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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, January 2016, January 2017 and
January 2018 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 versighs 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;Fo address these and other concerns
(while at the same time maintaining consistency andsimplicity for the practicing clinician), a
refinement of the ABCD assessment tool was proposéed in the 2017 GOLD Report that separates
spirometric grades from the “ABCD” groups. Thus, ABED 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 anddtrfeatment with non-pharmacological 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. The 2017 revision introduced a refinement of the ABCD system by
separating spirometric evaluation from analysis of symptoms/exacerbation history with the
recommendations for pharmacotherapy being based primarily on the patient needs (symptom
reduction and/or exacerbation prevention). Following feedback from GOLD report users, the
committee identified there was some misinterpretation regarding the use of the ABCD system.
Therefore, in the 2019 revision initial treatment (based on ABCD) is separated from follow-up
treatment (based on the patient’s major treatable trait(s) and the currently used drug(s)). In addition,
we introduce the blood eosinophil count as a biomarker for estimating the efficacy of inhaled
corticosteroids for the prevention of exacerbations.

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.
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GLOBAL STRATEGY FOR DIAGNOSIS,
MANAGEMENT AND PREVENTION OF COPD 2019
UPDATET?

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 impact of this research .on. fecommendations in the
GOLD documents related to management and prevention, and to pestyearly 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, incorparates 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: Toproduce the GOLD report, @ PubMed (National Center for Biotechnology Information,
U.S. National Library of MedicinesBethesda MD, USA) search was completed using search fields
established by the Committee: ¥) €OPD, All Fields, Adult: 19+ years, only items with abstracts, Clinical
Trial, Meta-analysis, Human.

The literature include@in this 2019 edition of the GOLD Report has been updated to include important
literature in COPD(research and care that was published from January 2017 to July 2018. 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 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

T The Global Strategy for Diagnosis, Management and Prevention of COPD (updated 2019), the Pocket Guide (updated 2019)
and the complete list of references examined by the Committee is available on the GOLD website: www.goldcopd.org.

¥ GOLD Science Committee Members (2018-2019): C. Vogelmeier, Chair, A. Agusti, A. Anzueto, P. Barnes, J. Bourbeau, G.

Criner, P. Frith, D. Halpin, M. Han, F. Martinez, A. Papi, |. Pavord, N. Roche, D. Sin, D. Singh, R. Stockley, J. Vestbo, J.
Wedzicha, M. Victorina Lopez Varela.
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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 2019 SUMMARY OF KEY CHANGES

The GOLD 2019 report is a 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;2017 to July 2018.

Throughout

Figures and Tables have been updated to improve appearance and clarity. Table 3.3 and Figure 4.1
have been revised. New figures have been insérted for Management cycle (Figure 4.2), Follow-up
pharmacological treatment (Figure 4.3), andsaterventional bronchoscopic and surgical treatments for
COPD (Figure 4.5).

Chapter 1
There is growing evidence thatiindoor biomass exposure to modern and traditional fuels used during
cooking may predispose women to develop COPD in many developing countries. (Sana et al. 2018)

Poverty is consistently associated with airflow obstruction and lower socioeconomic status is
associated with an‘increased risk of developing COPD. (Townend et al. 2017)

There is evidence that HIV patients are at increased risk of COPD compared to HIV negative controls
(11 studies; pooled odds ratio for 1.14 (95% Cl 1.05,1.25). (Bigna et al. 2018)

Chapter 2
A risk score based on routine data from electronic health records in primary care may facilitate case-
finding. (Haroon et al. 2017)

Systematic active case-finding in a primary care setting via mail-out of a screening questionnaire was
also found to be an effective way to identify undiagnosed COPD patients. (Jordan et al. 2016)
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Chapter 3
A new section on blood eosinophil count has been added to Chapter 3. The pulmonary rehabilitation
and self-management sections have also been updated.

A systematic review of injectable vaccines in COPD patients identified twelve randomized studies for
inclusion and observed injectable polyvalent pneumococcal vaccination provides significant
protection against community-acquired pneumonia, although no evidence indicates that vaccination
reduced the risk of confirmed pneumococcal pneumonia, which was a relatively rare event.
Vaccination reduced the likelihood of a COPD exacerbation, and moderate-quality evidence suggests
the benefits of pneumococcal vaccination in COPD patients. Evidence was insufficient for comparison
of different pneumococcal vaccine types. (Walters et al. 2017)

Most studies with LABA/LAMA combinations have been performed in patients with a low rate of
exacerbations. One study in patients with a history of exacerbations indicated that a combination of
long-acting bronchodilators is more effective than long-acting bronchodilator monotherapy for
preventing exacerbations. (Wedzicha et al. 2013) Another large study fotnd that combining a LABA
with a LAMA did not reduce exacerbation rate as much as expected-compared with a LAMA alone.
(Calverley et al. 2018) Another study in patients with a history gf-exacerbations confirmed that a
combination LABA/LAMA decreased exacerbations to a greater.extent than an ICS/LABA combination.
(Wedzicha et al. 2014) However, another study in a popujation with high exacerbation risk (= 2
exacerbations and/or 1 hospitalization in the previous ‘year) reported that ICS/LABA decreased
exacerbations to a greater extent than an LABA/LAMA combination at higher blood eosinophil
concentrations (see Chapter 2). (Lipson et al. 2018)

However, in moderate COPD, fluticasone™furoate alone or in combination with vilanterol was
associated with slower decline in FEV{compared with placebo or vilanterol alone by on average 9
ml/year.(Calverley et al., 2018)

Chapter 4

The algorithms for the initiation and follow-up management of pharmacological treatment have been
revised. New diagrams (Figures 4.1, 4.2 and 4.3) have been developed to improve clarity and
incorporate recentJadvances in knowledge. The text has been updated to incorporate the latest
evidence from RCTs.

A model for the INITIATION of pharmacological management of COPD according to the individualized
assessment of symptoms and exacerbation risk following the ABCD assessment scheme is shown in
Figure 4.1. There is a lack of high quality evidence supporting initial pharmacological treatment
strategies in newly diagnosed COPD patients. Figure 4.1 is an attempt to provide clinical guidance
using the best available evidence.

Following implementation of therapy, patients should be reassessed for attainment of treatment goals
and identification of any barriers for successful treatment (Figure 4.2). Following review of the patient
response to treatment initiation, adjustments in pharmacological treatment may be needed.

viii



A separate algorithm is provided for FOLLOW-UP treatment, where the management is still based on
symptoms and exacerbations, but the recommendations do not depend on the patient’s GOLD group
at diagnosis (Figure 4.3). These follow-up recommendations are designed to facilitate management of
patients taking maintenance treatment(s), whether early after initial treatment or after years of
follow-up. These recommendations incorporate recent evidence from clinical trials and the use of
peripheral blood eosinophil counts as a biomarker to guide the use of ICS therapy for exacerbation
prevention (see more detailed information regarding blood eosinophil counts as a predictor of ICS
effects in Chapter 3).

Figure 4.3 suggests escalation and de-escalation strategies based on available efficacy as well as safety
data. The response to treatment escalation should always be reviewed, and de-escalation should be
considered if there is a lack of clinical benefit and/or side effects occur. De-escalation may also be
considered in COPD patients receiving treatment who return with resolution of some symptoms that
subsequently may require less therapy. Patients, in whom treatment modificatign is considered, in
particular de-escalation, should be undertaken under close medical supervision. We are fully aware
that treatment escalation has not been systematically tested; trials of de*escalation are also limited
and only include ICS.

Specific recommendations for treatment of GOLD groups-A, B, C and D have been revised.
Recommendations regarding the follow-up pharmacological)management have also been updated
and emphasizing the need to review, assess and adjust.

The non-pharmacological section has also been updated and revised.

The section on Interventional bronchoscopy and surgery has also been updated along with the
corresponding Figure 4.5.

Chapter 5

Nebulized budesonide alone® may be a suitable alternative for treatment of exacerbations in some
patients,(Maltais et al., 2002, Gunen et al., 2007, Stallberg et al., 2009) and provides similar benefits
to intravenous methylprednisolone, although the choice between these options may depend on local
costissues.(Ding et-al., 2016) Intensified combination therapy with ICS/LABA for 10 days at URTI onset
could be associated with a reduction of exacerbations, particularly in patients with severe
disease.(Stolz et al., 2018)

In a recent RCT, the addition of doxycycline to oral corticosteroid an outpatient setting did not prolong
time to next exacerbation.(van Velzen et al., 2017)

A small pilot RCT (n = 29) reported that six weeks of high-flow nasal cannula oxygen therapy reduced
hypercapnia and improved health-related quality of life in patients with stable hypercapnic
COPD.(Nagata et al., 2018)

Once patients improve and can tolerate at least 4 hours of unassisted breathing, NIV can be directly
discontinued without any need for a “weaning” period.(Sellares et al., 2017)



One recent RCT showed that telemonitoring did not change hospitalization or exacerbation rates in
patients with COPD.(Walker et al., 2018)

GOLD 2019 NEW REFERENCES

Alphabetical list of new references added to the GOLD 2019 edition:

Abdallah, SJ et al., Eur RespirJ 2017, 50, 4, Epub.

Alison, JA et al., Respirology 2017, 22, 4, 800.

Bafadhel, M et al., Lancet Respir Med 2018, 6, 2, 117.

Bai, C et al., Int J Chron Obstruct Pulmon Dis 2017, 12, 3329.
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Chuang, HY et al., J Clin Nurs 2017, 26;:23-24, 4830.
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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 thezseverity of COPD tracked the
severity of airflow limitation. Much is now known about the characteristics of patients in the different
GOLD stages — 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, improvementn 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 measuremient 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 managément — 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
worldtbut 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.

} DESCRIPTION OF LEVELS OF EVIDEN%“ED\%‘ ’
EVIDENCE
CATEGORY SOURCES OF EVIDENCE DEFINITION
Randomized controlled trials (RCTs) Evidenceqs from endpoints of well-designed RCTs that
provide_consistent findings in the population for which the
Rich body of high quality evidence recgmmendation 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 patient
without any bias.

Randomized controlled trials (RCTs) Evidence is from RCTs that include only a limited number

with important limitatdons of patients, post hoc or subgroup analyses of RCTs or meta
analyses of RCTs.

Limited Body, of Evidence

B 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

C non-randomized trials or from observational studies.
Observational studies

Panel consensus judgment Provision of guidance is deemed valuable but clinical
literature addressing the subject is insufficient.

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

TABLE A.



Immediately following the release of the first GOLD report in 2001, the GOLD Board of Directors
appointed a Science Committee, charged with keeping 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.

LEVELS OF EVIDENCE

Levels of evidence have been assigned to evidence-based recommendations where appropriate (Table
A). 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 when i) treatment effect (or effect size) was consistent from one study to
the next, and we needed to identify the common effect; ii) the effect varied from one study to the
next, and there was a need to identify the reason for the variation.
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CHAPTER 1: DEFINITION AND OVERVIEW

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.

e The main risk factor for COPD is tobacco smoking but other environtental
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 acceleratedaging.

e COPD may be punctuated by periods of acute worsening of respiratory symptoms,
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 dimitation 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. 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 presentin 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.>2 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.®*

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.2¢ 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 ldhg growth during childhood.”2
Often, the prevalence of COPD is directly related to the prevalencé 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.121L‘The prevalence and burden of COPD are
projected to increase over the coming decades due tocontinued exposure to COPD risk factors and
aging of the world’s population; as longevity increases*more people will express the long-term effects
of exposure to COPD risk factors.22 Information énthe burden of COPD can be found on international
websites, for example the:

e World Health Organization (WHO0)2
e World Bank/WHO Global-Btirden of Disease Study*

Existing COPD prevalence data vary widely due to differences in survey methods, diagnostic criteria,
and analytical approaches.t2 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.%2 This is likely to be
a reflection of the widespread under-recognition and under-diagnosis of COPD.®

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,%2 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)Y 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, Mexico, 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.2®

FIGURE 1.1



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.22 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 women2? and a substantial prevalence of COPD of 3-11% among never-
smokers.2 BOLD also examined the prevalence of COPD in north and sub-Saharan Africa and Saudi

Arabia and found similar results.2:24

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 ovér 4.5 million deaths

annually from COPD and related conditions.2228

Morbidity measures traditionally include physician visits, emergency department visits, and
hospitalizations. Although COPD databases for these outcomé 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, 2>’ andlin patients with COPD the development of
comorbidities may be seen at an earlier age.2 Merbidity 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 additionrtointerfering with COPD management and are major drivers

of hospitalizations and costs for patients with COPD.3!

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-22However, data must be interpreted with caution because of the inconsistent use
of COPD terminology. In the 10" 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.33*
Furthermore, the accuracy of COPD diagnosis codes recorded in administrative health databases is
also uncertain.2>3 |n some jurisdictions, reliance on administrative health data, particularly those that
only record hospitalizations, may underestimate the burden of COPD.2Z 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.2® 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.2?
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.

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.?? In the United States the
estimated direct costs of COPD are $32 billion and the indirect costs $20.4 billion.22 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 sociéty;, because itignores
the economic value of the care provided by family members to people with-COPD.

In developing countries, direct medical costs may be less importantythan 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.?2 Since human capital is 6ften the most important national asset for
developing countries, the indirect costs of COPD ma¥trepresent a serious threat to the economy.

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).2 The DALYs
for a specific conditiomare 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.%*
In the United States, COPD is the second leading cause of reduced DALYs, 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 limitation.22 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 inflammation.2¢ 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.28

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 throlgh 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 andithe environment. Cigarette smoking is
the leading environmental risk factor for COPD, yet even for-heavy smokers, fewer than 50% develop
COPD during their lifetime.2Z Although genetics may-play a role in 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 céptain occupational or environmental exposures;
socioeconomic status may be linked to a €hild’s birth weight (as it impacts on lung growth and
development, and in turn on susceptibilityto 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.

The geneticrisk factorthat 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
(MMP-12) and glutathione S-transferase have been related to a decline in lung function® or risk of
COPD.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.222¢



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 sum of cumulative exposures throughout life.2Z Aging of the airways and parenchyma
mimic some of the structural changes associated with COPD.2ZIn the past, most studies have reported
that COPD prevalence and mortality are greater among men than women, but more recent data from
developed countries has reported that the prevalence of COPD is now almost equal in men and
women, probably reflecting the changing patterns of tobacco smoking.28 Although controversial, some
studies have even suggested that women are more susceptible to the effects of tobacco smoke than

men,2>%! |eading 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
62,63

despite a similar history of tobacco smoke exposure.
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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 anindividual’s
lifetime [adapted from Lange et al NEJM 2015;373:111-22].

Processes occurring during gestation, birth, and exposures during childhood and adolescence affect
lung growth.®4% 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 termed “childhood disadvantage factors” seem to be as
important as heavy smoking in predicting lung function in adult life.%¢ One study evaluated three
different longitudinal cohorts and found that approximately 50% of patients devéloped 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).Z 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.%

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

Occupational exposurés, including organic and inorganic dusts, chemical agents and fumes, are an
under-appreciated-risk factor for COPD.2275 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.Z% An analysis of the large U.S. population-based
National Health and Nutrition Examination Survey lll 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.”Z 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
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stoves, may lead to very high levels of indoor air pollution.2 There is growing evidence that indoor
biomass exposure to modern and traditional fuels used during cooking may predispose women to
develop COPD in many developing countries.82% Almost three billion 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.84&

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 to the role of cigarette smoking.12 A recent cross-sectional analysis from
China showed an association between ambient levels of particulate matter (PM2.5/10) and COPD
prevalence.8 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 um in
aerodynamic diameter (PM2.5) were nearly 5 times more likely to have reduced luiag function (defined
as FEV1 < 80% of predicted) compared to children from communities with the lewest levels of NO; and
PM2.5.87 Importantly, reduction in ambient NO, and PM2.5 levels significantly mitigated the risk of
experiencing impaired lung growth.28 However, the relative effects of short-term, high-peak exposures
and long-term, low-level exposures are yet to be resolved.

Poverty is consistently associated with airflow obstruction® and lower socioeconomic status is
associated with an increased risk of developing COPD222! |t is not clear, however, whether this pattern
reflects exposures to indoor and outdoor air poliutants, crowding, poor nutrition, infections, or other
factors related to low socioeconomic status.

LY

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.22 Another longitudinal study of people with asthma
found that around-20% of subjects developed irreversible airflow limitation and reduced transfer
coefficient.22 A third longitudinal study observed that self-reported asthma was associated with excess
loss of FEV; in the general population.2? 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.2 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 entities may remain different even
when presenting with similarly reduced lung function.2>22% 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

99,100

be an independent predictor of COPD and respiratory mortality in population studies as well as
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an indicator of risk of excess decline in lung function in patients with mild COPD.1%

In the seminal study by Fletcher and colleagues, chronic bronchitis was not associated with an
accelerated decline in lung function.21% However, subsequent studies have observed an association
between mucus hypersecretion and increased FEV; decline, X2 and in younger adults who smoke, the
presence of chronic bronchitis has been associated with an increased likelihood of developing
COPD.2% Chronic bronchitis has also been associated with an increased risk in the total number as well

as severity of exacerbations.%

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
patients are at increased risk of COPD compared to HIV negative controls(11 studies; pooled odds
ratio for 1.14 (95% Cl 1.05,1.25)%: tuberculosis has also been identifiédas a risk factor for COPD.1%Z

In addition, tuberculosis is both a differential diagnosis for COPD and & potential comorbidity. 1212

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 normalfesponse that appears to be modified in patients
who develop COPD. This chronic inflammatary response may induce parenchymal tissue destruction
(resulting in emphysema), and disruption 6fnormal 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 describés and summarizes the pathologic changes in COPD, their cellular
and molecular mechanisms, andhow these underlie the physiological abnormalities and symptoms
characteristic of this disease.

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 specificinflammatory cell types in different parts of the lung, and structural
changesresulting 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. 111

The inflammation observed in the respiratory tract of COPD patients appears to be a modification of
the normal inflammatory response of the respiratory tract to chronicirritants such as cigarette smoke.
The mechanisms for this amplified inflammation are not yet understood but may, at least in part, be
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genetically determined. Although some patients develop COPD without smoking, the nature of the
inflammatory response 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.112113 Simjlar mechanisms may occur for concomitant chronic diseases.
Oxidative stress. Oxidative stress may be an important amplifying mechanism in COPD.111114
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%113

Protease-antiprotease imbalance. There is compelling evidence for afi-iimbalance in the lungs of
COPD patients between proteases that break down connective tissue camponents and antiproteases
that counterbalance this action.2® 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 Tcl;“Th1, Th17 and ILC3 cells. In some patients, there may also be
increases in eosinophils, Th2 or ILC2 célls, 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.tl A ‘recent study suggests that local IgA deficiency is associated with
bacterial translocation, smalf airway inflammation and airway remodeling.118

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).22

Peribronchiolar and interstitial fibrosis. Peribronchiolar fibrosis and interstitial opacities have
been reported in patients with COPD or those who are asymptomatic smokers.11212%-122 An excessive
production of growth factors may be found in smokers or those with preceding airway inflammation
who have COPD.12 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.12* This may be a
contributing factor to the development of small airways limitation and eventually the obliteration that
may precede the development of emphysema.12
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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.12® Some patients with COPD have
features consistent with asthma and may have a mixed inflammatory pattern with increased
eosinophils.tZ

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 leads to decreased FEV:.12 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.2

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.128 This peripheral airway limitation
progressively traps gas during expiration, resulting in hyperinflation. Static hyperinflation reduces
inspiratory capacity and is commonly associated with dynami¢-hyperinflation during exercise leading
to increased dyspnea and limitation of exercise capacity. Thése 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 forwexertional dyspnea.2%13 Bronchodilators acting
on peripheral airways reduce gas trapping, theréhy reducing lung volumes and improving symptoms
and exercise capacity.1

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. Redlced ventilation may also be due to reduced ventilatory drive or
increased dead space ventilation.23! This may lead to 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 pwlmonary vascular bed further worsen the Va/Q (ventilation perfusion ratio)
abnormalities.32

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).13

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
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structural changes that include intimal hyperplasia and Ilater smooth muscle
hypertrophy/hyperplasia.1® Even in mild COPD, or in smokers susceptible to emphysema, 313 there
are significant abnormalities in pulmonary microvascular blood flow, that worsen with disease
progression .18

An inflammatory response in vessels, similar to that seen in the airways, is also observed in COPD,
along with evidence of endothelial cell dysfunction. 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 previous history of
exacerbations.t? This suggests that perturbations in pulmonary vasculature are major, but under-
recognized, drivers of symptoms and exacerbations in COPD.

Exacerbations. Exacerbations of respiratory symptoms triggered by respiratory infections with
bacteria or viruses (which may coexist), environmental pollutants, or unknewn 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.l®® There is also worsening of
Va/Q abnormalities that can result in hypoxemia.l® Durifig 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.2®2 Airflow limitation and particularly hyperinflation affect cardiac function and gas
exchange.X® Inflammatory mediator$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.

REFERENCES

1. American Lung Association Epidemiology and Statistics Unit. Trends in COPD (Chronic Bronchitis and
Emphysema): Morbidity and Mortality. 2013.
https://www.lung.org/assets/documents/research/copd-trend-report.pdf (accessed 14 October

2018).

2. Kim V, Crapo J, Zhao H, et al. Comparison between an alternative and the classic definition of chronic
bronchitis in COPDGene. Annals of the American Thoracic Society 2015; 12(3): 332-9.

3. Woodruff PG, Barr RG, Bleecker E, et al. Clinical Significance of Symptoms in Smokers with Preserved
Pulmonary Function. N Engl J Med 2016; 374(19): 1811-21.

4. Regan EA, Lynch DA, Curran-Everett D, et al. Clinical and Radiologic Disease in Smokers With Normal
Spirometry. JAMA Intern Med 2015; 175(9): 1539-49.

5. Lozano R, Naghavi M, Foreman K, et al. Global and regional mortality from 235 causes of death for 20

age groups in 1990 and 2010: a systematic analysis for the Global Burden of Disease Study 2010.
Lancet 2012; 380(9859): 2095-128.

6. Vos T, Flaxman AD, Naghavi M, et al. Years lived with disability (YLDs) for 1160 sequelae of 289
diseases and injuries 1990-2010: a systematic analysis for the Global Burden of Disease Study 2010.
Lancet 2012; 380(9859): 2163-96.

16


https://www.lung.org/assets/documents/research/copd-trend-report.pdf

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

Lange P, Celli B, Agusti A, et al. Lung-Function Trajectories Leading to Chronic Obstructive Pulmonary
Disease. N Engl J Med 2015; 373(2): 111-22.

Stern DA, Morgan WJ, Wright AL, Guerra S, Martinez FD. Poor airway function in early infancy and
lung function by age 22 years: a non-selective longitudinal cohort study. Lancet 2007; 370(9589): 758-
64.

Tashkin DP, Altose MD, Bleecker ER, et al. The lung health study: airway responsiveness to inhaled
methacholine in smokers with mild to moderate airflow limitation. The Lung Health Study Research
Group. Am Rev Respir Dis 1992; 145(2 Pt 1): 301-10.

Eisner MD, Anthonisen N, Coultas D, et al. An official American Thoracic Society public policy
statement: Novel risk factors and the global burden of chronic obstructive pulmonary disease. Am J
Respir Crit Care Med 2010; 182(5): 693-718.

Salvi SS, Barnes PJ. Chronic obstructive pulmonary disease in non-smokers. Lancet 2009; 374(9691):
733-43.

Mathers CD, Loncar D. Projections of global mortality and burden of disease from 2002 to 2030. PLoS
Med 2006; 3(11): e442.

World Health Organization. World Health Organization (WHO) Website. 2016. http://www.who.int
(accessed 14 October 2018).

World Health Organization. Global Burden of Disease Website. 2016.
http://www.who.int/topics/global _burden_of disease (accessed 14 October,2018).

Halbert RJ, Natoli JL, Gano A, Badamgarav E, Buist AS, Mannino DM. Global-burden of COPD:
systematic review and meta-analysis. Eur Respir J 2006; 28(3): 523-32¢

Quach A, Giovannelli J, Cherot-Kornobis N, et al. Prevalence and underdiagnosis of airway obstruction
among middle-aged adults in northern France: The ELISABET study 2011-2013. Respir Med 2015;
109(12): 1553-61.

Menezes AM, Perez-Padilla R, Jardim JR, et al. Chronic obstfuctive pulmonary disease in five Latin
American cities (the PLATINO study): a prevalence study. Lancet 2005; 366(9500): 1875-81.
Schirnhofer L, Lamprecht B, Vollmer WM, et al. COPD"prevalence in Salzburg, Austria: results from the
Burden of Obstructive Lung Disease (BOLD) Study:-~Chest 2007; 131(1): 29-36.

BOLD. Burden of Obstructive Lung Disease Initiative Webpage, published by Imperial College London.
http://www.boldstudy.org/ (accessed 14 October 2018).

Lamprecht B, McBurnie MA, Vollmer WN; et al. COPD in never smokers: results from the population-
based burden of obstructive lung disease study. Chest 2011; 139(4): 752-63.

Al Ghobain M, Alhamad EH, Alorainy’HS, Al Kassimi F, Lababidi H, Al-Hajjaj MS. The prevalence of
chronic obstructive pulmonary.disease in Riyadh, Saudi Arabia: a BOLD study. Int J Tuberc Lung Dis
2015; 19(10): 1252-7.

Denguezli M, Daldoul H,/Hafrabi I, et al. COPD in Nonsmokers: Reports from the Tunisian Population-
Based Burden of Obstrictive Lung Disease Study. PloS one 2016; 11(3): e0151981.

El Rhazi K, Nejjari, G-BenlJelloun MC, El Biaze M, Attassi M, Garcia-Larsen V. Prevalence of chronic
obstructive pulmonary disease in Fez, Morocco: results from the BOLD study. Int J Tuberc Lung Dis
2016; 20(1)-136-41.

Obaseki DO, Erhabor GE, Gnatiuc L, Adewole OO, Buist SA, Burney PG. Chronic Airflow Obstruction in
a Black African Population: Results of BOLD Study, lle-Ife, Nigeria. Copd 2016; 13(1): 42-9.

Adeloye D, Chua S, Lee C, et al. Global and regional estimates of COPD prevalence: Systematic review
and meta-analysis. Journal of global health 2015; 5(2): 020415.

Global Burden of Disease Study Collaborators. Global, regional, and national age-sex specific all-cause
and cause-specific mortality for 240 causes of death, 1990-2013: a systematic analysis for the Global
Burden of Disease Study 2013. Lancet 2015; 385(9963): 117-71.

Lopez AD, Shibuya K, Rao C, et al. Chronic obstructive pulmonary disease: current burden and future
projections. Eur Respir J 2006; 27(2): 397-412.

World Health Organization. Projections of mortality and causes of death, 2015 and 2030.
http://www.who.int/healthinfo/global_burden_disease/projections/en/ (accessed 14 October 2018).
Divo MJ, Celli BR, Poblador-Plou B, et al. Chronic Obstructive Pulmonary Disease (COPD) as a disease
of early aging: Evidence from the EpiChron Cohort. PloS one 2018; 13(2): e0193143.

Chen W, Thomas J, Sadatsafavi M, FitzGerald JM. Risk of cardiovascular comorbidity in patients with
chronic obstructive pulmonary disease: a systematic review and meta-analysis. The Lancet Respiratory
medicine 2015; 3(8): 631-9.

17


http://www.who.int/
http://www.who.int/topics/global_burden_of_disease
http://www.boldstudy.org/
http://www.who.int/healthinfo/global_burden_disease/projections/en/

31

32.

33.

34,

35.

36.

37.

38.

39.
40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

Mannino DM, Higuchi K, Yu TC, et al. Economic Burden of COPD in the Presence of Comorbidities.
Chest 2015; 148(1): 138-50.

World Health Organization. Evidence-informed policy-making. 2016. http://www.who.int/evidence
(accessed 14 October 2018).

Buist AS, McBurnie MA, Vollmer WM, et al. International variation in the prevalence of COPD (the
BOLD Study): a population-based prevalence study. Lancet 2007; 370(9589): 741-50.

Duong M, Islam S, Rangarajan S, et al. Global differences in lung function by region (PURE): an
international, community-based prospective study. The Lancet Respiratory medicine 2013; 1(8): 599-
609.

Schneider A, Gantner L, Maag |, Borst MM, Wensing M, Szecsenyi J. Are ICD-10 codes appropriate for
performance assessment in asthma and COPD in general practice? Results of a cross sectional
observational study. BMC Health Serv Res 2005; 5(1): 11.

Cooke CR, Joo MJ, Anderson SM, et al. The validity of using ICD-9 codes and pharmacy records to
identify patients with chronic obstructive pulmonary disease. BMC Health Serv Res 2011; 11: 37.
Stein BD, Bautista A, Schumock GT, et al. The validity of International Classification of Diseases, Ninth
Revision, Clinical Modification diagnosis codes for identifying patients hospitalized for COPD
exacerbations. Chest 2012; 141(1): 87-93.

Jensen HH, Godtfredsen NS, Lange P, Vestbo J. Potential misclassification of catises of death from
COPD. Eur Respir J 2006; 28(4): 781-5.

Hoyert DL, Xu JQ. Deaths: preliminary data for 2011. Natl Vital Stat Rep,2011; 61(6): 1-65.

American Thoracic Society Foundation. The Global Burden of Lung Disease. 2014.
http://foundation.thoracic.org/news/global-burden.php (accessed14 October 2018).

Guarascio AJ, Ray SM, Finch CK, Self TH. The clinical and economic burden of chronic obstructive
pulmonary disease in the USA. ClinicoEconomics and outcomés research : CEOR 2013; 5: 235-45.

Sin DD, Stafinski T, Ng YC, Bell NR, Jacobs P. The impact ofchronic obstructive pulmonary disease on
work loss in the United States. Am J Respir Crit Care Méd 2002; 165(5): 704-7.

Murray CJ, Lopez AD. Alternative projections of mortality and disability by cause 1990-2020: Global
Burden of Disease Study. Lancet 1997; 349(9064):~1498-504.

GBD 2013 DALYs and HALE Collaborators, Muxay CJ, Barber RM, et al. Global, regional, and national
disability-adjusted life years (DALYs) for 306 diseases and injuries and healthy life expectancy (HALE)
for 188 countries, 1990-2013: quantifying-the epidemiological transition. Lancet 2015; 386(10009):
2145-91.

Murray CJ, Atkinson C, Bhalla K, et'al” The state of US health, 1990-2010: burden of diseases, injuries,
and risk factors. JAMA 2013; 310(6): 591-608.

Thomsen M, Nordestgaard 8G, Vestbo J, Lange P. Characteristics and outcomes of chronic obstructive
pulmonary disease in never'smokers in Denmark: a prospective population study. The Lancet
Respiratory medicine 2013; 1(7): 543-50.

Rennard Sl, Vestbo)."COPD: the dangerous underestimate of 15%. Lancet 2006; 367(9518): 1216-9.
Stoller JK, Aboussouan LS. Alphal-antitrypsin deficiency. Lancet 2005; 365(9478): 2225-36.
McCloskey SC, Patel BD, Hinchliffe SJ, Reid ED, Wareham NJ, Lomas DA. Siblings of patients with
severe chronic obstructive pulmonary disease have a significant risk of airflow obstruction. Am J
Respir Crit Care Med 2001; 164(8 Pt 1): 1419-24.

Hunninghake GM, Cho MH, Tesfaigzi Y, et al. MMP12, lung function, and COPD in high-risk
populations. N Engl J Med 2009; 361: 2599-608.

Ding Z, Wang K, LiJ, Tan Q, Tan W, Guo G. Association between glutathione S-transferase gene M1
and T1 polymorphisms and chronic obstructive pulmonary disease risk: A meta-analysis. Clinical
genetics 2018.

Cho MH, Boutaoui N, Klanderman BJ, et al. Variants in FAM13A are associated with chronic
obstructive pulmonary disease. Nat Genet 2010; 42(3): 200-2.

Pillai SG, Ge D, Zhu G, et al. A genome-wide association study in chronic obstructive pulmonary
disease (COPD): identification of two major susceptibility loci. PLoS Genet 2009; 5(3): e1000421.
Soler Artigas M, Wain LV, Repapi E, et al. Effect of five genetic variants associated with lung function
on the risk of chronic obstructive lung disease, and their joint effects on lung function. Am J Respir Crit
Care Med 2011; 184(7): 786-95.

Repapi E, Sayers |, Wain LV, et al. Genome-wide association study identifies five loci associated with
lung function. Nat Genet 2010; 42(1): 36-44.

18


http://www.who.int/evidence
http://foundation.thoracic.org/news/global-burden.php

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Cho MH, McDonald ML, Zhou X, et al. Risk loci for chronic obstructive pulmonary disease: a genome-
wide association study and meta-analysis. The Lancet Respiratory medicine 2014; 2(3): 214-25.
Mercado N, Ito K, Barnes PJ. Accelerated ageing of the lung in COPD: new concepts. Thorax 2015;
70(5): 482-9.

Landis SH, Muellerova H, Mannino DM, et al. Continuing to Confront COPD International Patient
Survey: methods, COPD prevalence, and disease burden in 2012-2013. Int J Chron Obstruct Pulmon
Dis 2014; 9: 597-611.

Foreman MG, Zhang L, Murphy J, et al. Early-onset chronic obstructive pulmonary disease is
associated with female sex, maternal factors, and African American race in the COPDGene Study. Am J
Respir Crit Care Med 2011; 184(4): 414-20.

Lopez Varela MV, Montes de Oca M, Halbert RJ, et al. Sex-related differences in COPD in five Latin
American cities: the PLATINO study. Eur Respir J 2010; 36(5): 1034-41.

Silverman EK, Weiss ST, Drazen JM, et al. Gender-related differences in severe, early-onset chronic
obstructive pulmonary disease. Am J Respir Crit Care Med 2000; 162(6): 2152-8.

Martinez FJ, Curtis JL, Sciurba F, et al. Sex differences in severe pulmonary emphysema. Am J Respir
Crit Care Med 2007; 176(3): 243-52.

Tam A, Churg A, Wright JL, et al. Sex Differences in Airway Remodeling in a Mouse Model of Chronic
Obstructive Pulmonary Disease. Am J Respir Crit Care Med 2016; 193(8): 825-34,

Barker DJ, Godfrey KM, Fall C, Osmond C, Winter PD, Shaheen SO. Relationofbirth weight and
childhood respiratory infection to adult lung function and death from chfenic obstructive airways
disease. BMJ 1991; 303(6804): 671-5.

Todisco T, de Benedictis FM, lannacci L, et al. Mild prematurity and\respiratory functions. Eur J Pediatr
1993; 152(1): 55-8.

Lawlor DA, Ebrahim S, Davey Smith G. Association of birth weight with adult lung function: findings
from the British Women's Heart and Health Study and a meta-analysis. Thorax 2005; 60(10): 851-8.
Allinson JP, Hardy R, Donaldson GC, Shaheen SO, Kuh D, Wedzicha JA. Combined Impact of Smoking
and Early-Life Exposures on Adult Lung Function Trajectories. Am J Respir Crit Care Med 2017; 196(8):
1021-30.

Kohansal R, Martinez-Camblor P, Agusti A, Buist/AS, Mannino DM, Soriano JB. The natural history of
chronicairflow obstruction revisited: an analysis of the Framingham offspring cohort. Am J Respir Crit
Care Med 2009; 180(1): 3-10.

Raad D, Gaddam S, Schunemann HJy etal. Effects of water-pipe smoking on lung function: a
systematic review and meta-analysis. Chest 2011; 139(4): 764-74.

She J, Yang P, Wang, et al. Chinese water-pipe smoking and the risk of COPD. Chest 2014; 146(4):
924-31.

Gunen H, Tarraf H, Nemati‘A, Al Ghobain M, Al Mutairi S, Aoun Bacah Z. Waterpipe tobacco smoking.
Tuberk Toraks 2016; 64(1): 94-6.

Tan WC, Lo C, Jong/A; et al. Marijuana and chronic obstructive lung disease: a population-based study.
CMAJ 2009; 180(8): 814-20.

Yin P, Jiang €Q,/ Cheng KK, et al. Passive smoking exposure and risk of COPD among adults in China:
the Guangzhou Biobank Cohort Study. Lancet 2007; 370(9589): 751-7.

Tager IB, Ngo L, Hanrahan JP. Maternal smoking during pregnancy. Effects on lung function during the
first 18 months of life. Am J Respir Crit Care Med 1995; 152: 977-83.

Paulin LM, Diette GB, Blanc PD, et al. Occupational exposures are associated with worse morbidity in
patients with chronic obstructive pulmonary disease. Am J Respir Crit Care Med 2015; 191(5): 557-65.
Marchetti N, Garshick E, Kinney GL, et al. Association between occupational exposure and lung
function, respiratory symptoms, and high-resolution computed tomography imagingin COPDGene.
Am J Respir Crit Care Med 2014; 190(7): 756-62.

Hnizdo E, Sullivan PA, Bang KM, Wagner G. Association between chronic obstructive pulmonary
disease and employment by industry and occupation in the US population: a study of data from the
Third National Health and Nutrition Examination Survey. Am J Epidemiol 2002; 156(8): 738-46.
Balmes J, Becklake M, Blanc P, et al. American Thoracic Society Statement: Occupational contribution
to the burden of airway disease. Am J Respir Crit Care Med 2003; 167(5): 787-97.

Orozco-Levi M, Garcia-Aymerich J, Villar J, Ramirez-Sarmiento A, Anto JM, Gea J. Wood smoke
exposure and risk of chronic obstructive pulmonary disease. Eur Respir J 2006; 27(3): 542-6.

19



80.

81.
82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94,

95.

96.

97.

98.

99.

100.

101.

102.

Gan WQ, FitzGerald JM, Carlsten C, Sadatsafavi M, Brauer M. Associations of ambient air pollution
with chronic obstructive pulmonary disease hospitalization and mortality. Am J Respir Crit Care Med
2013; 187(7): 721-7.

Ezzati M. Indoor air pollution and health in developing countries. Lancet 2005; 366(9480): 104-6.
ZhouY, Zou Y, Li X, et al. Lung function and incidence of chronic obstructive pulmonary disease after
improved cooking fuels and kitchen ventilation: a 9-year prospective cohort study. PLoS Med 2014;
11(3): e1001621.

Sana A, Somda SMA, Meda N, Bouland C. Chronic obstructive pulmonary disease associated with
biomass fuel use in women: a systematic review and meta-analysis. BMJ open respiratory research
2018; 5(1): e000246.

Assad NA, Balmes J, Mehta S, Cheema U, Sood A. Chronic obstructive pulmonary disease secondary to
household air pollution. Semin Respir Crit Care Med 2015; 36(3): 408-21.

Sherrill DL, Lebowitz MD, Burrows B. Epidemiology of chronic obstructive pulmonary disease. Clin
Chest Med 1990; 11(3): 375-87.

Liu S, Zhou Y, Liu S, et al. Association between exposure to ambient particulate matter and chronic
obstructive pulmonary disease: results from a cross-sectional study in China. Thorax 2017; 72(9): 788-
95.

Gauderman WJ, Avol E, Gilliland F, et al. The effect of air pollution on lung devélopment from 10 to 18
years of age. N Engl J Med 2004; 351(11): 1057-67.

Gauderman WJ, Urman R, Avol E, et al. Association of improved air quality-with lung development in
children. N Engl J Med 2015; 372(10): 905-13.

Townend J, Minelli C, Mortimer K, et al. The association between chronic airflow obstruction and
poverty in 12 sites of the multinational BOLD study. Eur Respir 4~2017; 49(6).

Beran D, Zar HJ, Perrin C, Menezes AM, Burney P, Forum of International Respiratory Societies
working group c. Burden of asthma and chronic obstructivelpulmonary disease and access to essential
medicines in low-income and middle-income countries, The Lancet Respiratory medicine 2015; 3(2):
159-70.

Gershon AS, Warner L, Cascagnette P, Victor JC, TeT. Lifetime risk of developing chronic obstructive
pulmonary disease: a longitudinal population-study. Lancet 2011; 378(9795): 991-6.

Silva GE, Sherrill DL, Guerra S, Barbee RA. Asthma as a risk factor for COPD in a longitudinal study.
Chest 2004; 126(1): 59-65.

Vonk JM, Jongepier H, Panhuysen Cl, Schouten JP, Bleecker ER, Postma DS. Risk factors associated
with the presence of irreversible airflow limitation and reduced transfer coefficient in patients with
asthma after 26 years of follow p. Thorax 2003; 58(4): 322-7.

Lange P, Parner J, Vestbo J,Schnohr P, Jensen G. A 15-year follow-up study of ventilatory function in
adults with asthma. N Erigld Med 1998; 339(17): 1194-200.

McGeachie MJ, YatesKP, Zhou X, et al. Patterns of Growth and Decline in Lung Function in Persistent
Childhood Asthmal2AN Engl J Med 2016; 374(19): 1842-52.

de Marco R, Accordini S, Marcon A, et al. Risk factors for chronic obstructive pulmonary disease in a
European cohort of young adults. Am J Respir Crit Care Med 2011; 183(7): 891-7.

Fabbri LM, Romagnoli M, Corbetta L, et al. Differences in airway inflammation in patients with fixed
airflow obstruction due to asthma or chronic obstructive pulmonary disease. Am J Respir Crit Care
Med 2003; 167(3): 418-24.

To T, Zhu J, Larsen K, et al. Progression from Asthma to Chronic Obstructive Pulmonary Disease
(COPD): Is Air Pollution a Risk Factor? Am J Respir Crit Care Med 2016.

Rijcken B, Schouten JP, Weiss ST, Speizer FE, van der Lende R. The relationship of nonspecific
bronchial responsiveness to respiratory symptoms in a random population sample. Am Rev Respir Dis
1987; 136(1): 62-8.

Hospers JJ, Postma DS, Rijcken B, Weiss ST, Schouten JP. Histamine airway hyper-responsiveness and
mortality from chronic obstructive pulmonary disease: a cohort study. Lancet 2000; 356(9238): 1313-
7.

Tashkin DP, Altose MD, Connett JE, Kanner RE, Lee WW, Wise RA. Methacholine reactivity predicts
changes in lung function over time in smokers with early chronic obstructive pulmonary disease. The
Lung Health Study Research Group. Am J Respir Crit Care Med 1996; 153(6 Pt 1): 1802-11.

Fletcher C, Peto R. The natural history of chronic airflow obstruction. BMJ 1977; 1(6077): 1645-8.

20



103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124,

125.

126.

127.

Allinson JP, Hardy R, Donaldson GC, Shaheen SO, Kuh D, Wedzicha JA. The Presence of Chronic Mucus
Hypersecretion across Adult Life in Relation to Chronic Obstructive Pulmonary Disease Development.
Am J Respir Crit Care Med 2016; 193(6): 662-72.

Guerra S, Sherrill DL, Venker C, Ceccato CM, Halonen M, Martinez FD. Chronic bronchitis before age
50 years predicts incident airflow limitation and mortality risk. Thorax 2009; 64(10): 894-900.

Kim V, Han MK, Vance GB, et al. The chronic bronchitic phenotype of COPD: an analysis of the
COPDGene Study. Chest 2011; 140(3): 626-33.

Bigna JJ, Kenne AM, Asangbeh SL, Sibetcheu AT. Prevalence of chronic obstructive pulmonary disease
in the global population with HIV: a systematic review and meta-analysis. The Lancet Global health
2018; 6(2): €193-e202.

Byrne AL, Marais BJ, Mitnick CD, Lecca L, Marks GB. Tuberculosis and chronic respiratory disease: a
systematic review. International journal of infectious diseases : lJID : official publication of the
International Society for Infectious Diseases 2015; 32: 138-46.

Menezes AM, Hallal PC, Perez-Padilla R, et al. Tuberculosis and airflow obstruction: evidence from the
PLATINO study in Latin America. Eur Respir J 2007; 30(6): 1180-5.

Jordan TS, Spencer EM, Davies P. Tuberculosis, bronchiectasis and chronic airflow obstruction.
Respirology 2010; 15(4): 623-8.

Hogg JC, Timens W. The pathology of chronic obstructive pulmonary disease. Anntial review of
pathology 2009; 4: 435-59.

Barnes PJ. Inflammatory mechanisms in patients with chronic obstructivéjptulmonary disease. J Allergy
Clin Immunol 2016; 138(1): 16-27.

Sze MA, Dimitriu PA, Suzuki M, et al. Host Response to the Lung Microbiome in Chronic Obstructive
Pulmonary Disease. Am J Respir Crit Care Med 2015; 192(4): 43845.

Lee SH, Goswami S, Grudo A, et al. Antielastin autoimmunity.in tobacco smoking-induced
emphysema. Nature medicine 2007; 13(5): 567-9.

Domej W, Oettl K, Renner W. Oxidative stress and free(radicals in COPD--implications and relevance
for treatment. Int J Chron Obstruct Pulmon Dis 2014;9: 1207-24.

Malhotra D, Thimmulappa R, Vij N, et al. Heightened endoplasmic reticulum stress in the lungs of
patients with chronic obstructive pulmonary.disease: the role of Nrf2-regulated proteasomal activity.
Am J Respir Crit Care Med 2009; 180(12): 1196-207.

Stockley RA. Neutrophils and protease/antiprotease imbalance. Am J Respir Crit Care Med 1999;
160(5 Pt 2): S49-52.

Johnson SR. Untangling the protease’web in COPD: metalloproteinases in the silent zone. Thorax
2016; 71(2): 105-6.

Polosukhin VV, Richmond BW), Du RH, et al. Secretory IgA Deficiency in Individual Small Airways Is
Associated with Persisteft ihflammation and Remodeling. Am J Respir Crit Care Med 2017; 195(8):
1010-21.

Barnes PJ. Cellular@nd molecular mechanisms of chronic obstructive pulmonary disease. Clin Chest
Med 2014; 35(1): 71-86.

Katzenstein-AL] Mukhopadhyay S, Myers JL. Diagnosis of usual interstitial pneumonia and distinction
from other fibrosing interstitial lung diseases. Human pathology 2008; 39(9): 1275-94.

Washko GR, Hunninghake GM, Fernandez IE, et al. Lung volumes and emphysema in smokers with
interstitial lung abnormalities. N Engl J Med 2011; 364(10): 897-906.

Putman RK, Hatabu H, Araki T, et al. Association Between Interstitial Lung Abnormalities and All-Cause
Mortality. Jama 2016; 315(7): 672-81.

Churg A, Tai H, Coulthard T, Wang R, Wright JL. Cigarette smoke drives small airway remodeling by
induction of growth factors in the airway wall. Am J Respir Crit Care Med 2006; 174(12): 1327-34.
Rennard SI, Wachenfeldt K. Rationale and emerging approaches for targeting lung repair and
regeneration in the treatment of chronic obstructive pulmonary disease. Proc Am Thorac Soc 2011;
8(4): 368-75.

Hogg JC, McDonough JE, Gosselink JV, Hayashi S. What drives the peripheral lung-remodeling process
in chronic obstructive pulmonary disease? Proc Am Thorac Soc 2009; 6(8): 668-72.

Barnes PJ. Immunology of asthma and chronic obstructive pulmonary disease. Nature reviews
Immunology 2008; 8(3): 183-92.

Global Initiative for Asthma. 2015 Asthma, COPD and Asthma-COPD Overlap Syndrome (ACOS). 2015
(accessed 14 October 2018).

21



128.

129.

130.

131.

132.

133.

134,

135.

136.

137.

138.

139.

140.

141.

142.

Hogg JC, Chu F, Utokaparch S, et al. The nature of small-airway obstruction in chronic obstructive
pulmonary disease. N Engl J Med 2004; 350(26): 2645-53.

McDonough JE, Yuan R, Suzuki M, et al. Small-airway obstruction and emphysema in chronic
obstructive pulmonary disease. N Engl J Med 2011; 365(17): 1567-75.

Ofir D, Laveneziana P, Webb KA, Lam YM, O'Donnell DE. Mechanisms of dyspnea during cycle exercise
in symptomatic patients with GOLD stage | chronic obstructive pulmonary disease. Am J Respir Crit
Care Med 2008; 177(6): 622-9.

Elbehairy AF, Ciavaglia CE, Webb KA, et al. Pulmonary Gas Exchange Abnormalities in Mild Chronic
Obstructive Pulmonary Disease. Implications for Dyspnea and Exercise Intolerance. Am J Respir Crit
Care Med 2015; 191(12): 1384-94.

Casaburi R, Maltais F, Porszasz J, et al. Effects of tiotropium on hyperinflation and treadmill exercise
tolerance in mild to moderate chronic obstructive pulmonary disease. Annals of the American
Thoracic Society 2014; 11(9): 1351-61.

Rodriguez-Roisin R, Drakulovic M, Rodriguez DA, Roca J, Barbera JA, Wagner PD. Ventilation-perfusion
imbalance and chronic obstructive pulmonary disease staging severity. J Appl Physiol 2009; 106(6):
1902-8.

Burgel PR, Nadel JA. Epidermal growth factor receptor-mediated innate immune,responses and their
roles in airway diseases. Eur Respir J 2008; 32(4): 1068-81.

Sakao S, Voelkel NF, Tatsumi K. The vascular bed in COPD: pulmonary hypertension and pulmonary
vascular alterations. Eur Respir Rev 2014; 23(133): 350-5.

lyer KS, Newell JD, Jr., Jin D, et al. Quantitative Dual-Energy Computed-Tomography Supports a
Vascular Etiology of Smoking-induced Inflammatory Lung Disease. Am J Respir Crit Care Med 2016;
193(6): 652-61.

Alford SK, van Beek EJ, McLennan G, Hoffman EA. Heterogengity of pulmonary perfusion as a
mechanistic image-based phenotype in emphysema susceptible smokers. Proc Natl Acad Sci U S A
2010; 107(16): 7485-90.

Peinado VI, Pizarro S, Barbera JA. Pulmonary vascularinvolvement in COPD. Chest 2008; 134(4): 808-
14.

Wells JM, Washko GR, Han MK, et al. Pulmonary arterial enlargement and acute exacerbations of
COPD. N Engl J Med 2012; 367(10): 913-21.

Parker CM, Voduc N, Aaron SD, Webb KA;-O'Donnell DE. Physiological changes during symptom
recovery from moderate exacerbationsof COPD. Eur Respir J 2005; 26(3): 420-8.

Barbera JA, Roca J, Ferrer A, et al.”"Méchanisms of worsening gas exchange during acute exacerbations
of chronic obstructive pulmonary disease. Eur RespirJ 1997; 10(6): 1285-91.

Miller J, Edwards LD, Agusti‘A) et al. Comorbidity, systemicinflammation and outcomes in the ECLIPSE
cohort. Respir Med 20133.107(9): 1376-84.

22



CHAPTER 2: DIAGNOSIS AND INITIAL
ASSESSMENT

e COPD should be considered in any patient who has dyspnea, chronic cough or sputum
production, a history of recurrent lower respiratory tract infections and/or a history of
exposure to risk factors for the disease.

e Spirometry is required to make the diagnosis; the presence of a post-bronchodilator
FEV1/FVC < 0.70 confirms the presence of persistent airflow limitation.

® The goals of COPD assessment are to determine the level of airflow limitation, the
impact of disease on the patient’s health status, and the risk of futuré-events (such as
exacerbations, hospital admissions, or death), in order to guide thétapy.

e Concomitant chronic diseases occur frequently in COPD patients, including
cardiovascular disease, skeletal muscle dysfunction, metabelic syndrome, osteoporosis,
depression, anxiety, and lung cancer. These comorbidities should be actively sought and
treated appropriately when present as they can influénce mortality and hospitalizations
independently.

Y
’ PATHWAYS TO THE DIAGNOSIS OF COPD ’
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DIAGNOSIS

COPD should be considered in any patient who has dyspnea, chronic cough or sputum production,
and/or a history of exposure to risk factors for the disease (Figure 2.1 and Table 2.1). Spirometry is
required to make the diagnosis in this clinical context!; the presence of a post-bronchodilator
FEV1/FVC < 0.70 confirms the presence of persistent airflow limitation and thus of COPD in patients
with appropriate symptoms and significant exposures to noxious stimuli.

} KEY INDICATORS FOR CONSIDERING A DIAGNOSIS OF COPD ’

Consider COPD, and perform spirometry, if any of these indicators are present in an individual over age 40.

These indicators are not diagnostic themselves, but the presence of multiple key indicators increases the
probability of a diagnosis of COPD. Spirometry is required to establish a diagnosis of COPD.

Dyspnea that is: Progressive over time.
Characteristically worse with exercise.
Persistent.

Chronic Cough: May be intermittent and may be unproductive.

Recurrent wheeze.

Chronic Sputum Production:  Any pattern of chronic sputum production may indicate COPD.

Recurrent Lower Respiratory Tract Infections

History of Risk Factors: Host factors (such as genetic factors, congenital/developmental abnormalities etc.).
Tobacco smoke (including popular local preparations).
Smoke from home'¢ooking and heating fuels.
Occupational dpéts, vapors, fumes, gases and other chemicals.

Family History of COPD For examypte low hirthweight, childhood respiratory infections etc.
and/or Childhood Factors:

TABLE 2.1

SYMPTOMS>

Chronic and progressive dyspnea is the most characteristic symptom of COPD. Cough with sputum
production is present in up to 30% of patients. These symptoms may vary from day-to-day? and may
precede the development of airflow limitation by many years. Individuals, particularly those with
COPD risk factors, presenting with these symptoms should be examined to search for the underlying
cause(s). These patient symptoms should be used to help develop appropriate interventions.
Significant airflow limitation may also be present without chronic dyspnea and/or cough and sputum
production and vice versa.2 Although COPD is defined on the basis of airflow limitation, in practice the
decision to seek medical help is usually determined by the impact of symptoms on a patient’s
functional status. A person may seek medical attention either because of chronic respiratory
symptoms or because of an acute, transient episode of exacerbated respiratory symptoms.

24



Dyspnea. Dyspnea, a cardinal symptom of COPD, is a major cause of the disability and anxiety that
is associated with the disease.? Typical COPD patients describe their dyspnea as a sense of increased
effort to breathe, chest heaviness, air hunger, or gasping.2 However, the terms used to describe
dyspnea may vary both individually and culturally.2

Cough. Chronic cough is often the first symptom of COPD and is frequently discounted by the patient
as an expected consequence of smoking and/or environmental exposures. Initially, the cough may be
intermittent, but subsequently may be present every day, often throughout the day. Chronic cough in
COPD may be productive or unproductive.® In some cases, significant airflow limitation may develop
without the presence of a cough. Other causes of chronic cough are listed in Table 2.2.

Sputum production. COPD patients commonly raise small quantities of tenacious sputum with
coughing. Regular production of sputum for three or more months in two consecutive years (in the
absence of any other conditions that may explain it) is the classical definition ofchronic bronchitis,”
but this is a somewhat arbitrary definition that does not reflect the entire range of sputum production
that occurs in COPD. Sputum production is often difficult to evaluate because patients may swallow
sputum rather than expectorate it, a habit that is subject to significant cultural and sex variation.
Furthermore, sputum production can be intermittent with periods”of flare-up interspersed with
periods of remission.2 Patients producing large volumes, of sputum may have underlying
bronchiectasis. The presence of purulent sputum reflects anlincrease in inflammatory mediators,2
and its development may identify the onset of a bacterial exacerbation, though the association is

relatively weak.1211

} OTHER CAUSES OF C&R%VNIC COUGH ’

INTRATHORACIC

¢ Asthma

¢ Lung Cancer

* Tuberculosis

¢ Bronchiectasis

e Left Heart Failure

e Interstitial Lung Disease
* Cystic Fibrosis

¢ |diopathic Cough

EXTRATHORACIC

¢ Chronic Allergic Rhinitis

¢ Post Nasal Drip Syndrome (PNDS)

¢ Upper Airway Cough Syndrome (UACS)
* Gastroesophageal Reflux

¢ Medication (e.g. ACE Inhibitors)

TABLE 2.2
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Wheezing and chest tightness. Wheezing and chest tightness are symptoms that may vary
between days, and over the course of a single day. Audible wheeze may arise at the laryngeal level
and need not be accompanied by abnormalities heard on auscultation. Alternatively, widespread
inspiratory or expiratory wheezes can be present on auscultation. Chest tightness often follows
exertion, is poorly localized, is muscular in character, and may arise from isometric contraction of the
intercostal muscles. An absence of wheezing or chest tightness does not exclude a diagnosis of COPD,
nor does the presence of these symptoms confirm a diagnosis of asthma.

Additional features in severe disease. Fatigue, weight loss and anorexia are common problems

14,15

in patients with severe and very severe COPD.1212 They have prognostic importance and can also

be a sign of other diseases, such as tuberculosis or lung cancer, and therefore should always be
investigated. Syncope during cough occurs due to rapid increases in intrathoracic pressure during
prolonged attacks of coughing. Coughing spells may also cause rib fractures, which are sometimes
asymptomatic. Ankle swelling may be the only indicator of the presence of cor pdlmonale. Symptoms
of depression and/or anxiety merit specific enquiry when obtaining the medical history because they
are common in COPD€ and are associated with an increased risk of exacetbations and poorer health
status.

MEDICAL HISTORY

A detailed medical history of a new patient who is knowi; or suspected, to have COPD should include:
e Patient’s exposure to risk factors, such as-smoking and occupational or environmental
exposures.

® Past medical history, including asthma, allergy, sinusitis, or nasal polyps; respiratory
infections in childhood; other chrohic respiratory and non-respiratory diseases.

e Family history of COPD orather chronic respiratory disease.

e Pattern of symptom-development: COPD typically develops in adult life and most
patients are conscjQus of increased breathlessness, more frequent or prolonged “winter
colds,” and some social restriction for a number of years before seeking medical help.

e History of exacerbations or previous hospitalizations for respiratory disorder. Patients
may be aware of periodic worsening of symptoms even if these episodes have not been
identified as exacerbations of COPD.

e Presence of comorbidities, such as heart disease, osteoporosis, musculoskeletal
disorders, and malignancies that may also contribute to restriction of activity.

e Impact of disease on patient’s life, including limitation of activity, missed work and
economic impact, effect on family routines, feelings of depression or anxiety, well-being
and sexual activity.

e Social and family support available to the patient.

e Possibilities for reducing risk factors, especially smoking cessation.
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} CONSIDERATIONS IN PERFORMING SPIROMETRY

PREPARATION

e Spirometers need calibration on a regular basis.

* Spirometers should produce hard copy or have a digital display of the expiratory curve to permit detection of
technical errors or have an automatic prompt to identify an unsatisfactory test and the reason for it.

* The supervisor of the test needs training in optimal technique and quality performance.

e Maximal patient effort in performing the test is required to avoid underestimation of values and hence errors in
diagnosis and management.

BRONCHODILATION

¢ Possible dosage protocols are 400 mcg short-acting beta,-agonist, 160 mcg short-acting anticholinergic, or the
two combined.? FEV; should be measured 10-15 minutes after a short-acting betay-agonist is given, or 30-45
minutes after a short-acting anticholinergic or a combination of both classes of drugs.

PERFORMANCE

* Spirometry should be performed using techniques that meet published standards.”

» The expiratory volume/time traces should be smooth and free from irregularities<The pause between
inspiration and expiration should be < 1 second.

¢ The recording should go on long enough for a volume plateau to be reached,,which may take more than 15
seconds in severe disease.

¢ Both FVC and FEV; should be the largest value obtained from any of three technically satisfactory curves and
the FVC and FEV, values in these three curves should vary by no mong than 5% or 150 ml, whichever is greater.

¢ The FEV:/FVC ratio should be taken from the technically acceptakle curve with the largest sum of FVC and FEV;.

EVALUATION

* Spirometry measurements are evaluated by comparisgn of the results with appropriate reference values based
on age, height, sex, and race.
* The presence of a postbronchodilator FEV,/FVE< 0.70 confirms the presence of airflow limitation.

a Pellegrino et al. Eur Respir J 2005; 26(5) 948-68;
b Miller et al. Eur Respir J 2005; 26(2):319-38.

TABLE 2.3

A
")s

Although an important part of patient care, a physical examination is rarely diagnostic in COPD.
Physical signs of airflow limitation are usually not present until significantimpairment of lung function
has occurred,}”® and detection based on physical examination has relatively low sensitivity and
specificity. A number of physical signs may be present in COPD, but absence does not exclude the
diagnosis.

Spirometry is the most reproducible and objective measurement of airflow limitation. It is a
noninvasive and readily available test. Despite its good sensitivity, peak expiratory flow measurement
alone cannot be reliably used as the only diagnostic test because of its weak specificity.? Good quality
spirometric measurement is possible in any healthcare setting and all healthcare workers who care
for COPD patients should have access to spirometry. Some of the factors needed to achieve accurate
test results are summarized in Table 2.3.222



Spirometry should measure the volume of air forcibly exhaled from the point of maximal inspiration
(forced vital capacity, FVC) and the volume of air exhaled during the first second of this maneuver
(forced expiratory volume in one second, FEV;), and the ratio of these two measurements (FEV1/FVC)
should be calculated. The ratio between FEV; and slow vital capacity (VC), FEV1/VC, is sometimes
measured instead of the FEV1/FVC ratio. This will often lead to lower values of the ratio, especially in
pronounced airflow limitation. Spirometry measurements are evaluated by comparison with
reference values? based on age, height, sex, and race.

A normal spirometry tracing is shown in Figure 2.2A. A spirometry tracing typical of a patient with
obstructive disease is shown in Figure 2.2B. Patients with COPD typically show a decrease in both FEV;
and FVC.

SPIROMETRY -
} SPIROMETRY - NORMAL TRACE ’ OBSTRUCTIVE DISEASE Q/ ’
A
5 5 ¢
4 ¢ / FEV: = 4L 4t
g , FVC=5L g C
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% 2 9 % 2 ¢
= = FEV; = 1.8L
1 4 1 ¢ FVC=3.2L }Obstructive
FEV,4/FVC = 0.56
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Time, seconds Time, seconds
FVC= —
FEV, =
FIGURE 2.2A FIGURE 2.2B

The spirometric criterion for airflow limitation remains a post-bronchodilator fixed ratio of FEV1/FVC
< 0.70. This criterion is simple and independent of reference values, and has been used in numerous
clinical trials that form the evidence base from which most of our treatment recommendations are
drawn. It should be noted that the use of the fixed FEV1/FVC ratio to define airflow limitation may

result in more frequent diagnosis of COPD in the elderly,2222

and less frequent diagnosis in adults <45
years,2 especially in mild disease, compared to using a cut-off based on the lower limit of normal (LLN)

values for FEV/FVC.

The LLN values are based on the normal distribution and classify the bottom 5% of the healthy
population as abnormal. From a scientific or clinical perspective, it is difficult to determine which of

28



these criteria will result in optimal COPD diagnostic accuracy. However, LLN values are highly
dependent on the choice of valid reference equations using post-bronchodilator FEV,, and there are
no longitudinal studies available validating the use of the LLN, or studies using reference equations in
populations where smoking is not the major cause of COPD.

Normal spirometry may be defined by a new approach from the Global Lung Initiative (GLI).2*% Using
GLI equations, z scores were calculated for FEV;, FVC, and FEV,/FVC. The diagnostic algorithm was
initially based on a single threshold, namely a z score of -1.64 (defining the LLN at the fifth percentile
of the normal distribution). The results were compared to fixed ratio data. The findings suggest that
among adults with GLI-defined normal spirometry, the use of a fixed ratio may misclassify individuals
as having respiratory impairment. It is important that these findings are reproduced in other cohorts.

The risk of misdiagnosis and over-treatment of individual patients using the fixed ratio as a diagnostic
criterion is limited, as spirometry is only one parameter for establishing the clinicaldiagnosis of COPD;
the additional parameters being symptoms and other risk factors. Diagnostic simplicity and
consistency are crucial for the busy clinician. Thus, GOLD favors the use ofithe fixed ratio over LLN.

Assessment of the presence or absence of airflow obstruction based.on a single measurement of the
post-bronchodilator FEV1/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.2%2Z |f the initiatpost-bronchodilator FEV1/FVC ratio is less
than 0.6 it is very unlikely to rise above 0.7 spontaneously.2

While post-bronchodilator spirometry is required for the diagnosis and assessment of COPD, assessing
the degree of reversibility of airflow limitation (e.g., measuring FEV, before and after bronchodilator
or corticosteroids) to inform therapeati¢ decisions is no longer recommended.® The degree of
reversibility has not been shown to.dugment the diagnosis of COPD, differentiate the diagnosis from
asthma, or to predict the response’to long-term treatment with bronchodilators or corticosteroids.?

The role of screening spirometry in the general population is controversial.2%3 In asymptomatic
individuals without any significant exposures to tobacco or other noxious stimuli, screening spirometry
is probably not indicated; whereas in those with symptoms or risk factors (e.g., > 20 pack-years of
smoking or recurrent chest infections), the diagnostic yield for COPD is relatively high and spirometry
should be considered as a method for early case finding.2232 Both FEV; and FVC predict all-cause
mortality independent of tobacco smoking, and abnormal lung function identifies a subgroup of
smokers at increased risk for lung cancer. This has been the basis of an argument that screening
spirometry should be employed as a global health assessment tool.3*22 A risk score based on routine
data from electronic health records in primary care may facilitate case-finding.2® However, there are
no data to indicate that screening spirometry is effective in directing management decisions or in
improving COPD outcomes in patients who are identified before the development of significant
symptoms.Z This may reflect the design and application of current case finding instruments that have
not been utilized to identify patients with undiagnosed COPD who are most likely to benefit from

existing therapies.®®3 Thus, GOLD advocates active case finding324%41

i.e., performing spirometry in
patients with symptoms and/or risk factors, but not screening spirometry. Systematic active case-

finding in a primary care setting via mail-out of a screening questionnaire was also found to be an
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effective way to identify undiagnosed COPD patients.22

Interpretation of the severity of lung function impairment is dependent on having appropriate
reference values. The Prospective Urban and Rural Epidemiological (PURE) study analyzed pre-
bronchodilator spirometry data from 153,996 healthy people with less than 5 pack-year smoking
histories in 17 countries and observed wide variation in lung function.? For instance, compared with
individuals living in North America or Europe, people living in Southeast Asia had FEV; values that were
on average 31% lower, adjusted for age, height and sex. Similarly, those living in sub-Saharan Africa,
East Asia, Middle East and South America had FEV; values that were on average 21%, 13%, 11%, and
6% lower than individuals living in North America or Europe, respectively, independent of age, height,
sex, and smoking status.? Unless relevant predicted values are used the severity of airflow limitation
will be overestimated.

ASSESSMENT

The goals of COPD assessment are to determine the level of airflow limitation, its impact on the
patient’s health status and the risk of future events (such as exacefbations, hospital admissions or

death), in order to, eventually, guide therapy.

To achieve these goals, COPD assessment must consider the following aspects of the disease
separately:

* The presence and severity of the spirometFic abnormality

e Current nature and magnitude of the patient’s symptoms

¢ History of moderate and severe exacerbations and future risk

* Presence of comorbidities

o
8

The classification of airflow limjtation severity in COPD is shown in Table 2.4. Specific spirometric cut-
points are used for purpoeses of simplicity. Spirometry should be performed after the administration
of an adequate dose)of at least one short-acting inhaled bronchodilator in order to minimize

variability.

It should be noted that there is only a weak correlation between FEV;, symptoms and impairment of
a patient’s health status.?*% For this reason, formal symptomatic assessment is required.
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CLASSIFICATION OF AIRFLOW LIMITATION SEVERITY
IN COPD (BASED ON POST-BRONCHODILATOR FEV,)

In patients with FEV1/FVC < 0.70:

GOLD 1: Mild FEV, 2 80% predicted

GOLD 2: Moderate 50% < FEV; < 80% predicted
GOLD 3: Severe 30% < FEV; < 50% predicted
GOLD 4: Very Severe FEV: < 30% predicted
TABLE 2.4

Here we present the two measures of symptoms that are most widely used.

In the past, COPD was viewed as a disease largely characterized by,breathlessness. A simple measure
of breathlessness such as the Modified British Medical Research Council (MMRC) Questionnaire®
(Table 2.5) was considered adequate for assessment of symptoms, as the mMRC relates well to other

measures of health status®’and predicts future mortality-risk.284

) MODIFIED MRC Dvsgktﬁ& SCALE® ’

PLEASE TICK IN THE BOX THAT APPLIES TO YOU | ONE BOX ONLY | Grades0-4

mMRC Grade 0. | only'get breathless with strenuous exercise. D
mMRC Grade 1. } get short of breath when hurrying on the level or walking I:l
up a slight hill.
mMRC Grade 2. | walk slower than people of the same age on the level because
of breathlessness, or | have to stop for breath when walking on |:|

my own pace on the level.

mMRC Grade 3. | stop for breath after walking about 100 meters or after a few
minutes on the level.

mMRC Grade 4. | am too breathless to leave the house or | am breathless I:I
when dressing or undressing.

2 Fletcher CM. BMJ 1960; 2: 1662.
TABLE 2.5
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However, it is now recognized that COPD impacts patients beyond just dyspnea.2® For this reason, a
comprehensive assessment of symptoms is recommended rather than just a measure of
breathlessness. The most comprehensive disease-specific health status questionnaires such as the
Chronic Respiratory Questionnaire (CRQ)2! and St. George’s Respiratory Questionnaire (SGRQ)22 are
too complex to use in routine practice, but shorter comprehensive measures e.g., COPD Assessment
Test (CAT™) and The COPD Control Questionnaire (The CCQ®) have been developed and are suitable.

COPD Assessment Test (CAT™).? The COPD Assessment Test™ is an 8-item uni-dimensional
measure of health status impairment in COPD (Figure 2.3).22 It was developed to be applicable
worldwide and validated translations are available in a wide range of languages. The score ranges from
0-40, correlates very closely with the SGRQ, and has been extensively documented in numerous
publications.*

The CAT™ and the CCQ® provide measures of the symptomatic impact of CQPD but do not categorize
patients into symptom severity groups for the purpose of treatment. The SGRQ is the most widely
documented comprehensive measure; scores < 25 are uncommon in‘diagnosed COPD patients2 and
scores > 25 are very uncommon in healthy persons.2®2’ Therefore;-if is recommended that a symptom
score equivalent to SGRQ score 2 25 should be used as the threshold for considering regular treatment
for symptoms including breathlessness, particularly since-this corresponds to the range of severity
seen in patients recruited to the trials that have,provided the evidence base for treatment
recommendations. The equivalent cut-point for the €AT™ is 10.28

An equivalent mMRC score cannot be calculated because a simple breathlessness cut-point cannot
equate to a comprehensive symptom scofe-cut-point. The great majority of patients with an SGRQ of
> 25 will have an mMRC of > 1; however patients with mMRC < 1 may also have a number of other
COPD symptoms.22 For this reason, the use of a comprehensive symptom assessment is
recommended. However, because use of the mMRC is widespread, an mMRC of > 2 is still included as
a threshold for separating #less breathlessness” from “more breathlessness.” Nevertheless, users are
cautioned that assessment of other symptoms is required.>?

There are other secales available such as the COPD Control Questionnaire (CCQ) and the Chronic
Respiratory Disease Questionnaire (CRQ) that will not be discussed in detail.

COPD exacerbations are defined as an acute worsening of respiratory symptoms that result in
additional therapy.®®® These events are classified as mild (treated with short acting bronchodilators
(SABDs) only), moderate (treated with SABDs plus antibiotics and/or oral corticosteroids) or severe
(patient requires hospitalization or visits the emergency room). Severe exacerbations may also be
associated with acute respiratory failure. A number of large studies that classified patients using the
GOLD spirometric grading systems have been conducted.®*®® These studies demonstrate that

4 The COPD Assessment Test was developed by a multi-disciplinary group of international experts in COPD supported by GSK. COPD Assessment Testand the CAT™

logo is a trademark of the GlaxoSmithKline group of companies. © 2009 GlaxoSmithKline. All rights reserved. GSK activities with respect to the COPD Assessment
Test™ are overseen by a governance board thatincludes independent external experts, one of whom chairs the board.
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exacerbation rates vary greatly between patients®® and during follow-up.®Z The best predictor of
having frequent exacerbations (defined as two or more exacerbations per year) is a history of earlier
treated events.®

} CAT™ ASSESSMENT ’

For each item below, place a mark (x) in the box that best describes you currently.

Be sure to only select one response for each question.

EXAMPLE: | am very happy @ ® @ @ @ @ I am very sad SCORE
| never cough @ @ @ @ @ @ | cough all the time

I have no phlegm (mucus) My chest is completely full
in my chest at all @® @ ®@® of phlegm (mucus)
My chest does not feel tight at all @ @ @ @ @ @ My chest feels very tight
When | walk up a hill or one flight When I walk up a Kl or one flight
of stairs | am not breathless @ @ @ @ @ @ of stairs | am verybreathless
| am not limited doing any @ @ @ @ @ @ | am verytimited doing
activities at home activities at home
I am confident leaving my home Kam not at all confident leaving my
despite my lung condition @ @ @ @ @ @ home because of my lung condition
| sleep soundly I don‘t sleep soundly because
@ @ @ @ @ @ of my lung condition
| have lots of energy @ @ @ @ @ @ | have no energy at all

Reference: Jones et al. ERJ 2009;34Y3); 648-54. TOTAL SCORE: O

FIGURE 2.3

In addition, deteriorating airflow limitation is associated with an increasing prevalence of
exacerbations, hospitalization®® and risk of death.2>% Hospitalization for a COPD exacerbation is
associated with poor prognosis and increased risk of death.Z2 There is also a significant relationship
between spirometric severity and the risk of exacerbation and death. At the population level,
approximately 20% of GOLD 2 (moderate airflow limitation) patients may experience frequent
exacerbations requiring treatment with antibiotics and/or systemic corticosteroids.®® The risk of
exacerbations is significantly higher for patients with GOLD 3 (severe) and GOLD 4 (very severe).
However, FEV; by itself lacks sufficient precision (i.e., wide variation) to be used clinically as a predictor
of exacerbation or mortality in patients with COPD.%2

The association between blood eosinophil count and risk of exacerbations is outlined in Chapter 3.

33



Patients with COPD often have important concomitant chronic illnesses at the time of diagnosis and
COPD represents an important component of multimorbidity development particularly in the elderly
in response to common risk factors (e.g., aging, smoking, alcohol, diet and inactivity).”%22 COPD itself
also has significant extrapulmonary (systemic) effects including weight loss, nutritional abnormalities
and skeletal muscle dysfunction. Skeletal muscle dysfunction is characterized by both sarcopenia (loss
of muscle cells) and abnormal function of the remaining cells.” Its causes are likely multifactorial (e.g.,
inactivity, poor diet, inflammation and hypoxia) and it can contribute to exercise intolerance and poor
health status in patients with COPD. Importantly, skeletal muscle dysfunction is a rectifiable source of
exercise intolerance.”

Common comorbidities include cardiovascular disease,”® skeletal muscle dysfunction, metabolic
syndrome, osteoporosis, depression, anxiety and lung cancer. The existence of COPD may actually
increase the risk for other diseases; this is particularly striking for COPD and lung'cancer.”Z8 Whether
this association is due to common risk factors (e.g., smoking), involvement,ofsusceptibility genes, or
impaired clearance of carcinogens is not clear.

Comorbidities can occur in patients with mild, moderate or sévere airflow limitation,2 influence
mortality and hospitalizations independently,”” and deServe specific treatment. Therefore,
comorbidities should be looked for routinely, and treated appropriately, in any patient with COPD.
Recommendations for the diagnosis, assessment_of “severity, and management of individual
comorbidities in patients with COPD are the same as,for all other patients. A more detailed description
of the management of COPD and comorbidities is/provided in Chapter 6.

An understanding of the impact ©f ' COPD on an individual patient combines the symptomatic
assessment with the patient’s $pirometric classification and/or risk of exacerbations. The “ABCD”
assessment tool of the 2011/GOLD update was a major step forward from the simple spirometric
grading system of the earlier versions of GOLD because it incorporated patient-reported outcomes
and highlighted the imdportance of exacerbation prevention in the management of COPD. However,
there were some important limitations. Firstly, the ABCD assessment tool performed no better than
the spirometric grades for mortality prediction or other important health outcomes in COPD. %881
Moreover, group “D” outcomes were modified by two parameters: lung function and/or exacerbation
history, which caused confusion.22 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 is proposed that separates spirometric grades from the “ABCD” groups. For some
therapeutic recommendations, ABCD groups will be derived exclusively from patient symptoms and
their history of exacerbation. Spirometry, in conjunction with patient symptoms and history of
moderate and severe exacerbations, remains vital for the diagnosis, prognostication and
consideration of other important therapeutic approaches. This new approach to assessment is
illustrated in Figure 2.4.

In the revised assessment scheme, patients should undergo spirometry to determine the severity of
airflow limitation (i.e., spirometric grade). They should also undergo assessment of either dyspnea
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using mMRC or symptoms using CAT™. Finally, their history of moderate and severe exacerbations
(including prior hospitalizations) should be recorded.

The number provides information regarding severity of airflow limitation (spirometric grade 1 to 4)
while the letter (groups A to D) provides information regarding symptom burden and risk of
exacerbation which can be used to guide therapy. FEV: is a very important parameter at the
population-level in the prediction of important clinical outcomes such as mortality and
hospitalizations or prompting consideration for non-pharmacological therapies such as lung volume
reduction or lung transplantation. However, it is important to note that at the individual patient level,
FEV:loses precision and thus cannot be used alone to determine all therapeutic options. Furthermore,
in some circumstances, such as during hospitalization or urgent presentation to the clinic or
emergency room, the ability to assess patients based on symptoms and exacerbation history,
independent of the spirometric value, allows clinicians to initiate a treatment plan based on the
revised ABCD scheme alone. This assessmentapproach acknowledges the limitatians of FEV; in making
treatment decisions for individualized patient care and highlights the importance of patient symptoms
and exacerbation risks in guiding therapies in COPD. The separation of airflow limitation from clinical
parameters makes it clearer what is being evaluated and ranked. This will facilitate more precise
treatment recommendations based on parameters that are driving the patient’s symptoms at any

given time.
} THE REFINED ABCD ASSESSM‘AgNT TOOL ’
Spirometrically Assessment of As;estsr?ner;tr_olt
Confirmed Diagnosis airflewdimitation symptoms .IS
of exacerbations

Moderate or Severe
Exacerbation History

FEV, : : E
Grade ; i 22or :
Post-bronchodilatoy Gepredicted) | 1 5 9 leading ! C D
FEV,/FVC < 0°Z i tohospital | :
GOLD 1 2 80 {oadmission ] |iecececeeeees Eememmamemaans
GOLD 2 50-79 S— A B
: Oorl : E
GOLD 3 30-49 { (notleading i :
i tohospital 3
Gowa | <30 | | amsn) | ey
fosemescceeseceend 1 CAT<10 i) CAT210
Symptoms
FIGURE 2.4

Example: Consider two patients - both patients with FEV1 < 30% of predicted, CAT™ scores of 18 and
one with no exacerbations in the past year and the other with three moderate exacerbations in the
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past year. Both would have been labelled GOLD D in the prior classification scheme. However, with
the new proposed scheme, the subject with three moderate exacerbations in the past year would be
labelled GOLD grade 4, group D.

Individual decisions on pharmacotherapeutic approaches would use the recommendations in Chapter
4 based on the ABCD assessment to treat the patient’s major problem at this time i.e., persistent
exacerbations. The other patient, who has had no exacerbations, would be classified as GOLD grade
4, group B. In such patients — besides pharmacotherapy and rehabilitation — lung volume reduction,
lung transplant or bullectomy may be important considerations for therapy given their symptom
burden and level of spirometric limitation.

Note: In cases where there is a marked discordance between the level of airflow limitation and the
perceived symptoms, a more detailed evaluation should be carried out to better understand lung
mechanics (e.g., full lung function tests), lung structure (e.g., computed tomography) and/or
comorbidities (e.g., ischemic heart disease) that might impact patient symptoms. In some cases,
patients may endorse minimal symptoms despite demonstrating severe airflow limitation. Adapting
to the limitations induced by COPD, these patients may reduce their levél of physical activity in a way
that may result in an underestimation of the symptom load. In these ‘cases, exercise tests like the 6-
minute walking distance may reveal that the patients are severely constrained and do need more
intense treatment than the initial evaluation would have suggested.

The role of spirometry for the diagnosis, assessment.and follow-up of COPD is summarized in Table
2.6.

) ROLE OF SPIROMETB\Q?}W ’

¢ Diagnosis
¢ Assessment of severity of airflow dbstruction (for prognosis)

* Follow-up assessment

» Therapeutic decisions.

— Pharmacological in selected circumstances
(e.g., discrepancy between spirometry and level of symptoms).

— Consider alternative diagnoses when symptoms are disproportionate to degree of airflow
obstruction.

— Non-pharmacological (e.g., interventional procedures).

» Identification of rapid decline.

TABLE 2.6
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Alpha-1 antitrypsin deficiency (AATD) screening. The World Health Organization
recommends that all patients with a diagnosis of COPD should be screened once especially in areas
with high AATD prevalence.228 Although the classical patient is young (< 45 years) with panlobular
basal emphysema, it has become recognized that delay in diagnosis has led to identification of some
AATD patients when they are older and have a more typical distribution of emphysema (centrilobular
apical).8 A low concentration (< 20% normal) is highly suggestive of homozygous deficiency. Family
members should be screened and, together with the patient, referred to specialist centers for advice
and management (see Chapter 3).

The following additional investigations may be considered as part of the diagnosis and assessment of
COPD.

Imaging. A chest X-ray is not useful to establish a diagnosis in COPD, hutit is valuable in excluding
alternative diagnoses and establishing the presence of significant comoegrbidities such as concomitant
respiratory (pulmonary fibrosis, bronchiectasis, pleural diseases),&keletal (e.g., kyphoscoliosis), and
cardiacdiseases (e.g., cardiomegaly). Radiological changes assotiated with COPD include signs of lung
hyperinflation (flattened diaphragm and an increase in thé)volume of the retrosternal air space),
hyperlucency of the lungs, and rapid tapering of the vascular markings. Computed tomography (CT)
of the chest is not routinely recommended except forudetection of bronchiectasis and COPD patients
that meet the criteria for lung cancer risk assessment. The presence of emphysema in particular may
increase the risk for development of lung cancer. However, CT scanning may be helpful in the
differential diagnosis where concomitant diseases are present. In addition, if a surgical procedure such
as lung volume reduction,® or incréasingly non-surgical based lung volume reduction® is
contemplated, a chest CT scan is necessary since the distribution of emphysema is one of the most
important determinants of surgical suitability. A CT scan is also required for patients being evaluated
for lung transplantation.

Lung volumes and diffusing capacity. COPD patients exhibit gas trapping (a rise in residual
volume) from the @arly stages of the disease, and as airflow limitation worsens, static hyperinflation
(an increase in total lung capacity) occurs. These changes can be documented by body
plethysmography, or less accurately by helium dilution lung volume measurement. These
measurements help characterize the severity of COPD but are not essential to patient management.
Measurement of diffusing capacity (DLCO) provides information on the functional impact of
emphysema in COPD and is often helpful in patients with breathlessness that may seem out of
proportion to the degree of airflow limitation.

Oximetry and arterial blood gas measurement. Pulse oximetry can be used to evaluate a
patient’s arterial oxygen saturation and need for supplemental oxygen therapy. Pulse oximetry should
be used to assess all patients with clinical signs suggestive of respiratory failure or right heart failure.
If peripheral arterial oxygen saturation is < 92% arterial or capillary blood gases should be assessed. 2228
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Exercise testing and assessment of physical activity. Objectively measured exercise

8990 or during incremental exercise

impairment, assessed by a reduction in self-paced walking distance
testing in a laboratory,2 is a powerful indicator of health status impairment and predictor of
prognosis; exercise capacity may fall in the year before death.22 Walking tests can be useful for
assessing disability and risk of mortality?®> and are used to assess the effectiveness of pulmonary
rehabilitation. Both the paced shuttle walk test2 and the unpaced 6-minute walk test can be used.2>%
As the course length has a substantial impact on the distance walked, existing reference equations
established for a 30 meter course cannot be applied to predict the distance achieved on shorter
courses.? Laboratory testing using cycle or treadmill ergometry can assist in identifying co-existing or

alternative conditions e.g., cardiac diagnoses.

Monitoring of physical activity may be more relevant regarding prognosis than evaluating exercise
capacity.?® This can be conducted using accelerometers or multi-sensor instruments.

Composite scores. Several variables identify patients at increased risk formortality including FEV,
exercise tolerance assessed by walking distance or peak oxygen consGmption, weight loss, and
reduction in arterial oxygen tension. A relatively simple approach to identifying disease severity using
a combination of most of the above variables has been proposed.”The BODE (Body mass index,
Obstruction, Dyspnea, and Exercise) method gives a composite“score that is a better predictor of
subsequent survival than any single component.221% Simpleér alternatives that do not include an
exercise test have been suggested but all these approaches need validation across a wide range of

disease severities and clinical settings to confirm thatthey are suitable for routine clinical use. 194102

Differential diagnoses. In some patients with chronic asthma, a clear distinction from COPD is not
possible using currentimaging and physiolegical testing techniques, and for such patients it is assumed
that asthma and COPD coexist. The diagnosis Asthma-COPD Overlap Syndrome (ACOS) or Asthma-
COPD Overlap (ACO) has been coinéd to acknowledge that this represents overlap of common
disorders causing chronic airflow"limitation rather than a distinct syndrome. For details please refer
to the Appendix. Most otheppotential differential diagnoses are easier to distinguish from COPD
(Table 2.7).

Other considerations. It is clear that some patients without evidence of airflow limitation have
evidence of structural lung disease on chest imaging (emphysema, gas trapping, airway wall
thickening) that is consistent with what is found in patients with COPD. Such patients may report
exacerbations of respiratory symptoms or even require treatment with respiratory medications on a
chronic basis. Whether these patients have acute or chronic bronchitis, a persistent form of asthma
or an earlier presentation of what will become COPD as it is currently defined, is unclear at present
and will require further study.
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} DIFFERENTIAL DIAGNOSIS OF COPD ’

DIAGNOSIS SUGGESTIVE FEATURES

COPD Onset in mid-life.
Symptoms slowly progressive.
History of tobacco smoking or exposure to other types of smoke.

Asthma Onset early in life (often childhood).
Symptoms vary widely from day to day.
Symptoms worse at night/early morning.
Allergy, rhinitis, and/or eczema also present.
Family history of asthma.
Obesity coexistence.

Congestive Heart Failure Chest X-ray shows dilated heart, pulmonary edema.

Pulmonary function tests indicate volume restriction, not airflow limitation.
Bronchiectasis Large volumes of purulent sputum.

Commonly associated with bacterial infection.

Chest X-ray/CT shows bronchial dilation, bronchial walkthickening.
Tuberculosis Onset all ages.

Chest X-ray shows lung infiltrate.

Microbiological confirmation.

High local prevalence of tuberculosis.
Obliterative Bronchiolitis  Onset at younger age, nonsmokers.

May have history of rheumataicrarthritis or acute fume exposure.

Seen after lung or bone macrow transplantation.

CT on expiration shows hypodense areas.
Diffuse Panbronchiolitis Predominantly se@h-in patients of Asian descent.

Most patients<afe’male and nonsmokers.

Almost all have chronic sinusitis.

Chest X;ray"& HRCT show diffuse small centrilobular nodular opacities & hyperinflation.

These features tend to be characteristic of the respective diseases, but are not mandatory. For example,

a person who has never smoked may develop COPD (especially in the developing world where other risk factors
may be more important than cigarette smoking); asthma may develop in adult and even in elderly patients.

TABLE 2.7
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