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Review Article

Chronic obstructive pulmonary disease (COPD) is the third lead-
ing cause of death worldwide; COPD led to 3.2 million deaths in 2017, a toll 
expected to reach 4.4 million yearly by 2040.1,2 With a worldwide prevalence 

of 10.1%, COPD afflicts many people in low-income, middle-income, and wealthy 
countries (Fig. 1), and years of life lost prematurely increased 13.2% between 2007 
and 2017.1 Although COPD has traditionally been considered a disease that affects 
men, in some countries, the prevalence and associated mortality are higher among 
women than among men. In this review, we update the clinical face of COPD, 
concentrating on the pulmonary aspects of the disease, which also affects many 
other organ systems. The pathogenesis of COPD is discussed in a companion article 
by Agustí and Hogg in this issue of the Journal,3 and the review of muco-obstructive 
lung diseases in a recent issue of the Journal4 complements this article.

Defini tion

COPD is an umbrella term for various clinical entities with multiple causes result-
ing in airflow limitation that is not fully reversible.3,5-7 Hence, COPD is better de-
fined as a clinical syndrome characterized by chronic respiratory symptoms, 
structural pulmonary abnormalities (airways disease, emphysema, or both), lung-
function impairment (primarily airflow limitation that is poorly reversible), or any 
combination of these.8 Patients with COPD are at a higher risk than patients 
without COPD for the development of coexisting conditions that are associated 
with poor outcomes, including death.9,10

Ta xonom y

As described in the companion article on the pathogenesis of COPD, a period of 
environment–gene interaction precedes spirometric airflow limitation.3 In persons 
without obstruction who are exposed to cigarette smoking,3,4 the presence of 
cough, sputum, and dyspnea and the detection of a low diffusing capacity of the 
lung for carbon monoxide (DLco) are associated with an increase in the risk of 
COPD.11-13 Similarly, in persons without obstruction who have a baseline value for 
forced expiratory volume in 1 second (FEV1) at the low end of the normal range, a 
reduction in FEV1 that exceeds 40 ml per year (normal rate of loss after the third 
decade of life, <25 ml per year) over an 18-month period is associated with an 
increase by a factor of 36 in the risk that COPD will develop in the next 5 years.14 
Patients in this “silent” stage constitute a group that can be labeled as having 
“pre-COPD,” with the term “COPD” reserved for patients with spirometric airflow 
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limitation8,15 (see Fig. S1 in the Supplementary 
Appendix, available with the full text of this ar-
ticle at NEJM.org).

COPD remains underdiagnosed, primarily be-
cause it usually is considered to be a disease of 
the elderly. The disorder should be recognized at 
an earlier age because earlier interventions, such 
as smoking cessation, can normalize lung-func-
tion decline.16 In addition, improved air quality 
in some cities is associated with better lung 
function in children living in those communi-
ties,17 and among patients with COPD who are 
treated with bronchodilators, those younger than 
50 years of age have better health status and 
lung function over a 4-year period than older 
patients.18 Thus, earlier disease should not be 
confused with milder disease; the former is 
related to age, whereas the latter relates to the 
severity of airf low limitation.19 On the basis of 
this evidence, treatment of younger patients who 
have mild disease (i.e., earlier treatment) may 
provide the greatest benefit over time.

COPD due to smoking is associated with 
more severe emphysema and more rapid decline 
in lung function than COPD from biomass expo-
sure, which is characterized primarily by airway-
wall thickening and improved lung function after 
the use of bronchodilators.20 Patients with asthma 
leading to COPD may have more symptoms, ex-

acerbations, and hospitalizations and, paradoxi-
cally, a lower mortality rate than patients with 
smoking-associated COPD.21

Di agnosis

The approach to persons at risk for COPD (be-
cause of environmental exposure, respiratory 
symptoms, a family history, or a combination of 
these factors) is summarized in Figure  2. Per-
sons with normal spirometric values should be 
encouraged to adopt a healthy lifestyle and avoid 
injurious exposures. Such patients should also 
be monitored with annual spirometry because 
they are at increased risk for persistent airflow 
limitation (ratio of FEV1 to forced vital capacity, 
<0.7).14 Once such airflow limitation occurs, the 
diagnosis of COPD is confirmed.5

FEV1, expressed as a proportion of reference 
values, defines the severity of airflow limitation, 
which, along with the intensity of dyspnea, the 
presence or absence of cachexia, and an assess-
ment of the capacity to perform activities of 
daily life, provides additional prognostic infor-
mation.22 A history of exacerbations, especially 
two or more in a year or an episode requiring 
hospitalization, predicts future exacerbations and 
poor outcomes,23 indicating a need for close 
monitoring and adequate therapy.5

Figure 1. Prevalence of Chronic Obstructive Pulmonary Disease (COPD) in Selected Countries, 1990–2016.

COPD is currently the third leading cause of death and an important cause of complications worldwide. Although COPD 
is a substantial problem everywhere, China and India account for more than 50% of all cases of COPD in the world. 
Data are from the Global Burden of Disease (www​.healthdata​.org/​gbd).
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Coexisting Conditions and Multimorbidity

Patients with COPD often have certain coexist-
ing conditions, including ischemic heart disease, 
atrial fibrillation, heart failure, osteoporosis, lung 
cancer, gastroesophageal ref lux, anxiety, and 

depression.24 Most of these disorders are charac-
teristically seen in the elderly, but in patients 
with COPD they occur at younger ages.10 Given 
the potential response to therapies, patients with 
COPD should be evaluated for coexisting condi-

Figure 2. Algorithm for the Evaluation and Treatment of Persons with COPD or at Risk for COPD.

Most patients with mild symptoms (green) and no exacerbations per year do well with exposure control, increased 
physical activity, vaccinations, and use of long-acting bronchodilators. The green and yellow pathways are usually 
the domain of primary care practitioners. The brown pathways are best managed by health care professionals with 
experience in COPD management. The darker shades of yellow and brown indicate more severe disease or more 
complex therapy than the lighter shades. Global Initiative for Chronic Obstructive Lung Disease (GOLD) grade 1 
indicates mild disease, and GOLD grade 4 very severe disease. The BODE index consists of the integration of body-
mass index, the degree of airflow obstruction, the severity of dyspnea, and exercise capacity (6-minute walking dis-
tance [6MWD]). CAT denotes COPD Assessment Test, DLco diffusing capacity of the lung for carbon dioxide, FEV1 
forced expiratory volume in 1 second, FVC forced vital capacity, IC inspiratory capacity, LVR lung-volume reduction, 
mMRC modified Medical Research Council dyspnea scale, RV residual volume, and TLC total lung capacity.
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tions, which should be treated, if present. The 
concept of COPD as one of a group of coexisting 
disorders (multimorbidity) deserves attention be-
cause treatment based on common pathobio-
logic processes may have a simultaneous effect 
on a variety of target organs.25

Phenotyping with CT Imaging

Computed tomography (CT) of the chest has revo-
lutionized the approach to assessing patients for 
COPD26 by defining phenotypes with poor clini-
cal outcomes. Chest CT detects and quantitates 
the emphysema phenotype, classically known as 
the “pink puffer” phenotype but better defined 
as the MOLT (multiorgan loss of tissue) pheno-
type, which is frequently associated with loss of 
mesenchymal tissue (bone, muscle, and fat).27 
Patients with this phenotype are at increased 
risk for lung cancer.28 The presence of heteroge-
neous, predominantly upper-lobe emphysema 
identifies good candidates for bronchoscopic or 
surgical lung-volume reduction.29,30 CT also de-
tects airway luminal narrowing31 and wall thick-
ening associated with cough, phlegm production4 
or discoloration,32 and exacerbations of COPD.33 
This “bronchitic phenotype” resembles the old 
clinical “blue bloater” in that it is associated with 
an increased incidence of metabolic syndrome 
and coronary artery disease and an increased 
risk of death.

Chest CT provides more relevant information 
than just those two phenotypes. It can identify 
bronchiectasis, early-stage lung cancer,34 interstitial 
lung abnormalities, coronary calcifications, cardio-
megaly, enlargement of the pulmonary vasculature, 
thoracic-wall and mediastinal abnormalities, osteo-
porosis, sarcopenia, and hiatal hernia, all of which 
affect health status35-37 and could be the target 
of specific therapies. On the basis of its clinical 
yield, even without evidence from controlled 
trials, we think a chest CT should be obtained 
in most, if not all, patients with COPD (Fig. 2).

Physiological Testing

A resting oxygen saturation of less than 90% 
should prompt measurement of arterial blood 
gases to determine whether supplemental oxygen 
is needed.5 In patients with dyspnea on exertion, 
physiological testing can be informative. Hyper-
inflation is determined by measuring lung vol-
umes, with air trapping indicated by a ratio of 
residual volume to total lung capacity that ex-

ceeds the normal value of 0.35. A low ratio of 
inspiratory to total lung capacity (<0.25) is associ-
ated with an increased risk of death38 and, when 
accompanied by dynamic hyperinflation,39 is a 
determinant of the severity of dyspnea. A low 
DLco (an indirect measure of emphysema) is a 
good predictor of oxygen desaturation, coexist-
ing pulmonary hypertension, and lung cancer.40 
A 6-minute walking distance of less than 350 m 
is associated with increased mortality.41 Cardio-
pulmonary exercise testing helps differentiate car-
diac from respiratory compromise and can be 
used to guide pulmonary rehabilitation.42 The 
multidimensional BODE index, which consists 
of the integration of four variables (body-mass 
index, degree of airf low obstruction, degree of 
dyspnea, and exercise capacity [6-minute walk-
ing distance]), provides better prognostic infor-
mation (higher scores indicate a greater risk of 
death) than the FEV1 alone22 and is easily calculat
ed (www​.mdcalc​.com/​bode​-index​-copd​-survival).

Endotypes, Biomarkers, and Treatable Traits

An endotype is a disease subtype defined func-
tionally and pathologically by a molecular mech-
anism or by treatment response.43 Endotypes 
should be identified by means of validated bio-
markers.44 Currently, only two blood tests meet 
this criterion for COPD endotypes that consti-
tute treatable traits. The first test is the serum 
level of alpha1-antitrypsin, which should be mea-
sured in all patients. A low level indicates a ge-
netically determined COPD endotype that re-
sponds to long-term replacement of the missing 
protein.45 The second test is the blood eosinophil 
count. In patients with frequent exacerbations 
despite appropriate bronchodilator treatment, the 
blood eosinophil count helps predict the response 
to inhaled glucocorticoids.46 Eosinophil counts 
higher than 300 per cubic millimeter indicate a 
good response, values between 100 and 300 per 
cubic millimeter suggest a moderate response, 
and a low eosinophil count (<100 per cubic milli-
meter) is associated with minimal benefit and 
an increase in the risk of pneumonia.47

Implemen ting Ther a py

Primary and Secondary Prevention

The most important approach for a disease with 
a large environmental component such as COPD 
is primary prevention,2 as documented by the 
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decrease in mortality from smoking-induced dis-
eases that is associated with the reduction in 
the prevalence of smoking in the United States 
(www​.healthdata​.org/​data​-visualization/​tobacco​
-visualization). Also important is improvement 
in the lung function of children in regions where 
ambient pollution has been reduced.17 Some trials 
suggest that simple changes in cooking, heating 
methods, and in-house ventilation in regions with 
indoor biomass use can improve lung health and 
reduce the incidence of COPD.48 The appropriate 
use of vaccinations (influenza and pneumococ-
cal vaccine) is essential, since they are associated 
with positive outcomes.5

General Therapy

Smoking cessation reduces the risk of death, and 
pulmonary rehabilitation and pharmacologic ther-
apy improve symptoms, exercise capacity, and 
quality of life.5,49 The general approach to pa-
tients with COPD, shown in Figure 2, is to gear 
the complexity of therapy to the severity of the 
disease. Most patients with mild symptoms (a 
score of 0 or 1 on the modified Medical Re-
search Council dyspnea scale [scores range from 
0 to 4, with higher scores indicating more severe 
dyspnea] or a score of <10 on the COPD Assess-
ment Test [scores range from 0 to 40, with higher 
scores indicating greater severity of symptoms]) 
and fewer than two exacerbations per year do 
well with exposure control, increased physical 
activity, vaccinations, and use of long-acting 
bronchodilators. The presence of more intense 
symptoms and the occurrence of more frequent 
exacerbations should prompt a more detailed 
evaluation and specialized management, with 
consideration of a referral for pulmonary reha-
bilitation, which improves health status, reduces 
dyspnea, and increases exercise capacity.49

Pharmacotherapy

The Global Initiative for Chronic Obstructive Lung 
Disease suggests an initial approach based on 
the intensity of symptoms and the history of 
exacerbations, with a subsequent algorithm that 
includes a blood eosinophil count for adjustment 
of therapy.5 We have integrated this information 
into a single algorithm (Fig. 3), adding the de-
gree of airf low limitation and one phenotypic 
expression of the disease (the asthma–COPD 
overlap). Caregivers should supervise the use of 
inhalers, since incorrect use is a frequent cause 

of treatment failure, and should check for side 
effects of the medications, particularly inhaled 
glucocorticoids, because side effects increase the 
risk of pneumonia. Table S1 in the Supplemen-
tary Appendix shows a detailed list of pharma-
cologic agents used for patients with COPD.

A long-acting muscarinic antagonist (LAMA) 
is the initial drug of choice for patients with 
mild disease and no exacerbations.50 If the pa-
tient has more severe dyspnea, severe airf low 
obstruction, and lung hyperinflation, combining 
a LAMA with a selective long-acting beta2-agonist 
(LABA) is more effective5,51-53; the two agents can 
be provided in a single inhaler to simplify treat-
ment. It is reasonable to start therapy with a com-
bination of a LABA and an inhaled glucocorticoid 
in patients with a history of asthma, wheezes, 
rhinitis, polyps, or allergies; a history of exacer-
bations; an elevated blood eosinophil count 
(>150 per cubic millimeter); or a combination of 
these findings.5,54 Although an inhaled glucocor-
ticoid alone decreases the risk of exacerbations 
in patients with COPD, monotherapy is not rec-
ommended because of evidence that use of an 
inhaled glucocorticoid (f luticasone propionate) 
alone is associated with an increased risk of 
death, as compared with the combination of fluti-
casone and salmeterol.5,55 If exacerbations con-
tinue (two or more or one requiring hospitaliza-
tion), the combination of a LAMA, a LABA, and 
an inhaled glucocorticoid in a single canister 
decreases the risk of exacerbations, improves 
lung function, and may decrease the risk of 
death.56,57 This review cannot address the details 
of all inhaler devices. However, high pressure and 
flows, requiring rapid and strong inhalations, 
are needed to properly deliver medications avail-
able as dry-powder inhalers, whereas good coor-
dination and slower inhalations are preferred 
when medications are prescribed with the use of 
metered-dose inhalers. Soft-mist inhalers and 
nebulizers are most easily administered.5

For patients who have repeated exacerbations 
while receiving maximal inhaled therapy or who 
have side effects from inhaled glucocorticoids, 
oral macrolides are useful.58 However, these agents 
should be avoided in patients with a prolonged 
QT interval on the electrocardiogram and cardiac 
arrhythmias. Care should be taken to monitor 
patients for the development of bacterial resis-
tance in sputum and for impaired hearing. A 
potential alternative is the phosphodiesterase-4 
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Figure 3. Algorithm for Pharmacotherapy in Patients with a Confirmed Diagnosis of COPD.

Integration of the lung-function compromise, severity of symptoms, and risk of exacerbations helps determine disease severity. Milder 
disease may benefit from a single inhaled, long-acting bronchodilator, preferably a long-acting muscarinic antagonist (LAMA). In patients 
with more compromised lung function and infrequent exacerbations of moderate intensity, a LAMA combined with a long-acting beta2-
agonist (LABA) in a single inhaler or dual inhalers may be used. A history of asthma, allergies, or rhinitis or an elevated blood eosinophil 
count (>300 per cubic millimeter) favors the initial use of an inhaled glucocorticoid (IGC) combined with a LABA. If the symptoms and 
exacerbations persist (more than two exacerbations per year or one hospitalization for COPD), triple therapy consisting of a LAMA, a 
LABA, and an IGC is useful. An array of systemic therapies (azithromycin, roflumilast, xanthines, and antioxidants) may be considered as 
third-line agents. The use of biologic agents requires further studies to validate their efficacy. PDE4i denotes phosphodiesterase-4 inhibitor, 
and SABD short-acting bronchodilator.
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inhibitor roflumilast, which lowers exacerbation 
rates among patients with severe COPD.59 Pa-
tients taking roflumilast should be monitored 
closely for gastrointestinal disturbances and 
weight loss. Although biologic agents are benefi-
cial in patients with asthma, trials of mepoliz
umab and benralizumab have shown marginal 
benefits in patients with COPD and exacerba-
tions. Oral antioxidants are popular in Europe 
and the Far East but not in the rest of the world.5

Pulmonary Rehabilitation and Oxygen 
Therapy

Pulmonary rehabilitation is beneficial in patients 
with deconditioning and a limited ability to per-
form activities of daily living (Fig. 2). Compre-
hensive reviews of this aspect of COPD manage-
ment are available elsewhere.49,60 All patients with 
COPD should be evaluated for hypoxemia at rest. 
In patients with oxygen saturation that is lower 
than 88%, or a partial pressure of arterial oxy-
gen (Pao2) that is less than 55 mm Hg while the 
patient is breathing ambient air at sea level, 
supplemental oxygen will decrease the risk of 
death.5 In patients with intermittent desatura-
tion while exercising, however, supplemental 
oxygen is not effective.61

Lung-Volume Reduction and Mechanical 
Ventilation

In patients with severely impaired lung function, 
decreased exercise endurance, and high scores on 
the BODE index, CT evaluation of lung anatomy 
will help determine whether lung-volume reduc-
tion (with the use of unidirectional valves, coils, 
or surgery) or lung transplantation may be of 
benefit.5,30 Other techniques, such as transbron-
chial lung denervation, are being investigated. 
Patients in unstable condition who have chronic 
ventilatory failure (partial pressure of arterial 
carbon dioxide >7 kPa or 53 mm Hg) can be 
considered for noninvasive ventilation adminis-
tered at home, which improves outcomes and 
decreases the rate of hospitalization.62

End-of-Life Issues

Chronic respiratory insufficiency develops in a 
minority, but still a large number, of patients 
with COPD, leading to death from respiratory 
failure. A frank conversation with the patient 

and family members about the use of invasive 
therapies, as well as end-of-life decisions, will help 
determine the appropriate care for such patients.5

COPD E x acer b ations

A COPD exacerbation is clinically defined as “an 
increase in dyspnea, cough, or sputum puru-
lence with or without symptoms of upper respi-
ratory infection.”63 In pharmacologic trials, an 
exacerbation of COPD is defined as “an acute 
event characterized by worsening of the patient’s 
respiratory symptoms that is beyond the day-
to-day variation and that leads to a change in 
medications.”64 Exacerbations are considered to 
be mild when only worsening symptoms are re-
ported; moderate when the patient receives anti-
biotics, systemic glucocorticoids, or both; and 
severe when the patient visits an emergency de-
partment or is hospitalized.65 Exacerbations in-
crease the risk of myocardial infarction, stroke, 
pulmonary embolism, and death. Myocardial in-
farction and pulmonary embolism should be ruled 
out in patients presenting with symptoms of a 
COPD exacerbation.66 Frequent exacerbations are 
associated with worsening health status and a 
rapid decline in lung function and are a driver of 
health care costs, accounting for more than 20% 
of all readmissions occurring within 30 days 
after a hospitalization for the same diagnosis.67

Epidemiology and Causes

Some patients with COPD have frequent exacer-
bations (two or more per year). These patients 
are identifiable by three factors: a history of ex-
acerbations, the severity of airf low limitation, 
and the presence of gastroesophageal reflux.68 
Between 30% and 50% of exacerbations have a 
bacterial cause (Haemophilus inf luenzae, Streptococcus 
pneumoniae, Moraxella catarrhalis, and Chlamydia 
pneumoniae), and viruses such as influenza virus 
and rhinoviruses are involved in up to 30% of 
cases.69 Environmental pollution accounts for 
some cases, and the risk of exacerbations in-
creases during the winter months in the north-
ern and southern hemispheres.

Pathophysiology and Prevention

Exacerbations are associated with an airway 
and systemic inflammatory burst that results in 
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increased ventilatory demands. In patients with 
limited expiratory f low, tachypnea leads to air 
trapping and dyspnea,70 which are mitigated by 
such therapies as bronchodilators and noninva-
sive ventilation that decrease tachypnea and lung 
volumes.5 Hypoxemia develops in patients with 
milder disease, whereas ventilatory failure and 
hypercapnia, which are associated with a poor 
outcome, may develop in those with more severe 
compromise. Recovery from an exacerbation takes 
a long time, and patients with exacerbations 
have an impaired quality of life, diminished 
exercise capacity, and loss of lung function.71,72 
Exacerbation prevention includes regular exercise, 
smoking cessation, appropriate medications, in-
fluenza virus and pneumococcal vaccinations, 
and indoor protection during periods of high 
environmental pollution.5,73

Treatment of the Acute Event

Therapy includes short-acting inhaled beta2-ago-
nists, usually given by means of nebulizers. If 
the response is limited, short-acting anticholin-
ergic agents should be added. Systemic adminis-
tration of glucocorticoids improves airflow, gas 
exchange, and symptoms.74 Treatment for only 
5 days with 40 mg of prednisone or its equiva-
lent daily is just as effective as a 10-day course.5,65 
This approach decreases the incidence of psycho-
sis (especially in the elderly), electrolyte imbal-
ance, hyperglycemia, and systemic hyperten-
sion. Antibiotics are beneficial, particularly in 
patients with purulent sputum and severe exacer-
bations.65 Selection of the agent depends on local 
bacterial flora, with the duration of treatment 
ranging from 5 to 14 days. Patients with severe 
airflow limitation (FEV1 <1 liter), hypoxemia, hy-
percapnia, and coexisting conditions should be 
hospitalized.

Respiratory Failure

In patients whose oxygen saturation is less than 
90%, arterial blood gases should be measured 
while the patients are breathing ambient air. If 
there is hypoxemia without hypercapnia, low-flow 
oxygen is indicated, with the goal of achieving a 

Pao2 value of 60 to 65 mm Hg (oxygen satura-
tion, 91 to 94%). Patients should be considered 
for noninvasive ventilation, which improves out-
comes, including a reduced risk of death, if they 
have persistent hypercapnia with a pH of less 
than 7.35 but more than 7.15.65,75 Noninvasive 
ventilation is not beneficial in patients whose 
condition is unstable and in those with shock, 
airways that cannot be protected, agitation, or 
craniofacial deformity. Such patients are better 
treated with conventional mechanical ventilation.

F u t ur e Dir ec tions

We now understand that COPD is more a syn-
drome than a single disease. The recognition of 
pre-COPD and early COPD as targetable entities 
should help guide the development of specific 
therapies for these stages of disease, which may 
significantly reduce the incidence of severe 
COPD. The revolution brought about by chest CT 
and a better understanding of the multidimen-
sional nature of COPD and coexisting conditions 
has resulted in widespread use of pulmonary 
rehabilitation and the development of broncho-
scopic techniques to reduce lung volumes in se-
lected patients with emphysema. Therapies that 
improve lung structure, such as replacement 
therapy in patients with alpha1-antitrypsin defi-
ciency, indicate that it is possible to modify the 
course of COPD. More potent and longer-acting 
bronchodilator agents have become the corner-
stone of therapy. A rational approach to the use 
of inhaled glucocorticoids, with lower doses and 
avoidance of systemic administration, and the 
benefits accrued with systemic antiinflammatory 
agents, have paved the way for precise therapies. 
These advances hold out promise for effective 
treatment of COPD.
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