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PREFACE

In 2011, the Global Initiative for Chronic Obstructive Lung Disease (GOLD) released a
consensus report, Global Strategy for the Diagnosis, Management, and Prevention of
COPD. It recommended a major revision in the management strategy for COPD that was
first presented in the original 2001 document. Reports released in January 2013, January
2014, January 2015, and January 2016 were based on updated scientific literature published
since the completion of the 2011 document but maintain the same treatment paradigm. The
2015 update added an Appendix on Asthma COPD Overlap Syndrome, material prepared
jointly by the GOLD and GINA Science Committees.

The assessment of COPD proposed by GOLD has been based on the patient’'s level of
symptoms, future risk of exacerbations, the extent of airflow limitation, the spirometric
abnormality, and the identification of comorbidities. The “ABCD” assessment tool of the 2011
GOLD update was a major advance from the simple spirometric grading system of the
earlier versions of GOLD because it incorporated multimodality<assessment, symptom
burden and highlighted the importance of exacerbation prevention in the management of
COPD. However, there were some important limitations<to this scheme. The ABCD
assessment tool performed no better than spirometric grades for mortality prediction or other
important health outcomes. To address these and other concerns (while at the same time
maintaining consistency and simplicity for the practicing clinician), a refinement of the ABCD
assessment tool was proposed in the 2017 GOLD-Report that separates spirometric grades
from the “ABCD” groups. Thus, ABCD groups and their associated implications for
pharmacotherapy recommendations will be derived exclusively from patient symptoms and
their history of exacerbations. The separation of airflow limitation from clinical parameters
makes it clearer what is being evaluated and ranked. This revised assessment tool
acknowledges the limitations of ~FEV, in influencing some therapeutic decisions for
individualized patient care and highlights the importance of patient symptoms and
exacerbation risks in patients with COPD. Spirometry remains key in the diagnosis,
prognostication and treatment with nonpharmacologic therapies.

The GOLD report-has been used worldwide as a “strategy document” for healthcare
professionals to use as a tool to implement effective management programs based on local
healthcare systems. The ABCD assessment tool has been used by many to structure their
assessment of COPD symptom burden and create treatment plans. A summary of
publications that have examined the ABCD grading system since its first presentation in
2011 is provided in the table on the next page. Additional evidence generated from using the
original and the revised system proposed in the 2017 GOLD Report will continue to be
evaluated by the GOLD committees and management strategy recommendations will be
modified as required as new data become available. This 2018 edition of the GOLD Report
incorporates new information that has been published from January 2016 to July 2017.

GOLD has been fortunate to have a network of international distinguished health
professionals from multiple disciplines. Many of these experts have initiated investigations of
the causes and prevalence of COPD in their countries, and have developed innovative
approaches for the dissemination and implementation of the GOLD management strategy.



The GOLD initiative will continue to work with National Leaders and other interested
healthcare professionals to bring COPD to the attention of governments, public health
officials, healthcare workers, and the general public to raise awareness of the burden of
COPD and to develop programs for early detection, prevention and approaches to

management.

| UV.L\
Alvar G. Agusti, MD Claus Vogelmeier, MD
Chair, GOLD Board of Directors Chair, GOLD Science Committee
Hospital Clinic, Department of Medicine;
Universitat de Barcelona, Pulmonary and Critical,€are Medicine
Villarroel 170, 08036 University Medical Center GieRen and
Barcelona, Spain Marburg

Philipps-Uniyersitat Marburg,
Baldingerstralie
35043 Marburg, Germany
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GLOBAL STRATEGY FOR DIAGNOSIS,
MANAGEMENT AND PREVENTION OF COPD 2017
UPDATE!

METHODOLOGY

When the Global Initiative for Chronic Obstructive Lung Disease (GOLD) program was
initiated in 1998, a goal was to produce recommendations for management of COPD based
on the best scientific information available. The first report, Global Strategy for Diagnosis,
Management and Prevention of COPD was issued in 2001. In 2006 and again in 2011 a
complete revision was prepared based on published research. These «reports, and their
companion documents, have been widely distributed and translated into many languages
and can be found on the GOLD website (www.goldcopd.org).

The GOLD Science Committee* was established in 2002 to review published research on
COPD management and prevention, to evaluate the jimpact of this research on
recommendations in the GOLD documents related to management and prevention, and to
post yearly updates on the GOLD website. Its members are recognized leaders in COPD
research and clinical practice with the scientific credentials to contribute to the task of the
Committee and are invited to serve in a voluntary-capacity.

Updates of the 2011-revised report were released in January 2013, 2014, 2015, and 2016.
The 2017 GOLD Report, the 4th major-revision of GOLD, incorporates an update of recent
information that has been reviewed<by the science committee from 2015 to 2016 and a
comprehensive reassessment and revision of prior recommendations for the diagnosis,
assessment and treatment of COPD.

Process: To produce the' GOLD report, a PubMed (National Center for Biotechnology
Information, U.S. National Library of Medicine, Bethesda MD, USA) search was completed
using search fields established by the Committee: 1) COPD, All Fields, Adult: 19+ years,
only items with abstracts, Clinical Trial, Meta-analyses, Human.

The literature included in this 2018 edition of the GOLD Report has been updated to include
important literature in COPD research and care that was published from January 2016 to
July 2017. Publications in peer reviewed journals not captured by PubMed may be submitted
to the Chair, GOLD Science Committee, providing the full paper, including abstract, is

T The Global Strategy for Diagnosis, Management and Prevention of COPD (updated 2016), the Pocket Guide (updated 2016)
and the complete list of references examined by the Committee are available on the GOLD website www.goldcopd.org.

* GOLD Science Committee Members (2017-2018): C. Vogelmeier, Chair, V. Lopez. P. Frith, J. Bourbeau, N. Roche, F.

Martinez, R. Stockley, D. Sin, D. Singh, J. Wedzicha, D. Halpin, A. Anzueto, B. Celli, J. Vestbo, P. Barnes, M. Nishmura. G.
Criner, A. Agusti, J. Wedzicha, P. Barnes, J. Vestbo

viii



submitted in (or translated into) English.

Members of the Committee receive a summary of citations and all abstracts. Each abstract
is assigned to two Committee members, although all members are offered the opportunity to
provide input on any abstract. Members evaluate the abstract or, subject to her/his judgment,
the full publication, by answering four specific written questions from a short questionnaire,
to indicate if the scientific data presented impacts on recommendations in the GOLD report.
If so, the member is asked to specifically identify modifications that should be made.

The GOLD Science Committee meets twice yearly to discuss each publication that was
considered by at least one member of the Committee to potentially have an impact on the
management of COPD. The full Committee then reaches a consensus on whether to include
it in the report, either as a reference supporting current recommendations, or to change the
report. In the absence of consensus, disagreements are decided by an open vote of the full
Committee.

Recommendations by the GOLD Committees for use of any medication are based on the
best evidence available from the published literature and not-.on labeling directives from
government regulators. The Committee does not make recommendations for therapies that
have not been approved by at least one major regulatory agency.



GOLD 2018 SUMMARY OF KEY CHANGES

The GOLD 2018 report is a minor revision of the GOLD 2017 report. Following systematic
literature searches and double-blind review by the GOLD Science committee, the GOLD
report has been updated to include key peer-reviewed research publications from January
2016 to July 2017.

Throughout: Gender has been changed to sex.
Table 3.3 and Figure 2.4 have been revised.

Chapter 1

Page 10: The Medical Research Council National Survey of Health and Development
recently documented a synergistic interaction between smoking andinfant respiratory
infection as well as early life home overcrowding with lung function at age 43. (Allinson et al.,
2017)

Page 11: A recent cross-sectional analysis from China showed an association between
ambient levels of particulate matter (PM2.5/10) and COPD prevalence. (Liu et al., 2017)

Page 14: A recent study suggests that local IgA deficiency is associated with bacterial
translocation, small airway inflammation and airway remodeling. (Polosukhin et al., 2017)

Page 15: Even in mild COPD, or in smokers susceptible to emphysema, (Alford, van Beek,
McLennan, & Hoffman, 2010; lyer et .al, 2016) there are significant abnormalities in
pulmonary microvascular blood flow,that worsen with disease progression. (Peinado,
Pizarro, & Barbera, 2008)

Chapter 2

Page 27: Assessment of the presence or absence of airflow obstruction based on a single
measurement of the pest-bronchodilator FEV4/FVC ratio should be confirmed by repeat
spirometry on a separate occasion if the value is between 0.6 and 0.8, as in some cases the
ratio may change-as a result of biological variation when measured at a later interval (Aaron
et al., 2017; Schermer et al., 2016) If the initial post-bronchodilator FEV,/FVC ratio is less
than 0.6 it is very unlikely to rise above 0.7 spontaneously.(Aaron et al., 2017)

Page 31: A number of large studies that classified patients using the GOLD spirometric
grading systems have been conducted. (Decramer et al., 2009; Hurst et al., 2010; Jenkins et
al., 2009) These studies demonstrate that exacerbation rates vary greatly between patients
(Hurst et al., 2010) and during follow-up. (Han et al., 2017)

Chapter 3

Page 45: Besides individual approaches to smoking cessation, legislative smoking bans are
effective in increasing quit rates and reducing harm from second-hand smoke exposure.
(Frazer et al., 2016)



Page 45: Recent data suggest that e-cigarette inhalation alters the lung host response in
smokers. (Reidel et al., 2017)

Page 51: In one clinical trial, combination LABA/LAMA treatment had the greatest
improvement in quality of life compare to placebo or its individual bronchodilator components
in patients with the highest baseline symptom burden. (Martinez et al., 2017)

Page 54: A double-blind, parallel group, RCT reported that treatment with extrafine fixed
triple therapy had clinical benefits compared with tiotropium in patients with symptomatic
COPD, FEV, <50%, and a history of exacerbations. (Vestbo et al., 2017) Another double-
blind RCT reported benefits of single-inhaler triple therapy compared with ICS/LABA therapy
in patients with advanced COPD. (Lipson et al., 2017)

Page 54: The beneficial effects of roflumilast have been reported to be:greater in patients
with a prior history of hospitalization for an acute exacerbation. (Han-et al., 2014; Rabe,
Calverley, Martinez, & Fabbri, 2017)

Page 55: Azithromycin (250 mg/day or 500 mg three times per‘week) or erythromycin (500
mg two times per day) for one year in patients prone to exacerbations reduced the risk of
exacerbations compared to usual care. (Albert et al., 2041; Seemungal et al., 2008; Uzun et
al.,, 2014) Azithromycin use was associated with‘.an increased incidence of bacterial
resistance and impaired hearing tests. (Albert et al., 2011) A post-hoc analysis suggests
lesser benefit in active smokers. (Han et al., 2014) There are no data beyond one-year of
chronic azithromycin treatment showing the efficacy or safety of its use to prevent COPD
exacerbations.

Page 59: Pulmonary rehabilitation.can be conducted at a range of sites. (Spruit et al., 2013)
Home rehabilitation delivered with minimal resources in patients with COPD may be an
equivalent alternative to facility located outpatient rehabilitation. (Holland et al., 2017) Home
rehabilitation may be a solution for many patients who live outside the reach of facility-based
programs. Another challenge is that the benefits of rehabilitation tend to wane over time.
Long-term maintenance pulmonary rehabilitation may sustain the benefits achieved after
completion of the-initial pulmonary rehabilitation program, although one study reported
attenuation during follow-up. (Guell et al., 2017)

Page 63: Breathlessness may be relieved in COPD patients who are either mildly
hypoxemic, or non-hypoxemic but do not otherwise qualify for home oxygen therapy, when
oxygen is given during exercise training; however, studies have shown no improvement of
breathlessness in daily life and no benefit on health related quality of life (Table 3.10).
(Ekstrom, Ahmadi, Bornefalk-Hermansson, Abernethy, & Currow, 2016; Long-term Oxygen
Treatment Trial Research Group, 2016)

Page 64: Stable patient. In patients with both COPD and obstructive sleep apnea there are

clear benefits associated with the use of continuous positive airway pressure (CPAP) to
improve both survival and the risk of hospital admissions. (Marin, Soriano, Carrizo, Boldova,
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& Celli, 2010)

Whether to use NPPV chronically at home to treat COPD patients with acute on chronic
respiratory failure following hospitalization remains controversial. A recent multicenter (13
sites) prospective RCT of COPD patients (n=116) with persistent hypercapnia (PaCO, >53
mmHg) after 2-4 weeks of hospital discharge because an acute episode of exacerbation,
compared the effects of home noninvasive ventilation (NIV) plus oxygen compared to home
oxygen alone on time to readmission or death. (Murphy et al., 2017) Patients with body
mass index > 35 Kg/m?, obstructive sleep apnea syndrome, or other causes of respiratory
failure were excluded. Of 2,021 patients screened, only 124 (6%) were eligible. Results
showed that adding home NIV to oxygen therapy significantly prolonged the time to
readmission or death within 12 months. (Murphy et al., 2017)

Two previous retrospective studies (Coughlin, Liang, & Parthasarathy, 2015; Galli et al.,
2014) and two of three RCTs (Casanova et al., 2000; Clini et al., 2002; Kohnlein et al., 2014;
Struik et al., 2014) reported reductions in re-hospitalization and improved survival with using
NPPV post-hospitalization. Several factors may account for discrepancies: differences in
patient selection, underpowered studies, NPPV settings incapable of achieving adequate
ventilation, and poor adherence with NPPV therapy.(White “et al., 2015) NPPV when
indicated should be instituted and monitored under the direction of personnel familiar with
the process and the devices utilized. (Kolodziej, Jensen, Rowe, & Sin, 2007; Lightowler,
Wedzicha, Elliott, & Ram, 2003)

Chapter 4

Page 100: Short-term exposure to fine particulate matter (PM2.5) is associated with
increased hospitalizations for acute exacerbations and increased mortality of COPD. (Li et
al., 2016; Liu et al., 2017)

Chapter 5

Page 101: The exact reasonfor an individual’s increased susceptibility to exacerbation
symptoms remains largely-<unknown. However, the perception of breathlessness is greater in
frequent exacerbators ¢han infrequent exacerbators, (Scioscia et al., 2017) suggesting that a
perception of breathing difficulty may contribute to precipitating the respiratory symptoms of
an exacerbation rather than solely physiological or causative factors. The strongest predictor
of a patient’s future exacerbation frequency remains the number of exacerbations they have
had in the prior year. (Hurst et al., 2010) It is recognized that these patients form a
moderately stable phenotype, although some studies have shown that a significant
proportion of patients change their exacerbation frequency especially with worsening FEV.
(Donaldson et al., 2013)

Page 103: A recent updated Cochrane review concluded that the use of COPD exacerbation
action plans with a single short educational component, in conjunction with ongoing support,
reduced in-hospital healthcare utilisation. Such educational interventions were also found to
increase the treatment of COPD exacerbations with corticosteroids and antibiotics.
(Howcroft, Walters, Wood-Baker, & Walters, 2016)
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Page 104: A recent meta-analysis of available clinical studies suggests that procalcitonin-
based protocols to trigger antibiotic use are associated with significantly decreased antibiotic
prescription and total antibiotic exposure, without affecting clinical outcomes (e.g., rate of
treatment failure, length of hospital stay, mortality). However, the quality of this evidence is
low to moderate, because of methodological limitations and smaller overall study
populations. Procalcitonin-based protocols may be clinically effective; however, confirmatory
trials with rigorous methodology are required. (Mathioudakis, Chatzimavridou-Grigoriadou,
Corlateanu, & Vestbo, 2017)

Page 105: High-flow oxygen therapy by nasal cannula. In patients with acute hypoxemic
respiratory failure, high-flow oxygen therapy by nasal cannula (HFNC) may be an alternative
to standard oxygen therapy or noninvasive positive pressure ventilation; some studies have
shown that HFNC can reduce the need for intubation or mortality in patients with hypoxemia
and acute respiratory failure (ARF). (Frat, Coudroy, Marjanovic, & Thille, 2017) Studies to
date performed in patients with COPD patients have very severe underlying disease that
required supplemental oxygen; a randomized cross-over trial demonstrated that HFNC
improved ventilation and decreased hypercarbia. (Fraser, Spooner, Dunster, Anstey, &
Corley, 2016) A systematic review of RCTs in patients with acute hypoxemic respiratory
failure suggests that HFNC trends to reduce intubation rate, ‘but did not meet statistical
significance compared with conventional oxygen therapy“-or NIV, and had no effect on
mortality. (Lin, Liu, Lin, & Lin, 2017) However, the meta-analysis included no studies of
patients with acute respiratory failure due to a COPD'exacerbation. There is a need for well-
designed, randomized, multicenter trials to study_the effects of HFNC in acute hypoxemic
respiratory failure in COPD patients.

Page 108: Nevertheless, it remains good clinical practice to cover these issues before
discharge and their effectiveness on health status and readmission rates may be increased if
they are delivered with an approach that includes motivational interviewing-based health
coaching. (Benzo et al., 2016)

GOLD 2018 NEW REFERENCES

Alphabetical list of.new references in the GOLD 2018 edition:

Aaron, SD et al., Am J Respir Crit Care Med 2017, 196, 3, 306.
Aleva, FE et al., Chest 2017, 151, 3, 544.

Alford, SK et al., Proc Natl Acad Sci U S A 2010, 107, 16, 7485.
Allinson, JP et al., Am J Respir Crit Care Med 2017, 196, 8, 1021.
Benzo, R et al., Am J Respir Crit Care Med 2016, 194, 6, 672.

Cosio, BG et al., Chest 2016, 150, 1, 123.

Crim, C et al., Respir Med 2017, 131, 27.

Ekstrom, M et al., Cochrane Database Syst Rev 2016, 11, Cd006429.
Fraser, JF et al., Thorax 2016, 71, 8, 759.

Frat, JP et al., Ann Transl Med 2017, 5, 14, 297.

Frazer, K et al., Cochrane Database Syst Rev 2016, 2, Cd005992.
Gregersen, TL et al., Int J Chron Obstruct Pulmon Dis 2016, 11, 809.
Guell, MR et al., Am J Respir Crit Care Med 2017, 195, 5, 622.
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Rabe, KF et al., Eur Respir J 2017, 50, 1,

Reidel, B et al., Am J Respir Crit Care Med 2017,

Schermer, TR et al., NPJ Prim Care Respir Med 2016, 26, 16059.
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GLOBAL STRATEGY FOR THE DIAGNOSIS,
MANAGEMENT, AND PREVENTION OF COPD

INTRODUCTION

The aim of the GOLD Report is to provide a non-biased review of the current evidence for
the assessment, diagnosis and treatment of patients with COPD that can aid the clinician.
One of the strengths of GOLD reports is the treatment objectives. These have stood the test
of time, but are organized into two groups: objectives that are directed towards relieving and
reducing the impact of symptoms, and objectives that reduce the risk of adverse health
events that may affect the patient at some point in the future. (Exacerbations are an example
of such events). This emphasizes the need for clinicians to focus on both the short-term and
long-term impact of COPD ontheir patients.

A second strength of the original strategy was the simple, intuitive <system for classifying
COPD severity. This was based on FEV, and was called a staging<system because it was
believed, at the time, that the majority of patients followed a path-of disease progression in
which the severity of COPD tracked the severity of airflow dimitation. Much is now known
about the characteristics of patients in the different GOLDstages — for example, their risk of
exacerbations, hospitalization, and death. However, at.an individual patient level, FEV, is an
unreliable marker of the severity of breathlessness,-exercise limitation, and health status
impairment.

At the time of the original report, improvement in both symptoms and health status was a
GOLD treatment objective, but symptoms-assessment did not have a direct relation to the
choice of management, and health  status measurement was a complex process largely
confined to clinical studies. Now, there are simple and reliable questionnaires designed for
use in routine daily clinical practice. These are available in many languages. These
developments have enabled‘an assessment system to be developed that draws together a
measure of the impact of-the patient's symptoms and an assessment of the patient’s risk of
having a serious adverse health event to the construction of a new approach to management
— one that matches‘assessment to treatment objectives. This management approach can be
used in any clinical setting anywhere in the world and moves COPD treatment towards
individualized medicine — matching the patient’s therapy more closely to his or her needs.

BACKGROUND

Chronic Obstructive Pulmonary Disease (COPD) is currently the fourth leading cause of
death in the world® but is projected to be the 3 leading cause of death by 2020. More than 3
million people died of COPD in 2012 accounting for 6% of all deaths globally. COPD
represents an important public health challenge that is both preventable and treatable.
COPD is a major cause of chronic morbidity and mortality throughout the world; many
people suffer from this disease for years, and die prematurely from it or its complications.
Globally, the COPD burden is projected to increase in coming decades because of continued
exposure to COPD risk factors and aging of the population.2




In 1998, with the cooperation of the National Heart, Lung, and Blood Institute, National
Institutes of Health and the World Health Organization the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) was implemented. Its goals were to increase awareness
of the burden of COPD and to improve prevention and management of COPD through a
concerted worldwide effort of people involved in all facets of healthcare and healthcare
policy. An important and related goal was to encourage greater research interest in this
highly prevalent disease.

In 2001, GOLD released its first report, Global Strategy for the Diagnosis, Management, and
Prevention of COPD. This report was not intended to be a comprehensive textbook on
COPD, but rather to summarize the current state of the field. It was developed by individuals
with expertise in COPD research and patient care and was based on the best-validated
concepts of COPD pathogenesis at that time, along with available evidence on the most
appropriate management and prevention strategies. It provided state-of- the-art information
about COPD for pulmonary specialists and other interested physicians<and served as a
source document for the production of various communications for other audiences,
including an Executive Summary, a Pocket Guide for Healthcare Professionals, and a
Patient Guide.

Immediately following the release of the first GOLD report in 2001, the GOLD Board of
Directors appointed a Science Committee, charged withckeeping the GOLD documents up-
to-date by reviewing published research, evaluating’ the impact of this research on the
management recommendations in the GOLD documents, and posting yearly updates of
these documents on the GOLD Website.

7

Table A. Description of levels of evidence SN\
e Sources of evidence Definition
category
Randomized controlled trialsfRCTs) Evidence is from endpoints of well-designed RCTs that
provide consistent findings in the population for which the
Rich body of high quality evidence recommendation is made without any important limitations.
A without any significant limitation or
bias Requires high quality evidence from = 2 clinical trials involving

a substantial number of subjects, or a single high quality RCT
involving substantial numbers of patients without any bias.
Randemiized controlled trials (RCTs) with Evidence is from RCTs that include only a limited number of

impontant limitations patients, post hoc or subgroup analyses of RCTs or meta analyses
of RCTs.
B Limited Body of Evidence
Also pertains when few RCTs exist, or important limitations are
evident (methodologic flaws, small numbers, short duration,
undertaken in a population that differs from the target population
of the recommendation, or the results are somewhat inconsistent).
Non-randomized trials Evidence is from outcomes of uncontrolled or non-randomized
c trials or from observational studies.
Observational studies
Panel consensus judgment Provision of guidance is deemed valuable but clinical literature
addressing the subject is insufficient.
D

Panel consensus is based on clinical experience or knowledge that
does not meet the above stated criteria.




LEVELS OF EVIDENCE

Levels of evidence have been assigned to evidence-based recommendations where
appropriate. Evidence levels are indicated in boldface type enclosed in parentheses after the
relevant statement e.g., (Evidence A). The methodological issues concerning the use of
evidence from meta-analyses were carefully considered.
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CHAPTER 1: DEFINITION AND OVERVIEW

OVERALL KEY POINTS:

e Chronic Obstructive Pulmonary Disease (COPD) is a common, preventable and
treatable disease that is characterized by persistent respiratory symptoms and
airflow limitation that is due to airway and/or alveolar abnormalities usually caused
by significant exposure to noxious particles or gases.

e The most common respiratory symptoms include dyspnea, cough and/or sputum
production. These symptoms may be under-reported by patients.

» The main risk factor for COPD is tobacco smoking but other environmental
exposures such as biomass fuel exposure and air pollution may contribute. Besides
exposures, host factors predispose individuals to develop COPD. These include
genetic abnormalities, abnormal lung development and accelerated aging.

e COPD may be punctuated by periods of acute worsening.of respiratory symptomes,
called exacerbations.

* In most patients, COPD is associated with significant concomitant chronic diseases,
which increase its morbidity and mortality.

DEFINITION

Chronic Obstructive Pulmonary-Disease (COPD) is a common, preventable and treatable
disease that is characterized by persistent respiratory symptoms and airflow limitation that is
due to airway and/or alveolar abnormalities usually caused by significant exposure to
noxious particles or gases.

The chronic airflow-limitation that is characteristic of COPD is caused by a mixture of small
airways disease (e.g., obstructive bronchiolitis) and parenchymal destruction (emphysema),
the relative contributions of which vary from person to person (Figure 1.1). These changes
do not always occur together, but evolve at different rates over time. Chronic inflammation
causes structural changes, narrowing of the small airways and destruction of the lung
parenchyma that leads to the loss of alveolar attachments to the small airways and
decreases lung elastic recoil. In turn, these changes diminish the ability of the airways to
remain open during expiration. A loss of small airways may also contribute to airflow
limitation and mucociliary dysfunction is a characteristic feature of the disease. Airflow
limitation is usually measured by spirometry as this is the most widely available and
reproducible test of lung function. Many previous definitions of COPD have emphasized the
terms “emphysema” and “chronic bronchitis”, which are not included in the definition used in
this or earlier GOLD reports. Emphysema, or destruction of the gas-exchanging surfaces of
the lung (alveoli), is a pathological term that is often (but incorrectly) used clinically and
describes only one of several structural abnormalities present in patients with COPD.
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Chronic bronchitis, or the presence of cough and sputum production for at least 3 months in
each of two consecutive years, remains a clinically and epidemiologically useful term, but is
present in only a minority of subjects when this definition is used. However, when alternative
definitions are used to define chronic bronchitis, or older populations with greater levels of
smoke or occupational inhalant exposure are queried, the prevalence of chronic bronchitis is
greater.™? It is important to recognize that chronic respiratory symptoms may precede the
development of airflow limitation and may be associated with the development of acute
respiratory events.2 Chronic respiratory symptoms also exist in individuals with normal
spirometry>* and a significant number of smokers without airflow limitation have structural
evidence of lung disease manifested by the varying presence of emphysema, airway wall
thickening and gas trapping.®*

Figure 1.1. Etiology, pathobiology and pathology of COPD leading to airflow limitation and clinical manifestations

Etiology

Smoking and pollutants
Host factors
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O Impaired lung growth
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O Systéndic effects

Airflow limitation Clinical manifestations
Q Symptoms

Q. “Persistent airflow >
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\ O  Comorbidities

BURDEN OF COPD

COPD is a leading cause of morbidity and mortality worldwide that induces an economic and
social burden that is both substantial and increasing.>® COPD prevalence, morbidity and
mortality vary across countries and across different groups within countries. COPD is the
result of a complex interplay of long-term cumulative exposure to noxious gases and
particles, combined with a variety of host factors including genetics, airway hyper-
responsiveness and poor lung growth during childhood.” Often, the prevalence of COPD is
directly related to the prevalence of tobacco smoking, although in many countries outdoor,
occupational and indoor air pollution (resulting from the burning of wood and other biomass
fuels) are major COPD risk factors.'®™ The prevalence and burden of COPD are projected
to increase over the coming decades due to continued exposure to COPD risk factors and
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aging of the world’'s population; as longevity increases more people will express the long-
term effects of exposure to COPD risk factors.’2 Information on the burden of COPD can be
found on international websites, for example the:

e World Health Organization (WHO)
e World Bank/WHO Global Burden of Disease Study™*

Prevalence

Existing COPD prevalence data vary widely due to differences in survey methods, diagnostic
criteria, and analytical approaches.’2 Importantly, all of the studies defined COPD by
spirometry alone and not by the combination of symptoms and spirometry. The lowest
estimates of prevalence are those based on self-reporting of a doctor’s diagnosis of COPD,
or equivalent condition. For example, most national data show that < 6% of the adult
population have been told that they have COPD.™ This is likely to be a reflection of the
widespread under-recognition and under-diagnosis of COPD.1®

Despite the complexities, data are emerging that enable more accurate estimates of COPD
prevalence. A systematic review and meta-analysis, including-studies carried out in 28
countries between 1990 and 2004, provided evidence that the prevalence of COPD is
appreciably higher in smokers and ex-smokers compared to non-smokers, in those = 40
years of age compared to those < 40, and in men compared to women. The Latin American
Project for the Investigation of Obstructive Lung Disease (PLATINO) examined the
prevalence of post-bronchodilator airflow limitation‘among persons > 40 years in one major
city from each of five Latin American countries — Brazil, Chile, Mexico, Uruguay, and
Venezuela. In each country, the prevalence of COPD increased steeply with age, with the
highest prevalence among those > 60 years. Prevalence in the total population ranged from
a low of 7.8% in Mexico City, Mexica; to a high of 19.7% in Montevideo, Uruguay. In all five
cities, the prevalence was appreciably higher in men than in women,* which contrasts with
findings from European cities such as Salzburg, Austria.’®

The Burden of Obstructive Lung Diseases (BOLD) program has also used a standardized
methodology comprising questionnaires and pre- and post-bronchodilator spirometry to
assess the prevalence and risk factors for COPD in people aged 40 and over around the
world. Surveys have been completed in 29 countries and studies are on-going in a further
nine.’® BOLD reported worse lung function than earlier studies, with a prevalence of COPD
grade 2 or higher of 10.1% (SE 4.8) overall, 11.8% (SE 7.9) for men, and 8.5% (SE 5.8) for
women® and a substantial prevalence of COPD of 3-11% among never-smokers.22 BOLD
also examined the prevalence of COPD in north and sub-Saharan Africa and Saudi Arabia

and found similar results.2-%

Based on BOLD and other large scale epidemiological studies, it is estimated that the
number of COPD cases was 384 million in 2010, with a global prevalence of 11.7% (95%
confidence interval (Cl) 8.4%—-15.0%).2 Globally, there are around three million deaths
annually.?2 With the increasing prevalence of smoking in developing countries, and aging
populations in high-income countries, the prevalence of COPD is expected to rise over the
next 30 years and by 2030 there may be over 4.5 million deaths annually from COPD and
related conditions .22



Morbidity

Morbidity measures traditionally include physician visits, emergency department visits, and
hospitalizations. Although COPD databases for these outcome parameters are less readily
available and usually less reliable than mortality databases, to date studies on the available
data indicate that morbidity due to COPD increases with age.’>* Morbidity from COPD may
be affected by other concomitant chronic conditions (e.g., cardiovascular disease®,
musculoskeletal impairment, diabetes mellitus) that are related to smoking, aging and
COPD. These chronic conditions may significantly impair patient’s health status, in addition
to interfering with COPD management and are major drivers of hospitalizations and costs for
patients with COPD.%2

Mortality

The World Health Organization (WHO) publishes mortality statistics for selected causes of
death annually for all WHO regions; additional information is available  from the WHO
Evidence for Health Policy Department.®! However, data must be interpreted with caution
because of the inconsistent use of COPD terminology. In the-10th revision of the
International Statistical Classification of Diseases and Related-Health Problems (ICD-10),
deaths from COPD or chronic airways obstruction are included in the broad category of
“COPD and allied conditions” (ICD-10 codes J42-46).

Under-recognition and under-diagnosis of COPD reduces the accuracy of mortality data.®233
Furthermore, the accuracy of COPD diagnosis(codes recorded in administrative health
databases is also uncertain.2*% In some jurisdictions, reliance on administrative health data,
particularly those that only record hospitalizations, may underestimate the burden of
COPD.® The reliability of recording of .COPD-related deaths in mortality data is also
problematic. Although COPD is often<a-primary cause of death, it is more likely to be listed
as a contributory cause of death or’‘omitted from the death certificate entirely.ﬂ However, it is
clear that COPD is one of the:most important causes of death in most countries. For
instance, in 2011, COPD was the third leading cause of death in the United States.®® This
increase in COPD-related<mortality has mainly been driven by the expanding epidemic of
smoking; reduced mortality from other common causes of death (e.g., ischemic heart
disease, infectious diseases); the aging of the world’s population, particularly in high-income
countries; and scarcity of effective disease modifying therapies.

Economic burden

COPD is associated with significant economic burden. In the European Union, the total
direct costs of respiratory disease are estimated to be about 6% of the total healthcare
budget, with COPD accounting for 56% (38.6 billion Euros) of the cost of respiratory
disease.2 In the United States the estimated direct costs of COPD are $32 billion and the
indirect costs $20.4 billion.*2 COPD exacerbations account for the greatest proportion of the
total COPD burden on the healthcare system. Not surprisingly, there is a striking direct
relationship between the severity of COPD and the cost of care, and the cost distribution
changes as the disease progresses. For example, hospitalization and ambulatory oxygen
costs soar as COPD severity increases. Any estimate of direct medical expenditure for
home-based care under-represents the true cost of home-based care to society, because it
ignores the economic value of the care provided by family members to people with COPD.
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In developing countries, direct medical costs may be less important than the impact of
COPD on workplace and home productivity. Because the healthcare sector might not
provide long-term supportive care services for severely disabled individuals, COPD may
force at least two individuals to leave the workplace—the affected individual and a family
member who must now stay home to care for their disabled relative.** Since human capital is
often the most important national asset for developing countries, the indirect costs of COPD
may represent a serious threat to the economy.

Social burden

Since mortality offers only a limited perspective on the human burden of a disease, it is
desirable to find other measures of disease burden that are consistent and measurable
within and between nations. The authors of the Global Burden of Disease (GBD) Study
designed a method to estimate the fraction of mortality and disability attributable to major
diseases and injuries using a composite measure of the burden of each-health problem: the
Disability-Adjusted Life Year (DALY).22 The DALYs for a specific condition are the sum of
years lost because of premature mortality and years of life lived with disability, adjusted for
the severity of disability. The GBD Study found that COPD is-an increasing contributor to
disability and mortality around the world. In 2005 COPD was the eighth leading cause of
DALYs lost across the world but by 2013 COPD was ranked as the fifth leading cause of
DALYs lost.2 In the United States, COPD is the second leading cause of reduced DALYsSs,
trailing only ischemic heart disease.**

FACTORS THAT INFLUENCE DISEASE DEVELOPMENT
AND PROGRESSION

Although cigarette smoking is the ‘most well studied COPD risk factor, it is not the only risk
factor and there is consistent-evidence from epidemiologic studies that non-smokers may
also develop chronic airflow Jimitation.Z2 Much of the evidence concerning risk factors for
COPD comes from cross-sectional epidemiological studies that identify associations rather
than causal relationships. Nevertheless, compared to smokers with COPD, never smokers
with chronic airflow<limitation have fewer symptoms, milder disease and lower burden of
systemic inflamration.*® Interestingly, never smokers with chronic airflow limitation do not
appear to have an increased risk of lung cancer, or cardiovascular comorbidities, compared
to those without chronic airflow limitation. However, there is evidence that they have an
increased risk of pneumonia and mortality from respiratory failure.*2

Although several longitudinal studies of COPD have followed groups and populations for up
to 20 years,” to date no studies have monitored the progression of the disease through its
entire course, or included the pre and perinatal periods that may be important in shaping an
individual’s future COPD risk. Thus, the current understanding of risk factors for COPD is in
many respects still incomplete.

COPD results from a complex interaction between genes and the environment. Cigarette
smoking is the leading environmental risk factor for COPD, yet even for heavy smokers,
fewer than 50% develop COPD during their lifetime.*® Although genetics may play a role in
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modifying the risk of COPD in smokers, there may also be other risk factors involved. For
example, sex may influence whether a person takes up smoking or experiences certain
occupational or environmental exposures; socioeconomic status may be linked to a child’s
birth weight (as it impacts on lung growth and development, and in turn on susceptibility to
developing the disease); and longer life expectancy will allow greater lifetime exposure to
risk factors. Understanding the relationships and interactions between risk factors requires
further investigation.

Genetic factors

The genetic risk factor that is best documented is a severe hereditary deficiency of alpha-1
antitrypsin (AATD),*” a major circulating inhibitor of serine proteases. Although AATD
deficiency is relevant to only a small part of the world’s population, it illustrates the
interaction between genes and environmental exposures that predispose an individual to
COPD.

A significant familial risk of airflow limitation has been observed in people who smoke and
are siblings of patients with severe COPD,* suggesting that ‘genetics together with
environmental factors could influence this susceptibility. Single;genes, such as the gene-
encoding matrix metalloproteinase 12 (MMP12), have been-related to a decline in lung
function.?2 Several genome-wide association studies have! linked genetic loci with COPD (or
FEV, or FEV./FVC as the phenotype) including markers near the alpha-nicotinic
acetylcholine receptor, hedgehog interacting protein (HHIP), and several others.
Nevertheless, it remains uncertain whether these.genes are directly responsible for COPD or

are merely markers of causal genes.>*>*

Age and sex

Age is often listed as a risk factor for COPD. It is unclear if healthy aging as such leads to
COPD or if age reflects the sumvof cumulative exposures throughout life.2® Aging of the
airways and parenchyma mimic some of the structural changes associated with COPD.%® In
the past, most studies havereported that COPD prevalence and mortality are greater among
men than women, but more recent data from developed countries has reported that the
prevalence of COPDis now almost equal in men and women, probably reflecting the
changing patterns-of tobacco smoking.®® Although controversial, some studies have even
suggested that women are more susceptible to the effects of tobacco smoke than men, >~
leading to more severe disease for the equivalent quantity of cigarettes consumed. This
notion has been validated in animal studies and human pathology specimens, which have
demonstrated a greater burden of small airway disease in females compared with males with

COPD despite a similar history of tobacco smoke exposure.®!

Lung growth and development

Processes occurring during gestation, birth, and exposures during childhood and
adolescence affect lung growth.®2%2 Reduced maximal attained lung function (as measured
by spirometry) may identify individuals who are at increased risk for the development of
COPD.*2 Any factor that affects lung growth during gestation and childhood has the potential
for increasing an individual’s risk of developing COPD. For example, a large study and meta-
analysis confirmed a positive association between birthweight and FEV, in adulthood,®* and
several studies have found an effect of early childhood lung infections. Factors in early life
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termed “childhood disadvantage factors” seem to be as important as heavy smoking in
predicting lung function in adult life.#* Another recent study evaluated three different
longitudinal cohorts and found that approximately 50% of patients developed COPD due to
accelerated decline in FEV,; over time, while the other 50% developed COPD due to
abnormal lung growth and development (with normal decline in lung function over time;
Figure 1.2).” The Medical Research Council National Survey of Health and Development
recently documented a synergistic interaction between smoking and infant respiratory
infection as well as early life home overcrowding with lung function at age 43.%

Figure 1.2. FEV, progression over time
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Note: This is a simplified diagram of FEV, progression over time. In reality, there is tremendous heterogeneity in the rate of
decline in FEV, owing to the-complex interactions of genes with environmental exposures and risk factors over an individual’s
lifetime [adapted from Lange et al NEJM 2015;373:111-22].

Exposure to particles

Across the world, cigarette smoking is the most commonly encountered risk factor for
COPD. Cigarette smokers have a higher prevalence of respiratory symptoms and lung
function abnormalities, a greater annual rate of decline in FEV4, and a greater COPD
mortality rate than non-smokers.2 Other types of tobacco (e.g., pipe, cigar, water pipe)®~
and marijuana’ are also risk factors for COPD. Passive exposure to cigarette smoke, also
known as environmental tobacco smoke (ETS), may also contribute to respiratory symptoms
and COPD” by increasing the lung’s total burden of inhaled particles and gases. Smoking
during pregnancy may pose a risk for the fetus, by affecting lung growth and development in
utero, and possibly the priming of the immune system.’2

Occupational exposures, including organic and inorganic dusts, chemical agents and fumes,
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are an under-appreciated risk factor for COPD.’%2 A cross-sectional observational study
demonstrated that self-reported exposure to workplace dust and fumes is not only
associated with increased airflow limitation and respiratory symptoms, but also with more
emphysema and gas trapping, assessed by computed tomography scan, in both men and
women.” An analysis of the large U.S. population-based National Health and Nutrition
Examination Survey Ill survey of almost 10,000 adults aged 30-75 years estimated the
fraction of COPD attributable to workplace exposures was 19.2% overall, and 31.1% among
never-smokers.”2 These estimates are consistent with a statement published by the
American Thoracic Society that concluded that occupational exposures account for 10-20%
of either symptoms or functional impairment consistent with COPD.” The risk from
occupational exposures in less regulated areas of the world is likely to be much higher than
reported in studies from Europe and North America.

Wood, animal dung, crop residues, and coal, typically burned in open fires or poorly
functioning stoves, may lead to very high levels of indoor air pollution.“There is growing
evidence that indoor pollution from biomass cooking and heatingin poorly ventilated
dwellings is an important risk factor for COPD.”22% Almost three billioh people worldwide use
biomass and coal as their main source of energy for cooking, heating, and other household
needs, so the population at risk worldwide is very large.2'82

High levels of urban air pollution are harmful to individuals with existing heart or lung
disease. The role of outdoor air pollution as a risk factor for COPD is unclear, but its role
appears to be relatively small in adults compared 4o the role of cigarette smoking.’® A recent
cross-sectional analysis from China showed-an association between ambient levels of
particulate matter (PM2.5/10) and COPD prevalence.22 However, there is evidence that air
pollution has a significant impact on lung maturation and development. For instance, the
Children’s Health Study found that_children from communities with the highest levels of
outdoor nitrogen dioxide (NO,) and- particulate matter < 2.5 pm in aerodynamic diameter
(PM2.5) were nearly 5 times more likely to have reduced lung function (defined as FEV, <
80% of predicted) compared<to’children from communities with the lowest levels of NO, and
PM2.5.8 Importantly, reduction in ambient NO, and PM2.5 levels significantly mitigated the
risk of experiencing impaired lung growth.22 However, the relative effects of short-term, high-
peak exposures and’long-term, low-level exposures are yet to be resolved.

Socioeconomic status

Lower socioeconomic status is associated with an increased risk for developing COPD# but
the components of poverty that contribute are unclear. There is strong evidence that the risk
of developing COPD is inversely related to socioeconomic status.®’ It is not clear, however,
whether this pattern reflects exposures to indoor and outdoor air pollutants, crowding, poor
nutrition, infections, or other factors related to low socioeconomic status.

Asthma and airway hyper-reactivity

Asthma may be a risk factor for the development of chronic airflow limitation and COPD. In a
report from a longitudinal cohort of the Tucson Epidemiological Study of Airway Obstructive
Disease, adults with asthma were found to have a 12-fold higher risk of acquiring COPD
over time compared to those without asthma, after adjusting for smoking.2 Another
longitudinal study of people with asthma found that around 20% of subjects developed
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irreversible airflow limitation and reduced transfer coefficient.®2 A third longitudinal study
observed that self-reported asthma was associated with excess loss of FEV, in the general
population. 22 A study examining the pattern of lung-growth decline in children with asthma
found that 11% met lung function impairment consistent with the spirometric classification of
COPD in early adulthood.? In the European Community Respiratory Health Survey, airway
hyper-responsiveness was second only to cigarette smoking as the leading risk factor for
COPD, responsible for 15% of the population attributable risk (smoking had a population
attributable risk of 39%).2 The pathology of chronic airflow limitation in asthmatic non-
smokers and non-asthmatic smokers is markedly different, suggesting that the two disease
entites may remain different even when presenting with similarly reduced lung
function.28232 However, separating asthma from COPD in adults may be clinically difficult at
times.

Airway hyper-responsiveness can exist without a clinical diagnosis of asthma and has been
shown to be an independent predictor of COPD and respiratory mortality in population
studies®% as well as an indicator of risk of excess decline in lung funiction in patients with
mild COPD.%"

Chronic bronchitis

In the seminal study by Fletcher and colleagues, chronic_bronchitis was not associated with
an accelerated decline in lung function.22%® However, subsequent studies have observed an
association between mucus hypersecretion and increased FEV, decline,2 and in younger
adults who smoke, the presence of chronic bronchitis has been associated with an increased
likelihood of developing COPD.'® Chronic bronchitis has also been associated with an

increased risk in the total number as well as severity of exacerbations. ™™

Infections

A history of severe childhood respiratory infection has been associated with reduced lung
function and increased respiratory symptoms in adulthood.?? Susceptibility to infections plays
a role in exacerbations of COPD but the effect on disease development is less clear. There
is evidence that HIV infection accelerates the onset of smoking-related emphysema and
COPD%; tuberculosis<has also been identified as a risk factor for COPD.X% |n addition,
tuberculosis is both-a differential diagnosis for COPD and a potential comorbidity.1%41%

PATHOLOGY, PATHOGENESIS AND PATHOPHYSIOLOGY

Inhalation of cigarette smoke or other noxious particles, such as smoke from biomass fuels,
causes lung inflammation. Lung inflammation is a normal response that appears to be
modified in patients who develop COPD. This chronic inflammatory response may induce
parenchymal tissue destruction (resulting in emphysema), and disruption of normal repair
and defense mechanisms (resulting in small airway fibrosis). These pathological changes
lead to gas trapping and progressive airflow limitation. A brief overview follows that
describes and summarizes the pathologic changes in COPD, their cellular and molecular
mechanisms, and how these underlie the physiological abnormalities and symptoms
characteristic of this disease.
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Pathology

Pathological changes characteristic of COPD are found in the airways, lung parenchyma,
and pulmonary vasculature.’® The pathological changes observed in COPD include chronic
inflammation, with increased numbers of specific inflammatory cell types in different parts of
the lung, and structural changes resulting from repeated injury and repair. In general, the
inflammatory and structural changes in the airways increase with disease severity and
persist on smoking cessation. Most pathology data come from studies in smokers and the
same balance of airway and parenchymal disease cannot necessarily be assumed when
other factors are operative. Systemic inflammation may be present and could play a role in

the multiple comorbid conditions found in patients with COPD.%
Pathogenesis

The inflammation observed in the respiratory tract of COPD patients appears to be a
modification of the normal inflammatory response of the respiratory tractto chronic irritants
such as cigarette smoke. The mechanisms for this amplified inflammation are not yet
understood but may, at least in part, be genetically determined. ‘Although some patients
develop COPD without smoking, the nature of the inflammatory résponse in these patients is
as yet unknown. Oxidative stress and an excess of proteinases in the lung are likely to
further modify lung inflammation. Together, these mechanisms may lead to the characteristic
pathological changes in COPD. Lung inflammation persists after smoking cessation through
unknown mechanisms, although autoantigens and perturbations in the lung microbiome may
play a role.’®1% Similar mechanisms may occur for concomitant chronic diseases.

Oxidative stress. Oxidative stress may“.be an important amplifying mechanism in
COPD.1%M0 Biomarkers of oxidative stress (e.g., hydrogen peroxide, 8-isoprostane) are
increased in the exhaled breath condensate, sputum, and systemic circulation of COPD
patients. Oxidative stress is further increased during exacerbations. Oxidants are both
generated by cigarette smoke_and other inhaled particulates, and released from activated
inflammatory cells such as macrophages and neutrophils. There may also be a reduction in
endogenous antioxidants«in COPD patients as a result of reduction in levels of the
transcription factor Nrf2 that regulates many antioxidant genes. 1%

Protease-antiprotease imbalance. There is compelling evidence for an imbalance in the
lungs of COPD patients between proteases that break down connective tissue components
and antiproteases that counterbalance this action.”? Increased levels of several proteases,
derived from inflammatory cells and epithelial cells, have been observed in COPD patients.
There is increasing evidence that these proteases may interact with each other. Protease-
mediated destruction of elastin, a major connective tissue component in lung parenchyma, is
believed to be an important feature of emphysema but may be more difficult to establish in

airway changes.™®

Inflammatory cells. COPD is characterized by increased numbers of macrophages in
peripheral airways, lung parenchyma and pulmonary vessels, together with increased
activated neutrophils and increased lymphocytes that include Tc1, Th1, Th17 and ILC3 cells.
In some patients, there may also be increases in eosinophils, Th2 or ILC2 cells, especially
where there is clinical overlap with asthma. All of these inflammatory cells, together with
epithelial cells and other structural cells release multiple inflammatory mediators.'” A recent
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study suggests that local IgA deficiency is associated with bacterial translocation, small

airway inflammation and airway remodeling.*'*

Inflammatory mediators. The wide variety of inflammatory mediators that have been shown
to be increased in COPD patients attract inflammatory cells from the circulation (chemotactic
factors), amplify the inflammatory process (proinflammatory cytokines), and induce structural
changes (growth factors).!

Peribronchiolar and interstitial fibrosis. Peribronchiolar fibrosis and interstitial opacities
have been reported in patients with COPD or those who are asymptomatic smokers. 198116118
An excessive production of growth factors may be found in smokers or those with preceding
airway inflammation who have COPD.2 Inflammation may precede the development of
fibrosis or repeated injury of the airway wall itself may lead to excessive production of
muscle and fibrous tissue.’® This may be a contributing factor to the development of small
airways limitation and eventually the obliteration that may precede the development of

emphysema.’2!

Differences in inflammation between COPD and asthma,:Although both COPD and
asthma are associated with chronic inflammation of the. respiratory tract, there are
differences in the inflammatory cells and mediators involved in the two diseases.’® Some
patients with COPD have features consistent with--asthma and may have a mixed

inflammatory pattern with increased eosinophils.%

Pathophysiology

There is now a good understanding of how the underlying disease process in COPD leads to
the characteristic physiological abnormalities and symptoms. For example, inflammation and
narrowing of peripheral airways leadsto decreased FEV,.22 Parenchymal destruction due to
emphysema also contributes to airflow limitation and leads to decreased gas transfer. There
is also emerging evidence to suggest that in addition to airway narrowing, there is a loss of

small airways, which may contribute to airflow limitation.’®

Airflow limitation .and gas trapping. The extent of inflammation, fibrosis, and luminal
exudates in the small airways correlates with the reduction in the FEV,; and FEV,/FVC ratio,
and probably with the accelerated decline in FEV, that is characteristic of COPD.*#* This
peripheral airway limitation progressively traps gas during expiration, resulting in
hyperinflation. Static hyperinflation reduces inspiratory capacity and is commonly associated
with dynamic hyperinflation during exercise leading to increased dyspnea and limitation of
exercise capacity. These factors contribute to impairment of the intrinsic contractile
properties of respiratory muscles. It is thought that hyperinflation develops early in the
disease and is the main mechanism for exertional dyspnea.'?®'%’ Bronchodilators acting on
peripheral airways reduce gas trapping, thereby reducing lung volumes and improving

symptoms and exercise capacity.’®

Gas exchange abnormalities. Gas exchange abnormalities result in hypoxemia and
hypercapnia, and have several mechanisms in COPD. In general, gas transfer for oxygen
and carbon dioxide worsens as the disease progresses. Reduced ventilation may also be

due to reduced ventilatory drive or increased dead space ventilation.’?Z This may lead to
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carbon dioxide retention when it is combined with reduced ventilation, due to increased effort
to breathe because of severe limitation and hyperinflation coupled with ventilatory muscle
impairment. The abnormalities in alveolar ventilation and a reduced pulmonary vascular bed

further worsen the V,/Q (ventilation perfusion ratio) abnormalities.

Mucus hypersecretion. Mucus hypersecretion, resulting in a chronic productive cough, is a
feature of chronic bronchitis and is not necessarily associated with airflow limitation.
Conversely, not all patients with COPD have symptomatic mucus hypersecretion. When
present, mucus hypersecretion is due to an increased number of goblet cells and enlarged
submucosal glands, both because of chronic airway irritation by cigarette smoke and other
noxious agents. Several mediators and proteases stimulate mucus hypersecretion and many
of them exert their effects through the activation of epidermal growth factor receptor
(EGFR).12

Pulmonary hypertension. Pulmonary hypertension may develop late“in the course of
COPD and is due mainly to hypoxic vasoconstriction of the small;-pulmonary arteries,
eventually resulting in structural changes that include intimal hyperplasia and later smooth
muscle hypertrophy/hyperplasia.’®® Even in mild COPD, or in’ smokers susceptible to
emphysema, 322 there are significant abnormalities in pulmonary microvascular blood flow,

that worsen with disease progression.’®

An inflammatory response in vessels, similar to that seen in the airways, is also observed in
COPD, along with evidence of endothelial cellCdysfunction. The loss of the pulmonary
capillary bed in emphysema may further contribute to increased pressure in the pulmonary
circulation. Progressive pulmonary hypertension may lead to right ventricular hypertrophy
and eventually to right-side cardiac failure:-Interestingly, the diameter of pulmonary artery as
measured on computed tomography (CT) scans has been shown to relate to the risk of
exacerbation, independent of prévious history of exacerbations.’®® This suggests that
perturbations in pulmonary vasculature are major, but under-recognized, drivers of

symptoms and exacerbations4in" COPD.

Exacerbations. Exacerbations of respiratory symptoms triggered by respiratory infections
with bacteria or viruses (which may coexist), environmental pollutants, or unknown factors
often occur in patients with COPD; a characteristic response with increased inflammation
occurs during episodes of bacterial or viral infection. During exacerbations there is increased
hyperinflation and gas trapping, with reduced expiratory flow, thus accounting for increased
dyspnea.’® There is also worsening of VA/Q abnormalities that can result in hypoxemia.’*
During exacerbations there is evidence of increased airway inflammation. Other conditions
(pneumonia, thromboembolism, and acute cardiac failure) may mimic or aggravate an

exacerbation of COPD.

Systemic features. Most patients with COPD have concomitant chronic diseases linked to
the same risk factors i.e., smoking, aging, and inactivity, which may have a major impact on
health status and survival.’*® Airflow limitation and particularly hyperinflation affect cardiac
function and gas exchange.’® Inflammatory mediators in the circulation may contribute to
skeletal muscle wasting and cachexia, and may initiate or worsen comorbidities such as
ischemic heart disease, heart failure, osteoporosis, normocytic anemia, diabetes, and
metabolic syndrome.
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