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T
he heterogeneous and dynamic nature of chronic 
obstructive pulmonary disease (COPD) and 
asthma often make their diagnosis and treatment 
challenging. Recent advances in disease under-

standing and management have enabled clinicians to refine 
diagnoses and tailor treatment. COPD and asthma are com-
monly encountered in primary care; therefore, the authors 
aim to help primary care providers (PCPs) mitigate chal-
lenges by providing an overview of the recent changes and 
developments in the diagnosis and management of COPD, 
asthma-COPD overlap (ACO), and asthma, and by providing 
practical guidance for optimal patient outcomes. 

Characteristic symptoms of COPD include dyspnea, 
cough, and sputum production. Using spirometry to con-
firm a COPD diagnosis is important, as is the subsequent 
classification of patients based on the Global Initiative for 
Chronic Obstructive Lung Disease (GOLD) 2017 ABCD 
assessment criteria, wherein patients are classified based on 
patient-reported symptoms and exacerbations.1 Symptoms 
of COPD often go unrecognized until later stages because of 
the indolence of their appearance and progression. There-

fore, objective testing in the form of spirometry is crucial. 
Comorbidities should also be considered. Once diagnosis is 
confirmed, a treatment plan comprising appropriate non-
pharmacological or pharmacological management options 
can be developed. 

Several therapeutic options for COPD have become avail-
able recently. Thus, awareness of different therapeutic options 
and their use in therapy is necessary for optimal results and 
to avoid undertreatment or overprescribing. Targeted treat-
ments for patients unresponsive to standard care are emerg-
ing. However, further studies are needed to understand the 
role of individualized treatment in patients with COPD.

Like COPD, asthma is a heterogeneous disease, char-
acterized by chronic airway inflammation. According to the 
Global Initiative for Asthma (GINA), “asthma is defined by 
the history of respiratory symptoms such as wheeze, chest 
tightness, shortness of breath, and cough that vary over time 
and in intensity, together with variable expiratory airflow 
limitation.”2 Advances that have occurred in understanding 
of asthma pathogenesis and in treatment options should 
improve patient care with movement towards therapies 
directed at treatable traits. In the GINA report, practical rec-
ommendations are provided to assist clinicians with com-
mon problems encountered in their daily practice.2 A step-
wise approach to asthma management is recommended in 
most asthma treatment guidelines. Referral to a specialist or 
severe asthma clinic is necessary if diagnosis is difficult to 
confirm, asthma remains uncontrolled after long-term stan-
dard treatment, occupational asthma is suspected, or evi-
dence or risk of significant treatment side-effects or comor-
bidities exists. 

The presentation, etiology, and progression of asthma 
vary across age groups, so age-related factors should be 
considered when diagnosing and managing asthma.2 Fur-
ther, considering phenotypes and endotypes3 (DEFINED ON 

PAGES S5 AND S6) and understanding the advantages and 
disadvantages of available therapies are essential to proper 
diagnosis and optimal treatment of severe asthma. Stud-
ies to better understand severe asthma and new therapies 
based on biomarkers are underway, and collaboration 
between PCPs and specialists is useful to maximize patient 
outcomes.

Poor medication adherence is a major barrier prevent-
ing patients with COPD or asthma from achieving treat-
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ment goals. Improper inhaler technique is an important 
contributor to poor adherence, and PCPs can help improve 
adherence by demonstrating and reinforcing proper inhaler 
technique.4 Additionally, going beyond conventional edu-
cational approaches and empowering patients with neces-
sary self-management skills can help patients achieve treat-
ment goals.5

Appropriate management of patients with overlapping 
asthma and COPD features, or ACO, is even more challeng-
ing than the management of individual conditions. A com-
monly acceptable definition and standardized treatment 
algorithm are lacking. Further research to study the underly-
ing mechanisms of ACO and to monitor biomarkers that pre-
dict response to therapy is needed to guide treatment. 

This supplement has been developed to serve as clinical 
aid for PCPs to further understand and manage patients with 
COPD or asthma.  l
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INTRODUCTION
Asthma is characterized by chronic airway inflammation and 
reversible airway obstruction and causes recurring respira-
tory symptoms such as cough, wheeze, dyspnea, and chest 
tightness.1,2 Asthma is now considered a heterogeneous syn-
drome of somewhat distinct clinical and molecular pheno-
types, with differences in genetic backgrounds, natural histo-
ries, degrees of severity, and responses to treatment.2 Further, 
asthma is no longer considered a stable disease; it is dynamic 
and constantly changes in response to the environment.3 
The heterogeneous nature of asthma and numerous patient 
variables (eg, genetics, age, comorbidities, and triggers) can 

make diagnosis, treatment, and the primary goal of achieving 
asthma control challenging.4 

INCREASES IN BURDEN OF ASTHMA
Asthma is a common condition that imposes substantial 
patient, health care system, and socioeconomic burdens. 
Globally, asthma prevalence increased by approximately 
10% from 2005 to 2015 (~327 [7.6%] to ~358 [11.6%] million), 
and it is a top-11 cause for years lived with disability.5 In the 
United States in 2016, 26.5 million (8.3%) people—6.1 million 
(8.3%) children and 20.4 million (8.3%) adults—had asthma; 
3518 asthma-related deaths (10 deaths/million) occurred. 
Of note, despite regular introduction of treatment options,  
12.4 million (46.9%) patients—3.3 million (53.7%) children 
and 9.1 million (44.9%) adults—continued to experience 
exacerbations.6 Recently, the annual cost of asthma in the 
United States was estimated to surpass $80 billion.7 

ADVANCED UNDERSTANDING  
OF ASTHMA ETIOLOGY 
Our understanding of asthma etiology has evolved over time, 
revealing its multifactorial nature in relation to patient and 
environmental contributors.8 The involvement of genetic 
and environmental factors, as well as cellular and molecu-
lar pathways, in asthma pathophysiology are now clearer.9 

Susceptibility genes include those associated with both type 
2 cytokine producing helper T cell (Th2) and non-Th2 cell 
differentiation and function (eg, type 2 cytokines: interleu-
kin [IL]-4, IL-5, and IL-13); influencing allergic inflamma-
tion and allergen-specific immunoglobulin E (IgE) produc-
tion; epithelial biology; lung function; airway remodeling; 
and disease severity.10 Environmental factors or triggers 
include indoor and outdoor allergens, smoking, air pollu-
tion, cold temperatures, exercise, occupational exposures, 
and viruses.11 

Viral respiratory tract infections, primarily rhinovirus 
and respiratory syncytial virus infections,12,13 and exposure to 
tobacco smoke (passive or second-hand)14 were strongly asso-
ciated with childhood asthma exacerbations; smoke-exposed 
children were twice as likely than unexposed children to be 
hospitalized with an exacerbation.14 Moreover, active smoking  
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 FIGURE 1  Diagnostic flowchart for asthma in clinical practice

was associated with gene polymorphisms and reduced 
lung function in adult-onset asthma.15,16 Because avoiding 
triggers is difficult, and patients rarely adhere to avoidance 
strategies,11 trigger avoidance should be encouraged as 
much as possible.

A clearer understanding of asthma etiopathogenesis has 
made identification of specific patient subgroups (eg, pheno-
types and endotypes [see below]) possible.17 Patients often 
develop allergic asthma at a young age; are usually atopic 
(ie, they develop IgE responses to specific allergens); have a 
personal or family history of other allergic diseases; and may 
have enhanced immune responses to specific allergic trig-
gers.18 Patients can also develop nonallergic asthma later in 
life and may not have obvious sensitization to allergens.18

Asthma phenotypes derived from cluster analysis 
capture clinically observable characteristics (eg, clinical, 

physiological, treatment response, and some inflammatory 
markers) without defining the direct underlying pathophysi-
ologic mechanisms.19,20 Phenotypes are classified into broad 
categories (eg, early or late onset asthma, allergic or nonaller-
gic asthma) based on a single variable (eg, pattern of airflow 
obstruction, symptomatic triggers, and disease severity),21 but 
also can be sub-classified into distinct phenotype subgroups, 
or subphenotypes such as, eosinophilic, neutrophilic, and 
paucicellular (ie, absence of an observable inflammatory 
process) asthma, exercise-induced, obesity-related, and 
smoking-related asthma.18 Phenotypes exhibit variable sensi-
tivities to steroid therapy.22 For example, nonallergic asthma 
appears less responsive to steroids than allergic asthma.22 

The “steroid-refractory” phenotype refers to patients who do 
not respond to long-term corticosteroid therapies, leading to 
poor asthma control.23 Asthma endotypes are defined based 
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on distinct pathophysiological or functional mechanisms.17 

Subtyping helps inform the choice of diagnostic tests, indi-
cates long-term prognosis, and may predict responsiveness 
to targeted pharmacotherapies.17 (Please refer to accompany-
ing supplement article Confronting the Challenges of Severe 
Asthma for further details).

Identifying biomarkers suggestive of different patho-
genic mechanisms can help classify specific asthma pheno-
types or endotypes, ultimately allowing for individualized 
treatment.24 Asthma biomarkers include elevated sputum 
and blood eosinophil counts and fractional exhaled nitric 
oxide (FeNO) levels, which identify eosinophilic asthma, 
and elevated allergen-specific IgE levels, which identify 
allergic asthma.24 Importantly, biomarker-driven identifica-
tion of asthma that is not solely by Th2-driven immunity has 
advanced our knowledge about asthma heterogeneity. 

PROGRESS IN ASTHMA DIAGNOSIS
Asthma is one of the most common chronic disorders seen 
in primary care settings,25,26 and patients may present with 
different asthma severities. Hence, comfort in diagnosis, 
awareness of available treatment options, and knowledge 
of when to refer to a specialist are important elements.1,26,27 
In the Global Initiative for Asthma (GINA) report, asthma 
is defined by a history of respiratory symptoms that vary 
over time and in intensity and variable expiratory airflow 
limitation (ie, variability over time assessed by spirometry  
[see below], greater than that seen in healthy individuals). 
Therefore, patient evaluation should begin with a thorough 
medical history, symptom assessment, and physical exami-
nation (FIGURE 1).1

Symptoms as reported by patients may be underesti-
mated when broad, nonspecific questions are asked about 
well-being; therefore, simple-to-understand, directive, 
closed-ended questions such as those in the Asthma Con-
trol Questionnaire, Asthma Therapy Assessment Question-
naire, or asthma control test (ACT) should be asked.1 These 
tests include 3 to 10 questions, with variable scoring values 
that provide somewhat quantitative data; are repeatable; 
and have acceptable clinical validity.28 Of note, however, the 
validity and reliability of each test differ between children and 
adults.28-30 The GINA report contains practical recommen-
dations, including tools to confirm and document asthma 
diagnosis, algorithms to lessen over- or under-treatment 
(eg, criteria for variable expiratory airflow limitation), and 
descriptions of important screening tools to identify patients 
requiring additional assessment.1,31

Although asthma can be suspected based on clinical 
evaluation, diagnostic tests (eg, chest radiography, pulmo-
nary function tests, specific blood tests, and spirometry)—

some of which can be done in primary care settings—may 
be necessary to exclude comorbidities or masqueraders of 
asthma and to accurately  diagnose asthma.1,31 Further, an 
asthma diagnosis should ideally be confirmed objectively 
by demonstrating variable airflow obstruction using spirom-
etry, airway hyper-responsiveness using peak expiratory flow 
(PEF) or bronchial provocation testing (also referred to as 
bronchial challenge testing), and reversibility after a bron-
chodilatory is administered.25 

Spirometry is valuable but often underused in primary 
care settings.32 Spirometry is difficult to perform in children 
less than 5-6 years of age. Its value is in helping to establish a 
diagnosis of asthma before initiation of chronic therapy.1 Fur-
ther, pre- and postbronchodilator spirometry monitoring is 
an important adjunct to distinguish asthma from other types 
of airway obstruction.33

Spirometric measurements of clinical importance 
include forced vital capacity (FVC; the volume of air that can 
be exhaled from fully inflated lungs) and forced expiratory 
volume in 1 second (FEV

1
).25 An FEV

1
/FVC ratio of >0.75 to 

 0.80 in adults and >0.90 in children is considered normal.1 
Use of portable, hand-held, easy-to-use spirometers in 
the office setting can help avoid long waits for testing at  
hospital-based pulmonary function test centers, is relatively 
more convenient for patients, and provides more timely 
data to physicians,32 presuming the test is conducted and 
interpreted properly.34 Potential barriers to using spirom-
etry in primary care relate to training and equipment costs.34 
However, some barriers may be overcome by implement-
ing respiratory training programs such as respiratory and 
asthma toolkit programs, which provide multidisciplinary 
primary care training in health centers to augment guide-
line-based asthma care.35,36 These programs substantially 
improve spirometry use, asthma severity assessment, execu-
tion of asthma action plans, and guide corticosteroid and 
other asthma medication use.35,36

The PEF test, which measures how fast a person can 
exhale, is another simple and convenient test that can be 
conducted in primary care settings. PEF tests like spirom-
etry are effort-dependent, which may affect interpretation 
of results. PEF variability is associated with airway hyper-
reactivity and is a well-accepted diagnostic aid for implemen-
tation in primary care.25 Establishing a patient’s PEF “per-
sonal best” is an important guideline for assessing asthma 
control or deterioration; an average daily diurnal PEF vari-
ability of >10% in adults and >13% in children is diagnostic  
of asthma.1 

The bronchial provocation test is recommended when 
patients have clinical features of asthma but normal spiro-
metric findings on initial testing. The test, which involves 
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inhalation of nebulized methacholine, provocholine, hista-
mine, or mannitol to induce bronchoconstriction in suscep-
tible airways,5,25 is essentially a dose-response test, in which 
the dose causing bronchoconstriction defines the level of air-
way reactivity. This test is carried out by specialists because 
of the equipment needed and risk of provoking severe airway 
obstruction.37

Additional investigations may refine asthma diagno-
sis and inform treatment.1 For example, elevated sputum 
or blood eosinophil counts support an eosinophilic asthma 
diagnosis1,38 and presence of atopy can be detected via a skin 
prick test or allergen-specific serum IgE levels. However, 
serum IgE testing is somewhat expensive, and expensive 
blood tests often ordered in a primary care setting have not 
proven to be more reliable than skin tests.1,31 Patients with 
eosinophilic or allergic asthma may be candidates for novel, 
anti-IL-5 or anti-IgE biologics (Please refer to accompany-
ing supplement article Confronting the Challenges of Severe 
Asthma for further details).

Nitric oxide (NO), a biological mediator produced by 
human lung epithelial cells that is present in exhaled breath, 
is purported to cause bronchial smooth muscle relaxation and 
acts as an inflammatory mediator.39 Guideline updates high-
light the diagnostic importance of FeNO testing.1,31,39 FeNO 
levels are highest among patients with atopy and asthma.40,41 
These patients have high FeNO levels because of NO synthase 
upregulation resulting from airway eosinophilic inflamma-
tion.39 In contrast, airway neutrophilic inflammation is asso-
ciated with low FeNO levels because neutrophils decrease 
NO synthase levels.  FeNO levels also can be used to deter-
mine response to inhaled corticosteroid (ICS) treatment and 
are effective in assessing compliance; FeNO levels should 
decrease with treatment if medications are taken appropri-
ately.42,43 Machines to measure FeNO, however, require regular 
calibration and may not be practical in a primary care setting.

Asthma comorbidities and differential diagnosis
Comorbidities and alternative diagnoses, such as vocal cord 
dysfunction, should be considered in patients with suspected 
asthma (FIGURE 2).31,44 Comorbidities are important to docu-
ment because they may share common clinical patterns and/
or pathophysiological mechanisms with asthma and impact 
clinical presentation, management, and control.45 Most impor-
tantly, they may influence the response to asthma medica-
tions. Allergic rhinitis, food allergies, atopic eczema, and 
gastroesophageal reflux disease may be present in children 
and persist into adulthood, while obesity, metabolic disor-
ders, type 2 diabetes mellitus, heart disease, and psychiatric 
disorders are usually present only in adulthood.44,45 Obesity, 
a major risk factor for asthma development, is associated 

with longstanding, low-grade systemic inflammation and 
increases systemic complexities.46 For example, obesity is 
associated with increased eosinophil activity and asthma 
severity, and decreased macrophage activity, leading to  
steroid-refractory asthma.46 Obese individuals with persis-
tent asthma are more likely to have uncontrolled asthma and, 
for reasons yet to be determined, their response to cortico-
steroids is often suboptimal leading to poorer quality of life 
(QoL) than non-obese counterparts.47,48

MANAGING ASTHMA IN PRIMARY CARE
Asthma management can be challenging. In a primary care 
setting, the focus is often on acute treatment, resolving acute 
patient issues. Often, little time is available for in-depth dis-
cussions on prevention of illness and promotion of asthma 
guidelines and management.26 Of note, in contrast to the 
annually updated GINA report,1 the last National Heart, 
Lung, and Blood Institute/National Asthma Education and 
Prevention Program (NHLBI/NAEPP) guidelines update was 
in 2007.31 Moreover, although guidelines are available, they 
are often cumbersome and underused in primary care;36 gen-
eral practice, pediatric and internal medicine physicians may 
be unaware or have access to standardized tools to monitor 
or manage asthma.49

Regardless, control of symptoms, maintenance of nor-
mal activity, and reduction of flare-ups, airflow limitation, 
and adverse events remain long-term objectives in asthma 
management.1,31 Once an asthma diagnosis is made, empha-
sis is on determining the degree of asthma severity, initiat-
ing therapy, monitoring control over time, and making nec-
essary adjustments (increases or decreases) to treatment 
(FIGURE 3).1,26,31 Nonpharmacologic approaches such as 
smoking cessation, engaging in physical activity, avoiding 
occupational exposures, and minimizing indoor allergen 
exposure and medications that worsen asthma should be 
considered to help improve symptom control and/or reduce 
exacerbation risk.1 

Although asthma is not curable, advancements have 
enabled an evolution in pharmacologic interventions, which 
form the mainstay of asthma management because they 
reduce airway inflammation and airway hyperreactivity.1 

These medications can be categorized as controller medi-
cations, which reduce inflammation and exacerbation risk, 
and reliever medications, which alleviate bronchospasm and 
acute symptoms.1,31,50,51 

Among controller medications, ICSs were first used to 
treat asthma in the 1970s.52 Long-acting β2-agonists (LABAs) 
and leukotriene receptor antagonists (LTRAs) were approved 
by the US Food and Drug Administration (FDA) in the early 
and late 1990s, respectively.53 The long-acting muscarinic 
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antagonist (LAMA) tiotropium was approved for asthma in 
2015.54 More recently, targeted biologics for specific asthma 
phenotypes (eg, allergic and eosinophilic asthma) have 
become available.55-57 ICSs are the standard-of-care control-
ler medications for patients with asthma, regardless of sever-
ity.1,31,51 Low-dose ICS is the first-line therapy for noncom-
plicated (mild-to-moderate) asthma in children and adults.1 
However, primary care providers (PCPs) may be uncomfort-
able in prescribing ICSs, especially to children, because of side 
effects and outdated guidelines.58 Initial concerns raised sev-
eral years ago were valid, but current recommendations have 
minimized adverse events.1,31,59 Alternatives to ICSs, LTRAs, 
and theophylline are generally less effective than ICSs.1,60 
Increasing the ICS dose (to medium-dose and high-dose), 
along with add-on medications (LTRAs, LABAs, LAMAs, 
and biologics), is recommended in a step-wise manner as 
disease severity increases.1,31,50 LABAs are recommended as 
controller medications in combination with ICS in multiple 
guidelines.1,31,50,51 Their use in the United States was scruti-
nized because of a “black-box” warning issued by the FDA 
in March 2006, after results from the Salmeterol Multicenter 
Asthma Research Trial (SMART) raised concerns about the 
safety of salmeterol, a commonly used LABA.61,62 Conse-
quently, LABA monotherapy use substantially decreased and 
ICS monotherapy prescriptions increased.63 However, results 
of supplementary studies, which addressed safety concerns, 
prompted removal of the warning for ICS/LABA medica-
tions in late 2017; nevertheless, the warning remains for 

single-ingredient LABA medications.64 This change is likely to 
impact prescribing patterns. 

Because asthma is variable and heterogeneous, adjust-
ments (eg, stepping up or stepping down treatment) may 
be needed at regular intervals.1 For severe uncontrolled or 
refractory asthma, patients should be referred to a special-
ist, who may escalate treatment to a LAMA (tiotropium), 
biologic (eg, anti-IgE and anti-IL-5), or oral corticosteroids 
(OCS); perform additional testing; or both.1,31 If asthma 
is uncontrolled (≥1 OCS bursts in a year, regular reliever 
medication use, or impaired exercise tolerance or QoL), 
a specialist can help determine triggers and appropriate 
medication use.1 Given the high cost of biologics, referral to 
a specialist may be an important first step before instituting 
these treatments.27

For patients with uncontrolled/refractory asthma, the 
concept of “treatable traits,” where treatment targets an 
individual’s needs based on genetic makeup, biomarkers, 
phenotype, and behavioral characteristics, has gained trac-
tion.65 Goals of such individualized therapy are to improve 
clinical outcomes and efficacy and reduce side effects 
for those unlikely to respond to a particular controller/
reliever.66 Examples of “treatable traits” include elevated 
blood eosinophil counts and high FeNO levels, which are 
often predictors of ICS responsiveness.42,43,67 Identification 
of such characteristics enables tailored treatment accord-
ing to phenotype, which goes beyond the diagnostic labels 
of asthma.65 However, the feasibility of this approach is yet 

 FIGURE 2  Comorbidities and differential diagnosis of asthma
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*Atopic dermatitis, allergic bronchopulmonary aspergillosis, bronchiectasis.

Abbreviation: COPD, chronic obstructive pulmonary disease.

to be explored in primary care settings, given that patients 
with asthma may have comorbidities. 

In addition to pharmacologic improvements, asthma 
medication delivery systems (ie, nebulizers, metered dose 
inhalers, dry powder inhalers, and the slow-mist inhaler  
Respimat) have evolved.31,67 Regular patient education 
regarding how to properly take their medications is invalu-
able36,68 but can be challenging because of variable activa-
tion and inhalation steps, and coordination of activation and 
inhalation.69 The latter impediment is averted with nebulizers 
and the Respimat inhaler.69 

Assessment of asthma control  
and potential reasons for lack of control
Despite available treatments, a significant subset of patients 
with asthma remain uncontrolled. Reasons for poor asthma 
control include physician-related barriers such as failure to 
adopt guidelines, communication barriers, time constraints, 
and poor adoption of asthma action plans.70 Patient-related 
barriers include poor adherence to prescription instructions, 
inconsistent asthma perceptions, the cost of treatment, lack 
of access to medications,1,71 and psychological factors that 
negatively impact adherence (eg, adoption or rejection of the 

 FIGURE 3  Asthma management algorithm for primary care

Abbreviations: ICS, inhaled corticosteroids; LABA, long-acting β2-agonist; LTRA, leukotriene receptor antagonist; PEF, peak expiratory flow; SABA, short-acting β2-agonist.
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sick role, faulty symptom attribution, depression, and low 
self-esteem).72 

Improper inhaler technique and not using a spacer are 
also common causes of treatment failure.73 Poor symptom 
perception may result in significant overuse of reliever med-
ications, irrespective of lung function, whereas underper-
ception potentially delays treatment.74 Adherence, inhaler 
techniques, and trigger avoidance should be monitored at 
every patient visit.1 Here, as well, is where the asthma ques-
tionnaires provide important information to guide manage-
ment decisions.1

Role of PCPs in teaching patients self-management
Given the chronic and heterogeneous nature of asthma, 
patients (and caregivers, when appropriate) should be 
educated about and possess the skills and tools needed 
for effective self-management.1 As part of a coordinated 
care plan, asthma education is most successful when 
patients/caregivers and their PCPs, together, discuss who 
can educate them on important topics such as medica-
tion and device use, medication adherence, medication 
costs, disease, and trigger recognition.1,31,75 A collaborative 
patient-centric approach, in which patients are encour-
aged to participate in shared decision making about 
treatment, is important to the education process.1 Since 
patients with comorbid conditions are often distressed in 
terms of understanding their conditions, attending differ-
ent appointments, and managing complex drug regimens, 
understanding what is most important to them is necessary 
for shared decision making.76 

CONCLUSIONS
Asthma is a heterogeneous, dynamic disease, and its incident 
factors, pathogenesis, prognosis, treatment strategies, and 
corresponding responses remain inadequately understood. 
Patient-specific characteristics such as demographic, physi-
ologic, and biologic markers help identify asthma pheno-
types, which can be leveraged toward endotypic categoriza-
tion, with the ultimate goals of identifying culprit pathways 
and preventative strategies, and improving specific therapies 
targeted toward an individual patient’s disease. Optimal 
care involves a multidisciplinary approach, including PCPs, 
respiratory therapists, patient advocates, and pharmacists, 
who can play fundamental roles in reducing asthma exacer-
bations and persistent uncontrolled asthma at a time when 
advancements in disease knowledge and selection of effec-
tive medications have provided an opportunity for significant 
improvements. Partnering with asthma specialists provides 
an additional resource to ensure optimum asthma manage-
ment and achieving the highest QoL.  l

REFERENCES
 1.  Global Initiative for Asthma (GINA). Global strategy for asthma management and pre-

vention, 2018. http://ginasthma.org/2018-gina-report-global-strategy-for-asthma- 
management-and-prevention/. Accessed March 19, 2018.

 2.  Gauthier M, Ray A, Wenzel SE. Evolving concepts of asthma. Am J Respir Crit Care 
Med. 2015;192(6):660-668.

 3.   Murdoch JR, Lloyd CM. Chronic inflammation and asthma. Mutat Res. 2010;690(1-
2):24-39.

 4.  Haughney J, Price D, Kaplan A, et al. Achieving asthma control in practice: under-
standing the reasons for poor control. Respir Med. 2008;102(12):1681-1693.

 5.  Global, regional, and national incidence, prevalence, and years lived with disability 
for 310 diseases and injuries, 1990-2015: a systematic analysis for the Global Burden 
of Disease Study 2015. Lancet. 2016;388(10053):1545-1602. 

 6.  Centers for Disease Control and Prevention. Most recent asthma data. Updated 
May 2018. https://www.cdc.gov/asthma/most_recent_data.htm. Accessed July 3,  
2018.

 7.  Nurmagambetov T, Kuwahara R, Garbe P. The economic burden of asthma in the 
United States, 2008-2013. Ann Am Thorac Soc. 2018;15(3):348-356.

 8.  Ober C, Yao TC. The genetics of asthma and allergic disease: a 21st century perspec-
tive. Immunol Rev. 2011;242(1):10-30.

 9.  Durrant DM, Metzger DW. Emerging roles of T helper subsets in the pathogenesis of 
asthma. Immunol Invest. 2010;39(4-5):526-549.

 10.  Li X, Hawkins GA, Moore WC, et al. Expression of asthma susceptibility genes 
in bronchial epithelial cells and bronchial alveolar lavage in the Severe Asthma  
Research Program (SARP) cohort. J Asthma. 2016;53(8):775-782.

 11.  Gautier C, Charpin D. Environmental triggers and avoidance in the management of 
asthma. J Asthma Allergy. 2017;10:47-56.

 12.  Kusel MM, de Klerk NH, Kebadze T, et al. Early-life respiratory viral infections, atopic 
sensitization, and risk of subsequent development of persistent asthma. J Allergy Clin 
Immunol. 2007;119(5):1105-1110.

 13.  Khetsuriani N, Kazerouni NN, Erdman DD, et al. Prevalence of viral respiratory tract 
infections in children with asthma. J Allergy Clin Immunol. 2007;119(2):314-321.

 14.  Wang Z, May SM, Charoenlap S, et al. Effects of secondhand smoke exposure on 
asthma morbidity and health care utilization in children: a systematic review and 
meta-analysis. Ann Allergy Asthma Immunol. 2015;115(5):396-401.e2.

 15.  Piipari R, Jaakkola JJ, Jaakkola N, et al. Smoking and asthma in adults. Eur Respir J. 
2004;24(5):734-739.

 16.  Vonk JM, Scholtens S, Postma DS, et al. Adult onset asthma and interaction be-
tween genes and active tobacco smoking: the GABRIEL consortium. PLoS One. 
2017;12(3):e0172716.

 17.  Anderson GP. Endotyping asthma: new insights into key pathogenic mechanisms in 
a complex, heterogeneous disease. Lancet. 2008;372(9643):1107-1119.

 18.  Wenzel SE. Asthma phenotypes: the evolution from clinical to molecular approach-
es. Nat Med. 2012;18(5):716-725.

 19.  Haldar P, Pavord ID, Shaw DE, et al. Cluster analysis and clinical asthma phenotypes. 
Am J Respir Crit Care Med. 2008;178(3):218-224.

 20.  Moore WC, Meyers DA, Wenzel SE, et al. Identification of asthma phenotypes using 
cluster analysis in the Severe Asthma Research Program. Am J Respir Crit Care Med. 
2010;181(4):315-323.

 21.  Corren J. Asthma phenotypes and endotypes: an evolving paradigm for classifica-
tion. Discov Med. 2013;15(83):243-249.

 22.  Gelfand EW, Alam R. The other side of asthma: steroid-refractory disease in the 
absence of TH2-mediated inflammation. J Allergy Clin Immunol. 2015;135(5): 
1196-1198.

 23.  Trevor JL, Deshane JS. Refractory asthma: mechanisms, targets, and therapy. Allergy. 
2014;69(7):817-827.

 24.  Berry A, Busse WW. Biomarkers in asthmatic patients: has their time come to direct 
treatment? J Allergy Clin Immunol. 2016;137(5):1317-1324.

 25.  Kaicker J, Dang W, D’Urzo A. The challenge of objective confirmation of asthma diag-
nosis in primary care. NPJ Prim Care Respir Med. 2014;24:14032.

 26.  Wechsler ME. Managing asthma in primary care: putting new guideline recommen-
dations into context. Mayo Clin Proc. 2009;84(8):707-717.

 27.  Yawn BP, Wechsler ME. Severe asthma and the primary care provider: identify-
ing patients and coordinating multidisciplinary care. Am J Med. 2017;130(12): 
1479.

 28.  Cloutier MM, Schatz M, Castro M, et al. Asthma outcomes: composite scores of asth-
ma control. J Allergy Clin Immunol. 2012;129(suppl 3):S24-S33.

 29.  Schatz M, Zeiger RS, Yang SJ, et al. Change in asthma control over time: predictors 
and outcomes. J Allergy Clin Immunol Pract. 2014;2(1):59-64.

 30.  Nguyen JM, Holbrook JT, Wei CY, et al. Validation and psychometric properties 
of the Asthma Control Questionnaire among children. J Allergy Clin Immunol. 
2014;133(1):91-97.e1-6.

 31.  Expert Panel Report 3 (EPR-3): guidelines for the diagnosis and management 
of asthma-summary report 2007. J Allergy Clin Immunol. 2007;120(suppl 5): 
S94-S138.

 32.  Derom E, van Weel C, Liistro G, et al. Primary care spirometry. Eur Respir J. 
2008;31(1):197-203.



S11OCTOBER 2018

[ASTHMA MANAGEMENT LANDSCAPE]

 33.  McCormack MC, Enright PL. Making the diagnosis of asthma. Respir Care. 
2008;53(5):583-590; discussion 90-92.

 34.  Coates AL, Tamari IE, Graham BL. Role of spirometry in primary care. Can Fam Phy-
sician. 2014;60(12):1069-1070, 1075-1077.

 35.  Bender BG, Dingae MB, Fending D, et al. Respiratory care training for safety-net pri-
mary care practices. Fam Med. 2015;47(7):554-557.

 36.  Bender BG, Dickinson P, Rankin A, et al. The Colorado Asthma Toolkit Program: a 
practice coaching intervention from the High Plains Research Network. J Am Board 
Fam Med. 2011;24(3):240-248.

 37.   Anderson SD. Bronchial challenge tests: usefulness, availability and limitations. S.D. 
Anderson. Breathe. 2011;8:53-60.

 38.  Ortega H, Katz L, Gunsoy N, et al. Blood eosinophil counts predict treatment response 
in patients with severe eosinophilic asthma. J Allergy Clin Immunol. 2015;136(3): 
825-826.

 39.  Dweik RA, Boggs PB, Erzurum SC, et al. An official ATS clinical practice guideline: 
interpretation of exhaled nitric oxide levels (FENO) for clinical applications. Am J 
Respir Crit Care Med. 2011;184(5):602-615.

 40.  Smith AD, Cowan JO, Filsell S, et al. Diagnosing asthma: comparisons between ex-
haled nitric oxide measurements and conventional tests. Am J Respir Crit Care Med. 
2004;169(4):473-478.

 41.  Scott M, Raza A, Karmaus W, et al. Influence of atopy and asthma on exhaled nitric 
oxide in an unselected birth cohort study. Thorax. 2010;65(3):258-262.

 42.  Anderson WJ, Short PM, Williamson PA, et al. Inhaled corticosteroid dose response 
using domiciliary exhaled nitric oxide in persistent asthma: the FENOtype trial. 
Chest. 2012;142(6):1553-1561.

 43.  Cowan DC, Taylor DR, Peterson LE, et al. Biomarker-based asthma phenotypes of 
corticosteroid response. J Allergy Clin Immunol. 2015;135(4):877-883.e1.

 44.  Boulet LP, Boulay ME. Asthma-related comorbidities. Expert Rev Respir Med. 
2011;5(3):377-393.

 45.  Kankaanranta H, Kauppi P, Tuomisto LE, et al. Emerging comorbidities in adult 
asthma: risks, clinical associations, and mechanisms. Mediators Inflamm. 
2016;2016:3690628.

 46.  Kim SH, Sutherland ER, Gelfand EW. Is there a link between obesity and asthma? 
Allergy Asthma Immunol Res. 2014;6(3):189-195.

 47.  Mosen DM, Schatz M, Magid DJ, et al. The relationship between obesity and asthma 
severity and control in adults. J Allergy Clin Immunol. 2008;122(3):507-511.e6.

 48.  Beuther DA, Sutherland ER. Overweight, obesity, and incident asthma: a meta-anal-
ysis of prospective epidemiologic studies. Am J Respir Crit Care Med. 2007;175(7): 
661-666.

 49.  Chapman KR, Hinds D, Piazza P, et al. Physician perspectives on the burden and 
management of asthma in six countries: the Global Asthma Physician Survey 
(GAPS). BMC Pulm Med. 2017;17(1):153.

 50.  Lougheed MD, Leniere C, Ducharme FM, et al. Canadian Thoracic Society 2012 
guideline update: diagnosis and management of asthma in preschoolers, children 
and adults: executive summary. Can Respir J. 2012;19(6):e81-e88.

 51.  BTS/SIGN guideline on the management of asthma. 2016. https://www.brit-thoracic.
org.uk/document-library/clinical-information/asthma/btssign-asthma-guideline-2016/. 
Accessed November 2, 2017.

 52.  Diamant Z, Boot JD, Virchow JC. Summing up 100 years of asthma. Respir Med. 
2007;101(3):378-388.

 53.  Berger WE. New approaches to managing asthma: a US perspective. Ther Clin Risk 
Manag. 2008;4(2):363-379.

 54.  Center for Drug Evaluation and Research FDA; 2015. https://www.accessdata.fda.gov/
drugsatfda_docs/nda/2015/207070orig1s000approv.pdf. Accessed January 8, 2018.

 55.  Xolair (omalizumab). Highlights of prescribing information. https://www.gene.com/
download/pdf/xolair_prescribing.pdf. Accessed October 12, 2017.

 56.  Cinqair (reslizumab). Highlights of prescribing information. https://www.accessdata.
fda.gov/drugsatfda_docs/label/2016/761033lbl.pdf. Accessed October 12, 2017.

 57.  Nucala (mepolizumab). Highlights of prescribing information. https://www.gsksource.
com/pharma/content/dam/GlaxoSmithKline/US/en/Prescribing_Information/
Nucala/pdf/NUCALA-PI-PIL.PDF. Accessed October 12, 2017.

 58.  Marcus Z, Park NS. Primary care asthma management: inhaled corticosteroids and 
other clinical pearls. Pediatr Ann. 2017;46(2):e34-e39.

 59.  Ye Q, He XO, D’Urzo. A review on the safety and efficacy of inhaled corticosteroids in 
the management of asthma. Pulm Ther. 2017;3:1.

 60.   Ducharme FM, Hicks GC. Anti-leukotriene agents compared to inhaled corticoste-
roids in the management of recurrent and/or chronic asthma in adults and children. 
Cochrane Database Syst Rev. 2002;3:CD002314.

 61.  Nelson HS, Weiss ST, Bleecker ER, et al. The Salmeterol Multicenter Asthma Research 
Trial: a comparison of usual pharmacotherapy for asthma or usual pharmacothera-
py plus salmeterol. Chest. 2006;129(1):15-26.

 62.  Winter JD, Reetz MR, Kerns JW, et al. Changes in asthma maintenance therapy pre-
scribing patterns following the 2006 long-acting beta-agonist FDA drug warning. 
Clin Ther. 2017;39(4):697-701.

 63.  DiSantostefano RL, Yeakey AM, Raphiou I, et al. An evaluation of asthma medication 
utilization for risk evaluation and mitigation strategies (REMS) in the United States: 
2005-2011. J Asthma. 2013;50(7):776-782.

 64.  FDA drug safety communication: FDA review finds no significant increase in risk 
of serious asthma outcomes with long-acting beta agonists (LABAs) used in com-
bination with inhaled corticosteroids (ICS). FDA; 2017. https://www.fda.gov/drugs/
DrugSafety/ucm589587.htm. Accessed January 3, 2018.

 65.  Agusti A, Bel E, Thomas M, et al. Treatable traits: toward precision medicine of 
chronic airway diseases. Eur Respir J. 2016;47(2):410-419.

 66.  Fingleton J, Hardy J, Beasley R. Treatable traits of chronic airways disease. Curr Opin 
Pulm Med. 2018;24(1):24-31.

 67.  Wagener AH, de Nijs SB, Lutter R, et al. External validation of blood eosinophils, 
FE(NO) and serum periostin as surrogates for sputum eosinophils in asthma. Tho-
rax. 2015;70(2):115-120.

 68.  Klijn SL, Hiligsmann M, Evers S, et al. Effectiveness and success factors of education-
al inhaler technique interventions in asthma & COPD patients: a systematic review. 
NPJ Prim Care Respir Med. 2017;27(1):24.

 69.  Ibrahim M, Verma R, Garcia-Contreras L. Inhalation drug delivery devices: technol-
ogy update. Med Devices (Auckl). 2015;8:131-139.

 70.  Miles C, Arden-Close E, Thomas M, et al. Barriers and facilitators of effective self-
management in asthma: systematic review and thematic synthesis of patient and 
healthcare professional views. NPJ Prim Care Respir Med. 2017;27(1):57.

 71.  Shaw D, Siriwardena AN. Identifying barriers and facilitators to ambulance service 
assessment and treatment of acute asthma: a focus group study. BMC Emerg Med. 
2014;14:18.

 72.  Van Lieshout RJ, Macqueen G. Psychological factors in asthma. Allergy Asthma Clin 
Immunol. 2008;4(1):12-28.

 73.  Price D, Bosnic-Anticevich S, Briggs A, et al. Inhaler competence in asthma: com-
mon errors, barriers to use and recommended solutions. Respir Med. 2013;107 
(1):37-46.

 74.  Janssens T, Verleden G, De Peuter S, et al. Inaccurate perception of asthma symp-
toms: a cognitive-affective framework and implications for asthma treatment. Clin 
Psychol Rev. 2009;29(4):317-327.

 75.  Minai BA, Martin JE, Cohn RC. Results of a physician and respiratory therapist col-
laborative effort to improve long-term metered-dose inhaler technique in a pediatric 
asthma clinic. Respir Care. 2004;49(6):600-605.

 76.  Wallace E, Salisbury C, Guthrie B, et al. Managing patients with multimorbidity in 
primary care. BMJ. 2015;350:h176.



OCTOBER 2018 

An Update on Treatment Options  
for Children and Adults With Asthma
Alan G. Kaplan, MD, CCFP(EM), FCFP; Mark L. Vandewalker, MD, FACAAI

Alan G. Kaplan, MD, CCFP(EM), FCFP, University of Toronto, 
Toronto, Ontario, Canada 

Mark L. Vandewalker, MD, FACAAI, Clinical Research of the 
Ozarks, Columbia, MO

DISCLOSURES 
Dr. Kaplan discloses that he is on the speaker and advisory boards 
of Boehringer Ingelheim, AstraZeneca, Novartis, Purdue Pharma, 
Sanofi Genzyme, and Teva; is a speaker for Grifols and Merck 
Frosst; helped to create a smoking cessation website for Johnson 
& Johnson; and is on advisory boards of GlaxoSmithKline, Mylan, 
Paladin Labs, and Novo Nordisk. All disclosures are outside the 
submitted work. 

Dr. Vandewalker reports grants and personal fees from  
Boehringer Ingelheim, which are outside the submitted work.

ACKNOWLEDGMENTS
The authors meet the criteria for authorship as recommended 
by the International Committee of Medical Journal Editors 
(ICMJE). The authors received no direct compensation related to 
the development of the manuscript. The authors thank Ronina 
Covar, MD, for providing valuable inputs and critically revising the 
manuscript. Writing, editorial support, and formatting assistance 
was provided by Vidula Bhole, MD, MHSc, and Maribeth Bogush, 
MCI, PhD, of Cactus Communications, which was contracted 
and compensated by Boehringer Ingelheim Pharmaceuticals, Inc. 
(BIPI) for these services. BIPI was given the opportunity to review 
the manuscript for medical and scientific accuracy, as well as 
intellectual property considerations.

INTRODUCTION 
Asthma is a chronic heterogeneous disease with varied etiol-
ogy, presentation, and progression.1,2 It may be intermittent 
or persistent in nature, develop during childhood or adult-
hood, range in symptom severity from mild (intermittent) to 
severe refractory, and be triggered by numerous environmen-
tal factors.1,3 The course of asthma varies depending on age or 
time of onset. While some children may outgrow the disease, 
others continue to have intermittent or persistent asthma 
throughout adulthood.4 Furthermore, asthma may be associ-
ated with various comorbidities, which may vary by age and 
confound presentation, diagnosis, and management.5 These 
factors should be considered and revisited when diagnosing 
asthma and formulating management plans.

DIAGNOSIS OF ASTHMA ACROSS AGE GROUPS
In general, a presumptive diagnosis of asthma can be made 

based on patient history, risk factors, and clinical exami-
nation. Features suggestive of asthma include presence of  
≥1 prototypical symptom (wheeze, shortness of breath, 
cough, or chest tightness) and symptoms that worsen at 
night or early morning, vary over time and in intensity, and 
are triggered by viral infections (colds), exercise, allergen 
exposure, weather changes, laughter, or irritants (eg, car 
exhaust fumes, smoke, or strong smells).1 In clinical prac-
tice, patients often receive “as-needed” treatment based 
on a presumptive diagnosis, without undergoing a thor-
ough investigation or receiving a formal asthma diagnosis. 
Asthma diagnosis should, however, be confirmed using 
objective assessments such as spirometry, which reveals 
variable airway obstruction that is at least partially revers-
ible.1,6 Positive bronchodilator reversibility test is defined as 
increase in forced expiratory volume in 1 second (FEV

1
) of 

>12% and >200 mL from baseline in adults, and increase in 
FEV

1
 of >12% predicted in children.1

Further, identification of asthma phenotype (patients 
with similar clinically observable and physiological char-
acteristics are grouped [eg, allergic vs nonallergic asthma, 
atopic vs non-atopic asthma]) and endotype (links specific 
pathophysiological mechanisms or pathways to a disease 
subtype [eg, interleukin (IL)-5- or IL-17-mediated asthma]) 
helps inform treatment choices (please refer to accompany-
ing supplement article Confronting the Challenges of Severe 
Asthma for further details). Blood eosinophil count, serum 
total or specific immunoglobulin E (IgE) level, and fractional 
exhaled nitric oxide  (FeNO) level are phenotypic biomark-
ers that reflect airway inflammation and/or atopy and may 
be useful predictors of asthma, particularly in young children 
who cannot perform spirometry.7 For FeNO testing, patients 
blow into a hand-held device. FeNO levels correlate with 
bronchial hyper-responsiveness, blood eosinophil count, 
and serum IgE levels.8 Further, because of diagnostic chal-
lenges in children, impulse oscillometry, where sound waves 
are used to detect airway changes9; electromagnetic induc-
tance plethysmography, where patients wear a volume- 
sensing vest to measure chest and abdominal volume 
changes10; computed tomography scan11; and magnetic reso-
nance imaging11 are being evaluated for phenotyping.
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Unfortunately, diagnostic challenges are as varied as 
the disease. Physician barriers may include reluctance to 
confirm asthma diagnosis and lack of access to assessments 
(eg, spirometry and bronchial challenge, allergy, FeNO, and 
sputum eosinophil tests). Patient challenges may be specific 
to an age group or span multiple age groups (FIGURE 1A). 
Preschoolers with viral infections often wheeze12—the most 
common presentation of asthma early in life. However, acute 
wheezing may occur for various reasons, and not all pre-
schoolers with acute wheezing have or develop asthma.13,14 
Approximately 30% of preschoolers with recurrent wheez-
ing have asthma at age 6.14,15 Three wheezing  phenotypes 
in preschoolers are  transient infant wheezers (few wheez-
ing episodes during the first 2-3 years of life, and no wheez-
ing after age 3), nonatopic wheezers (continued wheezing 
after age 3 during lower respiratory infection episodes), 
and atopic wheezers (wheezing starts by age 6, and most 
develop atopic asthma).14 Atopy genetically predisposes 
children to develop an IgE-mediated response to common 
allergens.16 Sensitization against common aeroallergens 
occurs by age 6, and wheezing prevalence steadily increases 
from infancy to adolescence.9 Notably, children aged  
<5 years are often unable to perform reproducible spirom-
etry1; therefore, diagnosis in very young children is often 
based on symptoms, clinical examination, and presence of 
risk factors such as atopy and family history.13 

Primary care providers (PCPs) are often asked how the 
disease will progress, or which children will “develop true 
asthma” versus “outgrow asthma.” The asthma predictive index 
(API; https://www.mdcalc.com/asthma-predictive-index-api) 
is a tool that uses simple, clinically based parameters to predict 
the likelihood that young children with recurrent wheezing will 
develop persistent asthma later in school age.17 The interplay 
between genetic and environmental factors may affect per-
sistence or relapse of childhood asthma in adulthood.18  

Adults may develop asthma late in life as occupational or 
obesity-related asthma or as part of asthma-chronic obstruc-
tive pulmonary disease (COPD) overlap (ACO). Diagnosis is 
challenging because new-onset asthma is often not consid-
ered in the differential diagnosis of adults with respiratory 
symptoms (FIGURE 1A). Further, diagnosis may be delayed 
because the presentation may mimic other diseases (eg, 
chronic obstructive bronchitis, bronchiectasis, congestive 
heart failure, upper airway obstruction, lung cancer with 
endobronchial lesion, and vocal cord dysfunction).3 

Occupational asthma, which generally is classified as sen-
sitizer-induced asthma or non-sensitizing, irritant-induced 
asthma, is under-recognized in clinical practice.19 Sensitizer-
induced asthma is caused by specific workplace exposures 
(FIGURE 1B), usually to a high-molecular–weight agent that 

induces asthma even at a low exposure level in individuals 
previously sensitized through an immunologic mechanism. 
In contrast, irritant-induced occupational asthma results from 
exposure to airway irritants and lacks sensitization. Although 
the prevalence is relatively low (≤10%), even with exposure to 
most known sensitizers, the socioeconomic impact on those 
affected during their productive years is substantial. Common 
barriers to diagnosis of occupational asthma include inad-
equate disease knowledge among workers and fear of losing 
their jobs, the latent period between first exposure and devel-
opment of symptomatic asthma, and limited occupational 
history-taking and low index of suspicion by PCPs.19,20 Refer-
ral to specialists is warranted when occupational asthma is 
suspected based on true adult-onset asthma with an occupa-
tional history, history of more severe symptoms during work-
days versus holidays, serial spirometry and self-monitoring 
using at-home peak expiratory flow assessment at different 
times relative to work, allergen testing, and specific challenge 
tests. Lists of compensable occupational asthma or occupa-
tion-aggravated asthma, responsible institutions, procedures 
for administration and examination of cases, and allocation of 
disability vary across the United States.21

Late-onset asthma may present in older adults with 
multiple comorbidities, including psychological issues, and 
consequent polypharmacy, which may hinder diagnosis. 
Like very young children, older adults may have difficulties 
performing spirometry.22 Inability to understand instruc-
tions, refusal to perform the test, and physical impairment 
are the most common reasons for nonperformance of spi-
rometry.22 If patients can perform spirometry, bronchodila-
tor reversibility and improvement in lung function after a 
trial of asthma medications such as oral corticosteroid (OCS) 
or inhaled corticosteroid (ICS) should be conducted.23,24 Oth-
erwise, diagnosis may be aided with blood eosinophil, serum 
IgE, FeNO, and bronchial challenge tests. 

ACO should be considered in adults ≥40 years old who 
have symptoms and spirometric values suggestive of both 
COPD and asthma.25 ACO diagnosis is challenging because 
differentiating typical asthma or COPD is problematic in 
the absence of specific biomarkers; therefore, a stepwise 
approach to the diagnosis of ACO is warranted, with referral 
for specialized investigations, if needed.1 

MANAGEMENT OF ASTHMA  
ACROSS AGE GROUPS
As with diagnosis, PCPs, patients, and caregivers face man-
agement challenges, some of which are specific to a par-
ticular age group, while others span multiple age groups  
(FIGURE 1). For example, because proper timing, hand-breath 
coordination, and deep inhalation are required for optimal use 
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 FIGURE 1  Asthma diagnostic and therapeutic challenges, including (A) across the patient’s life cycle, (B) 
with occupational asthma sensitizers, and (C) with definitions of asthma control

Abbreviations: ACT, Asthma Control Test™; ACQ, Asthma Control Questionnaire; AE, adverse effect; ATAQ, Asthma Therapy Assessment Questionnaire; ATS, American Tho-
racic Society; CTS, Canadian Thoracic Society; COPD, chronic obstructive pulmonary disease; ERS, European Respiratory Society; FEV1, forced expiratory volume in 1 second; 
GINA, Global Initiative for Asthma; ICS, inhaled corticosteroid; MW, molecular weight; NIH/NAEPP EPR-3, National Institutes of Health/National Asthma Education and Preven-
tion Program Expert Panel Report 3; OCS, oral corticosteroid; SABA, short-acting β2-agonist.
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of most inhalers, preschoolers and older adults may be unable 
to execute proper inhaler technique. Additionally, factors 
such as comorbidities,26 polypharmacy, complex drug intake 
schedule, drug and food interactions, long-standing uncon-
trolled asthma with worsening lung function and physiol-
ogy, and ACO may complicate management in older adults.27 
Pressurized metered-dose inhalers with spacers and masks 
or nebulizers may be more appropriate for preschoolers, 
breath-actuated or dry powder inhalers may be used by older 
children,1,28 and inhalers that are easier to use and require 
less training should be considered in older adults.27 Slow-mist 
inhalers (SMIs) are newer options that can be used across all 
age groups. SMIs can be used with a valved holding cham-
ber in preschoolers.29,30 Because young children are com-
pletely dependent on parents and caregivers for treatment,31 
and older adults may require caregiver assistance, caregivers 
should be appropriately trained to optimize treatment and 
compliance. Although young adults and adolescents are able 
to use all types of drug delivery systems, suboptimal adher-
ence with nonpharmacologic and pharmacologic treatment 
is a common problem.32 Additionally, comorbidities such as 
atopy, rhinitis, obesity, and dysfunctional breathing (chronic 
or recurrent changes in breathing pattern, causing respiratory 
and nonrespiratory complaints) may be present in children,33 
while gastroesophageal reflux disease, obesity, and dysfunc-
tional breathing may develop in young adults and persist into 
older age. Finally, costs and health coverage, lack of a PCP, 
and perception of asthma as a nonserious disease are some 
common additional barriers to ideal asthma management.

Treatment of asthma
Once asthma is confirmed, detailed discussions with patients 
or caregivers about exacerbations, respiratory medications, 
family history (eg, atopy or asthma), exacerbation triggers, 
relevant comorbidities, and family and social dynamics 
(supervisory role and school support in management) are 
needed to formulate an effective asthma management plan.34 
Long-term goals of asthma management are to achieve good 
symptom control and to minimize future risk of exacerba-
tions, fixed airflow limitation, and treatment side effects.1 
Nonpharmacologic and pharmacologic treatments form 
the cornerstones of long-term treatment and should be a 
part of each patient’s action plan, which should be created, 
explained, and reviewed at each visit.

Nonpharmacologic options 
Patients and caregivers benefit from disease education and 
discussions about prevention of exacerbations, including 
triggers and trigger avoidance; proper inhaler technique; 
the difference between reliever and controller medications, 

and corresponding safety and side effects; the importance 
of adherence and consequences of nonadherence; rec-
ommended lifestyle changes (eg, smoking cessation); and 
asthma control.34 Patients should be referred to a certified 
asthma/respiratory educator, if available.

Pharmacologic options
Current Global Initiative for Asthma (GINA) guidelines 
describe asthma pharmacotherapies as reliever (rescue) or 
controller (maintenance) medications.1 Reliever medica-
tions, which provide immediate relief of bronchospasm, 
open airways, and are used on an “as-needed” basis, include 
short-acting β

2
-agonists (SABAs; inhaled [eg, albuterol] and 

oral), ICS/SABA and ICS/long-acting β
2
-agonist (LABA) 

combinations, short-acting muscarinic antagonists (eg, 
ipratropium), and short-acting theophylline. A SABA/SAMA 
combination may also be potentially used as a reliever. Con-
troller medications, which reduce airway inflammation, 
control symptoms, reduce future risks of exacerbations and 
lung function decline,1 and are used for regular maintenance 
treatment, include ICSs (eg, beclometasone, fluticasone, 
ciclesonide,  mometasone [FIGURE 2]), LABAs (eg, formoterol, 
salmeterol; often as ICS/LABA combination), leukotriene 
receptor antagonists (LTRAs; eg, montelukast), theophylline, 
long-acting muscarinic antagonists (LAMAs; eg, tiotropium), 
and immunomodulators (ie, biologics; anti-IgE [eg, subcuta-
neous omalizumab for severe allergic asthma] and anti–IL-5 
[eg, subcutaneous mepolizumab and benralizumab, intrave-
nous reslizumab for severe eosinophilic asthma] agents). 

As mentioned, ICS/LABA (eg, ICS/formoterol) may be 
recommended as both a controller or reliever therapy.1 In 
a recent systematic review and meta-analysis of data from 
22,748 patients (16 randomized control trials; limited evi-
dence for 4-11 years), single-dose maintenance and reliever 
therapy was associated with reduced exacerbation risk com-
pared with fixed-dose ICS with or without LABA for mainte-
nance and SABA as reliever therapy.35 

Stepwise approach to asthma management
A stepwise approach to asthma management is recom-
mended in most asthma treatment guidelines.1,6,36  Although 
most guidance documents are updated regularly, the National 
Institutes of Health/National Asthma Education and Preven-
tion Program Expert Panel Report 3 (NIH/NAEPP EPR-3) 
guidelines were last published in 2007 and, hence, do not pro-
vide guidance on medications approved in the United States 
since that time. Updated guidelines are expected in 2019.  
GINA 2018, the most up-to-date guidance, contains a treat-
ment algorithm based on symptom severity, level of con-
trol, and patient age (FIGURE 3). However, because the GINA 
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report provides global guidance, it contains a few but signifi-
cant differences from US guidance. Specifically, tiotropium 
(2.5 µg once daily) is approved for patients ≥6 years old37 in 
the United States; however, it is recommended for patients 
≥12 years old (mostly as 5 µg once daily) in the GINA treat-
ment algorithm.1 

Sustained step-up (uncontrolled asthma), short-term 
step-up (during viral infections or seasonal allergen expo-
sure), and day-to-day adjustments (as-needed doses of 
ICS±LABA±SABA, according to symptoms) may be needed 
for optimal asthma control.1,38 For sustained step-up, medi-
cations should be added in a stepwise manner in patients 
with uncontrolled asthma despite 2 to 3 months of controller 
treatment.39 Before stepping up, a detailed review of possible 
reasons for lack of control should be conducted to ensure 
correctness of diagnosis, correct use of inhalers, avoidance of 
triggers, compliance with pharmacologic and nonpharma-
cologic treatments, and treatment of comorbidities. Stepping 
therapy down in patients with well-controlled stable asthma 
should be considered to achieve optimal treatment with min-
imal side effects.

In the absence of up-to-date, clinically relevant US 
guidelines, we will consider the recommendations included 
in GINA 2018. Patients with intermittent asthma are included 
in STEP  1, where as-needed SABAs are recommended as 
reliever medication; low-dose ICS can be considered, espe-
cially when SABA monotherapy is insufficient. However, 
asthma is a chronic disease, and SABAs have limited applica-
tion in managing chronic airway inflammation. This detail is 
relevant because, even in later treatment steps, patients often 
tend to increase SABA use rather than adding a controller 

medication as disease progresses, probably because of a mis-
guided precedent set by the step 1 treatment.40 Other reasons 
such as lack of education and awareness about treatment 
goals, higher cost of controller medications, poor compli-
ance, problems with access to health care, distrust of health-
care providers, or misguided advice from relatives who con-
fuse treatment of COPD with that of asthma may account for 
this behavior. For children with intermittent, viral-induced 
wheeze and no interval symptoms in whom SABAs are insuf-
ficient, as-needed ICS may be considered when the physician 
is confident of adherence.1 Use of ICS/LABA intermittently 
as an alternative treatment option is being evaluated in the 
SYmbicort Given as needed in Mild Asthma (SYGMA) trials, 
wherein the efficacy and safety of as-needed budesonide/
formoterol in patients with mild asthma are being assessed.41 

Low-dose ICS is the preferred controller for patients 
with persistent, mild symptoms (STEP 2) because ICSs not 
only alleviate asthma symptoms but also reduce the risk of 
exacerbations, hospitalizations, and death. The dose can be 
stepped up to medium or high levels, as needed, at subse-
quent treatment steps. 

The preferred step-up treatment for patients with uncon-
trolled asthma despite step 2 treatments is low-dose ICS/
LABA (STEP 3). In children aged 6 to 11 years, increasing the 
ICS dose to medium levels is preferred over ICS/LABA. Alter-
native options in steps 2 and 3 are LTRAs or theophylline with 
low-dose ICS; however, theophylline is contraindicated in 
children <12 years old. Safety concerns associated with ICS/
LABA use are alleviated and ICS/LABA use at step 3 is sup-
ported by results of 4 large, clinical safety trials (three con-
ducted in adolescents/adults42-44 and one in 4-11–year–olds45).  

Adults and adolescents (aged ≥12 years) Children (6-11 years)
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 FIGURE 2   Low, medium, and high daily doses (µg) of inhaled corticosteroids1

From GINA 2018 report1

*Ciclesonide HFA in adults and adolescents.

Abbreviations: DPI, dry powder inhaler; GINA, Global Initiative for Asthma; HFA, hydrofluoroalkane propellant; NA, not applicable.
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 FIGURE 3   Stepwise approach to control symptoms and minimize future risk1

From GINA 2018 report1

Abbreviations: GINA, Global Initiative for Asthma; ICS, inhaled corticosteroid; IgE, immunoglobulin E; IL-5, interleukin-5; LABA, long-acting β2-agonist; LTRA, leukotriene 
receptor antagonist; med, medium; OCS, oral corticosteroid; SABA, short-acting β2-agonist; theoph, theophylline.

*Not for children <12 years.

**For children 6-11 years, the preferred step 3 treatment is medium-dose ICS.
#Low-dose ICS/formoterol is the reliever medication for patients prescribed low-dose budesonide/formoterol or low-dose beclometasone/formoterol maintenance and 
reliever therapy.
†Tiotropium by mist inhaler is an add-on treatment for patients with a history of exacerbations; it is not indicated in children <12 years. Note: tiotropium is indicated for 
patients ≥6 years old in the United States.
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These trials included >40,000 patients and results showed 
that, compared with ICS monotherapy, ICS/LABA did not 
significantly increase risk of serious asthma-related events42-45 
and significantly reduced exacerbation risk.42-44

Medium-dose ICS/LABA combination is the preferred 
step-up treatment at STEP 4. Alternative options are tiotro-
pium (LAMA), LTRAs, or theophylline and high-dose ICS on 
a trial basis. If asthma remains uncontrolled, patients should 
be referred to a specialist, who may consider add-on tiotro-
pium or biologics (STEP 5). 

Per the GINA 2018 report, sublingual immunotherapy 
can be considered for house dust mite–sensitive adults with 
allergic rhinitis who have exacerbations despite ICS and 
have spirometry findings of FEV

1
 >70% predicted. Allergen 

immunotherapy is the only disease-modifying therapy for 
asthma.46 However, it is absolutely contraindicated in poorly 
controlled or uncontrolled asthma, but not contraindicated 
in well-controlled asthma, regardless of severity.47 

Referral to a specialist or severe asthma center (if avail-
able) should be made if confirming diagnosis is difficult, 
occupational asthma is suspected, asthma remains uncon-

trolled or difficult to manage after long-term ICS/LABA treat-
ment, any risk factors for asthma-related deaths are present 
(eg, prior near-fatal asthma attack, anaphylaxis, or confirmed 
food allergy), or evidence or risk of significant treatment side 
effects exists.1 Before referral, PCP evaluations can include 
review of medication adherence, inhaler technique, and 
comorbidities; serial spirometry; chest X-ray; IgE levels; and 
eosinophil counts. 

Assessment of asthma control
Because asthma is a variable disease, regular assessment 
of asthma control after treatment initiation is required, and 
adjustments to the maintenance treatment and asthma 
action plans should be made, as needed. However, the “defi-
nition” of asthma control, although similar in some respects, 
varies across guidelines (FIGURE 1C),1,6,36,48 introducing 
another challenging aspect to asthma management.

CONCLUSIONS
The etiology, presentation, and progression of asthma vary 
across age groups; therefore, age-related factors should be 



S18 OCTOBER 2018  

[TREATMENT OPTIONS]

considered in the diagnosis and management of asthma. 
Nonpharmacologic and pharmacologic approaches form 
cornerstones of long-term asthma management. For phar-
macologic management, controller medications should be 
added in a stepwise manner. Further, stepping down treat-
ment should be attempted in patients with well-controlled, 
stable asthma to achieve optimal treatment with minimal 
side effects. Referral to a specialist or severe asthma center 
is warranted for patients with difficult-to-confirm diagnosis, 
uncontrolled asthma despite long-term treatment, risk fac-
tors for asthma-related deaths, and occupational asthma.  l
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INTRODUCTION
Assessment and management of severe asthma can be chal-
lenging and should be tailored to individual patient charac-
teristics. The estimated global prevalence of severe asthma, 
also referred to as difficult, therapy-resistant, or refractory 
asthma,1 is 5% to 10%.2 Even after ruling out alternative 
diagnoses and ensuring treatment of comorbidities, limit-
ing trigger factors, and verifying compliance, patients with 
severe asthma can still experience poor asthma control, 
exacerbations requiring hospitalization, or treatment esca-
lation despite high-intensity therapy.1 Alternatively, many 
of these patients can maintain adequate control only when 
taking systemic corticosteroids. In 2014, an International 
Task Force supported by the European Respiratory Society 
and American Thoracic Society defined severe asthma in 
patients aged 6 years or older as asthma that required treat-
ment with medications recommended for Global Initiative 
for Asthma (GINA) steps 4 and 5 (high-dose inhaled cortico-
steroids [ICSs] and long-acting β2-agonists [LABAs] or leu-
kotriene receptor antagonists [LTRAs]/theophylline) during 

the previous year, or treatment with systemic corticosteroids 
for at least 50% of the previous year to prevent asthma from 
becoming uncontrolled, or asthma that remains uncon-
trolled despite this therapy.3 In a recent review, a panel of 
experts defined severe asthma as asthma requiring high-
dose ICS plus a LABA and/or additional controller medica-
tion or requiring oral corticosteroids to attain asthma control, 
or asthma that remains uncontrolled despite such therapy 
and despite adequate adherence.4

DIAGNOSIS AND MANAGEMENT  
OF SEVERE ASTHMA
For patients with persistent asthma symptoms and exac-
erbations, distinguishing severe asthma from asthma that 
is uncontrolled because of inconsistent patient behavior or 
other factors is important (FIGURE 1).5,6 Persistent uncon-
trolled asthma is generally synonymous with severe asthma 
after common issues such as alternative diagnoses, incor-
rect inhaler use, poor medication adherence, presence of 
risk factors and/or comorbidities, and exposure to trigger 
factors (eg, sensitizing agents or irritants) have been identi-
fied and addressed. A controversial concern is the possible 
association of uncontrolled asthma with vitamin D defi-
ciency. Evidence for the benefit of vitamin D supplementa-
tion in individuals with severe asthma was not seen in a large 
National Institutes of Health (NIH)-supported trial in adults.7 
Early intervention in young children or pregnant mothers 
may have some protective effects.8,9 Referral to a specialist 
or severe asthma clinic should occur when asthma remains 
uncontrolled even after treatment with ICS/LABA for 3 to  
6 months and sooner than 6 months when asthma is severe 
and difficult to manage.5

Asthma heterogeneity contributes to the complex-
ity of its management. Asthma comprises diverse clinical 
phenotypes classified by cluster analyses, an approach that 
groups individuals with similar clinically observable and 
physiological characteristics.10-12 Some commonly identi-
fied phenotypes include allergic, nonallergic, and late-onset 
asthma; asthma with fixed airflow limitation; and asthma 
associated with obesity.5 Some proposed subtypes include 
aspirin-sensitive asthma, allergic bronchopulmonary myco-
sis, and severe late-onset asthma.13 In contrast to the cluster 
approach, asthma endotypes link specific pathophysiological 
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 FIGURE 1  Algorithm to diagnose severe asthma
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Abbreviations: ICS, inhaled corticosteroid; IgE, immunoglobulin E; IL-5, interleukin-5; LABA, long-acting β2 -agonist. 

Adapted from: Israel E, Reddel HK. Severe and difficult-to-treat asthma in adults. N Engl J Med. 2017;377(10):965-976.
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mechanisms or pathways to a disease subtype.12 For instance, 
interleukin (IL)-5- or IL-17-mediated asthma may be consid-
ered to be specific asthma endotypes. Asthma phenotypes 
may be present in more than one endotype, and endotypes 
may comprise more than one phenotype.12,13 Furthermore, 
different endotypes may be present in the same patient at 
different times in response to different exposures, underscor-
ing the complexity of a disease that is not stable in its origins. 
Despite advances in understanding asthma phenotypes and 
endotypes, these classifications are still evolving.14 

Adding to the complexity, response to specific therapy 
may also be determined by underlying pathophysiologic or 
molecular pathways, asthma triggers, and genetics. Given 
that triggers vary over time, mechanistically, asthma is not 
a stable disease. For example, type 2-low and type 2-high 
endotypes are based on the presence of low or high levels of 
specific cytokines (IL-4, IL-5, and IL-13) that may be derived 
from Th2 cells, ILC2 (innate lymphoid) cells, or other  
type 2 cells. Patients with the type 2-high endotype are more 
responsive to ICSs, with greater improvement in lung func-
tion, than patients with the type 2-low endotype.15 Similarly, 
whereas asthma triggered by allergens is generally respon-
sive to steroids, asthma caused by other triggers (eg, viruses 
or cigarette smoke) is often less responsive.16 Likewise, 
obese patients are generally less responsive to steroids.17 A 
better understanding of phenotypes, endotypes, and under-
lying pathophysiology will enable better individualized 
treatment of severe asthma.

According to GINA recommendations, therapeutic 
options for severe or uncontrolled asthma include optimiza-
tion of ICS/LABA dosage, maintenance low-dose oral corti-
costeroid treatment, and add-on bronchodilator treatment 
with the long-acting muscarinic antagonist (LAMA) tiotro-
pium. Furthermore, patients with specific asthma pheno-
types and endotypes may be treated with an LTRA or biolog-
ics (anti-immunoglobulin E [anti-IgE] or anti-IL-5 agents).5 
When asthma remains uncontrolled despite optimized 
therapeutic regimens, bronchial thermoplasty (BT) may be 
considered.5 The US Food and Drug Administration (FDA) 
approved BT for asthma in 2010,18 tiotropium in 2015,19 and 
several biologics over the last few years (ie, mepolizumab in 
2015,20 reslizumab in 2016,21 and benralizumab in 201722), all 
of which may be included in the next iteration of the National 
Heart, Lung, and Blood Institute/National Asthma Education 
and Prevention Program (NHLBI/NAEPP) guidelines, which 
were last published in 2007.23

Before considering biologics, tests based on physiol-
ogy or biomarkers—including in vitro reactivity to a peren-
nial aeroallergen or skin tests, peripheral blood eosinophil 
counts, exhaled nitric oxide, or reversibility in pulmonary 

function testing (indicating reversible obstruction)—may aid 
in treatment decisions.24 Primary care providers working in 
concert with pulmonary and allergy specialists can provide 
guidance for treatment choices. Given their costs, biologics 
should not be started without specialist input or without opti-
mizing other adjunct therapies.

CLINICAL TRIAL EVIDENCE FOR ADD-ON  
ASTHMA TREATMENT OPTIONS
Pharmacologic therapies
For patients who are poorly controlled despite using ICS/
LABA, add-on therapy should be considered. Newer FDA-
approved pharmacologic (add-on tiotropium and biologics) 
and nonpharmacologic (BT) treatment options for severe, 
uncontrolled asthma have yielded variable benefits in patients. 
The add-on value and safety of tiotropium and biologics were 
demonstrated in various phase 3, randomized controlled tri-
als (RCTs).19 While biologics are approved for use in patients 
with severe persistent allergic (omalizumab)25 or eosinophilic 
(mepolizumab,20 reslizumab,21 and benralizumab22) asthma, 
tiotropium is a bronchodilator that can be used regardless of 
asthma severity or phenotype/endotype.19 The essence of indi-
vidualized or personalized medicine is to understand under-
lying triggers and pathways to better assign treatment options 
to specific patients. Below we review currently approved add-
on therapies, which are illustrated in FIGURE 2.

Tiotropium
Tiotropium bromide acts by blocking muscarinic receptor 
activity on lung smooth muscle cells. Once-daily, 2.5-µg dos-
ing (2 puffs of 1.25 μg) is indicated for the long-term, once-
daily maintenance treatment of asthma in patients aged  
6 years and older in the United States19 and is recommended 
as an add-on treatment option at GINA 2018 steps 4 and 5 
for patients aged at least 12 years with exacerbation his-
tory.5 Evidence from 2 replicate, phase 3 RCTs showed that 
once-daily tiotropium 5 μg for 48 weeks increased time to 
first severe exacerbation, reduced risk of exacerbation, and 
provided modest sustained bronchodilation versus placebo 
in adults (≥18 years) with poorly controlled asthma despite 
ICS/LABA treatment.26 Similarly, in phase 3 RCTs of ado-
lescents (12-17 years) and children (6-11 years) with severe 
symptomatic asthma, add-on tiotropium improved peak 
forced expiratory volume in 1 second within 3 hours after 
dosing (FEV1[0-3h]) and trough forced expiratory volume in  
1 second (FEV1) compared with placebo.27,28 Overall, adverse 
event (AE) incidence was comparable across treatment 
groups, and the most commonly reported AEs included 
nasopharyngitis, headache, bronchitis, and upper respira-
tory tract infection.26
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Omalizumab
Omalizumab, an anti-IgE monoclonal antibody, is recom-
mended for patients at least 6  years of age with allergic 
asthma, as determined by in vitro reactivity to a perennial 
aeroallergen or positive skin test responses, and symp-
toms uncontrolled on GINA step 4 treatment.5,25 IgE levels 
are often elevated in these patients. Evidence from several  
24- to 52-week, phase 3 RCTs support the efficacy and 
safety of subcutaneous omalizumab in patients at least  
6 years of age. In patients aged 12 years and older, omali-
zumab (add-on to ICS or ICS/LABA or ICS/LABA plus 
other controller medications) reduced asthma exacerba-
tion rates, the proportion of patients experiencing an exac-
erbation, ICS dose, requirements for rescue medication, 
and emergency visits, and improved asthma symptoms 
and Asthma Quality of Life Questionnaire (AQLQ) scores 
compared with placebo.29-32 Compared with standard care 
alone, add-on omalizumab reduced asthma exacerbation  

rates and rescue medication use and improved FEV
1
 in 

patients with poorly controlled, moderate-to-severe aller-
gic asthma.33 Similarly, in children aged 6 to 12 years, 
add-on omalizumab reduced clinically significant asthma 
exacerbation rates and ICS dose, and improved Investiga-
tor’s Global Evaluation of Treatment Effectiveness (IGETE) 
scores compared with placebo.34,35 Furthermore, results 
of the ICATA study of inner-city children, adolescents, 
and young adults (age range 6-20 years) with persistent 
allergic asthma showed that omalizumab reduced the 
number of days with asthma symptoms and the propor-
tion of patients with one or more exacerbations versus 
placebo.36 In a Cochrane review involving 6382 adults 
and children, omalizumab was effective to some extent 
in reducing asthma exacerbations and hospitalizations, 
and eliminated ICS use completely in some patients 
recieving ICS compared with placebo.37 In the PROSE 
study of children with allergic asthma, omalizumab 

 FIGURE 2  Mechanism of action of approved pharmacologic and  
nonpharmacologic therapies and biologics in development

Abbreviations: Ab, antibody; CRTH2, receptor homologous molecule expressed on T helper 2 cells; IgE, immunoglobulin E; IL, interleukin; KIT, tyrosine kinase receptor 
KIT; M3, muscarinic receptor 3; SCF, stem cell factor; TSLP, thymic stromal lymphopoietin.
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decreased rhinovirus infection duration by 1.2 days and 
the frequency of rhinovirus illnesses by 36%.38 However, 
these clinical benefits need to be balanced with the need 
for subcutaneous administration every 2 to 4 weeks 
and high drug costs.39 Additionally, improved asthma 
control with omalizumab, as indicated by change from 
baseline in Asthma Control Test total and IGETE scores, 
was not significantly different from placebo in a phase 
4 RCT.40 Further, in a systematic review of 6 long-term  
(≥52 weeks) studies, although omalizumab improved 
quality of life (QoL) and enabled some patients to com-
pletely withdraw ICS, no significant differences were 
detected in asthma exacerbation incidence versus pla-
cebo.41 Overall, AE incidence was similar with omali-
zumab and placebo in adults, adolescents, and children 
across studies.32,40,41 Most commonly reported AEs were 
asthma, upper or lower respiratory tract infection, naso-
pharyngitis, sinusitis, bronchitis, and headache.31,40

Anti-IL-5 therapies
Mepolizumab
Mepolizumab is an anti-IL-5 monoclonal antibody indi-
cated for add-on maintenance treatment of patients at least  
12 years of age with severe eosinophilic asthma uncontrolled 
on GINA step 4 treatment.5 Evidence from 2 large, 32- to 
52-week, phase 3 RCTs supported the efficacy and safety of 
subcutaneous or intravenous mepolizumab in some patients 
aged 12 years or older. In the MENSA study, mepolizumab 
reduced asthma exacerbation risk versus placebo.42 In the 
DREAM study, different mepolizumab doses reduced asthma 
exacerbation rates compared with placebo.43 Moreover, asthma 
control markers such as FEV

1
 and St. George’s Respiratory 

Questionnaire (SGRQ)44 and Asthma Control Questionnaire 
(ACQ)-545 scores improved versus placebo.42 Post hoc analy-
sis of data from these studies showed that with mepolizumab, 
exacerbation rates decreased in patients with increased 
baseline blood eosinophil counts.46 Subcutaneous mepoli-
zumab also improved health-related QoL (HR-QoL), with 
improvements in SGRQ total score versus placebo in another  
phase 3b RCT (MUSCA).47 Across studies, overall AE frequency 
was similar with mepolizumab and placebo.42,43 Headache and 
nasopharyngitis were the most commonly reported AEs.42,43,47

Although the authors of a Cochrane review of 8 studies 
involving 1707 adults and children suggested that mepoli-
zumab treatment could reduce asthma exacerbations, but only 
in some patients, and lead to improved HR-QoL,48 they sug-
gested additional data are needed to optimize treatment. Of 
note, the percentage reduction in exacerbation rates, although 
seemingly significant, may be biologically less important when 
exacerbation rates still hover around 1 per year.

Reslizumab
Reslizumab is another anti-IL-5 monoclonal antibody indi-
cated for add-on maintenance treatment of adults (≥18 
years) with severe eosinophilic asthma uncontrolled on 
GINA step 4 treatment.21 Results of four 16- to 52-week, phase 
3 RCTs support the efficacy and safety of intravenous resli-
zumab in adults.49-52 In patients with baseline eosinophils of 
at least 400 cells/µL, reslizumab improved FEV

1
, forced vital 

capacity (FVC), forced expiratory flow between 25% and  
75% of FVC (FEF

25%-75%
), and AQLQ and ACQ scores, and 

reduced both rescue short-acting beta agonist use and asthma 
exacerbation frequency compared with placebo.49-51 In a 
post hoc analysis, reductions in asthma exacerbations and 
improvements in lung function were greater with reslizumab 
than placebo in patients with late- vs early-onset eosino-
philic asthma.52 In a systematic review and meta-analysis of  
5 studies, reslizumab reduced but did not eliminate asthma 
exacerbations and improved FEV

1
, ACQ scores, and blood 

eosinophil counts versus placebo.53 Overall, reslizumab was 
well tolerated, with similar or fewer AEs than placebo.49,51,52 
Most commonly reported AEs were worsening of asthma, 
headache, nasopharyngitis, upper respiratory tract infection, 
sinusitis, influenza, and headache.50

Benralizumab
Benralizumab, the most recently FDA-approved monoclo-
nal antibody, targets the IL-5 receptor and is indicated for 
add-on maintenance treatment of patients 12 years of age or 
older with severe, uncontrolled eosinophilic asthma (GINA 
step 5).5,22 After the first 3 monthly subcutaneous doses, ben-
ralizumab may be administered every 8 weeks. Results of four 
12- to 56-week phase 3 RCTs showed that subcutaneous ben-
ralizumab reduced annual asthma exacerbation rates, spu-
tum and blood eosinophil counts, ACQ-6 scores, and cortico-
steroid dose, and improved prebronchodilator FEV

1
.54-57 AE 

incidence was similar in benralizumab and placebo groups; 
the most commonly reported AEs were worsening asthma, 
nasopharyngitis, and upper respiratory tract infection.

Although anti-IL-5 therapies are effective in many 
patients with eosinophilic asthma, multiple eosinophil-inde-
pendent asthma mechanisms may contribute to a patient’s 
condition. Further, tissue eosinophilia may be persistent in 
the absence of blood eosinophilia.58 While this persistence 
may be due to inadequate dosing in some cases, a key factor 
determining whether a patient may benefit from any of the 
IL-5-targeted pathways is how best to assess persistent eosin-
ophilia despite corticosteroid use and its importance. Fre-
quently, persistent eosinophilia represents lung and airway 
eosinophilia, which requires specialized techniques (bron-
choscopy or induced sputum) unavailable in some settings.
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Authors of a Cochrane review of 13 studies on mepo-
lizumab, reslizumab, and benralizumab versus placebo in 
6000 adults and children with severe eosinophilic asthma 
and poor control concluded that these drugs can benefit 
some patients by reducing asthma exacerbation rates, but to 
varying degrees.59 Further research is needed to help identify 
the “right” patient for these agents and how to choose among 
these agents.

Biologics in development
Several biologics targeting different biomarkers such as 
anti-IL-4/IL-13 (dupilumab),60,61 IL-17 (brodalumab and 
secukinumab [AIN457]),62 tyrosine kinase KIT (imatinib),63 
thymic stromal lymphopoietin (TSLP; tezepelumab),64 
and CRTH2 (fevipiprant)65 are in development. Efficacy for 
some of these agents was demonstrated in phase 2 and 3 tri-
als.60,61,63 Of note, these therapies may target broader groups 
of patients than anti-IL-5 agents. For example, anti-IL-4/
IL-13 therapy targets eosinophilic asthma and broader type 
2 inflammation. Alternatively, blocking TSLP reduces exac-
erbation rates, seemingly independent of type 2 inflamma-
tory status.64 A significant unmet need is manifest by patients 
with non-type 2 severe asthma, for whom viable treatment 
options are lacking.

Nonpharmacologic therapy
Bronchial thermoplasty
BT may be considered at GINA step 5 for adults whose severe 
asthma remains uncontrolled despite optimized pharmaco-
therapy.5 BT involves delivery of controlled thermal energy 
to airway walls with the help of the Alair Bronchial Thermo-
plasty System. Airway smooth muscle thickness, which could 
lead to chronic airway obstruction, is reduced and airway 
wall nerves, which could affect airway hyperresponsiveness, 
are ablated. Results of three 12- to 52-week RCTs, including 
the AIR2 trial, support BT use in select patients with severe 
asthma.66-68 Patients who underwent BT had improved peak 
expiratory flow, increased symptom-free days, improved 
AQLQ and ACQ scores, and reduced exacerbations, rescue 
medication use, and days lost from work compared with 
controls. However, during treatment, more patients in the 
BT group than the control group had respiratory symptoms 
or worsening of asthma and respiratory tract infection, lead-
ing to recommendations for prophylactic corticosteroid use 
during the periprocedural period. In a follow-up of the AIR2 
trial, reductions in exacerbation rates and emergency room 
visits after BT were maintained through 5 years.69 Authors of 
a Cochrane review of the 3 RCTs concluded that BT improves 
QoL and reduces asthma exacerbation, but may not signifi-
cantly improve asthma control scores, and recommended 

further studies to better understand the role of BT in different 
asthma phenotypes.70

REAL-WORLD EVIDENCE
Real-world studies are being conducted to better under-
stand severe asthma, including its phenotypes, endotypes, 
and associated biomarkers.71,72 A goal of the NIH/NHLBI- 
sponsored Severe Asthma Research Program was to bet-
ter classify asthma types so that treatments specific to each 
subtype could be developed.71 Several clinical severe asthma 
phenotypes in adults and children have been identified72; 
however, many questions remain unanswered, and underly-
ing mechanisms accounting for different phenotypes remain 
undefined. In the ongoing, noninterventional, multicenter 
real-world study in severe asthma (ARIETTA), the utility 
of markers as clinically validated biomarkers over time are 
being assessed.73

Although new options are available for treatment of 
patients with severe asthma, evidence of their effectiveness 
in real-world clinical practice is limited, except for omali-
zumab.74,75  Authors of a meta-analysis of 25 real-world stud-
ies involving 9213 adult and adolescent patients with aller-
gic asthma concluded that add-on omalizumab resulted in 
good-to-excellent responses in a proportion of patients, with 
improvements in FEV

1
 and AQLQ and Asthma Control Test 

scores, and reduced ICS use, exacerbations, and hospitaliza-
tions.76 Although omalizumab is generally considered safe, 
higher incidences of cardiovascular and cerebrovascular 
events were observed in omalizumab- than non–omalizumab-
treated patients aged 12 years and older with moderate-to-
severe allergic asthma in a postmarketing observational cohort 
study.77 Finally, in a prospective, open-label, observational 
postmarketing study of bronchial thermoplasty, the propor-
tion of patients with severe exacerbations, emergency depart-
ment visits, and hospitalizations significantly decreased, cor-
roborating results from the AIR2 trial.78

Given the complexity of asthma diagnosis and treat-
ment, more real-world studies are needed to understand the 
effect of approved therapies and how responses to an ever-
changing environment can be best managed.

CONCLUSIONS AND RECOMMENDATIONS
Ensuring proper diagnosis of severe asthma, considering 
phenotypes and endotypes, and understanding advantages 
and disadvantages of available therapies are essential before 
an asthma treatment plan can be developed. While some 
newer asthma therapies are included in the GINA 2018 report, 
recommendations are not phenotype or endotype specific. A 
goal of future guideline development will be to individualize 
treatment recommendations based on patient phenotype or 
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endotype. Studies to better understand severe asthma and 
new therapies based on biomarkers are underway. For many 
patients with severe asthma, current guidelines are simply 
introductory and do not address the need for expertise, con-
sultation, or diagnostic interventions. Careful scrutiny of pub-
lished trials is required to assess true cost–benefit outcomes. 
Furthermore, the pace of new tools and therapeutics pre-
cludes guidelines from being up to date. Therefore, diagnosis 
and management of severe asthma remains a challenge, and 
collaboration between primary care providers and specialists 
is required to maximize improved patient outcomes.  l
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INTRODUCTION    
Chronic obstructive pulmonary disease (COPD) is the third 
leading cause of death in the United States1 and is predicted to 
rise from the fifth to the third leading cause of death worldwide 
by 2030.2 In the United States, COPD is more common among 
women than men.3 COPD is multifactorial in development and 
presentation. Etiologic causes include genetic and environmen-
tal factors (eg, occupational and environmental exposures),  

aging, and infections. Although cigarette smoking is a major 
risk factor for COPD, more than 20% of COPD patients are 
non-smokers.3-5 Clinically, COPD is associated with substan-
tial systemic morbidities6 that impact disease severity and 
treatment outcomes. Primary care providers (PCPs) usually 
are the first medical contact for patients with symptoms of 
COPD and, therefore, play a vital role in diagnosis and care. 
Despite readily identifiable risk factors and national and inter-
national diagnosis and treatment guidelines,6-8 COPD remains 
underdiagnosed and suboptimally managed,9-15 contributing 
to its socioeconomic burden. In fact, COPD was undiagnosed 
in 81.4% of cases in a large-scale, international study16 and in 
more than 70% of cases in a US-based study.13 In this review, 
we discuss the role of PCPs in the diagnosis, assessment, mon-
itoring, and management of patients with COPD.

STEP 1: DIAGNOSIS OF COPD
Classic symptoms of COPD include dyspnea, cough, and 
sputum production as a result of airflow limitation second-
ary to airway narrowing and/or alveolar destruction. Smok-
ing and exposure to occupational or environmental pollut-
ants in individuals aged ≥40 years with respiratory symptoms 
should alert physicians to consider a COPD evaluation.6,17 In 
some patients with underlying COPD, symptoms could be 
subtle (eg, activity limitation or generalized fatigue triggered 
by exertion). Therefore, clinical assessment should include 
detailed questioning about onset and pattern of respiratory 
symptoms, activity, smoking status, family history of COPD, 
and history of exacerbations.4 

According to the Global Initiative for Chronic Obstruc-
tive Lung Disease (GOLD) 2018 report and other guidelines,6-8 

COPD diagnosis must be confirmed with spirometry assess-
ment. Indeed, spirometry should be performed in all patients 
with suspected COPD (FIGURE: STEP 1). Spirometry, a simple, 
noninvasive test that can be ordered as an outpatient procedure 
when unavailable in primary care offices, can confirm COPD 
and indicate the severity of airflow limitation.6 Use of spirom-
etry in primary care settings facilitates early and accurate diag-
nosis of COPD18,19 by measuring forced expiratory volume in  
1 second (FEV1)—the amount of air (in liters) forcibly exhaled 
in the first second after full inspiration—and forced vital capac-
ity (FVC)—the total amount of air (in liters) exhaled during 

S27OCTOBER 2018 

:
Visit www.mdedge.com/
jfponline/COPD_Asthma_
Update to listen to a podcast 
associated with this article.

https://www.mdedge.com/jfponline/article/176842/copd-and-asthma-supplement


S28 OCTOBER 2018  

[COPD IN PRIMARY CARE]

 FIGURE  Composite plan for diagnosis, assessment, and treatment of patients with COPD

Abbreviations: CAT, COPD assessment test; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; 
GOLD, Global Initiative for Chronic Obstructive Lung Disease; ICS, inhaled corticosteroid; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist;  
mMRC, modified Medical Research Council.

Reproduced with permission from Global Strategy for the diagnosis, management, and prevention of chronic obstructive pulmonary disease 2018 report.

STEP 1 STEP 2 STEP 3

a forced expiratory maneuver. A post-bronchodilator  
FEV1/FVC ratio <0.7 or the lower limit of normal indicates 
airflow obstruction.6 

Several patient and PCP factors lead to delayed COPD 
diagnosis; underuse of spirometry is one of the largest con-
tributors to underdiagnosis.20-22 Reasons for underuse 

Consider roflumilast if 
FEV1 <50% predicted and 

patient has chronic bronchitis
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include skepticism about the utility of spirometry in diag-
nosing COPD or its impact on outcomes,23 difficulty in inter-
preting spirometry findings,20 and lack of time, resources, or 
training.24 Other potential causes of underdiagnosis include 
COPD in nonsmokers, general lack of COPD awareness, or 
lack of COPD guideline use. In a US-based survey, only 54% 
of participating PCPs were aware of any professional COPD 
guideline.25 

COPD diagnosis can be challenging because clinical 
presentation can vary, including a range of airway obstruc-
tion severity and large spectrum of extra-pulmonary 
symptoms. “Frequent exacerbators”—patients who have  
≥2 exacerbations per year separated by ≥4 weeks after the end 
of treatment for the previous exacerbation—are at high risk 
of morbidity and mortality, and exhibit accelerated decline 
in lung function, physical activity, and quality of life (QoL).26 
Therefore, distinguishing frequent exacerbators from infre-
quent or non-exacerbators is necessary to initiate appropri-
ate therapeutic interventions.6

STEP 2: ASSESSMENT OF AIRFLOW LIMITATION
After COPD diagnosis is confirmed, assess severity of air-
flow limitation with spirometry to determine FEV

1
 percent-

age of predicted normal, which can be used to categorize 
patients as GOLD spirometric stage 1, 2, 3, or 46 (FIGURE: 

STEP 2). Spirometry assessment is crucial for diagnosing 
COPD and can be helpful for determining the need for 
invasive interventions. However, spirometry values are 
not part of the classification scheme that defines treat-
ment decisions because of the limited correlation between 
spirometry classification and functional ability, QoL, and 
future exacerbation risk. Treatment decisions are based on 
symptoms and exacerbation history.6

STEP 3: ASSESSMENT OF COPD BURDEN:  
SYMPTOMS AND EXACERBATIONS
Recording a thorough history of patient’s symptoms, func-
tional abilities and limitations, and past exacerbation epi-
sodes is important. Patient-administered, disease-specific, 
validated health status questionnaires can be used to assess 
symptoms. The most commonly used questionnaires are 
the COPD Assessment Test6 (CAT; an 8-item questionnaire 
assessing the impact of cough, sputum, dyspnea, and chest 
tightness on health status) and the COPD Control Question-
naire6 (CCQ; a 10-item, 3-domain questionnaire assessing 
symptoms, functional state, and mental state). In GOLD 
2018, the CAT and the modified Medical Research Coun-
cil (mMRC) questionnaire are recommended for assessing 
COPD symptoms, with CAT scores of ≥10 and mMRC scores 
of ≥2 representing high symptom burden (FIGURE: STEP 3A).6

Exacerbations are episodes of worsening COPD symp-
toms that last for 7 to 10 days beyond normal day-to-day vari-
ability and require changes in treatment (eg, antibiotics or 
systemic steroids), emergency room (ER) visits, or hospital 
admissions.27 Exacerbations impede QoL, impair health sta-
tus, and negatively influence COPD prognosis, and could be 
triggered by viral and bacterial infections, environmental fac-
tors such as pollutants, or changes in temperature.6

Determining patients’ history of COPD exacerbations 
(FIGURE: STEP 3B) and addressing corresponding risk factors 
are critical steps in predicting the likely impact of COPD and 
risk of future exacerbations. Before GOLD 2017, spirometry 
was included in the ABCD classification tool. In the refined 
assessment, which began with GOLD 2017, spirometry is 
no longer used for classification. Currently the classifica-
tion grid uses only symptoms and history of exacerbations to 
determine GOLD grade, which in turn determines treatment 
recommendations. Symptom severity (on the X-axis) and 
history of exacerbations (on the Y-axis) are used to classify 
COPD into 1 of 4 groups (GOLD A-D) (FIGURE).6

COPD shares many risk factors with other chronic dis-
eases, and often patients with COPD have comorbid condi-
tions,28 most commonly metabolic syndromes29-31; mood and 
anxiety disorders32,33; cardiovascular disease34; lung cancer35; 
eye disorders such as glaucoma and cataracts36; excessive bone 
loss/risk of fractures37,38; and muscle wasting.39,40 Identifying 
and addressing comorbidities are critical because they impact 
pulmonary rehabilitation outcomes41 and mortality42 and 
could confound prompt recognition of COPD exacerbations. 

STEP 4: MANAGEMENT OF COPD
Goals of COPD management are to relieve symptoms, 
improve exercise tolerance and QoL, and reduce exacerba-
tion risk and severity.6 Pharmacologic and nonpharmacologic 
options for COPD are important. Smoking cessation reduces 
exacerbations, slows lung function decline, and improves sur-
vival among patients with COPD.43–45 At every visit, all smokers 
regardless of COPD status should be encouraged and assisted 
to quit smoking. Employ the 5 As (ask, advise, assess, assist, 
and arrange) as a counseling strategy,46 and consider pharma-
cotherapy such as nicotine replacement therapies, bupropion, 
nortriptyline, and varenicline47 to help patients quit. 

Pharmacotherapy
COPD medications can be broadly categorized into 2 types: 
bronchodilators and anti-inflammatory agents. Broncho-
dilators, which improve lung function, decrease hyperinfla-
tion, and improve exercise performance by decreasing airway 
smooth muscle tone, are the cornerstone of COPD treatment 
and include short- and long-acting β

2
-agonists (SABAs [eg, 
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albuterol/salbutamol and levalbuterol] and LABAs [eg, for-
moterol, indacaterol, olodaterol, and salmeterol]), and short- 
and long-acting muscarinic antagonists (SAMAs [eg, ipratro-
pium bromide] and LAMAs [eg, aclidinium, glycopyrronium 
bromide, umeclidinium, and tiotropium]). Additional medica-
tions include the anti-inflammatory class of drugs methylxan-
thines (eg, theophylline) and phosphodiesterase-4 inhibitors 
(eg, roflumilast).6 

GOLD 2018 recommends a specific progression of 
pharmacologic therapy, with details on initiation and sub-
sequent escalation and/or de-escalation based on COPD 
grade (ABCD) (FIGURE).6 Grade A patients (few symptoms 
and no exacerbations or 1 exacerbation not leading to hospi-
talization) should be treated with short- or long-acting bron-
chodilators. If patients experience symptomatic benefits, 
treatment should continue or an alternative or additional 
bronchodilator class could be used (TABLE). Grade B patients 
(high symptom burden and no exacerbations or 1 exacerba-
tion not leading to hospitalization) should be treated initially 
with a long-acting bronchodilator, which provides more sus-

tained bronchodilation and symptom 
control than short-acting bronchodi-
lators.48,49 Although LAMAs provide 
a greater reduction of exacerbations 
than LABAs,50,51 choice of LAMA should 
depend on the individual patient’s 
response. Among patients with per-
sistent breathlessness, a combination 
of bronchodilators is recommended, 
and in cases of severe breathlessness, a 
combination of bronchodilators could 
be employed, even as initial therapy. If 
adding a second bronchodilator allevi-
ates symptoms, de-escalation to a sin-
gle bronchodilator is recommended.6 
In Grade C patients (few symptoms 
but ≥2 exacerbations or ≥1 exacerba-
tion leading to hospitalization), LAMA 
monotherapy is recommended ini-
tially. LAMAs are recommended over 
LABAs for Grade C patients because the 
former are more effective for decreas-
ing exacerbations than the latter.50,51 In 
patients with persistent exacerbations, 
escalation to a LABA/LAMA or LABA/
inhaled corticosteroid (ICS) could be 
considered. LABA/LAMA combina-
tions are recommended over LABA/
ICS because, in some clinical studies, 
they led to greater bronchodilation 

and reduction of exacerbations. In addition, LABA/LAMA is 
considered safer because chronic ICS use is associated with 
an increased risk of community-acquired pneumonia.52,53 
For Grade D patients (high symptom burden and ≥2 exac-
erbations or ≥1 exacerbation leading to hospital admission), 
initial LABA/LAMA therapy is recommended. If patients 
on LABA/LAMA continue to experience exacerbations or 
remain symptomatic, escalation to triple therapy with LABA/
LAMA/ICS is recommended after ensuring that the patient is 
using the inhalers correctly and is adhering to therapy. Alter-
natively, consider switching to a LABA/ICS.49 If exacerba-
tions persist despite triple therapy, roflumilast can be added 
in patients with an FEV

1 
<50% predicted and chronic bron-

chitis, and a macrolide could be added in former smokers 
at risk of exacerbation.6 Roflumilast/LABA/±ICS was effec-
tive in reducing exacerbations and improving lung function 
in patients with frequent exacerbations, severe disease, and 
chronic bronchitis.54-56 LABA/ICS might be the first choice 
in some patients with a history and/or findings suggestive 
of asthma-COPD overlap. ICSs also could be considered in 

Class Drug (brand name)

Short-acting β2-agonists (SABAs)
Albuterol/salbutamol (Ventolin)

Levalbuterol (Xopenex)

Long-acting β2-agonists (LABAs)

Formoterol (Foradil)

Indacaterol (Arcapta)

Olodaterol (Striverdi)

Salmeterol (Serevent)

Short-acting muscarinic antagonists 
(SAMAs)

Ipratropium bromide (Atrovent)

Oxitropium bromide (Oxivent)

Long-acting muscarinic antagonists 
(LAMAs)

Aclidinium bromide (Tudorza)

Tiotropium (Spiriva)

Umeclidinium (Incruse Ellipta)

Combination: SABA + anticholinergic 
agents

Fenoterol/ipratropium (Berodual)

Albuterol/ipratropium (Combivent)

Combination: LABA + LAMAs

Formoterol/aclidinium (Duaklir, Brimica)

Indacaterol/glycopyrronium (Ultibro Breezhaler)

Vilanterol/umeclidinium (Anoro Ellipta)

Glycopyrrolate/formoterol (Bevespi)

Olodaterol/tiotropium (Stiolto Respimat)

Combination: LABA + inhaled 
corticosteroids (ICS)

Formoterol/budesonide (Symbicort)

Formoterol/mometasone (Dulera)

Salmeterol/fluticasone (Advair)

Methylxanthines Theophylline (Theo-Dur, Theo-24)

Phosphodiesterase-4 inhibitor Roflumilast (Daliresp)

Abbreviations: COPD, chronic obstructive pulmonary disease.

 TABLE  Medications commonly used for treating COPD 
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patients with high blood eosinophil counts (>300 cells/µL), 
although there is no consensus on this approach.6

Potential interactions among different disease-specific 
treatments must be considered in patients with multiple 
comorbidities, and efforts should be made to minimize poly-
pharmacy. According to GOLD 2018, comorbidities in patients 
with COPD should be treated per usual treatment standards.6 

Treatment strategies for COPD exacerbations should 
minimize the negative impacts of exacerbations and pre-
vent future events.6 Recommended therapeutic options 
for patients with mild exacerbations are short-acting bron-
chodilators alone, while patients with moderate COPD 
exacerbations also should receive oral corticosteroids and/
or antibiotics. Patients with severe exacerbations (eg, sud-
den worsening of resting dyspnea, high respiratory rate, 
or decreased oxygen saturation) should be referred for ER 
evaluation or hospitalization. 

Nonpharmacologic Management
Nonpharmacologic approaches that complement pharma-
cotherapy (eg, exercise training, self-management education, 
nutritional support, influenza and pneumococcal vaccination, 
and oxygen therapy57) can promote self-efficacy, relieve symp-
toms, and improve QoL.58 Additionally, serum vitamin D levels 
are thought to be negatively associated with risk and severity 
of COPD,59 and limited evidence suggests that vitamin D sup-
plementation could help decreasing the risk of moderate-to-
severe exacerbations in patients with low baseline vitamin D  
levels.60 Therefore, assessment of serum baseline vitamin D 
levels and correction of deficiency might be useful in reducing 
risk of COPD exacerbation. Moreover, given the prevalence of 
reduced bone mineral density in patients with COPD,37,38 vita-
min D supplementation might be beneficial for maintaining 
bone strength in these patients. Furthermore, pulmonary reha-
bilitation programs can help COPD patients manage dyspnea 
and fatigue.61 Consider referral to a pulmonary specialist at key 
time points, especially if patients are symptomatic at diagno-
sis, at discharge after hospitalization for an exacerbation, and 
when symptoms are progressively deteriorating.6 For patients 
with severe disease, surgical options include bullectomy (for 
patients with very severe illness and large upper lobe bullae), 
lung volume reduction surgery, or lung transplantation. 

STEP 5: MONITORING 
Monitor for several factors during each patient visit, includ-
ing but not limited to symptoms, exacerbations, airflow 
limitations, and smoking status6; adherence to and effec-
tiveness of the treatment plan; inhaler technique to ensure 
correct use and to determine if a change in delivery system 
is needed to fit the patient’s needs; adverse effects6; and the 

therapeutic regimen, with specific attention to dosages of 
medications, response, and adjustment as needed when 
worsening or improvement in symptoms occur. Adjustment 
of the treatment regimen is important for appropriate and 
individualized treatment. In the past, recommendations pro-
vided in the GOLD report were only for treatment initiation. 
However, patients with COPD might experience persistent 
symptoms after initial therapy or resolution of some symp-
toms. Therefore, in addition to being aware of the appropri-
ate therapeutic option for initiation of treatment, PCPs also 
must be cognizant of recommendations for treatment escala-
tion when symptoms worsen and de-escalation when symp-
toms improve (FIGURE: TREATMENT ALGORITHMS BY GOLD 

CATEGORIZATION). 

PARTNERSHIP BETWEEN PCPS  
AND PULMONOLOGISTS
PCPs might refer patients with severe disease to a pulmon-
ologist, who could optimize medical treatment and make 
recommendations about the appropriateness of surgery or 
lung transplantation.6 A close working relationship between 
PCPs and pulmonologists can enhance patient care and 
improve disease outcomes. Consider referral for patients at 
high risk for exacerbation, frequent exacerbators, and those 
who need further testing that is not available in the PCP set-
ting or assessment for surgical interventions.

CONCLUSIONS
Effective treatment of COPD in primary care settings, which is 
crucial for successful outcomes, is highly dependent on accu-
rate diagnosis, assessment, monitoring, and management of 
symptoms and associated comorbidities. Spirometry confir-
mation of COPD is the first step. Patients should be staged 
using spirometry and classified using the refined GOLD 
ABCD assessment tool, which is based on assessment of 
symptom burden and exacerbation risk, determines the bur-
den of COPD, and helps guide treatment recommendations. 
Nonpharmacologic interventions, including smoking cessa-
tion and pulmonary rehabilitation, are important features of 
COPD management. Finally, regular follow-up of symptoms, 
functional status, and exacerbations are key components of 
long-term management of patients with COPD.   l
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PHARMACOLOGIC CHOICES FOR COPD
Primary care providers (PCPs) play a critical role in diagnos-
ing, managing, and treating patients with chronic obstruc-
tive pulmonary disease (COPD), which is encountered rou-
tinely in everyday clinical practice.1 Pharmacologic therapy 
alleviates COPD symptoms, reduces exacerbation sever-
ity and frequency, and improves patients’ health status 
and exercise endurance.2 Various medications, including 
bronchodilators (β

2
-agonists and muscarinic antagonists), 

inhaled corticosteroids (ICSs), methylxanthines, and phos-
phodiesterase-4 (PDE-4) inhibitors, are available for treat-
ing COPD in the United States. The choice of medication 
should be made based on symptom severity and exacerba-
tion risk, ease of use, availability, cost, and clinical benefit 
versus risk of adverse events (AEs).2 

Bronchodilators—which can be short- or long-acting—
help reduce airflow obstruction by causing bronchodila-
tion, reducing hyperinflation (and consequently decreas-
ing air-trapping), and improving exercise performance.1,2 
Short-acting β

2
-agonists (SABAs) and short-acting musca-

rinic antagonists (SAMAs) are used for maintenance treat-
ment in patients with mild disease, minimal symptoms, and 
infrequent exacerbations.3 Long-acting β

2
-agonists (LABAs) 

and long-acting muscarinic antagonists (LAMAs) are used 
for maintenance treatment when the disease severity is any 
greater (TABLE). Long-acting bronchodilators (LABDs) pro-
vide better symptom control, improved health status, and 
greater reduction of exacerbations than short-acting agents.1 
LABAs and LAMAs, which cause bronchodilation in different 
ways (FIGURE),1 are used as either monotherapy or in com-
bination (TABLE) to leverage complementary mechanisms of 
action. LABAs stimulate β

2
-adrenergic receptors in airway 

smooth muscle, triggering cellular pathways that eventually 
cause relaxation of bronchial smooth muscle and broncho-
dilation, whereas LAMAs inhibit muscarinic receptors, thus 
reducing contraction of airway smooth muscle.2,4  

ICSs have anti-inflammatory effects mediated by activa-
tion of glucocorticoid receptors.5 In COPD, ICS monother-
apy is not recommended; however, ICS/LABA combination 
improves lung function and health status, and reduces exac-
erbations.2 Methylxanthines such as theophylline have mod-
est antiinflammatory and bronchodilator properties6; several 
potential mechanisms for these effects have been postu-
lated.2 However, limited benefits and a narrow therapeutic 
window preclude common use.2 PDE-4 inhibitors, which 
reduce inflammation by increasing intracellular adenosine 
3’,5’-cyclic monophosphate levels, modestly improve lung 
function and reduce exacerbations.7 

Most pharmacologic agents for COPD are administered 
using inhalation devices8 such as nebulizers, single- and multi-
dose dry powder inhalers (DPI), metered-dose inhalers (MDIs), 
or slow-mist inhalers (SMIs) (TABLE).2 Each type of inhalation 
device has a different mechanism for drug dispersal. Nebuliz-
ers, used for many years, aerosolize drug solutions.9 DPIs rely 
on patients’ inspiratory air flow to diffuse the inhalation pow-
der and create an aerosol of drug particles.8 MDIs deliver drugs 
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 TABLE   Examples of commonly used maintenance medications in COPD

Drug(s) Brand examples (mcg) Inhaler Duration of  
action (hours)

LABA

Arformoterol Brovana (15 mcg/2 mL) Nebulizer 12

Formoterol Perforomist (20 mcg/2 mL) Nebulizer 12

Formoterol Foradil Aerolizer (DPI) 12

Indacaterol Arcapta (75) Neohaler (DPI) 24

Olodaterol Striverdi (2.5) Respimat (SMI) 24

Salmeterol Serevent (50) Diskus (MDI) 12

LAMA

Aclidinium Tudorza (400) Pressair (DPI, MDI) 12

Glycopyrronium Seebri (15.6) Neohaler (DPI) 12-24

Glycopyrronium Lonhala (25 mcg/1 mL) Magnair nebulizer 24

Tiotropium Spiriva (18/2.5) HandiHaler (DPI); Respimat (SMI) 24

Umeclidinium Incruse (62.5) Ellipta (DPI) 24

Combination of LABA and LAMA

Glycopyrronium/formoterol Bevespi (9/4.8) Aerosphere (pMDI) 12

Indacaterol/glycopyrronium Utibron (27.5/15.6) Neohaler (DPI) 12-24

Tiotropium/olodaterol Stiolto (2.5/2.5) Respimat (SMI) 24

Umeclidinium/vilanterol Anoro (62.5/25) Ellipta (DPI) 24

Combination of LABA and ICS 

Budesonide/formoterol Symbicort (160/4.5) pMDI -

Fluticasone/salmeterol Advair (250/50) Diskus (DPI) -

Fluticasone/vilanterol Breo (100/25) Ellipta (DPI) -

Combination of LABA, LAMA, and ICS

Fluticasone/umeclidinium/vilanterol Trelegy 100/62.5/25 Ellipta (DPI) -

Abbreviations: DPI, dry powder inhaler; ICS, inhaled corticosteroid; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist; MDI, metered-dose inhaler; 
pMDI, pressurized metered-dose inhaler; SMI, slow-mist inhaler. 

Source: GOLD 20182 and prescribing information of the respective drugs. 

via a propellant spray, whereas nebulizers and SMIs produce 
an aerosol cloud of fine particles and, therefore, may be less 
dependent on inspiratory air flow rate for drug delivery.10

Because pharmacotherapeutic options for maintenance 
COPD treatment are rapidly evolving, PCPs should familiar-
ize themselves with current treatment options and deter-
mine individual patient requirements. For individualized 
treatment regimens, symptom severity and exacerbation risk 
are major determinants. Additionally, factors such as dosing 
frequency, patient preference, inspiratory flow limitation, 
and physical and cognitive limitations that may affect correct 
delivery device use should be considered.1 

CHANGES IN COPD GUIDELINES
In recent years, better understanding of COPD and its nat-
ural history has led to improvements in its diagnosis and  

management. The Global Initiative for Chronic Obstructive 
Lung Disease (GOLD) report, updated numerous times since 
its original release in 2001, provides a well-accepted strat-
egy for diagnosing and managing COPD.2 In the GOLD 2011 
report,11 a multidimensional approach for assessment and 
management of COPD was introduced, where factors beyond 
spirometric measures of lung function (ie, forced expira-
tory volume in 1 second [FEV1]) were included. Assessment 
of symptoms (using the COPD Assessment Test or modi-
fied Medical Research Council dyspnea scale) and history 
of exacerbations were included in this approach, enabling 
assessment of current symptoms, future exacerbation 
risk, and overall COPD burden. Patients are categorized as 
belonging to 1 of 4 groups (A, B, C, or D) based on severity of 
these parameters, where patients in Group D have significant 
symptoms and a history of frequent or severe exacerbation 
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(see accompanying supplement article, COPD Management 
in the Primary Care Setting).2 ABCD grouping informs the 
preferred and alternative treatment recommendations.2 

While FEV
1
 is

 
correlated with clinical outcomes such as 

hospitalization and mortality at a population level, it has poor 
precision to predict outcomes at an individual patient level.2 
Moreover, since FEV

1
 is poorly correlated with symptoms 

and exacerbation frequency,12,13 it cannot be used as the sole 
determinant of treatment. These drawbacks were addressed 
in the GOLD 2017 report in which spirometry was separated 
from the ABCD assessment tool so that symptoms and exac-
erbations guide individualized treatment.14 This revision 
reduced the complexity of patient classification, making it 
easier to use in primary care settings.

CURRENT STATUS OF COPD TREATMENT
Early diagnosis of COPD and timely treatment with main-
tenance medication can reduce symptoms and exacerba-
tions, thereby potentially preserving exercise tolerance, 
reducing hospitalizations, and consequently reducing asso-
ciated costs.15 However, only 45% of patients were receiving  

maintenance medication for COPD in a retrospective analy-
sis of US health care claims data.16 Moreover, fewer patients 
under the care of PCPs (40%) than pulmonologists (64%) were 
treated with maintenance medications. Results of another ret-
rospective claims data analysis indicated that, despite GOLD 
recommendations emphasizing use of inhaled bronchodila-
tors, ICS, usually as ICS/LABA combination, was one of the 
most commonly prescribed maintenance medications in the 
United States.17 Overall, these results suggest suboptimal use 
of appropriate maintenance medications.16,17 Unfortunately, 
many PCPs are unaware of guideline recommendations18 

or have chosen not to incorporate them in their practices 
because of perceptions that they are too lengthy or irrelevant 
or are not consistent with their clinical experience.19 

APPLYING GOLD RECOMMENDATIONS  
IN PRIMARY CARE
In GOLD 2018, an escalation (step-up)/de-escalation (step-
down) strategy according to assessment of patients’ symp-
toms and exacerbation risk, as well as response to treat-
ment, is recommended.2 For details on the GOLD treatment  

 FIGURE  Mechanism of action of the common pharmacologic agents for COPD

Abbreviations: AC, adenylate cyclase; AR, adrenergic receptor; ATP, adenosine triphosphate; cAMP, adenosine 3', 5'-cyclic monophosphate; Gs, stimulatory G-protein; 
LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist; M3, muscarinic; PDE, phospodiesterase; PKA, protein kinase A
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algorithm and the use of spirometry in diagnosis, please refer 
to the accompanying supplement article, COPD Manage-
ment in the Primary Care Setting. For group A patients, short- 
or long-acting bronchodilators are recommended, which 
can be continued if symptoms improve. An LABD is recom-
mended for group B patients as initial therapy. However, in 
patients with severe or persistent breathlessness despite 
LABD monotherapy, dual LABD therapy is recommended. 
Step-down to a single LABD is recommended if symptoms 
do not improve despite adding a second LABD, and in such 
cases, comorbidities (eg, congestive heart failure) that could 
account for persistent symptoms should be thoroughly inves-
tigated. For group C patients, an LABD is recommended as 
initial therapy, with LAMAs preferable to LABAs because of 
better exacerbation benefit.20,21 For patients with persistent 
exacerbations, LABA/LAMA or ICS/LABA combination is 
recommended, with a preference for the former.2 For group 
D patients, initial therapy with LABA/LAMA and escalation 
to LABA/LAMA/ICS or switching to ICS/LABA is recom-
mended, with subsequent addition of roflumilast or a macro-
lide if frequent exacerbations persist.2 While GOLD 2018 sug-
gests that LABA/LAMA is preferred over LABA/LAMA/ICS 
for this patient population,2,22-25 results of the IMPACT trial 
showed that triple therapy significantly reduced the annual 
rate of on-treatment moderate/severe exacerbations com-
pared with either LABA/LAMA (25% reduction) or ICS/LABA 
(15% reduction).26 Significant improvements in trough FEV

1
, 

St. George’s Respiratory Questionnaire (SGRQ) score, and 
time to first on-treatment moderate/severe COPD exacerba-
tion were also observed. These findings and additional stud-
ies in progress comparing triple therapy to dual therapies will 
likely impact future recommendations. 

Four LAMA/LABA fixed-dose combination (FDC) inhal-
ers are available in the United States (TABLE). Tiotropium/
olodaterol is delivered using an SMI, umeclidinium/vilanterol 
and indacaterol/glycopyrronium are administered via DPIs, 
and formoterol/glycopyrronium is delivered using an MDI.2,23 
Use of 2 LABDs (ie, LABA/LAMA) is recommended because 
complementary mechanisms of action and interactions 
between pathways maximize bronchodilator response.27 In 
numerous studies in patients with moderate-to-severe COPD 
with or without a history of recent (ie, in the previous year) 
exacerbation, LABA/LAMA combinations provided signifi-
cantly better clinical outcomes than the ICS/LABA FDC of 
fluticasone/salmeterol. For example, various LABAs (olodat-
erol, salmeterol, and indacaterol) in combination with once-
daily tiotropium (a LAMA) resulted in significantly improved 
lung function (ENERGITO study),28 decreased lung hyper-
inflation and improved expiratory flow (OCTANE study),29 
and improved inspiratory capacity30 vs ICS/LABA. In at least  

3 studies, the once-daily LABA/LAMA FDC of vilanterol/ume-
clidinium caused significant and sustained improvements in 
lung function versus fluticasone/salmeterol.31,32 Bronchodila-
tion was significantly improved with the twice-daily LABA/
LAMA combination of aclidinium/formoterol vs fluticasone/
salmeterol in the AFFIRM study.33 Further, in the ILLUMINATE 
(vs fluticasone/salmeterol),34 SPARK (vs glycopyrronium),35 
LANTERN (vs fluticasone/salmeterol),36 and FLAME (vs fluti-
casone/salmeterol)24,25 studies, the once-daily LABA/LAMA 
combination of indacaterol/glycopyrronium resulted in sig-
nificant improvements in lung function, fewer exacerbations, 
and a longer time to first exacerbation. Overall, AE incidence 
was similar between treatment groups across studies.25,31,32,34,36 
Authors of a Cochrane review of 11 studies, including some 
of the aforementioned studies, involving 9839 patients with 
mostly moderate-to-severe COPD without recent exacer-
bations concluded that LABA/LAMA treatment resulted in 
greater improvements in lung function (FEV1) and quality of 
life (QoL), fewer exacerbations, and a lower risk of pneumonia 
than ICS/LABA.22 

WITHDRAWAL OF ICS 
Use of ICSs in combination with LABDs is recommended in 
patients with frequent exacerbations (ie, in group D patients 
after failure of LAMA/LABA treatment37); however, inap-
propriate use of ICSs in patients with COPD (ie, in groups 
A-C patients) has been reported.37,38 Though generally safe, 
ICSs—alone or in combination with a LABA—in patients with 
COPD are associated with increased risk of pneumonia.2,39,40 
Most episodes of ICS-associated pneumonia in randomized 
clinical trials were moderate in severity, though some seri-
ous events leading to hospitalizations were also reported.39,40 
Pneumonia risk was confirmed in observational studies, 
where the association between ICSs and pneumonia-related 
hospitalization and mortality was reported.39,40 Results of a 
health insurance database study showed that discontinua-
tion of ICSs was associated with a 37% decrease in the rate 
of serious pneumonia.41 Therefore, the concept of ICS with-
drawal in patients with COPD where ICSs were not indicated 
or after extended periods of clinical stability has been tested 
and is now recommended.2 Recent findings indicate ICSs can 
be withdrawn in low- or high-risk patients with COPD, pro-
vided maintenance treatment with LABDs is continued. In 
the INSTEAD42 and OPTIMO43 studies, no difference in lung 
function, breathlessness, health status, rescue medication 
use, or COPD exacerbations was observed among low-risk 
patients who switched to a LABA (indacaterol) from an ICS/
LABA (fluticasone/salmeterol) combination or those who 
withdrew ICS from their ICS/LABA maintenance treatment. 
In the WISDOM study, high-risk patients were randomly 



S37OCTOBER 2018

[COPD TREATMENTS]

assigned to continued triple therapy (tiotropium/salmeterol/
fluticasone) or withdrawal of fluticasone.44 ICS withdrawal 
met the prespecified noninferiority criterion with respect to 
the first moderate or severe COPD exacerbation.44 However, 
in 2 post hoc analyses of WISDOM, ICS withdrawal resulted 
in higher exacerbation in patients with a raised eosinophil 
count (≥300 cells/µL) and a history of frequent exacerba-
tions (≥2/year).45,46 Therefore, the decision to withdraw ICS 
needs to be individualized and carefully monitored, because 
withdrawing ICS to reduce unneeded therapy and pneumo-
nia risk might ultimately increase exacerbation risk in some 
patients, namely in those with persistent symptoms, frequent 
exacerbations, and high eosinophil counts.

APPROPRIATE USE OF ICS/LABA 
Initial treatment with ICS/LABA is recommended in some 
patients who have clinical features suggestive of asthma-
COPD overlap (ACO).2 For further details on ACO, please 
refer to the accompanying supplement article, Asthma-
Chronic Obstructive Pulmonary Disease Overlap: Diagnostic 
and Management Challenges. Patients with ACO have clini-
cal features of both asthma and COPD, and patients with 
more asthma than COPD features may therefore benefit 
from ICS therapy.47 Patients with blood eosinophil counts in 
the higher range of normal or that are abnormally elevated 
have increased exacerbation risk.48 In a post hoc analysis of 
3 studies, fluticasone/salmeterol was associated with a sig-
nificant reduction in exacerbation rates versus tiotropium 
or placebo in patients with blood eosinophils ≥2%, suggest-
ing baseline blood eosinophil counts may serve as a marker 
for the efficacy of ICSs in reducing exacerbations in patients 
with COPD and a history of moderate or severe exacerba-
tions.49 The accuracy of blood eosinophil counts in predict-
ing ICS benefits improves in a somewhat linear fashion. 
Therefore, defining a threshold of eosinophil count that best 
indicates potential benefit with ICS use in COPD is going to 
be difficult and will always need to be considered in the con-
text of other clinical information. Based on thresholds used 
in clinical trials, the absolute counts of 150-300 cells/mL or 
a relative percentage of 2%-4% are plausible; however, more 
data are needed.2,49,50 

APPROPRIATE USE OF  
TRIPLE THERAPY (LABA/LAMA/ICS)
Escalation to triple therapy (LABA/LAMA/ICS), which 
requires using 1 or 2 separate inhalers, is recommended 
when patients have exacerbations despite maximized treat-
ment with LABA/LAMA or ICS/LABA.2 Clinical trial evi-
dence in patients with COPD and moderate-to-severe exac-
erbations is accumulating. Single-inhaler triple therapies 

are generally preferable to 2 different inhalers because the 
latter is associated with increased risk of inhalation errors 
and decreased adherence.51 In GLISTEN, glycopyrronium 
plus fluticasone/salmeterol (separate inhalers) improved 
lung function and QoL, and reduced rescue medication 
use compared with placebo plus fluticasone/salmeterol.52 
In TRILOGY and TRINITY, beclomethasone/formoterol/
glycopyrronium (single inhaler), improved lung function 
and reduced exacerbations compared with beclometha-
sone/formoterol.53,54 Furthermore, triple therapy was non-
inferior to beclomethasone/formoterol plus tiotropium in  
TRINITY.54 Results of randomized trials showed that once-
daily fluticasone/umeclidinium/vilanterol (1 or 2 inhalers) 
significantly improved lung function and QoL compared with 
placebo plus fluticasone/vilanterol.55,56 In addition, once-
daily fluticasone/umeclidinium/vilanterol (single inhaler) 
significantly improved lung function and patient-reported 
outcomes, and reduced the moderate or severe exacerba-
tion rates compared with twice-daily budesonide/formoterol 
in FULFIL.57 AE incidence was similar across treatment 
groups. Recently, results of IMPACT further showed that 
single-inhaler triple therapy comprising fluticasone/ume-
clidinium/vilanterol significantly reduced the annual rate 
of moderate or severe exacerbations compared with flutica-
sone/vilanterol or umeclidinium/vilanterol.26 As mentioned, 
these findings will likely influence future treatment recom-
mendations. Despite triple therapy, many patients continue 
to have exacerbations.54,58 These patients may benefit from 
other options such as PDE-4 inhibitors, macrolides,2 or tar-
geted biologics.

PDE-4 INHIBITORS
Roflumilast is indicated in patients with severe COPD asso-
ciated with chronic bronchitis and a history of exacerba-
tions.2,59,60 In clinical trials, roflumilast reduced exacerba-
tions and modestly improved lung function in patients with  
moderate-to-severe COPD treated with LABDs61 and reduced 
exacerbation risk and hospital admissions in patients with 
severe COPD who were not controlled with an ICS/LABA 
(REACT study).59 Furthermore, results from post hoc analy-
ses of RE2SPOND62 and REACT63 showed that roflumilast was 
more beneficial in patients with a prior history of hospital-
ization for a COPD exacerbation. Roflumilast initiation is 
often associated with troublesome gastrointestinal AEs and 
requires monitoring for other AEs2; therefore, escalation to 
roflumilast is best managed by specialists. 

MACROLIDES
Chronic use of oral macrolides, such as azithromycin, 
reduces exacerbation risk and improves QoL in patients with 
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persistent COPD exacerbations who are refractory to stan-
dard care.64-66 However, azithromycin was less beneficial in 
active smokers than nonsmokers and was associated with 
an increased risk of bacterial resistance.64,65 Because oral 
macrolides increase the risk of antimicrobial resistance and 
need to be closely monitored, they are best managed by 
specialists. 

EMERGING TREATMENTS
Biologics
Different COPD phenotypes may respond differently to treat-
ment.4,67 Approximately 20% to 40% of patients with COPD 
have an eosinophilic phenotype; in these patients, biolog-
ics such as mepolizumab or benralizumab—monoclonal 
antibodies against interleukin-5 (IL-5)—may be useful.56,67 
Results of 2 studies using different doses of mepolizumab 
(100 mg in METREX, 100/300  mg in METREO) in patients 
with COPD and an eosinophilic phenotype showed that 
100 mg mepolizumab significantly reduced the annual rate 
of moderate-to-severe exacerbation compared with pla-
cebo.58 Two phase III studies of the efficacy and safety of ben-
ralizumab in patients with moderate-to-very severe COPD 
(GALATHEA and TERRANOVA) are ongoing.68,69 Further 
studies are needed to understand the role of different biolog-
ics in patients with COPD.

Mucolytics
Mucolytics, such as carbocysteine and N-acetylcysteine, 
reduce exacerbations and improve QoL in COPD patients not 
treated with ICSs.2,70,71 However, the target population and 
correct dose and duration to achieve this benefit are not clear.2 
Clinical experience suggests patients who have concomitant 
chronic bronchitis and have difficulty clearing secretions are 
the potential target population. In such patients, an alterna-
tive approach is devices that enhance mucus clearance, such 
as a lung flute or Flutter valve.72 

CONCLUSIONS
Several new therapeutic options for COPD have become 
available in recent years. Moreover, the GOLD report has 
been updated, emphasizing patient-reported symptoms and 
exacerbations to allow clinicians to develop treatment plans 
using the new ABCD tool. Awareness among PCPs of the full 
spectrum of therapeutic options and respective places in 
therapy is important for appropriate treatment of patients 
with COPD and avoiding undertreatment or overprescrib-
ing. Most emerging treatments target patients who do not 
respond to standard care. However, further studies are war-
ranted to understand the role of individualized treatment of 
patients with COPD. l
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INTRODUCTION
Chronic obstructive pulmonary disease (COPD), a common 
condition characterized by persistent and progressive airflow 
limitation, is a major cause of morbidity and mortality world-
wide.1,2 However, COPD can be treated effectively if diag-
nosed early. A multicomponent approach, including oral and 
inhaled medications (eg, corticosteroids, bronchodilators, 
or combination therapy) and nonpharmacologic interven-
tions (eg, pulmonary rehabilitation, lifestyle advice, and self- 
management techniques), alleviates symptoms, slows dis-
ease progression, reduces the frequency and length of exac-
erbations and hospital admissions, and improves the quality 
of life.3,4 Main treatment goals for stable COPD are reduction 
of symptoms and future risk of exacerbations, and treatment 
goals for exacerbations are to minimize the negative effects of 
the current exacerbation and to prevent future exacerbations.1 
Poor medication adherence among COPD patients is one of 
the key factors preventing patients from reaching treatment 

goals.5,6 Major consequences of poor medication adherence 
in COPD patients include poor disease control and increased 
number of hospitalizations and deaths due to acute exacerba-
tions.7 Herein, we review ways in which primary care provid-
ers (PCPs) can help patients meet treatment goals, including 
making use of technological advancements in inhaler design 
and monitoring, which can improve patient adherence.

MEDICATION ADHERENCE IN COPD
Despite the availability of effective pharmacologic treat-
ments and comprehensive treatment recommendations 
such as those from the Global Initiative for Chronic Obstruc-
tive Lung Disease (GOLD),1 the prevalence of inadequately 
controlled COPD (assessed by control of symptoms, decline 
of pulmonary function, levels of physical activity, exacerba-
tions, and quality of life)8 is high, largely because of inade-
quate medication adherence.9 Medication adherence among 
COPD patients is suboptimal and lower than that among 
patients with other chronic diseases such as diabetes, heart 
failure, and hyperlipidemia.10 In a study involving more than 
14,000 COPD patients, only 21% were adherent to mainte-
nance COPD medications.11 Further, a positive association 
was observed between nonadherence to maintenance COPD 
medications and nonadherence to medications for other 
chronic diseases, implying that the need to take medications 
for comorbid conditions does not negatively affect adher-
ence to COPD medications.

Patient-related factors contributing to medication 
nonadherence can be grouped into 2 distinct patterns of 
behaviors: intentional and unintentional. Intentional non-
adherence, which is a voluntary discontinuation or devia-
tion from the prescribed medication plan, often stems from 
patients’ health beliefs and incorrect understanding of the 
disease course and treatment goals.3 Unintentional non-
adherence results from factors outside patients’ control, 
most commonly complex medication regimens and poly-
pharmacy.12 Patients with COPD are generally older adults 
who require medications for various comorbidities.13 Addi-
tionally, factors such as cognitive impairment,14 low health 
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literacy,15 poor eyesight, physical disability, and musculo-
skeletal issues/lack of dexterity3 can lead to inhaler incom-
petence and, thus, poor adherence. Moreover, difficulty in 
engaging with PCPs, daily fluctuations in symptoms, over-
use of rescue medications, use of multiple inhalers, poor 
inhaler technique, and poor understanding of COPD also 
contribute to suboptimal adherence.3,16 Finally, age-related 
pulmonary changes and decreased lung function17 may 
impact adherence, particularly with inhalers that require 
deep inhalation for optimal medication deposition in the 
lungs (eg, dry powder inhalers [DPIs]). Importantly, some 
of these factors, such as overuse or underuse and poor 
inhaler technique, are modifiable.

Medication- and inhaler-related factors contributing to 
medication nonadherence include adverse effects, dosing 
regimens that require multiple drugs or doses, and routes of 
administration.18-20 In general, the longer and more compli-
cated the regimen, the greater the likelihood of nonadher-
ence; moreover, patients prefer once-daily therapies to those 
requiring multiple doses a day.18 Among COPD patients, 
adherence is higher for oral than for inhaled medications 
of the same class (eg, corticosteroids or β-agonists). Other 
factors contributing to poor COPD medication adherence 
include health system factors such as medication reimburse-
ments and patient-PCP relationship and socioeconomic 
factors such as family/caregiver support, income, transpor-
tation,21 and inhaler training.22 According to hierarchical 
clustering, COPD patients usually fall into 1 of 3 distinct clus-
ters of adherence: low inhaler use and high error rates, high 
inhaler use and high error rates, or good adherence, with 
only a little more than one-third of patients belonging to the 
good adherence cluster.17 

COPD INHALER OVERUSE AND UNDERUSE
As mentioned before, COPD patients overuse and under-
use medications for various reasons.23 Approximately half of 
COPD patients report overuse of prescribed medications dur-
ing exacerbations.23 Underuse of COPD medications can be 
sporadic (eg, occasionally forgetting a dose) or systemic (eg, 
taking the medication once instead of twice a day over a long 
period of time).24 The need to use multiple inhalers and switch-
ing treatments/inhalers often leads to confusion and conse-
quent overuse, underuse, or both.9,25,26 Development of dual, 
fixed-dose combination bronchodilators and potential triple 
dose combination inhalers (long-acting β2-agonist/long-
acting muscarinic antagonist/inhaled corticosteroid [LABA/
LAMA/ICS]) might improve adherence among patients who 
require multiple medications.27,28 Inhaler design potentially 
contributes to overuse and underuse, as well. Overuse is most 
prominent for inhalers without a dose counter, inhalers for 

which a dose can be loaded without actual inhalation, and 
inhalers lacking feedback on correct inhalation.29

INHALER TECHNIQUE AND CHARACTERISTICS
Development of safe and efficacious inhalation therapy with 
targeted delivery of medication directly to the site of action 
depends not only on a pharmacologically active molecule 
but also a well-designed formulation and inhalation device. 
Common types of traditional inhalers for COPD medications 
include pressurized metered dose inhalers (MDIs), includ-
ing chlorofluorocarbon- (nearly obsolete) and hydrofluoro-
alkane (HFA)-driven MDIs that are breath activated and may 
require spacer devices, and DPIs, which are also breath acti-
vated30 (TABLE). Patient characteristics that should be con-
sidered by PCPs before prescribing an inhaled COPD medi-
cation include coordination abilities, comfort level with the 
inhaler, and prior experience with inhalers.31 

Poor inhaler technique is a common issue with tradi-
tional COPD inhalers,32,33 and improper use of an inhaler is 
associated with an increased risk of emergency room (ER) 
visits, hospitalizations, and the need for corticosteroid treat-
ment.32 Common patient errors related to inhaler technique 
include failing to exhale before actuation, prematurely stop-
ping inhalation, incorrect positioning of the inhaler, incor-
rect rotation sequence, and lack of deep inhalation or breath 
holding after inhalation.33 While many of these factors can be 
corrected with proper training, some cannot. Inhaler tech-
nique can be improved with adequate training and reinforce-
ment. However, it can be challenging for PCPs in the current 
healthcare environment to commit to a continual and time-
consuming process of training patients for correct inhaler 
technique.34 Nurses, pharmacists, and respiratory therapists 
can potentially contribute to the improvement of inhaler 
technique in patients with COPD.

Performance of traditional inhalers is limited by the 
need for good coordination between patient inspiration 
and inhaler activation (MDIs) or sufficient inspiratory flow 
(DPIs).33,35 Inability to maintain slow inspiratory flow rate and 
breath holding during MDI use may result in reduced lung 
deposition of the medication. Similarly, failure to forcefully 
and deeply inhale during DPI use results in higher medica-
tion deposition in the mouth and throat and poor bioavail-
ability. Further, patients with severe airflow limitation may 
be unable to meet the peak inhalation flow rate required for 
correct inhaler use.36 About 31% (28%-35%) of patients with 
chronic respiratory diseases, including COPD and asthma, 
cannot use their inhalers (either MDI or DPI) well enough 
to benefit from the prescribed medication.37 With traditional 
inhalers, poor technique reduces the lung deposition of the 
medication38 and consequently its efficacy.33
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A relatively new inhaler, Respimat, which circumvents 
some of the patient-related limitations of traditional inhalers, 
is available. Respimat is a hand-held, propellent-free, slow-
mist inhaler (SMI) that generates a single-breath, inhalable 
aerosol from a drug solution using a patient-independent, 
reproducible energy supply.39 This inhaler provides a slower 
moving aerosol (0.8 m/s vs. 2-8.4 m/s) with longer duration 
(1.5 s vs. 0.15-0.36 s) than MDIs (TABLE ).39,40 In multiple stud-
ies, Respimat significantly improved lung deposition of drug 
aerosols compared to HFA-MDIs and DPIs, even in patients 
with poor inhaler technique.39,41-43 As with other types of 
inhalers, PCPs should be familiar with proper Respimat 
technique to ensure appropriate patient training. Of note, 
inserting the cartridge into the inhaler until it clicks into 
place can be a challenge for certain patients, such as the 
elderly or patients with disabilities. To avoid this potential 

limitation, pharmacists can be instructed to preload the car-
tridge. Elderly patients with poor hand-lung coordination 
can be encouraged to use a spacer or a valved holding cham-
ber to ensure correct use.44 Importantly, patients consider 
spacers easy to use and maintain, and ease of use markedly 
influences patients’ acceptance of the inhaler.45 Moreover, 
previous experience with DPIs, MDIs, or both did not influ-
ence patient preference and acceptability.46 Interestingly, 
patient satisfaction with their inhaler significantly correlated 
with treatment adherence in at least one study.47

CHANGING PATIENT BEHAVIOR
Different strategies involving patients, PCPs, and technol-
ogy can be employed to help improve medication adherence 
and clinical outcomes (FIGURE). Acknowledging the dispar-
ity in treatment goals between physicians and patients is 

Type of inhaler

Characteristics MDI DPI SMI (Respimat)

Formulation Drug suspended or dissolved in 
propellant (with surfactant and 
cosolvent)

Drug blended in lactose, 
drug alone, or drug/excipient 
particles

Aqueous solution or 
suspension

Metering system Metering valve and reservoir Capsules, blisters, multidose 
blister packs or reservoirs

Unit dose blisters or reservoirs

Mean velocity of aerosol cloud 2-8.4 m/s — 0.8 m/s

The spray duration 0.15-0.36 s — ~1.2 s

Advantages Reproducible dosing

No contamination risk

Independent of inspiratory flow

Breath-actuated (coordination 
not required)

Slow velocity aerosol

Longer duration

Does not require coordination

High lung deposition

Propellant-free

Limitations Requires coordination between 
actuation and inspiration

High oropharyngeal deposition

Cold Freon effect

Ozone-depleting properties

Need for spacers in certain 
populations

Inspiratory flow-dependent

Poor dose reproducibility

Moisture-sensitive

Dose loading into the inhaler

Abbreviations: COPD, chronic obstructive pulmonary disease; DPI, dry-powder inhaler; MDI, pressurized metered-dose inhaler; m/s, meter per second; s, second;  
SMI, slow-mist inhaler.

 TABLE  Important characteristics, advantages, and limitations of inhalers  
used in the treatment of COPD38,55,74
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important to overall patient care for therapeutic 
decision-making as well as improving physician-
patient communication. Patients generally value 
more tangible and integrated concepts such as 
fast onset of action and decreased mortality over 
“text book” treatment goals, including prevention 
and treatment of exacerbations and improve-
ment of health status, propagated by physicians.48 
Patients have personal beliefs about their illness 
and treatment, which can be grouped into 2 cat-
egories: patient perceptions of personal need for 
treatment (necessity beliefs) and patient concerns 
about potential adverse consequences of the dis-
ease state and the related treatment.49 Addressing 
the “necessity-concern framework” of individual 
patients helps PCPs understand patients’ treat-
ment goals better, enhances engagement of PCPs 
with patients in shared decision-making related 
to the choice of treatments, encourages self-
management, and supports optimal adherence 
to medications.49,50 Authors of recent systematic 
reviews concluded that self-management pro-
grams reduce the probability of COPD-related 
hospital admissions and overall healthcare uti-
lization, especially when used with other components of 
the chronic care model.51,52 Key topics for discussion with 
patients are disease education, the gains in quality of life and 
lessening symptom burden that can be achieved with coop-
eration and following the action plan, and the benefits of 
referral to pulmonary rehabilitation.53,54 Understanding and 
addressing barriers to adherence and proper inhaler tech-
niques are important. Questions to consider include whether 
or not patients are using the correct inhaler technique, have 
adequate dexterity to use the inhaler, or have sufficient inspi-
ratory flow rate to achieve adequate lung deposition of the 
medication (for DPIs), as well as whether or not the medica-
tion and inhaler are acceptable to the patient.55

Inhaler technique training, which is often inadequate 
and not repeated at follow-up appointments,33 can make 
patients uncomfortable using the inhaler and may result in 
nonadherence or discontinuation. In a survey of US patients 
with COPD, only 22% reported complete confidence in using 
inhalers.56 When compared to patients with low confidence 
in using inhalers, those with greater confidence reported 
higher adherence rates and better COPD-related health sta-
tus.56 Choosing an inhaler suitable to patients’ needs and 
abilities can enhance patients’ confidence and improve 
long-term adherence.56 Teaching proper technique with 
each new medication and assessing the technique at follow-
up appointments, with retraining if necessary, is critical to 

maintaining optimal adherence. Several options for patient 
education are available, including physical demonstra-
tions, audio-visual media, ‘YouTube’ videos, and graphical  
depictions of proper inhaler technique. Inhaler training via 
physical demonstration or audio-visual media has been 
shown to improve inhaler technique.57-59 The “teach-back” 
strategy, where patients are taught how to use the inhaler and 
asked to explain or demonstrate proper technique back to 
the PCP, can be employed to ensure that patients understand 
and execute the correct technique.60 In multiple studies with 
different types of inhalers, this strategy significantly improved 
the proportion of correct inhaler users.60 While written litera-
ture is not as effective as teaching patients directly, a leaflet 
containing graphic figures depicting proper inhaler tech-
nique is a better option than purely written instructions.61 
However, educational interventions only improve inhaler 
technique effectively over the short term; periodical rein-
forcement and longer patient follow-up are recommended 
for long-term success.57 

In addition to regular inhaler technique training, regu-
lar monitoring of medication adherence is important to 
achieve optimal outcomes. To this end, more efficient moni-
toring is possible with recent technological advancements, 
including spacer data loggers for MDIs,62 the test of adher-
ence to inhalers (TAI) tool,63 dose counter-equipped inhalers  
to help patients track medication use,64,65 pharmacy refill 

   FIGURE   Strategies to improve medication adherence  
in patients with COPD

Abbreviations: COPD, chronic obstructive pulmonary disease; HCP, health care provider; PCP, 
primary care provider; SMI, slow-mist inhaler.
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information,66 audio-based systems,17,67 and electronic inhaler 
reminders.68 TAI, a 12-item questionnaire, is a validated tool 
that is reliable and cost-effective in clinical practice, though 
it tends to underestimate adherence to inhalers compared 
to other sensitive methods.69 Dose counter-equipped inhal-
ers help patients avoid overuse of rescue medications.64 By 
ensuring that patients do not use rescue medication beyond 
the recommended number of actuations, dose counters can 
reduce dose-related morbidity and mortality, and poten-
tially improve the quality of life. Use of periodic reminders 
and adherence feedback improves patients’ attitudes toward 
adherence and confidence in self-management of their dis-
ease.68 In a recent study, nurse-guided training based on the 
repeated bio-feedback generated by an electronic device 
significantly improved inhaler adherence.70 Moreover, phar-
macies usually have patients’ detailed medication and dis-
pensing history and pharmacists can use that information to 
identify potential nonadherent patients in need of support.71 
Pharmacists can also play a key role by providing advice and 
education on dosage, inhaler technique, treatment expecta-
tions, and the importance of adherence, thereby support-
ing self-management, including recognition and treatment 
of COPD exacerbations.72 In multiple studies, community 
pharmacists’ interventions had a positive impact on improv-
ing patients’ inhalation technique and adherence to inhaled 
medications through a comprehensive COPD support ser-
vice.61 The ideal role of community pharmacists in COPD 
management deserves further study, as the potential benefits 
to patients are quite positive.

While the need for inhaler technique assessment, edu-
cation, and consolidation is acknowledged, more research 
is required to identify the optimal frequency of these inter-
ventions as preemptive measures against technique dete-
rioration in patients.61 Furthermore, ongoing evaluation of 
the impact of using specific, validated electronic monitoring 
devices on inhaled medication adherence in patients with 
chronic obstructive lung diseases such as asthma and COPD 
will improve our understanding of medication adherence in 
respiratory diseases overall. One such sophisticated method 
measures adherence using electronic data capture devices, 
which save the date and time of each inhaler actuation and 
transfer the data daily via a wireless connection to a web-
based database.73 COPD patients and PCPs can work together 
to effectively use these types of technological advances to 
attain optimal medication adherence.

CONCLUSIONS
Adherence to COPD medications is multifactorial, and poor 
adherence is a major barrier to COPD patients achieving 
their treatment goals. Patient education and empowerment 

to enable effective self-management of their COPD symp-
toms is essential. Moreover, because inhaler technique is an 
important contributor to poor adherence, physicians, nurses, 
physiotherapists, respiratory technicians, and pharmacists 
can make meaningful improvements in COPD outcomes by 
demonstrating and reinforcing proper inhaler technique. 
Furthermore, technological advances may soon allow adher-
ence to be monitored more efficiently. The emergence of 
dual, fixed-dose therapies should help reduce administra-
tion complexity when multiple medications are required. In 
summary, PCPs can play key roles in improving COPD medi-
cation adherence and helping patients with COPD achieve 
treatment goals by going beyond conventional educational 
approaches and empowering patients with necessary self-
management skills.  l
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INTRODUCTION
Asthma and chronic obstructive pulmonary disease (COPD) 
are highly prevalent chronic respiratory diseases that sub-
stantially impact patients’ quality of life (QoL).1 These dis-
eases are distinguishable in their typical forms, but adults can 
present with chronic airflow limitation and features of both 
conditions2—a clinical entity referred to as asthma-COPD 
overlap (ACO).3 Determining the basis of chronic respiratory 
symptoms in children and young adults is more straight-
forward than in older patients.3,4 Asthma is the most preva-
lent chronic disease among children.5 However, because 
COPD is common in adults older than age 40, distinguishing 
COPD from asthma with chronic airflow limitation might be 
challenging, particularly among smokers.3,4 Further, some  
middle-aged adults with chronic respiratory symptoms have 

ACO.3,6-9 Interim recommendations for identifying patients 
with chronic airflow limitation and differentiating asthma, 
COPD, and ACO are available as well as guidance on provid-
ing appropriate initial treatment.3 However, definitive strate-
gies for accurately diagnosing and treating ACO are needed. 

Older patients and patients with a smoking history are 
often excluded from asthma clinical trials, and patients with 
asthma are often excluded from COPD clinical trials.10 There-
fore, information on the diagnosis, treatment, and prognosis 
of ACO is lacking. However, evidence indicates that spirom-
etry, which is useful for the differential diagnosis of airway 
diseases, is underused in primary care settings.11 

Patients with ACO have a poorer QoL, more rapid 
decline in lung function, higher mortality, more frequent 
exacerbations, and a disproportionately high use of health 
care resources compared with patients with asthma or  
COPD alone.3

DEFINITION AND EPIDEMIOLOGY OF ACO
In the Global Initiative for Asthma (GINA) 2018 report, the 
science committees of GINA and Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) recommended replac-
ing the descriptive term asthma-COPD overlap syndrome 
with ACO to clarify that, rather than representing a single 
disease or phenotype, ACO includes patients with different 
forms of airway disease (phenotypes) caused by a variety 
of underlying mechanisms.3 Because broad populations of 
patients with ACO usually are not included in clinical trials, 
the underlying mechanisms of ACO are not well known, and 
a formal definition of ACO is not available.3 However, GINA 
2018 includes a descriptor for use in clinical practice: “ACO 
is characterized by persistent airflow limitation with several 
features usually associated with asthma and several features 
usually associated with COPD.”3 Accordingly, 9 features are 
used for diagnosing asthma, COPD, and ACO (TABLE).3 

Other operational definitions of ACO have been described. 
In one, ACO is defined as the presence of 3 elements in a 
patient: significant smoking exposure, chronic airflow limita-
tion, and asthma.12,13 Another comprises 4 operational ACO 
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classifications corresponding to different clinical pre-
sentations: (1) smokers with airflow limitation and an 
eosinophilic inflammatory pattern, (2) patients with 
asthma resistant to steroid treatment and a more neu-
trophilic pattern of inflammation, (3) elderly patients 
with asthma, remodeling of airways, and irrevers-
ible airflow obstruction, and (4) patients who had 
asthma as children and smoke as adults and develop 
irreversible airflow obstruction.14 Patients with ACO 
generally are identified based on 1 of 2 clinical phe-
notypes: never-, ex-, or current smokers with a history 
of asthma and incomplete airflow obstruction revers-
ibility, or smokers or ex-smokers with COPD (per 
GOLD criteria) with increased bronchodilator revers-
ibility or bronchial hyperresponsiveness.15 

Different ACO criteria have been used in stud-
ies15; therefore, global prevalence estimates vary 
(12.1% to 55.2% in patients diagnosed with COPD 
alone and 13.3% to 61% in patients diagnosed with 
asthma alone, based on a search of English-language 
literature published from 2000 to 2014).16 Variation 
also could be because of differences in study popula-
tions (eg, asthma, COPD, and general populations). 
The wide variation in definition highlights the chal-
lenges associated with characterizing, diagnos-
ing, and treating ACO, and the difference in preva-
lence reflects inconsistencies in diagnostic criteria 
for COPD and asthma used by investigators, dis-
ease ascertainment methods (spirometry-based vs  
symptom-based diagnoses), and population charac-
teristics (eg, age and sex).

Inflammation mainly is present in the large 
airways in asthma vs small airways and lung paren-
chyma in COPD.17 Typically, inflammation is driven 
by T helper type 2 (Th2) cells in asthma and T helper 
type  1 (Th1) cells in COPD.17 The mechanisms 
underlying ACO are unclear. The construct of ACO is 
recent, although it is a new variation of an old ques-
tion: do asthma and COPD have common origins 
and clinical expressions (“Dutch hypothesis”),18 or 
are asthma and COPD distinct entities with differ-
ent origins (“British hypothesis”)?19 Findings sup-
port both hypotheses,20 but there is conflicting data 
regarding genetic factors underlying ACO.21-23

DIAGNOSING ACO
Diagnosing ACO can be challenging without a precise 
definition. However, several strategies are available. 

According to GINA 2018, diagnosis should fol-
low a stepwise approach.3 Presence of chronic airway Fe
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disease should be confirmed through clinical history, physi-
cal examination, radiology, and screening questionnaires. 
If a patient exhibits ≥3 features of asthma or COPD in the 
absence of features of the other, then a diagnosis of asthma 
or COPD can be made  (TABLE).3 If a patient has a similar 
number of features of asthma and COPD, then a diagnosis 
of ACO should be considered. Spirometry should be used to 
confirm chronic airflow limitation, although it has limited 
value in distinguishing asthma with fixed airflow limitation, 
COPD, and ACO. Spirometry results at a single encounter 
might not be confirmatory, and timing of spirometry testing 
with clinical presentation and treatment initiation should be 
considered. Start initial therapy based on diagnosis, and con-
sider referral to a specialist in cases of diagnostic uncertainty, 
unresponsiveness to treatment, presence of atypical signs/
symptoms, or comorbidities.3 

Other diagnostic guidelines are available. According to a 
simplified, 4-step algorithmic approach,24 patients with air-
way disease are identified; eosinophilic airway inflammation 
(eg, measurement of blood eosinophil or fractional exhaled 
nitric oxide [FeNO] levels) or other asthma characteristics 
(eg, positive bronchodilator reversibility measured by forced 
expiratory volume in 1 second [FEV

1
] ≥15% and ≥400 mL) are 

evaluated, and the need for inhaled corticosteroids (ICSs) is 
assessed. Then, presence of persistent airflow limitation is 
evaluated, and the need for optimization of bronchodilation 
(eg, long-acting β

2
-agonist [LABA]/long-acting muscarinic 

antagonist [LAMA] combination therapy) is assessed. Finally, 
history of exacerbation is evaluated, and the most appropri-
ate treatment for reducing episodes is identified based on the 
predominant disease characteristics. 

According to Spanish Society of Pulmonology and Tho-
racic Surgery guidelines, diagnosis of ACO is confirmed when 
the following are present in any patient aged ≥35: significant 
smoking exposure (ie, smoker or ex-smoker >10 pack-years), 
chronic airflow limitation (postbronchodilator FEV

1
/forced 

vital capacity <0.7) that persists after treatment with broncho-
dilators and ICSs, and a current diagnosis of asthma. When 
an asthma diagnosis cannot be established, positive results on 
a bronchodilator test (FEV

1
 ≥15% and ≥400 mL) or elevated 

blood eosinophil count (≥300/µL) are diagnostic of ACO.12 
Unfortunately, primary care providers (PCPs) tend to 

under-use spirometry when diagnosing asthma or COPD, 
primarily because of limited access to spirometry equipment 
and lack of training and time.25,26 Absence of spirometry use 
can result in misdiagnosis, underestimation of disease sever-
ity, and inappropriate treatment. Evidence from studies con-
ducted in primary care settings highlights the importance 
of diagnosing pulmonary disorders using spirometry rather 
than solely on clinical presentation.27-29 

Based on recommendations: (1) persistent airflow limi-
tation should be a major criterion for diagnosing ACO,30 and 
(2) a history of atopy (genetic tendency to develop immuno-
globulin E [IgE] antibodies against commonly encountered 
environmental allergens) and rhinitis can be considered 
additional minor criteria.31 Identification of biomarkers spe-
cific for ACO would be an effective strategy for classifying 
patients and personalizing treatment.32 Inflammatory bio-
markers such as FeNO, blood eosinophil counts (≥300/µL), 
sputum eosinophil counts (≥3%), and allergen-specific IgE 
can be used to support an ACO diagnosis. In studies, these 
biomarkers,33,34 as well as sputum neutrophil gelatinase-
associated lipocalin,35 were significantly higher among ACO 
patients than in those with COPD. However, the pragmatic 
problems associated with use of these biomarkers need to be 
considered: (1) the cut-off values are in dispute, and (2) the 
measurement of sputum eosinophils is complicated and not 
practical in the clinical setting. 

TREATING PATIENTS WITH ACO 
Goals of ACO treatment are to improve QoL; alleviate symp-
toms; improve pulmonary function; improve and maintain 
exercise tolerance and physical activity; prevent disease 
progression, airway remodeling, and exacerbation; prevent 
and treat complications and comorbidities; reduce mor-
tality; prevent adverse effects of therapeutic agents; and 
improve patient outcomes.10 Achieving these goals results 
in better disease control with minimal to no impact on 
patients’ activities. Because patients with ACO generally 
are excluded from randomized controlled trials, evidence-
based guidelines for pharmacotherapy for ACO are lacking; 
recommendations for treatment are guided by results from 
studies of asthma or COPD. 

The most recent guidance regarding initial treatment of 
ACO is included in GINA 2018.3 However, other recommen-
dations also are available.10,36-38 If patients show equal features 
of asthma and COPD, initial treatment should mimic that 
for asthma (low- or medium-dose ICSs based on symptom 
severity, and rescue medication [short-acting beta

2
-agonists]) 

until further testing is performed.3 This strategy highlights the 
important role of ICSs in preventing morbidity and mortality 
in patients with uncontrolled asthma, where even mild symp-
toms could lead to a life-threatening attack. However, initial 
therapy with ICS in ACO has not been studied. Further, the 
safety and tolerability of ICSs in ACO have not been exam-
ined, and long-term use of ICSs has been associated with 
an increased risk of pneumonia among COPD patients.39 In 
patients with persistent symptoms, LABAs and/or LAMAs can 
be added.3,40 A study comparing ICS/LABA vs ICS/LAMA for 
ACO is needed to determine which therapy is more beneficial. 
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In patients with ACO who previously were diagnosed with 
COPD, LABA and/or LAMA therapy should be started.41,42 
ICSs should be added to LABA in cases of uncontrolled  
moderate-to-very severe COPD and exacerbations.42 In most 
cases, ICS/LABA is recommended for patients with ACO; 
consider “triple therapy” with ICS/LABA/LAMA in those with 
more severe symptoms and frequent exacerbations.24

Results of a real-world survey of treatment trends in 
patients with asthma, COPD, or ACO across the United 
States and Europe (Adelphi Respiratory Disease Specific Pro-
grammes 2012-2013) showed that most ACO patients were 
prescribed drug regimens similar to COPD treatment (ie, ICS/
LABA/LAMA triple therapy).43 However, ACO patients had 
more exacerbations than those with asthma or COPD alone, 
highlighting the need for a well-defined therapeutic strategy 
for ACO.43

Advice on reducing modifiable risk factors (smok-
ing cessation), treating comorbidities, nonpharmacologic 
approaches (physical activity, vaccinations, and pulmonary 
rehabilitation), self-management strategies, allergen avoid-
ance, and regular follow-up should also be provided to all 
patients with chronic airflow limitation.3,36 PCPs can perform 
initial management of most patients with ACO.3 However, 
referral for specialized treatment should be considered in 
patients with persistent symptoms, diagnostic uncertainty, 
and comorbidities that interfere with management of airway 
disease.3 Patient instructions should be individualized and 
reinforced via written action/self-management plans.

Based on results of studies of patients with asthma and 
COPD, ACO treatment could be personalized based on dis-
ease phenotype; however, studies of patients with ACO are 
needed. Evidence indicates that patients with COPD and 
eosinophilic inflammation might respond better to ICS than 
those without eosinophilic inflammation,44,45 and mepoli-
zumab (an anti–interleukin [IL]-5 antibody) reduces exac-
erbation rates in patients with COPD and an eosinophilic 
phenotype (eosinophils ≥150/µL at screening or ≥300/µL in 
the previous year).46 Mepolizumab and reslizumab, another 
anti–IL-5 antibody, reduce exacerbations in patients with 
severe eosinophilic asthma inadequately controlled with 
ICS.47,48 Omalizumab—also an anti–IL-5 antibody—decreases 
asthma exacerbations and allergic pulmonary symptoms 
(dyspnea, wheezing, and bronchial hyperresponsiveness) and 
improves asthma control and health-related QoL in patients 
with ACO.49-51 Benralizumab—an anti–IL-5 receptor α mono-
clonal antibody—reduces exacerbations in severe eosino-
philic asthma uncontrolled with ICS/LABA.52,53 Smokers 
with asthma respond better than nonsmokers with asthma  
to montelukast—a leukotriene receptor antagonist54— 
but worse to ICS,55 likely because of reduced histone 

deacetylase 2 expression, which can be treated with low-
dose theophylline.56 Macrolides (eg, azithromycin) reduce 
frequency of exacerbations in COPD57 and could be consid-
ered as a treatment option to reduce exacerbations in ACO, 
although increase in macrolide resistance and risk of cardiac 
arrhythmias need to be considered. In patients with non-
eosinophilic severe asthma and those with COPD, azithro-
mycin reduces exacerbation frequency,58  albeit with hearing 
decrement side effect in the latter.57 Roflumilast given with 
ICS/LABA reduces exacerbations and hospital admissions 
in patients with severe COPD,59 however, its role in ACO is 
unclear.60 Finally, predictors of response such as FeNO lev-
els might be useful to gauge efficacy of ICS therapy in ACO 
patients61 and could be helpful in adjusting treatment.

Lastly, some ACO research topics were proposed at a 
workshop conducted by the American Thoracic Society and 
the National Heart, Lung, and Blood Institute on ACO.62 Par-
ticipants recommended conducting longitudinal studies 
in broad populations to clearly define the prevalence and 
course of ACO, using imaging studies to assess airway dis-
eases, investigating the role of comorbidities in ACO, identi-
fying specific gene signatures linked with fixed airflow limita-
tion, determining the effect of host genetics and environment 
on phenotype development, and developing novel and pre-
cise therapies for ACO treatment.62

CONCLUSIONS
ACO is a relatively new construct for the old concept of over-
lapping asthma and COPD features. Lack of a common, 
widely acceptable definition and standardized algorithms 
for ACO diagnosis and management leads to challenges in 
characterizing, diagnosing, and treating patients. Spirometry 
is under-used worldwide, indicating a need for PCP training 
and encouragement to incorporate spirometry as a diag-
nostic tool for airway diseases in routine practice. Clinical 
trials involving patients with ACO are necessary to generate 
evidence regarding optimal treatment. As with asthma and 
COPD, ACO treatment should be personalized and based on 
clinical and histologic phenotype. Identifying patients most 
likely to benefit from ICSs would help avoid unnecessary use 
of ICSs and reduce risk of pneumonia in patients with COPD 
features. In conclusion, developing precise therapies for ACO 
is needed, and monitoring biomarkers that predict response 
to therapy would help guide treatment decisions.  l
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