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GLOBAL STRATEGY FOR THE DIAGNOSIS, MANAGEMENT, AND PREVENTION OF COPD

(2024)

The GOLD National Leaders are individuals from around the world with an interest in promoting the goals of GOLD

within their home country. The group meets periodically to share information about programs of health education,

COPD management, and prevention.
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GOLD 2024 REPORT HIGHLIGHTS

The GOLD report is revised annually and has been used worldwide by healthcare professionals as a tool to implement

effective management programs based on local healthcare systems.

In the 2024 revision of the GOLD report several important changes have been made as follows:

Vi.
vii.

viii.

Xi.

Xii.

xiii.

Chapter 3 and Chapter 4 have been consolidated into one chapter to reduce repetitive information

Some tables have been consolidated to remove repetition; all table and figure numbers have been changed to
consecutive figure numbers only.

PubMed links (where available) have now been included in the reference list and all references can now be found
at the end of the GOLD report (rather than at the end of each chapter).

Information about PRISm (preserved ratio but impaired spirometry) has been expanded (Page 13)

A new section on Hyperinflation has been added (Page 17)

In the Spirometry section further clarification about pre-bronchodilator spirometry has been added (Page 26)

A new section on Screening for COPD in Targeted Populations (Page 29) has been added with information on
Leveraging Lung Cancer Imaging for COPD screening (Page 29), including spirometry.screening in targeted
populations, and Leveraging Incidental Lung Imaging Abnormalities for COPD Screening (Page 30)

In the Initial Assessment section, the paragraphs on Blood Eosinophil Count.have been updated (Page 34)
Interstitial Lung Abnormalities are now covered (Page 38)

The section on Smoking Cessation has been revised (Page 43)

Vaccination Recommendations for people with COPD have been updated in line with current guidance from the
US Centers for Disease Control (CDC) (Page 46)

Managing Inhaled Therapy has been expanded (Page 53).and includes information on a patient’s Ability to use
the Delivery System Correctly (Page 54) and Choice of.Inhaler Device (Page 54)

A new section on Pharmacotherapies for Smoking Cessation has been added (Page 68)

GOLD has been fortunate to have a network of international distinguished health professionals from multiple disciplines.

Many of these experts have initiated investigations“into 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 progtams for early detection, prevention and approaches to management.

| ©
Alvar G. Agusti, MD Claus Vogelmeier, MD
Chair, GOLD Board of Directors Chair, GOLD Science Committee
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GLOBAL STRATEGY FOR THE DIAGNOSIS, MANAGEMENT
AND PREVENTION OF COPD 2024 UPDATE!

METHODOLOGY

When the Global Initiative for Chronic Obstructive Lung Disease (GOLD) program was initiated in 1998, a goal was to
produce recommendations for management of COPD based on the best scientific information available. The first
report, Global Strategy for the 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 recommendations in the GOLD documents related to
management and prevention, and to post yearly updates on the GOLD website. Its members are recognized leaders in
COPD research and clinical practice with the scientific credentials to contribute to-the task of the Committee and are
invited to serve in a voluntary capacity.

This 2024 GOLD Report is an update of the 2023-revised report. The 2023 GOLD Report was the 5th major revision of
GOLD, and incorporated a reassessment and revision of recommendations for the diagnosis, assessment and
treatment of COPD. Updates of the 2017-revised report were made)in 2018, 2019, 2020, 2021 and 2022. Updates of
the 2011-revised report were released in January 2013, 2014, 2015, and 2016.

Process: Toproduce the GOLD report, a PubMed search{National Center for Biotechnology Information, U.S. National
Library of Medicine, Bethesda MD, USA) was completéd using search fields established by the Committee: 1) COPD or
Chronic Obstructive Pulmonary Disease (All Fields)*AND 2) Clinical Trials or Meta-analysis (All Fields) OR 3) articles in
the top 20 medical or respiratory journals (available on request) or The Cochrane Database of Systematic Reviews.

Publications in peer reviewed journals not captured by the PubMed searches 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 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. Only high-quality systematic reviews and meta-analyses that provide strong evidence for changing clinical

1 The Global Strategy for Diagnosis, Management and Prevention of COPD (updated 2024), the Pocket Guide (updated 2024) and the complete list of references
examined by the Committee is available on the GOLD website: www.goldcopd.org.

2 GOLD Science Committee Members (2023-2024): C. Vogelmeier, Chair, A. Agusti, A. Anzueto, P. Barnes, J. Bourbeau, G. Criner, D. Halpin, M. Han, F. Martinez, M.
Montes de Oca, O. Ozoh, A. Papi, I. Pavord, N. Roche, D. Sin, D. Singh, R. Stockley, M. Victorina Lopez Varela, J. Wedzicha, J. Zheng.
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practice are cited in the GOLD report with preference given to citing the original randomized controlled trial(s).

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.

NEW REFERENCES

The GOLD 2024 report is an update GOLD 2023 report which was a major revision. 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 2022 to July 2023. In total, 148 new references have been added
to the GOLD 2024 report.
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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 people with COPD. One of the strengths of GOLD reports is the treatment objectives. These have
stood the test of time, and 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 on their patients.

A second strength of the original strategy was the simple, intuitive system for classifying COPD severity. This was based
on FEV1 and was called a staging system because it was believed, at the time, that the mdjority of patients followed a
path of disease progression in which the severity of COPD tracked the severity of airflow obstruction. 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, FEV1 is af-unreliable marker of the severity of
breathlessness, exercise limitation, health status impairment, and risk of exacerbation.

At the time of the original report, improvement in both symptoms and health status was a GOLD treatment objective,
but symptoms assessment did not have a direct relation to the chaice of management, and health status measurement
was a complex process largely confined to clinical studies. Now, there are simple and reliable questionnaires designed
for use in routine daily clinical practice. These are available in many languages. These developments have enabled an
assessment system to be developed that draws togethHer 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. 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 fgeeds.

BACKGROUND

Chronic Obstructive Pulmg@nary Disease (COPD) is now one of the top three causes of death worldwide and 90% of
these deaths occur in low- and middle-income countries (LMICs).&2 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 incoming decades because of continued exposure to COPD risk factors and aging of the population.®

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. Animportant
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
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field. It was developed by individuals with expertise in COPD research and patient care and was based on the best-
validated concepts of COPD pathogenesis at that time, along with available evidence on the most appropriate
management and prevention strategies. It provided state-of-the-art information about COPD for pulmonary specialists
and other interested physicians and served as a source document for the production of various communications for
other audiences, including an Executive Summary, a Pocket Guide for Healthcare Professionals, and a Patient Guide.

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

In 2018 GOLD held a one-day summit to consider information about the epidemiology, clinical features, approaches
to prevention and control, and the availability of resources for COPD in LMICs.®© Major conclusions of the summit
included that: there are limited data about the epidemiological and clinical features of COPD in LMICs but the data
available indicate there are important differences in these features around the world; there is widespread availability
of affordable tobacco products as well as other exposures (e.g., household air pollution),thought to increase the risk
of developing COPD; diagnostic spirometry services are not widely available and there ate major problems with access
to affordable quality-assured pharmacological and non-pharmacological therapies.;GOLD is therefore concerned that
COPD is not being taken seriously enough at any level, from individuals and cemmunities, to national governments
and international agencies.® It is time for this to change and the GOLD Board of Directors challenge all relevant
stakeholders to work together in coalition with GOLD to address the avoidable burden of COPD worldwide. GOLD is
committed to improving the health of people at risk of and with COPB; wherever they happen to have been born, and
wishes to do its bit to help achieve the United Nations Sustainable Development Goal 3.4 to reduce premature
mortality from non-communicable diseases - including COPD -y one third by 2030.®

LEVELS OF EVIDENCE

Levels of evidence have been assigned to evidence-based recommendations where appropriate (Table A). Evidence
levels are indicated in boldface type enelosed 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)

PR

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 fromone study to the next, and there was a need to identify the reason for the variation.

Be sure to read and understand the paragraph entitled Important Purpose & Liability Disclaimer 2




Description of Levels of Evidence

Table A

Evidence Category Sources of Evidence Definition

Randomized controlled Evidence is from endpoints of well-designed RCTs that

trials (RCTs) provide consistent findings in the population for which
the recommendation is made without any important
limitations.

A Rich body of high Requires high quality evidence from 2 2 clinical trials
quality evidence involving a substantial number of subjects, or a single
without any significant high quality RCT involving substantial numbers of patient
limitation or bias without any bias.

Randomized controlled Evidence is from RCTs that include only a limited number of

trials (RCTs) with patients, post hoc or subgroup analyses of RCTs or meta-
important limitations analyses of RCTs. A
\J
B Limited body of Also pertains when few RCTs or important limitations
evidence are evident (methodolog\éﬂ s, small numbers, short
duration, undertaken in ulation that differs from the
target population of% commendation, or the results
are somewhat mcc@ tent).
Non-randomized trials Evidence is f@% outcomes of uncontrolled or non-
C Observational studies random/iie@rials or from observational studies.
AN
N . . N
Panel consensus P@/lSlon of guidance is deemed valuable but clinical
judgment ) erature addressing the subject is insufficient.

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

/\‘&
@?‘
R
)
&

Q
O
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CHAPTER 1: DEFINITION AND OVERVIEW

KEY POINTS:

Definition

Chronic Obstructive Pulmonary Disease (COPD) is a heterogeneous lung condition characterized by
chronic respiratory symptoms (dyspnea, cough, sputum production and/or exacerbations) due to
abnormalities of the airways (bronchitis, bronchiolitis) and/or alveoli (emphysema) that cause
persistent, often progressive, airflow obstruction.

Causes and Risk Factors

COPD results from gene(G)-environment(E) interactions occurring over the lifetime(T) of the
individual (GETomics) that can damage the lungs and/or alter their normal development/aging
processes.

The main environmental exposures leading to COPD are tobacco smoking and the inhalation of
toxic particles and gases from household and outdoor air pollution, but othet @fAvironmental and
host factors (including abnormal lung development and accelerated lung aging) can also contribute.
The most relevant (albeit rare) genetic risk factor for COPD identified to‘date are mutations in the
SERPINA1 gene that lead to a-1 antitrypsin deficiency. A number of ether genetic variants have also
been associated with reduced lung function and risk of COPD, buttheir individual effect size is small.

Diagnostic Criteria

In the appropriate clinical context (see ‘Definition’ & ‘Causas and Risk Factors’ above), the presence
of non-fully reversible airflow obstruction (i.e., FEV1/VC < 0.7 post-bronchodilation) measured by
spirometry confirms the diagnosis of COPD.

Some individuals can have respiratory symptos and/or structural lung lesions (e.g., emphysema)
and/or physiological abnormalities (including low FEV1, gas trapping, hyperinflation, reduced lung
diffusing capacity and/or rapid FEV1 decline) without airflow obstruction (FEV1/FVC = 0.7 post-
bronchodilation). These subjects .dre" labeled ‘Pre-COPD’. The term ‘PRISm’ (Preserved Ratio
Impaired Spirometry) has beenr\proposed to identify those with normal ratio but abnormal
spirometry. Subjects with Pre-COPD or PRISm are at risk of developing airflow obstruction over
time, but not all of them.do.

Clinical Presentation

Patients with COPDtypically complain of dyspnea, activity limitation and/or cough with or without
sputum production and may experience acute respiratory events characterized by increased
respiratory symptoms called exacerbations that require specific preventive and therapeutic
measures.

Patients with COPD frequently harbor other comorbid diseases that influence their clinical
condition and prognosis and require specific treatment as well. These comorbid conditions can
mimic and/or aggravate an acute exacerbation.

New Opportunities

COPD is a common, preventable, and treatable disease, but extensive under-diagnosis and
misdiagnosis leads to patients receiving no treatment or incorrect treatment. Appropriate and
earlier diagnosis of COPD can have a very significant public-health impact.

The realization that environmental factors other than tobacco smoking can contribute to COPD,
that it can start early in life and affect young individuals, and that there are precursor conditions
(Pre-COPD, PRISm), opens new windows of opportunity for its prevention, early diagnosis, and
prompt and appropriate therapeutic intervention.
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WHAT IS COPD?

Chronic Obstructive Pulmonary Disease (COPD) is a heterogeneous lung condition characterized by chronic respiratory
symptoms (dyspnea, cough, sputum production and/or exacerbations) due to abnormalities of the airways (bronchitis,
bronchiolitis) and/or alveoli (emphysema) that cause persistent, often progressive, airflow obstruction.®

COPD results from gene(G)-environment(E) interactions occurring over the lifetime(T) of the individual (GETomics)
that can damage the lungs and/or alter their normal development/aging processes.®

The main environmental exposures leading to COPD are tobacco smoking and the inhalation of toxic particles and
gases from household and outdoor air pollution, but other environmental@2 and host factors (including abnormal lung
development and accelerated lung aging) can also contribute.@®

The most relevant (albeit epidemiologically rare) genetic risk factor for COPD identified to date are mutations in the
SERPINA1 gene, leading to al-antitrypsin deficiency, but other genetic variants;,with a low individual effect size, are
associated with reduced lung function and risk of COPD too0.29

In the appropriate clinical context (See ‘Definition’ and ‘Causes ‘ahd Risk Factors’ above), the presence of non-fully
reversible airflow obstruction (FEV1/FVC < 0.7 post-bronchodilation) measured by spirometry confirms the diagnosis
of COPD.

Yet, some individuals may present with structuraliuhg lesions (e.g., emphysema) and/or physiological abnormalities
(including low FEV1, gas trapping, hyperinflation, reduced lung diffusing capacity and/or rapid FEV1 decline) without
airflow obstruction (FEV1/FVC > 0.7 post-btonchodilation). These subjects are labeled ‘Pre-COPD’. The term ‘PRISm’
(Preserved Ratio Impaired Spirometry) has been proposed to identify those with normal ratio but abnormal
spirometry. Subjects with Pre-COPD-or PRISm are at risk of developing airflow obstruction over time, but not all of
them do.l112) Research is needéd™to determine what is the best treatment for these individuals (beyond smoking
cessation).

Patients with COPD typically complain of dyspnea, wheezing, chest tightness, fatigue, activity limitation, and/or cough
with or without sputum production, and may experience acute events characterized by increased respiratory
symptoms called exacerbations that influence their health status and prognosis, and require specific preventive and
therapeutic measures.

Patients with COPD frequently harbor other comorbid diseases that also influence their clinical condition and
prognosis and require specific treatment as well. These comorbid conditions can mimic and/or aggravate an acute
exacerbation.

COPD is a common, preventable, and treatable disease, but extensive under and misdiagnosis leads to patients
receiving no treatment or incorrect treatment. The realization that environmental factors other than tobacco smoking
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can contribute to COPD, that it can start early in life and affect young individuals, and that there are precursor
conditions (Pre-COPD, PRISm), opens new windows of opportunity for its prevention, early diagnosis, and prompt and
appropriate therapeutic intervention.@3)

BURDEN OF COPD

COPD is a leading cause of morbidity and mortality worldwide with an economic and social burden that is both
substantial and increasing.@41%9 COPD prevalence, morbidity and mortality vary across countries.@619 The prevalence
of COPD is often directly related to the prevalence of tobacco smoking, but in many countries outdoor, occupational
and household air pollution (resulting from the burning of wood and other biomass fuels) are important COPD risk
factors.d&19

The prevalence and burden of COPD are projected to increase over the coming decades due to a combination of
continued exposure to COPD risk factors and aging of the world’s population.® Information on the burden of COPD
can be found on international websites, such as the World Health Organization (WHO)@ and the World Bank/WHO
Global Burden of Disease (GBD) Study.(21.22)

Existing COPD prevalence data vary widely due to differences in survey methods, diagnostic criteria, and analytical
approaches.® Of note, all of these epidemiologic studies defined COPD by spirometry alone. The lowest estimates of
prevalence are those based on self-reporting of a doctor’s diagnosiséof COPD, or equivalent condition. For example,
most national data show that < 6% of the adult population have béen told that they have COPD.&) This is likely to be
a reflection of the widespread under-recognition and under-diagnosis of COPD.@%

Data are emerging that enable more accurate estimates of COPD prevalence. A number of systematic reviews and
meta-analyses provide evidence that the prevalence of COPD is appreciably higher in smokers and ex-smokers
compared to non-smokers, in those > 40 years 0f age compared to those < 40, and in men compared to women. @27
The Latin American Project for the Investigation of Obstructive Lung Disease (PLATINO)@® examined the prevalence of
post-bronchodilator airflow obstructiop among persons > 40 years in one major city from each of five Latin American
countries — Brazil, Chile, Mexico, Urtguay, and Venezuela. The prevalence of COPD increased steeply with age, with
the highest prevalence among th@se > 60 years. Prevalence in the total population ranged from 7.8% in Mexico City
to 19.7% in Montevideo, Urugday. The prevalence was appreciably higher in men than in women,@® which contrasts
with findings from Européan cities such as Salzburg, Austria.@ Analyses of the GBD database suggests an overall
increase in COPD prevalence in females while it has decreased in males and in some countries in the European Union
between 2001 and 2019.@% The Burden of Obstructive Lung Diseases (BOLD) program used standardized methodology
comprising questionnaires and pre- and post-bronchodilator spirometry to assess prevalence and risks for COPD
globally in people aged > 40 years.(223132 BOLD reported an overall prevalence of COPD of 11.8% (standard error (SE)
7.9) for men and 8.5% (SE 5.8) for women®3 and a substantial prevalence of COPD of 3%-11% among never-smokers.E3)
BOLD examined the prevalence of COPD in north and sub-Saharan Africa and Saudi Arabia and found similar results.4
37) Based on BOLD and other large scale epidemiological studies, it is estimated that the global prevalence of COPD is
10.3% (95% confidence interval (Cl) 8.2%,12.8%).2>38) With the increasing prevalence of smoking in LMICs, and aging
populations in high-income countries, the prevalence of COPD is expected to rise.?

Morbidity measures traditionally include physician visits, emergency department visits, and hospitalizations. To date
studies indicate that morbidity due to COPD increases with age, 232428 and in patients with COPD the development of
comorbidities are seen at an earlier age.#%4D Morbidity in COPD may also be influenced by concomitant chronic
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conditions (e.g., cardiovascular disease, musculoskeletal impairment, diabetes mellitus)“2 that are related to smoking,
aging and/or COPD.“3®

The World Health Organization (WHO) publishes mortality statistics for selected causes of death annually for all WHO
regions.¥ However, 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.#549 Furthermore, the
accuracy of COPD diagnosis codes recorded in administrative health databases is also uncertain.Z4®) |n some
jurisdictions, reliance on administrative health data, particularly those that only record hospitalizations, may
underestimate the burden of COPD.“? The reliability of recording of COPD-related deaths in mortality data is also
problematic. Although COPD is often a primary cause of death, it is more likely to be listed as a contributory cause of
death or omitted from the death certificate entirely.&Y 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 leadinig)cause of death in the United
States.®D This increase in COPD-related mortality has mainly been driven by the-éxpanding epidemic of smoking;
reduced mortality from other common causes of death (e.g., ischemic heart dis€ase, infectious diseases); the aging of
the world’s population, particularly in high-income countries; and scarcity of effective disease modifying therapies.
Data from the GBD Study 2017 estimated a COPD-attributable death’rate was 42/100,000 (4.72% of all-cause
deaths)@52

With these caveats in mind, it can be estimated that globally there are around three million deaths annually due to
COPD.&3 It is estimated that the increased prevalence ofssmoking in LMICs coupled with aging populations in high-
income countries will result in over 5.4 million annual deaths from COPD and related conditions by 2060.&455

COPD is associated with significant econemic burden. In the European Union, the total direct costs of respiratory
disease are estimated to be about 6% ‘of the total annual healthcare budget, with COPD accounting for 56% (38.6
billion Euros) of the cost of respiratary disease.® In the United States the costs attributable to COPD are expected to
increase over the next 20 years,-With projected costs of $800.90 billion or $40 billion per year.5258 Dynamic modeling
also predicts that women are“expected to incur higher direct costs than men and lose more quality-adjusted life
years.®® COPD exacerbations account for the greatest proportion of the total COPD burden on the healthcare
system.9 Not surprisingly, there is a striking direct relationship between the severity of COPD and the cost of care,
and the cost distribution changes as the disease progresses. For example, hospitalization and ambulatory oxygen costs
soar as COPD severity increases. Any estimate of direct medical expenditure for home-based care under-represents
the true cost of home-based care to society because it ignores the economic value of the care provided by family
members to people with COPD.

In LMICs both direct and indirect medical costs may be substantial. Recent work from the WHO and other organizations
suggest that inhaled medicines for COPD are poorly available and largely unaffordable in LMICs.€® Most inhaled
medications are still branded and there are few options currently available for generic inhalers. The situation is similar
for access to diagnostic spirometry. 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.®b Since human capital is
often the most important national asset for LMICs, the indirect costs of COPD may represent a serious threat to their
economy.
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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 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 Years (DALY).€2 The DALY for a
specific condition are the sum of years lost because of premature mortality and years of life lived with disability,
adjusted for the severity of disability. The GBD Study found that from 1990 to 2019, COPD was the primary driver of
increased DALY worldwide, especially in LMICs.@83 The global health burden caused by COPD increasing by 25.7%
from 59.2 million DALY in 1990 to 74.4 DALY in 2019 with largest increases in South East Asia, India, Sub-Saharan Africa
and South America.® In 2005 COPD was the eighth leading cause of DALY lost across the world but by 2013 COPD
was ranked as the fifth leading cause of DALY lost.289 |n the United States, COPD is the second leading cause of
reduced DALY, trailing only ischemic heart disease.® Data from GBD 2017 estimated that the DALY rate was
1068.02/100,000 for COPD.&2

PATHOGENESIS

COPD is the end-result of complex, cumulative and dynamic gene-environment interactions over the lifetime that can

a3

damage the lungs and/or alter their normal developmental or aging processes.\2’ Understanding the relationships and
interactions between the genetic (G) background of the host and varied environmental (E) risk factors over the lifetime
(T) requires further investigation. The term GETomics has been reeéntly proposed to illustrate the complex and
dynamic series of interactions between Genetics and Environment(over Time.® According to this GETomics proposal,
the end result of a given GxE interaction depends not only on Gand E, but also on T, as determined by both the age of
the individual at which that particular interaction occurs{development vs aging) and the previous history of GxE
interactions that the individual has encountered earlierif_her/his life (biological memory).®

Cigarette smoking

Cigarette smoking is a key environmental risk factor for COPD. Cigarette smokers have a higher prevalence of
respiratory symptoms and lung function abnormalities, a greater annual rate of decline in FEV1, and a greater COPD
mortality rate than non-smokers{€D Yet fewer than 50% of heavy smokers develop COPD®® and it is estimated that
half of all COPD cases worldwide are due to risk factors other than tobacco so other pathogenic factors beyond
smoking need to be considered.®

Genetics modify the risk of COPD in smokers, but there may also be other risk factors involved. For example, gender
and social pressure may influence whether a person takes up smoking or experiences certain occupational or
environmental exposures; socioeconomic status may be linked to birthweight (which may impact lung growth and
development, and in turn susceptibility to developing COPD);9 and longer life expectancy will allow greater lifetime
exposure to risk factors.

Other types of tobacco (e.g., pipe, cigar, water pipe)Z%72 and marijuana are also risk factors for COPD. Passive
exposure to cigarette smoke, also known as environmental tobacco smoke (ETS) and second-hand smoking, may also
contribute to respiratory symptoms and COPD,™ especially after long-term exposure.(@ Smoking during pregnancy
poses a risk for the fetus, by altering lung growth and development in utero, and possibly priming the immune system
by inducing specific epigenetic changes.”™® This is a good example of the GETomics approach discussed above. The
fetus exposed to ‘passive smoking’ is likely to respond differently to a second GxE hit later in life.®
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Biomass exposure

Tobacco smoking has been recognized as a major risk factor associated with COPD for over five decades, but this was
largely because most research was conducted in high income countries. As more studies from LMICs were
conducted,®? it became apparent that non-smoking risk factors were more important in these parts of the world.
Whilst tobacco smoking remains the leading risk factor for COPD in high income countries, accounting for over 70% of
the cases, in LMICs tobacco smoking contributes to around 30% to 40% of the total burden.® Because the LMICs
together contribute to over 85% of the total burden of COPD globally, non-smoking risk factors now contribute to over
50% of the global burden of COPD.®

Wood, animal dung, crop residues, and coal, typically burned in open fires or poorly functioning stoves, may lead to
very high levels of household air pollution.@ Household air pollution exposure is associated with an increased risk of
developing COPD in LMICs®® although the extent to which household air pollution versus other poverty-related
exposures explain the association is unclear.?-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.®389 There is limited research about household air pollution related COPD or the interventions that could reduce
the risk of developing it.€%

Many of the environmental exposures in LMICs are currently unregulated and, in gombination with poverty and poor
nutrition, amplify the risk of airway and lung parenchymal damage. Advocacy-efforts to minimize exposure to risk
factors must continue, based on robust evidence from epidemiological, translational, clinical and implementation
research.® There are no randomized controlled trials (RCTs) that have dddressed the appropriate pharmacotherapy
of non-smoking COPD. There is therefore an urgent need to conddct robust RCTs to better understand the most
effective treatment that can be offered to non-smoking COPD. Pheénotypic differences between smoking and non-
smoking COPD have been reported in only a few studies. In brief, compared to COPD in smokers, non-smoking COPD
is more common in females, in younger age groups, exhjhits similar (or milder) respiratory symptoms and quality of
life, a lesser rate of decline in lung function over tinmie) lower neutrophils and a trend towards higher eosinophil
numbers in the airway sputum, similar spirometric indices, greater small airways obstruction (respiratory oscillometry
and radiology), less emphysema and a similap-defect in macrophage phagocytosis of pathogenic bacteria.(€5-88)
Potential molecular mechanisms for non-smokirig COPD include inflammation, oxidative stress, airway remodeling and
lung aging.® However, there are still several knowledge gaps that exist. Research is urgently needed to fill these gaps,
as COPD related to biomass exposurextobacco smoking or various other causes (see below) might exhibit different
clinical features and trajectories)»-and benefit from different approaches to both pharmacological and non-
pharmacological treatments.®

Occupational exposures

Occupational exposures, including organic and inorganic dusts, chemical agents and fumes, are an under-appreciated
environmental risk factor for COPD.2889 |ndividuals with exposure to inhalation of high doses of pesticides have a
higher incidence of respiratory symptoms, airways obstruction and COPD.®29 A study of the population-based UK
biobank cohort identified occupations including sculptors, gardeners and warehouse workers that were associated
with an increased COPD risk among never-smokers without asthma.® A cross-sectional observational study
demonstrated that self-reported exposure to workplace dust and fumes is associated with not only increased airflow
obstruction and respiratory symptoms, but also more emphysema and gas trapping, as assessed by computed
tomography scan, in both men and women.®) An analysis of the large U.S. population-based National Health and
Nutrition Examination Survey Ill survey of almost 10,000 adults aged 30-75 years estimated the fraction of COPD
attributable to workplace exposures was 19.2% overall, and 31.1% among never-smokers.@¥ 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
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North America.

Air pollution

Air pollution typically consists of particulate matter (PM), ozone, oxides of nitrogen or sulfur, heavy metals, and other
greenhouse gases, is a major worldwide cause of COPD, responsible for approximately 50% of the attributable risk for
COPD in low and middle income countries (LMICs).€® In never smokers, air pollution is the leading known risk factor
for COPD.@2 The respiratory risk of air pollution to individuals is dose-dependent with no apparent “safe” thresholds.
Even in countries with low ambient air pollution levels, chronic exposure to PM2.5 and nitrogen dioxides significantly
impairs lung growth in children,®® accelerates lung function decline in adults and increases the risk for COPD,
especially among those with additional risk factors for COPD.® Poor air quality from air pollution also increases the
risk of COPD exacerbations, hospitalizations and mortality.20.101) Thus, reduction in both indoor and outdoor air
pollution is a key goal in the prevention and management of COPD.

A significant familial risk of airflow obstruction has been observed in people who smoke and are siblings of patients
with severe COPD,19) suggesting that genetics (in combination with environmental risk factors) could influence this
susceptibility. The best documented genetic risk factor for COPD are mutations in the’lSERPINA1 gene that leads to the
hereditary deficiency of a-1 antitrypsin (AATD),499) 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 systématic review of 20 studies in European
populations found AATD PiZZ genotypes in 0.12% of COPD patients (range0.08-0.24%), and a prevalence ranging from
1in 408 in Northern Europe to 1in 1,274 in Eastern Europe.19%

There has been a long-standing controversy concerning the risk of heterozygotes (MZ and SZ) for the development of
COPD. This has largely reflected acquisition bias but is of critical importance due to the large numbers of such
individuals worldwide®% who may potentially benefit from augmentation therapy. Recent careful sibling
studies®%6.107) indicated no increased risk in these Hetérozygotes in the absence of smoking although lung function was
reduced in smokers compared to MM siblings. This likely reflects the presence of low concentrations of the Z AAT
protein rather than an absolute lack of it and is not an indication for augmentation therapy (discussed in more
detail in Chapter 3).

To date, hundreds of genetic vafiants associated with reduced lung function and risk of COPD have been identified,
including genes encoding matrix metalloproteinase 12 (MMP-12), glutathione S-transferase, the alpha-nicotinic
acetylcholine receptor, and-the hedgehog interacting protein (HHIP).202.110 Yet, their individual effect size is smallt®

and it remains uncertain whether these genes are directly responsible for COPD or are merely markers of other causal
genes.(111-115)

At birth, the lung is not fully developed. It grows and matures until about 20-25 years of age (earlier in females), when
lung function reaches its peak (Figure 1.1).€D This is followed by a not very well defined but relatively short plateau
and a final phase of mild lung function decline due to physiological lung aging. This constitutes the normal lung function
trajectories labeled TR1 in Figure 1.1.19 This normal lung function trajectory can be altered by processes occurring
during gestation, birth, childhood, and adolescence that affect lung growth (hence, peak lung function) and/or
processes shortening the plateau phase and/or accelerating the aging phase (hence accelerating the normal rate of
lung function decline with age).t19)
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FEV1 Trajectories (TR) Over the Life Course

Figure 1.1
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Spirometrically measured reduced maximal attained lung function can identify individuals who are at increased risk
for the development of COPD.@8118) A |arge study and meta-analysis confirmed a positive association between
birthweight and FEV1 in adulthood.(19 Factors in early life termed “childhood disadvantage factors” are key
determinants of lung function in adult life.212-126) One study in three independent longitudinal cohorts (Framingham,
Copenhagen and Lovelace) found that approximately 50% of patients developed COPD due to accelerated decline in
FEV1 over time (the traditional Fletcher and Peto model),220 while the other 50% developed COPD due to abnormal
lung growth and development (with normal lung function decline over time; Figure 1.1).415

Age is often listed as a risk factor for COPD because there is a physiologic decline in lung function with age. Yet, it is
unclear if healthy aging as such leads to COPD or if age reflects the sum of cumulative exposures throughout life.128)
However, aging of the airways and parenchyma mimic some of the structural changes associated with COPD2® and
there is evidence of accelerated aging in patients with COPD.2 A prospective study showed an association between
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accelerated telomere shortening (a marker of accelerated aging) and progressive worsening of pulmonary gas
exchange, lung hyperinflation and extrapulmonary affection in COPD patients followed over 10 years.129 Further,
persistently shorter telomeres over this observation time increase the risk for all-cause mortality.129 Age-related
epigenetic changes in DNA in immune cells are also associated with increased risk of exacerbations and mortality in
COPD patients.23013D |n the Tasmanian Longitudinal Health Study, the mixed (low FVC and low FEV1/FVC ratio) and
the obstructive-only (low FEV1/FVC ratio) spirometric patterns showed the highest prevalence of COPD at age 53 (37%
and 22% respectively).129

The term dysanapsis refers to an anthropometric mismatch of airway tree calibre relative to lung volume.32.133) |t was
first proposed by Green and colleagues almost fifty years ago from maximal expiratory airflow variation among healthy
adults.@29 There are still major gaps in our understanding of the origins and clinical implications of dysanapsis, but
recent research using computed tomography (CT) has shown that: (1) it is common in the general
population;$20.124.134)(2) it js associated with FEV1/FVC from early adulthood;39 (3) in explanted lungs from adult
healthy donors, central airway dysanapsis (detectable by CT) extended to peripheral airways (non-visible on CT);13%
(4) dysanapsis is associated with baseline airflow obstruction and risk of incident COPD independently of age, sex,
height and race-ethnicity, but not with lung function decline over time.29 This observation is consistent with the
trajectory of low peak lung function in early adulthood followed by normal lung function decline that accounts for 50%
of COPD in older adults;@1® (5) a computational study of airway tree fluid dynami¢siand an in vivo study of regional
lung ventilation suggest that dysanapsis may contribute to obstructive lung diséase pathophysiology and deposition
of aerosolized drugs;136138) gnd, (6) the mechanisms contributing to the development of dysanapsis are not well
understood. It is not clear whether it is due to genetic predisposition, imbitero exposures to noxious particulates or
pathogens, premature birth, low birth weight, neonatal lung injury, fepeated respiratory infections in early life or a
combination of them, but factors affecting airway tree growth early/in life120.122.124) gnd factors affecting airway tree
homeostasis later in life have been implicated.@21.123) Of note, investigating the aetiology of dysanapsis earlier in life
will require radiation-free (or lower dose radiation) methods*in order to quantify lung structure in children.

The fact that COPD can result from reduced peak lung function in early adulthood and/or accelerated lung function
decline later in life@Z139 opens novel opportuhities for prevention, and earlier diagnosis and treatment of the
disease® but, at the same time, has generated several nosological terms that require proper definition to avoid
confusion and facilitate future research:(49

Early COPD
The word “early” means “nearsthe beginning of a process”. Because COPD can start early in life and take a long time
to manifest clinically, identifying “early” COPD is difficult. Further, a biological “early” related to the initial mechanisms

that eventually lead to COPD should be differentiated from a clinical “early”, which reflects the initial perception of
symptoms, functional limitation and/or structural abnormalities noted. Thus, we propose to use the term “early COPD”

only to discuss the “biological” first steps of the disease in an experimental setting.

Mild COPD

Some studies have used “mild” airflow obstruction as a surrogate for “early” disease.24D This assumption is incorrect
because not all patients started their journey from a normal peak lung function in early adulthood, so some of them
may never suffer “mild” disease in terms of “severity” of airflow obstruction.®1? Further, “mild” disease can occur at
any age and may progress or not over time.139 Accordingly, we propose that “mild” should not be used to identify
“early” COPD and used only to describe the severity of airflow obstruction measured spirometrically.

Young COPD
The term “young COPD” is seemingly straightforward because it directly relates to the chronological age of the patient.
Given that lung function peaks at around 20-25 years,€) we propose to operationally consider “young COPD” in
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patients aged 20-50 years.242 Of note, this can include patients who had never achieved normal peak lung function
in early adulthood and/or those with shorter plateau and/or early lung function decline.(243.144) Young COPD may be
associated with significant structural and functional lung abnormalities (i.e., young COPD is not necessarily
synonymous with “mild” COPD) that can have a substantial impact on health and, importantly, is frequently not
diagnosed and thus not treated. A family history of respiratory diseases and/or early-life events (including
hospitalizations before the age of 5 years) is reported by a significant proportion of young patients with COPD, further
supporting the possibility of early-life origins of COPD.(140.144)

Pre-COPD

This term has been recently proposed to identify individuals (importantly, of any age) who have respiratory symptoms
and/or other detectable structural and/or functional abnormalities, in the absence of airflow obstruction on forced
spirometry. These patients may (or not) develop persistent airflow obstruction (i.e., COPD) over time.49 A recent
publication highlights the need for RCTs, both in patients with ‘Pre-COPD’, and in young people with COPD.(149

PRISmM

The term PRISm (preserved ratio impaired spirometry) describes individuals with preserved ratio (FEV1/FVC > 0.7 after
bronchodilation) but impaired spirometry (FEV1 < 80% of reference, after bronchodilation).12140) The prevalence of
PRISm in population-based studies ranges from 7.1% to 11%@48-151) and from 10.4%-t0 11.3% in a selected population
of current and former smokers such as the COPDGene cohort.52 The prevatence of PRISm is particularly high in
current and former smokers, and it is associated with both high and low bady'mass index (BMI) values, female gender,
obesity and multimorbidity.@48-150 PRISm is associated with increased risk/of: cardiopulmonary disease; all-cause and
cardiovascular mortality; hospitalization; and an increased risk of deve€loping airways obstruction.(148149,151,153-155)

PRISm is not always a stable phenotype and can transition to both normal and obstructed spirometry over time. It has
been reported that around 20% to 30% of PRISm subjects transitioned to obstructed spirometry over time and the
most important predictors of transition from PRISm spifometry to COPD are lower baseline FEV1%, and FEV1/FVC,
higher age, current smoking, female gender, and a langer FET in the second assessment.(149.15L.152) Despite an increasing
body of literature on PRISm, significant knowledge gaps remain in relation to its pathogenesis and treatment.

Not all individuals with pre-COPD or PRISm will eventually develop fixed airflow obstruction over time (and hence
COPD) but they should be considered“patients” (because they already suffer symptoms and/or have functional and/or
structural abnormalities) and, assuch, they deserve care and treatment. The challenge is that there is no evidence on
what the best treatment is foxthese patients yet.159

Asthma may also be a risk factor for the development of chronic airflow obstruction and COPD. In a report from a
longitudinal cohort of the Tucson Epidemiological Study of Airway Obstructive Disease, adults diagnosed of asthma
were found to have a 12-fold higher risk of acquiring COPD over time compared to those without asthma, after
adjusting for smoking.@50 Another longitudinal study of people with asthma found that around 20% developed
irreversible airflow obstruction and reduced diffusing lung capacity.%® A third longitudinal study observed that self-
reported asthma was associated with excess loss of FEV1 in the general population.@9 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.®89 |n 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%).16D) The pathology of
chronic airflow obstruction 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.d57.162163) However, separating asthma from COPD in adults may be clinically difficult at times. Further,
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abnormal lung development in childhood and adolescence can cause asthma-like symptoms. Given that poor lung
development is associated with COPD in adulthood (Figure 1.1), these infants and adolescents may have been
mislabeled as asthma.

On the other hand, airway hyper-responsiveness can exist without a clinical diagnosis of asthma and has been shown
to be an independent predictor of COPD and respiratory mortality in population studies64169 gs well as an indicator
of risk of excess decline in lung function in patients with mild COPD.{169

Chronic bronchitis (CB) is a common, but variable condition in patients with COPD. CB is defined by the presence of
cough with expectorated sputum on a regular basis over a defined period. Variability in the prevalence of CB depends
upon the definition used which differs in the regularity or duration of CB symptoms.16? The classic description defines
CB as chronic cough and sputum production for at least 3 months per year for two consecutive years, in the absence
of other conditions that can explain these symptoms (an important caveat that is often ignored). Using this definition,
the prevalence of CB ranges from 27-35% in large observational studies in patients with COPD.88-179) Other factors
associated with increased prevalence of CB in COPD includes male sex, younger age, gréater pack-years of smoking,
more severe airflow obstruction, rural location and increased occupational exposures:£87-173 Although the primary risk

for CB is smoking, 4-22% of CB is found in never smokers suggesting other factéfs are involved.@4179 |nhalational
exposures to dusts, biomass fuels, chemical fumes or domestic heating and cooking fuels may be important.172.173.176)
Gastroesophageal reflux is also associated with an increased incidence of ¢B.&77.178)

Normal airway mucus is a gel comprised of 97% water and 3% solids-{imucins, non-mucin proteins, cellular debris, salts
and lipids ) that traps inhaled toxins which are subsequentially, éxpectorated via the processes of ciliary beating and
cough.@9 Mucins are large glycoproteins, two of the secreted mucin polymers, MUC5AC and MUCS5B, line the human
airways.282181) |n healthy normal individuals, MUCS5AC s, produced by proximal airway surface goblet cells while
MUCSB is produced by surface secretory cells found throughout the airways and submucosal glands.®8%-18% |n COPD,
MUCS5B levels markedly increase due to submucosabgland hyperplasia and airway occlusion can occur.@85187 Viruses,
acrolein and many cytokines (IL-4, IL-13, IL-17,1k23 and IL-25) can also increase MUCS5AC production. (288193

Lung health depends upon effective mucus clearance. In disease states, thick and viscoid mucus can lead to airway
inflammation and infection. Cough-and dyspnea are the principal symptoms of impaired mucous clearance.@24.195)
Cough and sputum production afeé-predominately associated with mucus production in the large airways. However,
increased mucus production dfso occurs in the smaller conducting airways and is associated with luminal occlusion,
hallmarked by dyspnea butless cough and sputum production.@26.190 Radiographic manifestations of mucous plugging
may be present and persist in patients with COPD despite a lack of CB symptoms and is associated with greater airflow
obstruction, lower oxygen saturation and worsened quality of life@28.199) and all-cause mortality.@ A high index of
suspicion for mucus hypersecretion should be maintained in all patients with COPD due to the protean clinical
problems that accompanies its presence.@) How patients who have mucus hypersecretion evident on CT but do not
manifest symptoms differ phenotypically and vice versa is not fully understood.

The relationship between chronic mucus production and lung function, exacerbations and mortality has been the
subject of multiple investigations. In young adults without a history of asthma and normal lung function, the presence
of chronic cough with sputum identified a subgroup at high risk of developing COPD independently of smoking
habits.@% |n adults less than 50 years of age, CB without airflow obstruction represents an early marker for
susceptibility to the long-term risk of COPD and all-cause mortality.@% In smokers between 36 to 43 years of age with
chronic mucus production, there was a significant higher risk of airflow obstruction, however, following smoking
cessation, mucus production returned to levels observed amongst never smokers.@4 Importantly, the longer chronic
mucus hypersecretion is present, the greater the concurrent decrease in FEV1. While both MUC5AC and MUC5B have
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been associated with CB symptoms, among current smokers, it is sputum MUC5AC that has been associated more
specifically with increased exacerbation frequency, increased symptoms and greater lung function decline.(205200)
Large epidemiologic studies have shown after adjustment for height, age and smoking history, men with cough or
phlegm and women with cough show accelerated loss of lung function.@9 QOther studies have suggested an association
between chronic sputum production and lower lung function, or greater FEV1 decline in patients with COPD.(297-211)

The association of chronic mucus hypersecretion and mortality is unclear. Several studies report no predictive value
of mucus production on mortality when controlling for respiratory impairment and smoking; 212219 other studies state

sputum production has an independent role in predicting both overall and COPD-specific mortality.(71.215217) |n the
Copenhagen city heart study, chronic mucus hypersecretion was associated with pulmonary infection that was
implicated in 54% of the deaths.2® Moreover, chronic mucus hypersecretion was associated with excessive FEV1
decline and increased COPD hospitalizations.29 |n patients with advanced emphysema, chronic bronchitis has been
associated with increased hospitalizations and mortality.@9 In patients with non-obstructive chronic bronchitis,
increased all-cause and respiratory disease related mortality has been reported.(220.22D

A history of severe childhood respiratory infections has been associated with reduced lung function and increased
respiratory symptoms in adulthood.@8d The Medical Research Council National, Sarvey of Health and Development
documented a synergistic interaction between smoking and infant respiratoryZinfections as well as early life home
overcrowding with lung function at age 43.@22 Chronic bronchial infectionpatticularly with Pseudomonas aeruginosa,
has been associated with accelerated FEV1 decline.223 Tuberculosis (TB)-s a risk factor for COPD (23 studies; pooled
odds ratio 2.59 (95% Cl 2.12,3.15); pooled prevalence of COPD in patients with prior pulmonary TB was 21% (95% Cl:
16—25%)).@24.225 Tuberculosis is both a differential diagnosis for COPD and a potential comorbidity.@26.220) Finally, HIV
patients are at increased risk of COPD compared to HIV negative controls (11 studies; pooled odds ratio for 1.14 (95%
Cl1 1.05,1.25))@28.229) probably due to methylation disruptions in airway epithelium.@9 |gG subclass deficiency has also
been observed in hospitalized patients with COPD ahd this was associated with a significantly increased risk of
mortality. @3

Sex related differences in immune pathways and pattern of airway damage might be clinically important although
more work in this area is needed..Ithe past, most studies have reported that COPD prevalence and mortality are
greater among men than women, but later data from developed countries has shown that the prevalence of COPD is
almost equal in males and(females, probably reflecting the changing patterns of tobacco smoking.@2 Although
controversial, some studies’have suggested that women may be more susceptible to the harmful effects of smoking
than men,(26:233-239) |eading to more severe disease for the equivalent quantity of cigarettes consumed.@39 This notion
has been validated in animal studies and human pathology specimens, which have demonstrated a greater burden of
small airway disease in females compared with males with COPD despite a similar history of tobacco smoke
exposure.237.238) A systematic review and meta-analysis of the global prevalence of COPD reported sex-based
prevalence differences across WHO Global Burden of Disease sub-regions. In females the highest prevalence of COPD
was observed in North America (8.07% vs 7.30%) and in urban settings (13.03% vs 8.34%). Using the World Bank’s
income categories prevalence was highest in upper-middle income countries for males (9.00%) and in high-income
countries for females.

An ATS workshop report@9 has recommended replacing race- and ethnicity-specific equations with race-neutral
average reference equations in pulmonary function testing. It also emphasized the importance of further research
and education into the clinical and epidemiological consequences of these changes.239
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Poverty is consistently associated with airflow obstruction29 and lower socioeconomic status is associated with an
increased risk of developing COPD.(241.242) |t js not clear, however, whether this pattern reflects exposures to household
and outdoor air pollutants, crowding, poor nutrition, infections, or other factors related to low socioeconomic status.

PATHOBIOLOGY

In patients with COPD pathological changes can be found in the airways, lung parenchyma, and pulmonary
vasculature.@d These include inflammatory and structural changes which increase with the severity of airflow
obstruction and can persist on smoking cessation (Figure 1.1).

The inflammation observed in the lungs of COPD patients appears to be a modification of the normal inflammatory
response to chronic irritants such as cigarette smoke. The mechanisms for this amplified inflammation are not yet fully
understood but may, at least in part, be genetically determined.

COPD is characterized by increased numbers of macrophages in peripheral airways, lung parenchyma and pulmonary
vessels, together with increased activated neutrophils and increased lymphocytes. These inflammatory cells, together
with epithelial cells and other structural cells release multiple inflammatary mediators@4 which attract inflammatory
cells from the circulation (chemotactic factors), amplify the inflammatory process (via proinflammatory cytokines),
and induce structural changes (via growth factors).@9 Lung inflamimation can persist after smoking cessation through
as yet unclear mechanisms, although autoantigens and perturbations in the lung microbiome may play a role.246.247)
Systemic inflammation may also be present and could play a role in the comorbid conditions frequently found in
patients with COPD.2% The nature of the inflammatéry response in non-smoking related COPD is much less well
characterized.

Although both COPD and asthma are ass6ciated with chronic inflammation of the respiratory tract, there are
differences in the inflammatory cells andsmediators involved in the two diseases.@4® albeit some patients with COPD
have an inflammatory pattern with ingreased eosinophils and ILC2 cells, similar to that of asthma.(@9

Oxidative stress can also coatribute to COPD.244259) Bjomarkers 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.@26.251)

There is compelling evidence for an imbalance in the lungs of COPD patients between proteases derived from
inflammatory and epithelial cells that break down connective tissue components and antiproteases that
counterbalance this action.252 Protease-mediated destruction of elastin, a major connective tissue component of the
lung parenchyma, is an important feature of emphysema but its role may be more difficult to establish in airway
changes.3
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Peribronchiolar fibrosis and interstitial opacities have been reported in patients with COPD and in asymptomatic
smokers.(246.254-256) An excessive production of growth factors may be found in smokers and patients with COPD.@9
Inflammation may precede the development of fibrosis or repeated injury of the airway wall itself may lead to
excessive production of muscle and fibrous tissue.@?® This may be a contributing factor to the development of small
airways obstruction.@9

The lung vasculature can also be altered in patients with COPD, even those with mild disease.289

PATHOPHYSIOLOGY

Airflow obstruction is usually measured by spirometry as this is the most widely available and reproducible test of lung
function. In COPD, airflow obstruction is caused by a mixture of small airways disease (which increases airway
resistance) and parenchymal destruction (emphysema, that reduces the normal elastic regoil of the lung parenchyma),
the relative contributions of which vary from person to person. Further, these changesydo not always occur together
and may evolve at different rates over time. Chronic inflammation causes structural¢hanges, narrowing of the small
airways, luminal exudates in 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, ‘thiese changes diminish the ability of the
airways to remain open during expiration. A loss of small airways may also contribute to airflow obstruction and
mucociliary dysfunction.@8 The reduced number of small airways identified in patients with COPD may be due to
an enhanced loss of airways and/or to deficient lung development {see dysanapsis above; Figure 1.1).439 Collectively,
all these changes limit emptying of the lungs during forced expiration, decrease FEV1 and the FEV1/FVC ratio, and
contribute to gas trapping and lung hyperinflation.(262

Hyperinflation occurs when gas volume in the luings is increased compared to normal values at the end of spontaneous
expiration.(283.269 Hyperinflation is clinically televant in patients with COPD and contributes to dyspnea,265:268impaired

exercise tolerance,@%27) increased mumber of hospitalizations,@2 development of respiratory failureZ® and
increased mortality.@70272274) |n patients with COPD, hyperinflation arises due to loss of elastic recoil and expiratory
flow obstruction.@® Expiratory flow obstruction occurs when the expiratory flows generated during spontaneous
breathing are the maximal flews that can be generated at that operational lung volume.(3) Expiratory flow obstruction
is caused by the dual effects of emphysematous parenchymal destruction and airways abnormalities (e.g., mucus
obstruction, airway edema, heightened bronchial tone, airway wall remodeling). The lung can be hyperinflated at rest
(static hyperinflation due to the loss of elastic lung recoil as a consequence of emphysema) and/or during exercise
(dynamic hyperinflation as a consequence of airflow obstruction) when ventilatory demands are increased and
expiratory times are reduced.(263.269)

Hyperinflation is common in patients with COPD and can be found in patients with even mild obstruction at rest and
even more so during exercise.2827) |n patients with moderate to severe obstruction, the level of dynamic
hyperinflation correlates more closely with the impairment in diffusion capacity and severity of small airways
obstruction and higher ventilatory response to exercise than FEV1 measurement.(63269

Lung volumes assessed by body plethysmography or gas dilution techniques (helium dilution or nitrogen washout)
represent the reference measurements to assess the presence and degree of hyperinflation, however, values may vary
due to differences in measuring compressible gas volumes or communicating gas volumes, respectively.@78279)
Measurement of inspiratory capacity at rest and during exercise is an indirect measurement of increased end-
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expiratory lung volumes and indicates the presence of static and/or dynamic hyperinflation.@9 Hyperinflation can
also be detected on chest imaging but standardization is lacking.(263

Hyperinflation can be addressed with bronchodilators,@1282) sypplemental oxygen,@83284) heliox, @ pulmonary
rehabilitation, @9 pursed lip breathing,@89 inspiratory muscle training@® or in selected cases of emphysema causing
severe hyperinflation, lung reduction surgery@9 or bronchoscopic lung reduction techniques.@0.291)

Structural abnormalities in the airways, alveoli and pulmonary circulation in patients with COPD alter the normal
ventilation-perfusion (Va/Q) distributions. This is the main mechanism of abnormal pulmonary gas exchange resulting
in different degrees of arterial hypoxemia, without or with hypercapnia.2% Rarely, reduced ventilation may also be
due to reduced ventilatory drive (e.g., sedatives and hypnotic drugs), causing hypercapnic respiratory failure and
acidosis.@ Parenchymal destruction due to emphysema also leads to decreased lung diffusing capacity (DLco). In
general, pulmonary gas exchange worsens as the disease progresses.

In smokers with normal spirometry and in COPD patients with mild airflow obstructign there may be abnormalities in
the pulmonary circulation that include intimal hyperplasia and smooth muscle hypertrophy/hyperplasia.@34-299)
Moreover, an inflammatory response in vessels, similar to that seen in ¢he airways, can be observed in these
individuals along with evidence of endothelial cell dysfunction. Yet, sevére pulmonary hypertension in COPD is
rare.(228.299 |t may develop late in the course of COPD and it can be due-to a combination of loss of pulmonary capillary
bed due to emphysema and/or hypoxic vasoconstriction of the.small pulmonary arteries. Progressive pulmonary
hypertension may lead to right ventricular hypertrophy and eventually to right-sided heart failure (‘cor pulmonale’).
Severe pulmonary hypertension worsens survival.G2 |nterestingly, the diameter of pulmonary artery as measured on
computed tomography (CT) scans has been shown torelate to the risk of suffering exacerbations, independent of
previous history of exacerbations.@0

Exacerbations of respiratory symptoms ifspatients with COPD can be triggered by a number of different factors (alone
or in combination), including respiratory infections with bacteria or viruses (which may coexist), environmental
pollutants, or unknown factors. During exacerbations there is evidence of increased airway and systemic inflammation,
increased gas trapping and hyperinflation with reduced expiratory flow, thus accounting for increased dyspnea,3%2
and worsening of VA/Q abhormalities that can result in arterial hypoxemia with or without hypercapnia.@® Other
conditions, such as pneumonia, pulmonary, and/or heart failure, among others, may mimic or aggravate an
exacerbation of COPD, and need to be considered in the clinical management of these episodes.€% See Chapter 4 for
an extended discussion on exacerbations.

Most patients with COPD suffer concomitant chronic comorbid diseases linked to the same risk factors i.e., smoking,
aging, and inactivity, which may have a major impact on health status and survival.% Airflow obstruction and
particularly hyperinflation affect cardiac function.8% |nflammatory mediators in the circulation may contribute to
skeletal muscle wasting and cachexia, and may initiate or worsen comorbidities such as ischemic heart disease, heart
failure, osteoporosis, normocytic anemia, diabetes, and metabolic syndrome (see Chapter 5).
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TAXONOMY

COPD has been traditionally understood as a single “disease” caused by tobacco smoking.?29 Accordingly, most efforts
have been devoted to the study of the pathogenetic mechanisms of only one major cause of COPD (cigarette smoking),
failing to expand the horizon about the heterogeneity of processes that we know can contribute to its final clinical
presentation.® It is therefore important to expand the taxonomy (classification) of COPD to include non-smoking
related COPD types, so specific studies can be designed and conducted for these different types of COPD or
etiotypes.@% Figure 1.2 combines two recent taxonomic proposals developed independently.©399 This proposal has
relatively little impact on current clinical practice, other than illuminating this so-far ignored aspect of COPD, but it is
of the outmost importance to highlight the need to explore current and future therapies in these other etiotypes of

COPD.

Proposed Taxonomy (Etiotypes) for COPD

Figure 1.2

Classification Description S
<
Genetically determined COPD Alpha-1 antitrypsin defidiency (AATD)
(coPD-G) Other genetic vari with smaller effects acting in

combination
O

NS

COPD due to abnormal lung Early life e@ts, including premature birth and low
development (COPD-D) birthw(e\igﬁ't, among others
Environmental COPD ,O

A\
Cigarette smoking COPD (COPD-C) @v Exposure to tobacco smoke, including in utero or via

passive smoking

&@
EV Vaping or e-cigarette use
A

Cannabis
Biomass and pollution fa)sure Exposure to household pollution, ambient air pollution,
COPD (COPD-P) <\ wildfire smoke, occupational hazards
COPD due to inf ns (COPD-I) Childhood infections, tuberculosis-associated COPD, HIV-
associated COPD
COPD & asthma (COPD-A) Particularly childhood asthma

COPD of unknown cause (COPD-U)

*Adapted from Celli et al. (2022) and Stolz et al. (2022)
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CHAPTER 2: DIAGNOSIS AND ASSESSMENT

KEY POINTS:

e A diagnosis of 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, but spirometry showing the presence of a post-
bronchodilator FEV1/FVC < 0.7 is mandatory to establish the diagnosis of COPD.

e The goals of the initial COPD assessment are to determine the severity of airflow obstruction, the
impact of disease on the patient’s health status, and the risk of future events (such as
exacerbations, hospital admissions, or death), to guide therapy.

e Additional clinical assessment, including the measurement of lung volumes, diffusion capacity,
exercise testing and/or lung imaging may be considered in COPD patients with persistent
symptoms after initial treatment.

e Concomitant chronic diseases (multimorbidity) occur frequently”’in COPD patients, including
cardiovascular disease, skeletal muscle dysfunction, metabolic syndrome, osteoporosis,
depression, anxiety, and lung cancer. These comorbidities\should be actively sought, and treated
appropriately when present, because they influence h€alth status, hospitalizations and mortality
independently of the severity of airflow obstruction due to COPD.

DIAGNOSIS

A diagnosis of 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) but forced spirometry that demonstrates the
presence of a post-bronchodilator FEV1/FVC < 0.7 is mandatory to establish the diagnosis of COPD.“4%

wit

CLINICAL PRESENTATION

Chronic 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 obstruction
by many years. Individuals, particularly those with COPD risk factors, presenting with these symptoms should be
examined to search for the underlying cause(s). Airflow obstruction may also be present without chronic dyspnea
and/or cough and sputum production and vice versa.@ Although COPD is defined on the basis of airflow obstruction,
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.
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Clinical Indicators for Considering a Diagnosis of COPD

Figure 2.1

Consider the diagnosis of COPD, and perform spirometry, if any of these clinical indicators are present:
(these indicators are not diagnostic themselves, but the presence of multiple key indicators increases the
probability of the presence of COPD; in any case, spirometry is required to establish a diagnosis of COPD)

Dyspnea that is Progressive over time

Worse with exercise

Persistent
Recurrent wheeze
Chronic cough May be intermittent and may be non-productive
Recurrent lower respiratory \S&Q/
tract infections O§)

o N .

History of risk factors Tobacco smoke (including pop&cal preparations)

Smoke from home cooking Q.d eating fuels
Occupational dusts, anQr 7 fumes, gases and other chemicals

Host factors (e.g., gqﬁic factors, developmental abnormalities, low
birthweight, pr/e{Gnurity, childhood respiratory infections etc.)

oéo
Q

/

Ny
&
Dyspnea is a cardinal symptom of COPD a@?&;major cause of the disability and anxiety associated with the disease.G19
Dyspnea comprises a sensory and anza ective component.GL Typically COPD patients describe their dyspnea as a
sense of increased effort to breathe;chest heaviness, air hunger, or gasping.12 However, the terms used to describe
dyspnea may vary both indivi@y‘&ly and culturally.@12)
C)O

Dyspnea is highly prevalent across all stages of airflow obstruction.@3) |t occurs particularly during exertion or physical
activity. Moderate-to-severe dyspnea has been reported by > 40% of patients diagnosed with COPD in primary care.@19

Dyspnea is complex and multiple mechanisms can be involved in its pathogenesis, including impaired respiratory
mechanics as a consequence of airflow obstruction and lung hyperinflation, gas exchange abnormalities, peripheral
muscle dysfunction related to deconditioning (and systemic inflammation in some patients), psychological distress,
dysfunctional breathing, cardiovascular or other comorbid diseases. 12316

Dyspnea measured by the 5-level modified Medical Research Council scale is integrated in the GOLD clinical
classification scheme (see below) because patients with high dyspnea scores incur higher healthcare resource
utilization and costs.®19 Dyspnea in daily life can be measured by a number of detailed questionnaires that are more
discriminant and sensitive to change.18319
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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
it may be present every day, often throughout the day. Chronic cough in COPD may be productive or non-
productive.G20 In some cases, significant airflow obstruction may develop without the presence of a cough. Other
causes of chronic cough are listed in Figure 2.2. Syncope during cough in patients with severe COPD can occur due to
rapid increases in intrathoracic pressure during prolonged attacks of coughing. Coughing spells may also cause rib
fractures, which are sometimes asymptomatic.

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 of chronic bronchitis, 82D but this is a somewhat arbitrary definition that does not reflect the entire
range of sputum production that occurs in COPD (see detailed discussion in Chapter 1). 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.@ Patients producing large volumes-0f/sputum may have underlying
bronchiectasis.22323 The presence of purulent sputum reflects an increase in inflammatory mediators, 22325 and its
development may identify the onset of a bacterial exacerbation, though the‘association is relatively weak.82>326)

N\

Other Causes of Chronic Cough

Figure 2.2

R R
|NTRATH0RQ£3§’ EXTRATHORACIC
%\

¢ Asthma \es Chronic Allergic Rhinitis
e Lung C § Post Nasal Drip Syndrome
°Tu losis (PNDS)
. d(gﬁchiectasis Upper Airway Cough
QL _ Syndrome (UACS)

(3 Left Heart Failure

@) Gastroesophageal Reflux
e Interstitial Lung Disease o
Medication (e.g., ACE

e Cystic Fibrosis Inhibitors)
e |diopathic Cough

Inspiratory and/or expiratory wheezes and chest tightness are symptoms that may vary between days, and over the
course of a single day. 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.
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Fatigue is the subjective feeling of tiredness or exhaustion and is one of the most common and distressing symptoms
experienced by people with COPD.®20) People with COPD describe their fatigue as a feeling of “general tiredness” or
as a feeling of being “drained of energy”.828329) Fatigue impacts a patient’s ability to perform activities of daily living
and their quality of life.

Weight loss, muscle mass loss, and anorexia are common problems in patients with severe and very severe COPD.33%-
332 They have prognostic importance@33334 and can also be a sign of other diseases, such as tuberculosis or lung cancer,
and therefore should always be investigated. Ankle swelling may indicate the presence of cor pulmonale. Symptoms
of depression and/or anxiety merit specific enquiry when obtaining the medical history because they are common in
COPD, @39 gre associated with poorer health status, increased risk of exacerbations, and emergency hospital admission,
and are treatable.9

DIFFERENTIAL DIAGNOSIS OF COPD

In some patients with COPD, a clear distinction from asthma is difficult using currentifmaging and physiological testing

~ )

techniques, since the two conditions share common traits and clinical expressiqns, €30 Most other potential differential
diagnoses are easier to distinguish from COPD (Figure 2.3).

MEDICAL HISTORY

A detailed medical history of a new patient who is known;-or suspected, to have COPD should include:

Patient’s exposure to risk factors, such.as’smoking and environmental exposures (household/outdoor).

Past medical history, including early,life events (prematurity, low birthweight, maternal smoking during
pregnancy, passive smoking exposure during infancy), asthma, allergy, sinusitis, or nasal polyps;
respiratory infections in childhood; HIV; tuberculosis.

Family history of COPP~or other chronic respiratory disease.

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

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.

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

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, wellbeing, and sexual activity.

Social and family support available to the patient.

Possibilities for reducing risk factors, especially smoking cessation.
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Differential Diagnosis of COPD

Figure 2.3

Diagnosis

copPD

Asthma

Congestive heart failure

Bronchiectasis

Tuberculosis

Obliterative
bronchiolitis

Diffuse panbronchiolitis

N3
O

Suggestive Features

Symptoms slowly progressive
History of tobacco smoking or other risk factors

Variable airflow obstruction

Symptoms vary widely from day to day
Symptoms worse at night/early morning
Allergy, rhinitis, and/or eczema also present
Often occurs in children

Family history of asthma

Chest X-ray shows dilated heart, pulmonary edema
Pulmonary function tests indicate volume restriction
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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 LMICs where other risk factors may be more important than cigarette

smoking).

PHYSICAL EXAMINATION

Although an important part of patient care, a physical examination is rarely (if ever) diagnostic in COPD. Physical signs

of airflow obstruction are usually not present until significant impairment of lung function has occurred, 38339 gnd

detection based on physical examination has relatively low sensitivity and specificity. A number of physical signs (e.g.,

lung hyperinflation, cyanosis) may be present in COPD, but their absence does not exclude the diagnosis.
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SPIROMETRY

Forced spirometry is the most reproducible and objective measurement of airflow obstruction. It is a noninvasive,
reproducible, cheap, and readily available test. Good quality spirometric measurement is possible in any healthcare
setting and all healthcare workers who care for people with COPD should have access to spirometry. Some of the
factors needed to achieve accurate test results are summarized in Figure 2.4.840.341) Despite its good sensitivity, peak
expiratory flow measurement alone cannot be reliably used as the only diagnostic test because of its weak
specificity.(342.:343)

Considerations in Performing Spirometry

Figure 2.4

Spirometers should produce hard copy or have a digital display of the expiratory
curve to permit detection of technical errors or have an au%watic prompt to identify

an unsatisfactory test and the reason for it

PREPARATION The supervisor of the test needs training in optimal ;@}iique and quality performance

Maximal patient effort in performing the test is ired to avoid underestimation of
values and hence errors in diagnosis and ma&i ment

|9
Spirometry should be performed follo@g national and/or international
recommendations® @)

The expiratory volume/time traercshould be smooth and free from irregularities
The pause between inspirati nd expiration should be less than one second

The recording should g@ong enough for a volume plateau to be reached, which
PERFORMANCE may take more than 15 séconds in severe disease

Both FVC and FEV\@(ould be the largest value obtained from any of three
technically saﬁQgEtory curves and the FVC and FEV1 values in these three curves
should var no more than 5% or 150 mL, whichever is greater

The FE E&IC ratio should be taken from the technically acceptable curve with the
lar m of FVC and FEV1
oS

4@sible dosage protocols are 400 mcg short-acting beta,-agonist, 160 mcg short-
OQ acting anticholinergic, or the two combined®; FEV1 should be measured 10-15
minutes after a short-acting betas-agonist is given, or 30-45 minutes after a short-
BRONCHODILATIO acting anticholinergic or a combination of both classes of drugs

Patients already on bronchodilator treatment, in whom spirometry is requested for
monitoring purposes do not need to stop their regular treatment for spirometry

Spirometry measurements are evaluated by comparison of the results with

appropriate reference values based on age, height and sex

EVALUATION . i
The presence of a post-bronchodilator FEV1/FVC < 0.7 confirms the presence of non-

fully reversible airflow obstruction

*Miller et al. Eur Respir J 2005; 26(2): 319; ®Pellegrino et al. Eur Respir J 2005; 26(5): 948.
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As shown in Figure 2.5, forced spirometry measures: (1) the volume of air forcibly exhaled from the point of maximal
inspiration (forced vital capacity, FVC); (2) the volume of air exhaled during the first second of this maneuver (forced
expiratory volume in one second, FEV1); and (3) the ratio of these two measurements (FEV1/FVC). Spirometry
measurements are evaluated by comparison with reference values®41344 hased on age, height and sex.

Figure 2.5A shows a normal spirometry tracing and Figure 2.5B shows a tracing obtained in a person with COPD.
Patients with COPD typically show a decrease in both FEV1 (due to airflow obstruction) and (to a lesser degree) FVC
(due to gas trapping).

Spirometry - Normal Trace B. Spirometry - Airflow Obstruction

Figure 2.5
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In line with other National and International guidelines, GOLD has recommended using post-bronchodilator values
when considering a diagnosis of COPD. Historically, post bronchodilator values were considered more appropriate for
confirming a diagnosis of fixed airflow obstruction as they were thought to be more reproducible, to be useful in
excluding asthma and could identify volume responders to bronchodilators in whom the obstruction was revealed by
bronchodilator-induced increase in FVC.@49 However, it is now recognised that the bronchodilator response has little
value in differentiating asthma from COPD,@49 that pre-bronchodilator values are reproducible@4? and obstruction
only found on post-bronchodilator measurements is uncommon.@%8) Qbtaining post-bronchodilator values is more
time consuming and this may deter clinicians from performing spirometry. GOLD states that pre-bronchodilator
spirometry can be used as an initial test to investigate whether symptomatic patients have airflow obstruction. If the
pre-bronchodilator spirometry does not show obstruction (see below for definition) performing post-bronchodilator
spirometry is not necessary unless there is a very high clinical suspicion of COPD, in which case an FVC volume response
may reveal FEV1/FVC < 0.7. Further tests to investigate the cause of the patient’s symptoms and follow-up, including
repeating the spirometry after an interval, may be required. If the pre-bronchodilator values show obstruction the
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diagnosis of COPD should be confirmed using post-bronchodilator measurements. Individuals with a pre-
bronchodilator FEV1/FVC ratio < 0.7 that increases to > 0.7 post-bronchodilator have been shown to have an increased
risk of future development of COPD, and should be followed closely.@49

The spirometric criterion for airflow obstruction selected by GOLD for the diagnosis of COPD remains a post-
bronchodilator ratio of FEV1/FVC < 0.7. This criterion is simple and independent of reference values because it relates
to variables measured in the same individual, and has been used in all the clinical trials that form the evidence base
from which treatment recommendations are drawn. It should be noted that the use of a fixed FEV1/FVC ratio (< 0.7)
to define airflow obstruction may result in over-diagnosis of COPD in the elderly,3035) gnd under-diagnosis in
approximately 1% of young adults,@51:353 especially in mild disease, compared to using a cut-off based on the lower
limit of normal (LLN) values for FEV1/FVC. If COPD is suspected in younger adults (age < 50 years) who have a repeated
fixed ratio 2 0.7, comparing the ratio to a predicted LLN may help when deciding how to best manage this small number
of patients.

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 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 FEV1, and there are no longitudinal studies available validating theddse of the LLN, or studies using
reference equations in populations where smoking is not the major cause of COPD. Using the fixed ratio is not inferior
to LLN regarding prognosis.@9

It is important to emphasize that airflow obstruction that is not fullyreversible is not specific for COPD; the clinical
context and risk factors should also be considered. Airflow obstruetion that is not fully reversible may also be found in
patients with asthma and other diseases.

Normal spirometry may be defined by a new approach fram the Global Lung Initiative (GLI).%23%) Using GLI equations,
z scores (the number of standard deviations by which‘the value of a raw score (i.e., an observed value or data point)
is above or below the mean value of what is being'measured) were calculated for FEV1, FVC, and FEV1/FVC. 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 individdals as having respiratory impairment. It is important that these findings are
reproduced in other cohorts.

Importantly, the risk of misdiaghosis and over-treatment of individual patients using the fixed ratio as a diagnostic
criterion is limited, as spirometry is only one biologic measurement to establish the clinical diagnosis of COPD in the
appropriate clinical context (symptoms and risk factors). Diagnostic simplicity and consistency are crucial for the busy
clinician. Thus, GOLD favors the use of the 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 0.60 and 0.80, as in some cases the ratio may change as a result of biological variation when measured at a
later interval.G52358) |f the initial post-bronchodilator FEV1/FVC ratio is less than 0.60 it is very unlikely to rise
spontaneously above 0.7.650

While post-bronchodilator spirometry is required for the diagnosis and assessment of COPD, assessing the degree of
reversibility of airflow obstruction (e.g., measuring FEV1 before and after bronchodilator or corticosteroids) to inform
therapeutic decisions is no longer recommended.® The degree of reversibility in a single patient varies over time
and has not been shown to differentiate the diagnosis from asthma, or to predict the response to long-term treatment
with bronchodilators or corticosteroids.@% Accordingly, it is not necessary to stop inhaled medication before obtaining
spirometry measurements during follow-up of patients. Figure 2.6 shows the role of spirometry in patients with COPD.
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Role of Spirometry in COPD

Figure 2.6

Diagnosis
Assessment of severity of airflow obstruction (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

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-bronchiadilator 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.“® Compared with individuals living in North America or Europe€, people living in Southeast Asia had FEV1
values that were on average 31% lower, adjusted for age, height andsex. Similarly, those living in sub-Saharan Africa,
East Asia, Middle East and South America had FEV1 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.5
Unless relevant predicted values are used the severityof airflow obstruction will be overestimated. Even in high
income countries, lung reference values change over time and require periodic revision.6b

SCREENING AND CASE-‘I?INDING

The role of screening spirometry fof the diagnosis of COPD in the general population is controversial.862363) |n
asymptomatic individuals without-any significant exposures to tobacco or other risk factors, screening spirometry is
probably not indicated; whergas in those with symptoms or risk factors (e.g., > 20 pack-years of smoking, recurrent
chest infections, early life évents), the diagnostic yield for COPD is relatively high and spirometry should be considered
as a method for early case finding.(364-366)

Both FEV1 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 spirometry should
be employed as a global health assessment tool.87:369) A risk score based on routine data from electronic health
records in primary care may facilitate case-finding and be cost-effective.@7937) However, data to support that
population-based screening spirometry is effective in directing management decisions or in improving COPD outcomes
in patients who are identified before the development of significant symptoms is weak.@83 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.©72373 Novel approaches to screening have been
developed that incorporate exposures, symptoms and health care utilization and simple peak flow measurement; one
of these has been developed for low- and middle-income countries and has shown discriminatory properties.874.375
GOLD advocates active case finding(@64376377 j 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
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questionnaire was also found to be an effective way to identify undiagnosed COPD patients.?® The potential use of
spirometry in children, adolescents and young adults to identify individuals with poor lung development at risk of
COPD and other chronic conditions later in life merits future investigation.“d

COPD case-finding tools have been created based on existing epidemiologic literature or expert opinion©73.379.380) gor
with a multimodality approach.@74379) Increasingly, it appears that the combination of questionnaires with simple
physiological measurements enhances the operating characteristics and performance of these approaches.(@79.381.362)
In a variety of settings case-finding has been able to identify previously undiagnosed COPD.(378381.383.384) |n general,
these tools identify a high proportion of patients with mild or minimally symptomatic disease, exhibiting modest
sensitivity and specificity, or higher specificity but low sensitivity.8 COPD screening/case-finding in primary care
has been demonstrated to have a small but significant impact on increasing rates of diagnoses and physician’s clinical
actions but with limited data suggesting a significant impact on patient outcomes. (78387389 |n the Veterans Affairs
system, the use of a clinical decision support system algorithm that incorporates case-finding for COPD and AATD,
improved COPD over- and under-diagnosis and screening rates of AATD in a primary care setting.G29 |t remains vital
to critically assess how the introduction of case finding approaches can optimally improve clinician behavior, enhance
health care utilization, and improve patient outcomes while ensuring that patients identified with these techniques
have access to affordable and clinically and cost-effective interventions.239139) |n a_grespective study in China the
COPD Assessment in Primary Care to ldentify Undiagnosed Respiratory Disease and‘Exacerbation Risk (CAPTURE) tool
showed a good sensitivity to identify COPD patients who may require treatmeptbecause of elevated symptoms, risk
of exacerbations or hospitalization.@23)

The United States Preventative Service Task Force (USPSTR) recommended against screening for COPD in
asymptomatic adults.G9 This recommendation was based Upon a systematic review of data from asymptomatic or
mildly symptomatic COPD patients enrolled in pharmacological or non-pharmacological clinical trials. This
recommendation is not applicable to populations at increased risk for COPD (e.g., those undergoing annual low dose
chest computed tomography (LDCT) for lungCancer detection, particularly when airways or parenchymal
abnormalities are found incidentally) or with radiologically identified structural abnormalities found on chest imaging
done for clinical respiratory complaints (e.g:,.emphysema, airway wall thickening, bronchiectasis, etc.).

Leveraging lung cancer imaging for COPD screening

Annual LDCT imaging of the chest/is recommended by the USPSTF to diagnose lung cancer earlier among individuals
aged 50 to 80 years with a-2(20 pack-year smoking history. Clinical trials have shown annual LDCT significantly
improves survival.@253%) | uyng cancer and COPD share common risk factors, and COPD is also an independent risk factor
for lung cancer and represents the major comorbidity affecting survival in patients with lung cancer.(895397-399)
Thoroughly assessing symptoms and performing spirometry in individuals undergoing LDCT for lung cancer screening
therefore represents a unique opportunity to simultaneously screen patients for both the presence of unrecognized
symptoms of COPD and airflow obstruction.

Studies that have evaluated patients for COPD symptoms and performed spirometry at lung cancer screening have
reported airflow obstruction in 34-57% of individuals, emphysema in 68-73% and no prior diagnosis of COPD in
67%.(398.400.401)  Male sex, younger age, lower smoking duration and being asymptomatic were associated with
detection of airflo