor for asthma 
exacerbations

An indicator of severity of 
air�ow limitation and risk 
of future events (e.g., 
mortality and COPD 
exacerbations)

An indicator of severity of 
air�ow limitation and risk of 
future events (e.g., 
mortality and 
exacerbations)

Post-BD increase in FEV1 ≥ 
12% and 200 ml from 
baseline (reversible 
air�ow limitation)

Usual at some time in 
course of asthma, but 
may not be present when 
well-controlled or on 
controllers.

Common and more likely 
when FEV1 is low

Common and more likely 
when FEV1 is low

Post-BD increase in FEV1 > 
12% and 400 ml from 
baseline (marked 
reversibility)

High probability of asthma Unusual in COPD. Consider 
ACO

Compatible with diagnosis of 
ACO

Source:  The Global Strategy for Asthma Management and Prevention, Global Initiative for Asthma (GINA); 2016. Available at http://www 
.ginasthma.org. © Reprinted with Permission; The Global Initiative for Chronic Obstructive Lung Disease (GOLD); 2016. Available 
at http://www.goldcopd.org. © Reprinted with Permission.

http://www.ginasthma.org
http://www.goldcopd.org
http://www.ginasthma.org
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23.7 ROUTINE REVIEW

�e traditional model for managing obstructive lung dis-
ease separates primary from secondary care. Patients are 
managed predominantly in primary care, and special-
ist assistance is sought for diagnosis and intermittently 
for emergency management. Given recent reports of poor 
outcomes, and marked variability in standards of care and 
outcomes,34 perhaps it is time to rethink the way chronic 
respiratory disease is managed.

One suggestion pertaining to asthma includes35 special-
ists providing outreach community clinics. �ere are models 
for providing COPD care involving an integrated approach. 
For example, a scheme in the northern Netherlands where 
patients with suspected obstructive lung disease are referred 
from primary to secondary care specialists, who then provide 
a remote-access advisory service on diagnosis and manage-
ment.36 �is latter system has successfully demonstrated 
improved outcomes in terms of quality of life and control of 
patients with asthma and COPD, and may be even more fea-
sible with the advent of telemedicine technology.

In some countries, such as the United Kingdom, chronic 
disease review is delegated to nurses or health-care assis-
tants, who utilize a pro-forma checklist for doing the review. 
A routine review is aimed at con�rming the diagnosis, 
assessing current control of the disease and its impact on the 
person’s life, assessing adherence to medication, appropri-
ateness of drugs and dosages, identifying risk factors (mod-
i�able and otherwise), and optimizing care to reduce risk 
and achieve best-possible control of the disease. �erefore, 
patients with asthma or COPD should be reviewed in pri-
mary care by someone trained in managing these diseases. 
Timing of reviews will vary depending on the patient’s 
circumstances, the severity of disease (i.e., ideally once or 
twice a year or more for patients with severe, di�cult-to-
control asthma), and soon a�er each exacerbation.

Objective validated questionnaires are used in research 
studies and could be incorporated in the routine primary 
care assessment of control and disease impact of asthma 
and COPD. Examples of these are, for asthma, the Asthma 
Control Questionnaire (ACQ),37 Asthma Quality of Life 
Questionnaire (AQLQ),38 and in COPD, the Clinical COPD 
Questionnaire (CCQ),39 Medical Research Committee 
(MRC) dyspnea score or mMRC (modi�ed MRC), Saint 
Georges Respiratory Questionnaire (SGRQ),40 or COPD 
Assessment Test (CAT)41 questionnaires.1,2

23.7.1 RECOGNIZING RISK

Assessment of asthma control is clearly demonstrated in 
Table 23.4. Current asthma control is assessed using four 
questions. Clearly, if someone has poor current symp-
tom control, the patient’s therapy needs to be optimized. 
However, if their disease is well controlled, a further assess-
ment is needed to identify any risk factors for future attacks 

or asthma death. �ese are listed for asthma in Table 23.4 
and COPD in Figure 23.1.

Asthma control assessment includes two main compo-
nents: current symptom control, which is assessed using 
presence of symptoms plus the patients need for reliever 
medication, and risk factors for future attacks.

Unfortunately, many clinicians only assess current symp-
toms, which simply provide information on the patient’s 
status at the time of the assessment. �rough education 
and optimization of care to reduce modi�able risk factors 
and noting the presence on nonmodi�able factors, future 
asthma attacks and deaths may be prevented. Section A in 
Table 23.4 lists four questions related to current symptoms. 
If the patient has poor current control, medication or the 
device may need changing. However, if the patient is well 
controlled currently, an assessment of risk is still indicated.

Section B of Table 23.4 summarizes the risk factors that, 
if present, should be addressed at the time of assessment. 
For example, someone using excess relievers or insu�cient 
preventer medication, or with poor inhaler technique, may 
need advice and optimization of treatment. Furthermore, 
someone who has had a recent attack could be recalled for 
an earlier review, and patients who are at heightened risk, 
for example with a history of reduced FEV1 percentage pre-
dicted below 60% and/or a previous life-threatening attack 
could be referred to a severe asthma service for advice.

A common misconception among clinicians is that 
asthma severity is determined by the amount of drug(s) pre-
scribed, which is an incorrect assertion. Severity of asthma is 
de�ned as the amount of treatment needed to control asthma, 
not the amount of treatment prescribed.42,43 �erefore, an 
assessment of asthma control and risk, together with the 
guideline treatment step is used to classify severity. Most 
of the patients in the U.K. NRAD10 were misclassi�ed with 
mild or moderately severe asthma; only 19% of those who 
died had a record of an assessment of asthma control.

In the case of COPD, GOLD has developed a system for 
assessing risk (see Figure 23.1). �is is based on symptoms, 
impact on health, quality of life, spirometric classi�cation 
of severity, and risk of exacerbations. Symptoms and health-
related quality of life (HRQL), and the impact of HRQL, is 
assessed through questionnaires; i.e., the CAT and the MRC 
COPD symptom scores. Risk of exacerbations is determined 
by the patient’s history of exacerbations.

Finally, the GOLD classi�cation of severity according 
to spirometry ranging from mild to severe in patients with 
FEV1/FVC < 0.70, (i.e., de�ned as having obstructive air�ow 
limitation) is as follows2:

 ● GOLD 1: Mild = FEV1 ≥ _80% predicted
 ● GOLD 2: Moderate = 50% ≤ FEV1 < 80% predicted
 ● GOLD 3: Severe = 30% ≤ FEV1 < 50% predicted
 ● GOLD 4: Very Severe = FEV1 < 30% predicted

�rough the use of Figure 23.1, clinicians can allocate 
patients to one of four categories of risk to help guide treat-
ment decisions (such as referral for pulmonary rehabilitation 
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or prescription of ambulatory oxygen) and the need for spe-
cialist referral.

In the management of COPD and asthma in primary 
care, failure to classify severity of disease and risk of future 
attacks may result in inadequate or inappropriate treatment, 
or a referral for specialist advice when needed.

23.7.2  NONPHARMACOLOGICAL 
TREATMENT

Chronic exposure to environmental pollution (either inside 
or outside the home) should be reduced or eliminated, and 
regular exercise should be encouraged (with pulmonary 

rehabilitation in COPD). Weight reduction, healthy diet, 
and breathing exercises are of bene�t.1,2

23.7.3 DRUG TREATMENT

Treatment of asthma and COPD in primary care varies 
from one country to another. O�en this relates to the fund-
ing system, where in some countries, specialist initiation of 
treatments is required. Overall, the treatment of these two 
diseases follows a stepwise progression, which is described 
in detail in the GINA1 and GOLD2 strategy documents, as 
well as in local country-based systems.

Table 23.4 GINA Assessment of asthma control

A. Asthma symptom control Level of asthma symptom control

In the past 4 weeks, has the patient had:
Well 

controlled
Partly 

controlled Uncontrolled

• Daytime asthma symptoms more than twice per week? Yes □ No □
None of 

these
1–2  

of these
3–4  

of these
• Any night waking due to asthma? Yes □ No □
• Reliever needed for symptoms* more than twice per week? Yes □ No □
• Any activity limitation due to asthma? Yes □ No □

B. Risk factors for poor asthma outcomes

Assess risk factors at diagnosis and periodically, particularly for patients experiencing exacerbations. Measure FEV1 at 
start of treatment, after 3–6 months of controller treatment to record the patient’s personal-best lung function, then 
periodically for ongoing risk assessment.

Potentially modi�able independent risk factors for �are-ups (exacerbations)
• Uncontrolled asthma symptoms
• High SABA use (with increased mortality if > 1 × 200-dose canister per 

month)
• Inadequate ICS: not prescribed ICS, poor adherence, incorrect inhaler 

technique
• Low FEV1, especially if <60% predicted
• Major psychological or socioeconomic problems
• Exposures: smoking, allergen exposure if sensitized
• Comorbidities: obesity, rhinosinusitis, con�rmed food allergy
• Sputum or blood eosinophilia
• Pregnancy

Other major independent risk factors for �are-ups (exacerbations)
• Ever intubated or in intensive care unit for asthma
• ≥ 1 severe exacerbation in last 12 months

Having one or more of these risk 
factors increases the risk of 

exacerbations even if symptoms 
are well controlled.

Risk factors for developing fixed airflow limitation
• Lack of ICS treatment
• Exposures: tobacco smoke, noxious chemicals, occupational exposures
• Low initial FEV1, chronic mucus hypersecretion, sputum or blood eosinophilia

Risk factors for medication side effects
• Systemic: frequent OCS; long-term, high-dose, and/or potent ICS; also lacking P450 inhibilors
• Local: high-dose or potent ICS, poor inhaler technique

Source:  The Global Strategy for Asthma Management and Prevention, Global Initiative for Asthma (GINA); 2016. Available at http://www 
.ginasthma.org. © Reprinted with Permission; The Global Initiative for Chronic Obstructive Lung Disease (GOLD); 2016. Available 
at http://www.goldcopd.org. © Reprinted with Permission.

http://www.ginasthma.org
http://www.goldcopd.org
http://www.ginasthma.org
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In asthma, treatment includes low- to high-dose ICSs, 
with the addition of long-acting β2-agonist bronchodilators 
(LABAs), and additional drugs depending on severity. In 
addition, short-acting bronchodilators (SABAs) are used for 
relief treatment and when there is increased need for these 
drugs, which serve as an early warning system of impend-
ing attacks. Newer combination therapies with three drugs 
are available in some countries; their role in asthma care is 
currently being investigated.

In COPD, treatment begins with bronchodilators in mild 
to moderate cases, with the addition of ICSs as the disease 
severity progresses. As in the case of asthma, newer triple 
combinations of drugs are licensed in some countries, with 
ongoing studies.

In those patients with mixed asthma and COPD, care 
needs to be taken to ensure that both diseases are treated 
appropriately, in particular, starting ICSs in patients with 
mild, persistent asthma. Medications for treatment of asthma 
and COPD are discussed more extensively in Chapter 17.

23.7.4 COMORBIDITIES

Patients health status and symptoms may be adversely a�ected 
due to comorbid conditions associated with asthma and 
COPD. Given the generalist nature of expertise of primary 
care physicians, they are o�en well placed to identify and 
treat these conditions. In asthma, conditions such as chronic 
rhinitis, gastroesophageal re�ux, dysfunctional breathing, 
obstructive sleep apnea, and psychological problems should 
be diagnosed and treated. Weight loss should be advised in 
the obese patient. Similarly, patients with COPD are also 
prone to a number of comorbidities, such as metabolic syn-
drome, osteoporosis, and cor-pulmonale, which need to be 
identi�ed and managed either by the primary care physician 
or in conjunction with an appropriate specialist.

Finally, some of the barriers and facilitators in optimiz-
ing respiratory care in primary care form the perspective of 
health-care professionals, as well as patients, are summarized 
in Table 23.5. (�e Global Strategy for Asthma Management 
and Prevention, Global Initiative for Asthma (GINA); 2016. 
Available at http://www.ginasthma.org. Reprinted with 
permission.)

23.8 CONCLUSIONS

Health professionals working in primary care are faced 
with considerable challenges in managing patients with 
chronic obstructive lung diseases such as asthma and 
COPD. �e key to this role is the recognition that these 
are chronic, relapsing conditions that must not be treated 
as if they are acute diseases. �e primary care physician 
has a critical role in the diagnosis, identi�cation of risk, 

Table 23.5 Barriers and facilitators to optimal respiratory care in primary care practice

Primary health-care providers Patients and their families

Insuf�cient knowledge of guideline recommendations
Lack of agreement with recommendations or expectation 

that they will be effective
Resistance to change; ingrained habits
Inadequate skill in lung function testing and interpretation
External barriers (organizational, health policies, �nancial 

constraints)
Lack of time and resources
Lack of provision of patient education resulting in 

preventable acute exacerbations
Lack of support from secondary care colleagues

Low health literacy
Insuf�cient understanding of their disease, its 

management, and failure to adhere to medical advice
Lack of agreement with doctor’s recommendations
Cultural and economic barriers
Peer in�uence and advice on medication and behavior
Attitudes, beliefs, preferences, fears, and misconceptions

Figure 23.1 GOLD assessment using symptoms, breath-
lessness, spirometric classi�cation, and risk of exacerba-
tions. (From The Global Strategy for Asthma Management 
and Prevention, Global Initiative for Asthma (GINA); 2016. 
Available at http://www.ginasthma.org. © Reprinted with 
Permission; The Global Initiative for Chronic Obstructive 
Lung Disease (GOLD); 2016. Available at http://www.gold-
copd.org. © Reprinted with Permission.)
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initiation of treatment, ongoing monitoring, and patient 
education. For di�cult-to-control symptoms, the primary 
care physician should seek further advice from a respira-
tory therapist who can help address environmental issues 
and other comorbidities that are obfuscating improved 
outcomes. Guidelines have provided consensus evidence- 
based practical approaches that have carefully considered 
global di�erences in health care. However, access to health 
care and more advanced therapies due to economics no 
doubt continues to remain a problem for many countries.
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