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ABSTRACT

OBJECTIVE

To report the global, regional, and national burden of
chronic obstructive pulmonary disease (COPD) and its
attributable risk factors between 1990 and 2019, by
age, sex, and sociodemographic index.
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MAIN OUTCOME MEASURES

Data on the prevalence, deaths, and disability
adjusted life years (DALYs) of COPD, and its
attributable risk factors, were retrieved from the
Global Burden of Disease 2019 project for 204
countries and territories, between 1990 and 2019. The
counts and rates per 100000 population, along with
95% uncertainty intervals, were presented for each
estimate.

RESULTS

In 2019, 212.3 million prevalent cases of COPD were
reported globally, with COPD accounting for 3.3
million deaths and 74.4 million DALYs. The global

age standardised point prevalence, death, and DALY
rates for COPD were 2638.2 (95% uncertainty intervals
2492.21t02796.1), 42.5 (37.6 to 46.3), and 926.1
(848.8 t0 997.7) per 100000 population, which
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WHAT IS ALREADY KNOWN ON THIS TOPIC

A considerable proportion of the burden of chronic respiratory diseases is
caused by chronic obstructive pulmonary disease (COPD)

The most recent study to use data from the Global Burden of Disease 2017 study
reported decreases in the age standardised mortality and disability adjusted life
year (DALY) rates from 1990 to 2017

Smoking was the largest risk factor for deaths due to COPD, and a negative
association was found between the burden of COPD and the sociodemographic
index

WHAT THIS STUDY ADDS

The global age standardised point prevalence, death, and DALY rates for COPD in
2019 were 8.7%, 41.7%, and 39.8% lower than in 1990, respectively

In men, the global DALY rate of COPD increased up to age 85-89 years and then
decreased with advancing age, whereas the rate increased up to age 295 years in
women

Regionally, a reversed V shaped association was found between
sociodemographic index and the age standardised DALY rate of COPD, with
smoking, ambient particulate matter pollution, and occupational exposure to
particulate matter, gases and fumes contributing most to DALYs due to COPD
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were 8.7%, 41.7%, and 39.8% lower than in 1990,
respectively. In 2019, Denmark (4299.5), Myanmar
(3963.7), and Belgium (3927.7) had the highest
age standardised point prevalence of COPD. Egypt
(62.0%), Georgia (54.9%), and Nicaragua (51.6%)
showed the largest increases in age standardised
point prevalence across the study period. In 2019,
Nepal (182.5) and Japan (7.4) had the highest and
lowest age standardised death rates per 100000,
respectively, and Nepal (3318.4) and Barbados
(177.7) had the highest and lowest age standardised
DALY rates per 100000, respectively. In men, the
global DALY rate of COPD increased up to age 85-
89 years and then decreased with advancing age,
whereas for women the rate increased up to the
oldest age group (295 years). Regionally, an overall
reversed V shaped association was found between
sociodemographic index and the age standardised
DALY rate of COPD. Factors contributing most to the
DALYs rates for COPD were smoking (46.0%), pollution
from ambient particulate matter (20.7%), and
occupational exposure to particulate matter, gases,
and fumes (15.6%).

CONCLUSIONS

Despite the decreasing burden of COPD, this disease
remains a major public health problem, especially

in countries with a low sociodemographic index.
Preventive programmes should focus on smoking
cessation, improving air quality, and reducing
occupational exposures to further reduce the burden
of COPD.

Introduction

Chronic obstructive pulmonary disease (COPD) is a
common chronic respiratory condition resulting in
gradual deterioration and worsening of symptoms.
Although preventable, once established it cannot be
cured, but effective self-management strategies can
lessen the burden of disease and improve quality of life.!
In 1990, COPD was the second most common cause of
death (in terms of age standardised death rate) across
the world and in 2019 COPD was the third most common
cause of death.”? From 2007 to 2017, an increase of
15.6% in the prevalence of COPD was reported, although
the age standardised prevalence decreased by 10.1%
in men.? COPD is considered a systemic disease and is
more common in individuals with a history of tobacco
smoking.*> A wide range of comorbidities and risk factors
are associated with the disease, including genetics,
smoking, infections, malnutrition, ageing, occupational
exposures, indoor and outdoor air pollutants, asthma,
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and low socioeconomic status.” ¢ Together, these factors
could lead to vascular abnormalities, such as loss
of alveolar capillary endothelial cells, destruction of
alveolar cells, and alveolar space enlargement, which
are important contributors in the progression of COPD.®
Clinical manifestations of COPD, such as dyspnoea,
cough, wheezing, and phlegm, are more severe in the
early morning and evening, negatively affecting the
patient’s quality of life.” The prognosis of COPD is
determined by measuring forced expiratory volume in
one second, a measure of airflow.® Moreover, COPD can
affect the prognosis of other diseases, such as covid-19,’
cancer, mental health conditions, cardiovascular
diseases, gastrointestinal disorders, and musculoskeletal
disorders.*°

Several major international collaborations have
provided data on COPD. For example, the Global
Initiative for Chronic Obstructive Lung Disease
(GOLD) programme was established in 1998 and
provides regular updates and evidence based
recommendations for the management of COPD.!
The European Community Respiratory Health Survey
was established in 1990 in response to the increased
prevalence of asthma in the 1980s, with the aim
of determining the distribution of asthma and its
healthcare burden in the European community.'?
In the last iteration of the European Community
Respiratory Health Survey (European Community
Respiratory Health Survey III), the effects of atopic
status and asthma on the development of COPD were
evaluated.’® Based on the GOLD criteria, a diagnosis
of COPD is suspected if the patient presents with
related symptoms (eg, chronic cough, sputum, and
shortness of breath) and risk factors (eg, tobacco
smoking and occupational exposures) but is
confirmed by the presence of a post-bronchodilator
forced expiratory volume in one second/forced
vital capacity value of <0.7."* Commonly used drug
treatments for COPD are B agonists, anticholinergic
agents, and corticosteroids, and other options include
o-1 antitrypsin augmentation therapy, antitussive
agents, and vasodilators.!!

Previous systematic reviews on the epidemiology
of COPD have reported a global prevalence ranging
from 7.6% in 2004 to 11.4% in 2014."* " The
prevalence of COPD has been reported to be higher in
men, in urban areas, and in high income countries.*
Also, COPD imposes a substantial economic burden,
ranging from €1963 (£1685; $2068) in Belgium
to €10701 in Norway annually, and the cost is
positively correlated with a late diagnosis, severe
COPD, a greater number of exacerbations, and
hospital admissions.*®

Current evidence on the epidemiology of COPD
has not used a modelling approach to estimate the
burden of COPD, but instead used systematic reviews
to provide a pooled estimation of the prevalence of
COPD.'* ** Several analytical epidemiological studies
have reported prevalence and incidence data for many
sites worldwide, including whole countries, with
standardised diagnostic criteria, and these provide
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real prevalence data.'’*° The most recent study based
on the Global Burden of Disease 2017 data reported
the prevalence and burden of chronic respiratory
diseases, such as COPD and asthma combined, and did
not report the disease specific burden; these estimates
need updating.’ Moreover, based on the Global Burden
of Disease 2017 data, the trends and risk factors for
mortality and disability adjusted life years (DALYs)
due to COPD have been published, but the prevalent
numbers and rates have not been reported.’! Updated
information on the burden of important chronic
respiratory diseases is needed for public health and
advocacy purposes.

Recently, data from the Global Burden of Disease
2019 study were used to report the burden of COPD
attributable to one specific risk factor (that is, ambient
PM2.5), but the overall burden of COPD and the burden
attributable to other risk factors were not estimated.*
Here, we report the prevalence, deaths, and DALYs
associated with COPD, and the attributable risk factors
by age, sex, and sociodemographic index in 204
countries and territories from 1990 to 2019.

Methods

The Global Burden of Disease 2019 study estimated
the burden of 369 diseases and injuries and 87 risk
factors from 1990 to 2019 in 204 countries and
territories and 21 regions.’ Detailed descriptions of
the methodologies have been reported,” * ?* and fatal
and non-fatal estimates have been published (https://
vizhub.healthdata.org/ghd-compare/ and https://
ghdx.healthdata.org/ghd-results-tool).

Case definition and data sources

The GOLD definition of COPD was used in this study:
a value of <0.7 for forced expiratory volume in one
second/forced vital capacity (one second of forceful
exhalation/total forced expiration) with spirometry,
after bronchodilation. The definitions that we used for
the severity of COPD also followed the GOLD criteria:
class I=mild, =80% of normal; class II=moderate,
50-79% of normal; classes III and IV=severe, <50%
of normal.? Alternative definitions for evaluating
whether an individual has COPD include the GOLD
criteria before bronchodilation, lower limit of normal
after bronchodilation, lower limit of normal before
bronchodilation, and European Respiratory Society
guidelines.?

A systematic literature review was not undertaken
on the data from the Global Burden of Disease 2019
study; the last systematic review was carried out for the
Global Burden of Disease 2016 study by the Institute
for Health Metrics and Evaluation. Table S1 provides
details on the search terms used in the previous
systematic literature review. The Global Burden of
Disease 2019 study used several data sources for
extracting data on COPD (that is, prevalence, incidence,
and remission data) from the literature: hospital claims
data, proportion data for each of the GOLD definitions
for the severity of COPD, and data from the Burden of
Obstructive Lung Disease study.
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Data on the prevalence, incidence, and remissions
for COPD were extracted from the literature provided
by collaborators at the Institute for Health Metrics and
Evaluation, and all included studies used measures
based on spirometry. Hospital claims data were used
for non-fatal estimates and vital registrations for
cause of death. Proportion data for each of the GOLD
definitions for the severity of COPD were extracted
from the literature, when information about severity
was available. The models estimated the three classes
of severity of COPD (I, II, III-IV) separately, and this
information was used in the modelling process to
categorise COPD according to the level of severity. The
English Longitudinal Study of Ageing and claims data
from the USA were added to the data for the Global
Burden of Disease 2019 study. In total, data were
obtained for 57 of the 204 countries and territories,
which were collapsed and aggregated to produce
estimates for each age group, sex, location, and year.>
The studies included in the modelling process can be
found here https://ghdx.healthdata.org/ghd-2019/
data-input-sources.

Mortality from COPD was estimated from vital
registration and surveillance data from the Global
Burden of Disease cause of death database, but verbal
autopsy data were only mapped to an overall chronic
respiratory disease model. Individual data were
excluded when the data points were implausibly high
or low, conflicted substantially with established age
or temporal patterns, or conflicted substantially with
other data sourced from the same locations or similar
locations (that is, similar sociodemographic index).>

Disease model

Mortality from COPD was estimated with Cause of
Death Ensemble modelling (CODEm) for an age range
of 1 to 295 years, with specific models for men and
women. Table S2 shows the covariates used in the
CODEm.

The burden of COPD was estimated in two stages:
the DisMod-MR 2.1 model was used to estimate the
prevalence and incidence of COPD and the proportion
of patients in each of the GOLD severity classes for
COPD was estimated with DisMod-MR 2.1. Then, the
prevalence and incidence of COPD were categorised
by age, sex, and location for each level of severity.” In
stage 1, remission was set at 0, because individuals do
not recover when they have COPD because symptoms
can only be managed. The incidence ceiling was set at
0.0002 before age 15 years and at 0.0005 before age
30 years, to prevent any spurious overestimation in the
age ranges with little or no primary data.? The models
also included country level covariates that described
spatiotemporal patterns to improve estimations,
particularly in locations with inadequate data. Also,
covariates included in the models were the COPD
standardised exposure covariates (SEV, a scalar that
combines exposure to all Global Burden of Disease
risks that influence COPD), healthcare access and
quality index, and the proportion of countries with
an elevation above 1500 m.” In stage II, data from the
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surveys that reported the prevalence of COPD for each
of the GOLD severity classes were used to estimate the
overall percentage of all patients with COPD in each of
the severity classes.?

Severity and years lived with disability

Codes from the ICD-10 (international classification of
diseases, 10th revision; J41, J42, J43, J44, and J47)
and ICD-9 (international classification of diseases,
ninth revision; 491-492, and 496) were use for
mapping COPD. In the Global Burden of Disease 2017
study, J40 and 490 (bronchitis, not specified as acute
or chronic) and J47 and 494 (bronchiectasis) were not
included, however.? The three GOLD classes are not a
direct measure of disease severity, but rather reflect a
grading system based on a physiological measurement.
Data from the Medical Expenditure Panel Survey (US,
2001-2011) were used to map the epidemiological
findings into the three COPD health states, for which
disability weights had been previously identified. More
specifically, the GOLD class designations estimated
for the US in 2005 (midpoint of the years included in
the Medical Expenditure Panel Survey) were converted
into the Global Burden of Disease classifications of
asymptomatic, mild, moderate, and severe COPD.
Table S3 shows the three health states for COPD (mild,
moderate, and severe), lay descriptions, and disability
weights.? Finally, the severity levels were multiplied by
the severity specific disability weights to produce the
years lived with disability.

Compilation of results

The number of deaths in each age group was multiplied
by the remaining life expectancy in that age group,
according to the Global Burden of Disease standard life
table, to estimate the years of life lost. Years of life lost
and years lived with disability were then summed to
produce DALYs. The level of uncertainty was calculated
by sampling 1000 draws at each computational step
and combining uncertainty from several different
sources (that is, input data, corrections of measurement
error, and estimates of residual non-sampling error).
The uncertainty intervals were defined as the 25th and
975thvalues of the ordered draws. The relation between
the burden of COPD (DALYs) and sociodemographic
index for the 21 regions and 204 countries and
territories were examined with Smoothing Splines
models.”> Sociodemographic index, which ranges
from O (least developed) to 1 (most developed), is
a composite indicator of lag dependent income per
capita and consists of the gross domestic product per
capita (smoothed over the previous decade), average
number of years of education for the population (>15
years old), and total fertility rate in those aged <25
years. The age standardised point prevalence, death,
and DALY rates were mapped with R software (version
3.5.2).

Risk factors
Strong evidence indicates that the risk factors that
cause COPD are®*: smoking status, pollution from
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ambient particulate matter, occupational exposure to
particulate matter, gases, and fumes, household air
pollution from solid fuels, exposure to secondhand
smoke, ambient ozone pollution, low temperatures,
and high temperatures. The proportion of DALYs that
were attributable to each COPD risk factor was also
reported. Definitions of these risk factors and their
relative risks for COPD have been previously reported.>*

Patient and public involvement

Because the study used publicly available aggregate
data, no patients were involved in setting the research
question or the outcome measures, nor were they
involved in the design or implementation of the study.

Results

Global level

In 2019, 212.3 million (table 1) prevalent cases of
COPD were reported globally, with an age standardised
point prevalence of 2638.2 per 100000, a decrease
of 8.7% since 1990. COPD accounted for 3.3 million
deaths in 2019, with an age standardised rate of 42.5,
a decrease of 41.7% since 1990. In 2019, the number
of DALYs for COPD globally was 74.4 million, with an
age standardised rate of 926.1 DALYs per 100000, a
39.8% decrease since 1990 (table 1).

Regional level
In 2019, high income North America (3558.4),
South Asia (3298.8), and Australasia (3192.8) had
the highest age standardised point prevalences for
COPD (per 100000), whereas Andean Latin America
(1382.6), high income Asia Pacific (1500.7), and
eastern sub-Saharan Africa (1503.5) had the lowest
(table 1). Oceania (112.1), South Asia (93.2), and East
Asia (64.6) had the highest age standardised death
rates from COPD in 2019, with the lowest rates in
high income Asia Pacific (8.2), eastern Europe (15.0),
and Andean Latin America (15.4) (table 1). In 2019,
Oceania (2309.9), South Asia (1915.9), and East
Asia (1100.0) had the highest age standardised DALY
rates (per 100000), whereas high income Asia Pacific
(224.5), Andean Latin America (281.9), and eastern
Europe (381.5) had the lowest (table 1). Figures S1-S3
show the age standardised point prevalence, death,
and DALY rates of COPD, respectively, by sex in 2019
for all regions in the Global Burden of Disease study.
The largest increases in the age standardised point
prevalence of COPD, from 1990 to 2019, were found in
North Africa and the Middle East (30.6%), Caribbean
(29.2%), and southern Latin America (19.8%), with
the greatest decreases in eastern Europe (-29.5%),
East Asia (-27.1%), and high income Asia Pacific
(-20.5%) (table 1). In the same period, all regions
showed a decrease in the age standardised death
rates from COPD, with the largest decreases in East
Asia (-69.6%), eastern Europe (-55.8%), and central
Europe (-43.2%) (table 1). The age standardised DALY
rates decreased in all regions from 1990 to 2019, with
the largest decreases in East Asia (-68.9%), Eastern
Europe (-50.8%), tropical Latin America (-36.2%),
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and central Europe (-34.6%) (table 1). Figures S4-S6
show the percentage change, from 1990 to 2019, in
age standardised point prevalence, death, and DALY
rates for COPD by sex, respectively.

The number of prevalent cases of COPD increased
from 114.9 million in 1990 to 212.3 million in 2019.
East Asia, South Asia, and western Europe had the
highest numbers of prevalent cases in 1990, and the
same regions had the largest numbers in 2019 (table
S4). The number of deaths caused by COPD increased
from 2.5 million in 1990 to 3.3 million in 2019, with
East Asia, South Asia, and western Europe having the
highest numbers of deaths in 2019 (table S5). The
number of DALYs due to COPD increased from 59.2
million in 1990 to 74.4 million in 2019, with South
Asia, East Asia, and high income North America having
the highest numbers of DALYs in 2019 (table S6).

National level

In 2019, the national age standardised point
prevalence of COPD ranged from 668.5 to 4299.5
cases per 100000. Denmark (4299.5), Myanmar
(3963.7), and Belgium (3927.7) had the highest
age standardised point prevalences of COPD, with
Fiji (668.5), Guam (1010.0), and Kiribati (1019.4)
having the lowest estimates (fig 1 and table S4). The
national age standardised death rates for COPD in
2019 varied from 7.4 to 182.5 deaths per 100000.
The highest rates were seen in Nepal (182.5), Papua
New Guinea (145.0), and the Democratic People’s
Republic of Korea (105.2), whereas the lowest rates
were found in Japan (7.4), Barbados (8.3), and Kuwait
(8.3) (fig 2 and table S5). In 2019, the national age
standardised DALY rate of COPD ranged from 177.7 to
3318.4 patients per 100000. The highest rates were
seen in Nepal (3318.4), Papua New Guinea (2902.7),
and the Solomon Islands (2178.6) whereas the lowest
rates were in Barbados (177.7), Antigua and Barbuda
(178.2), and Peru (189.6) (fig S7 and table S6).

The percentage change in the age standardised
point prevalence, from 1990 to 2019, differed
noticeably between countries, with Egypt (62.0%),
Georgia (54.9%), and Nicaragua (51.6%) having
the largest increases. In contrast, Turkmenistan
(-47.9%), Singapore (-47.3%), and Ukraine (-45.6%)
had the largest decreases (table S4). Over the same
period, Nicaragua (68.5%), Norway (63.5%), and
Sweden (36.9%) had the largest increases in the
age standardised death rate, whereas the largest
decreases were found in Singapore (-81.0%), China
(-70.1%), and Turkmenistan (-69.9%) (table S5).
Nicaragua (44.3%), Cuba (38.6%), and Norway
(38.5%) had the largest increases in age standardised
DALY rate of COPD from 1990 to 2019. In contrast,
the greatest decreases during the study period were
found in Singapore (-73.8%), China (-69.5%), and
Turkmenistan (-65.1%) (table S6).

Age and sex patterns
In 2019, the global point prevalence of COPD started

to increase in the 20-24 age group and peaked in the
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Table 1 | Prevalent cases, deaths, and disability adjusted life years (DALYs) for chronic obstructive pulmonary disease in 2019, and percentage change
in age standardised rates (ASRs) per 100000, by Global Burden of Disease region, from 1990 to 2019 (generated from data available at https://ghdx.
healthdata.org/gbd-results-tool)

Prevalence (95% Ul)

Deaths (95% UI)

DALYs (95% UI)

Percentage Percentage Percentage

No, in ASRs per change in No, in ASRs per change in ASRs No, in ASRs per change in

millions 100000 ASRs from thousands 100000 from thousands 100000 (95% ASRs from

(95% UI) (95% UI) 1990 t0 2019 (95% UI) (95% UI) 1990 to 2019 (95% UI) (1])] 1990 to 2019

212.3(200.4 2638.2(2492.2 -8.7 (-10.2 3280.6 (2902.9 42.5(37.6 -41.7 (-48 74432.4 (68204.1 926.1(848.8 -39.8 (-44.9
Global to 225.1) t0 2796.1) to-7.3) to 3572.4) t0 46.3) to-31.1) t0 80193.3) 10 997.7) to -30.2)
High income 6.6 (6.1 1500.7 (1384.2 -20.5 (-23 493 (37.7 8.2 (6.4 -41.8 (-51.4 1071.2 (912.7 224.5(193.6 -34.4 (-39.5
Asia Pacific to 7.1) to 1621.3) to-17.5) t0 63.1) to 10.4) to -25.6) to 1249.7) to 258.4) to -25.6)
High income 22.0(21.0 3558.4 (34129 1.1(-1.9 211.4 (174.0 3121259 17.7 (4.6 5346.3 (4812.3 848.4 (765.9 4.1 (-5.7
North America  to 22.8) to 3694.4) t0 4.9) t0 229.9) to 33.8) to 28.6) t0 5695.2) t0 903) t0 9.3)

26.3 (251 3017.5 (2874.7 0.5 (-0.7 212.5(186.0 19.2 (17 -23.6 (-29.5 4306.9 (3887.6 460.8 (418.3 -19.1(-22.8
Western Europe to 27.6) t0 3165.8) t0 1.7) t0 233.3) to 21.1) to -17.8) t0 4666.2) t0 499.6) to -15.2)

1.5(1.5 3192.8 (3027.7 -10.1(-13.2 11.4 (9.6 20.6 (17.4 -32.2(-39.8 257.8 (228.5 512.1 (455.1 -30(-34.9
Australasia to 1.6) t0 3372.1) to —-6.6) to 13.0) to 23.3) to -23.6) to 285.0) t0 564.8) to —24.6)
Andean Latin 0.8 (0.8 1382.6 (1297.9 17.8(14.2 8.1 (6.4 15.4 (12.2 -24.9 (-40 155.8 (130.5 281.9 (236.1 -31(-41.7
America t0 0.9) to 1464.5) to 21.3) t0 9.9) t0 18.9) to -7) to 184.3) to 335.1) to -18.3)
Tropical Latin 6.3 (5.8 2634.5 (2436.3 -15.5(-18.8 69.7 (62.0 30.6 (27.2 -38.4 (-43 1454.6 (1339.1 613.2 (563.9 -36.2 (-39.9
America t0 6.9) t0 2860.8) to-12.5) t0 78.8) t0 34.7) to -31.4) t0 1596.9) to 674) to -30.6)
Central Latin 5.2 (4.8 2186.5 (2052.6 10.3 (8.3 64.3 (54.8 29.2 (249 -12.6(-22.9 1214.7 (1059.5 530 (461.5 -13.8(-22.9
America t0 5.5) t0 2332.4) t012.3) to 74.2) t0 33.7) to -0.6) t0 1391.0) t0 605.6) to-3.1)
Southern Latin =~ 2.2 (2.1 2741.7 (2619.3 19.8 (16.6 22.7 (19.7 26.4 (23 2.1 (-10.5 453.5 (409.5 544.8 (493 -3.1(-11.2
America to 2.3) to 2875) t022.9) to 25.3) to 29.5) to 15.1) to 500.7) t0 601.2) t0 6.1)

1.1 (1.0 2044.2 (1944.5 29.2 (26.5 10.7 (8.9 20.6 (17.2 9.7 (-8.4 237.9 (205.5 463.2 (400.1 12.6 (-2.3
Caribbean to 1.1) to 2141) to 32) to 12.4) to 23.9) to 26.6) to 270.4) to 527.7) to 27.5)

4.8 (4.5 2427.4 (23169 -0.4(-2.2 38.8(33.7 17.3 (15 -43.2 (-50.4 941.5 (839.4 452.8 (402.7 -34.6 (-40.7
Central Europe  t0 5.0) t0 2552.3) to 1.4) to 44.8) t0 19.9) to —34.5) to 1047.0) to 504.1) to —28.5)

5.7 (5.3 1821.5(1705.9 -29.5(-31.5 52.4 (45.9 15.0 (13.1 -55.8 (-61.9 1270.3(1122.4 381.5 (336.8 -50.8 (-56.3
Eastern Europe  t0 6.1) t0 1949.5) to -27.5) t0 66.1) to 18.9) to -35.7) t0 1498.7) to 448.4) to -36.6)

1.7 (1.6 2257.2(2169.4 -12.5(-14.2 17.2(15.4 31.5(7.9 -16.4(-26.6 450.9 (408.7 662.8 (602.4 -24.1 (=32
Central Asia to 1.7) to 2349.1) t0 -10.9) t0 20.0) t0 36.8) t0 6.4) to 509.4) to 747.8) to -6.9)
North Africaand 10.7 (10.3  2333.9 (2230.1 30.6 (28.2 89.9 (76.8 26.1(22.2 -18(-30.9 27618 (2436.8  649.1(574.6  -11.8(-21.1
Middle East to 11.2) to 2443.6) to 33) to 101.8) to 29.5) to -2.8) to 3062.6) to 717.7) to -0.9)

45.7 (43.1 3298.8 (3104.7 -5(-6.9 1048.7 (838.4 93.2 (745 -30.3(-43.4 25068.3(21179.0 1915.9 (1617 -29.5(-39.9
South Asia to 48.4) t0 3490.8) to -3.2) t0 1216.1) t0107.8) to-17.3) to 28364.4) t02171.7) to -18.8)

15.0 (14.2 2480.1 (2353 3.9 (2.5 189.0 (160.2 38.8(33.2 -33.3(-42.1 5135.3 (4483.3 895.6 (785 -28.5 (-36.6
South East Asia  to 15.8) t0 2624.5) to 5.4) t0 210.4) to 43) to -20.5) to 5641.3) t0 981.4) to-17.7)

46.7 (42.6 2396.1 (2191.3 -27.1(-31 1075.5(924.7 64.6 (55.3 -69.6 (-74.8 20687.0 (18186.6 1100.0 (964.1 -68.9 (-73.8
East Asia t0 51.2) t0 2620.1) to -22.8) to 1301.4) to 78.9) to =53.4) to 24532.6) t0 1299.4) to =54.3)

0.2 (0.2 2514.7 24352 -0.6 (-2.5 5.8 (4.5 112.1(86.8 -11.8 (-29 158.3 (125.7 2309.9 (1847.5 -12.8(-28.9
Oceania t0 0.2) to 2581.7) to 1.1) to 7.4) t0139.9) t07.2) to 199.3) to 2874.6) t0 6.5)
Western sub- 4.0 (3.8 1618.4 (1521.6 -4.5(-6.5 35.5 (29.7 243 (20,5 -17.5(-32.3 1256.9 (1102.0 619 (542.8 -16 (-29
Saharan Africa  to 4.2) to 1721.3) to -2) to 41.0) to 27.8) to -3.8) to 1409.7) t0 692.7) to -5.6)
Eastern sub- 3331 1503.5 (1408 -4.7 (-6.2 37.1(31.6 29.3(25.1 -27.2(-36.3 1233.6 (1081.8 707.5 (622.5 -25.9 (-33.2
Saharan Africa  to 3.5) to 1608.7) to -2.9) to 43.5) t0 33.7) to-17.6) to 1417.1) to 801.7) to —18.4)
Central sub- 1.3(1.2 1943.2 (1816.7 12.3(9.1 15.8 (11.1 42.6(29.6 -18.6(-36 505.2 (396.0 964.5 (743.7 -15.6 (-30.2
Saharan Africa  to 1.4) to0 2076.2) to 15.7) to 23.4) t0 66.7) to 3) to 653.0) to 1321.3) to 1.4)
Southern sub- 1.3(1.3 2243.9 (2090 -9.7 (-12.2 14.9 (13.5 32.4 (29 -17.1(-32.7 464.5 (427.7 838.6 (772.6 -16.3 (-27.4
Saharan Africa to 1.4) t0 2411.7) to-7.1) t0 16.3) to 35.4) to -1.8) t0 502.7) t0 907.8) t0 —6.6)

95% UI=95% uncertainty intervals.

oldest age group (295 years). Similarly, the number of
prevalent cases was highest in the 70-74 age group,
but then decreased with increasing age. The number of
prevalent cases of COPD was higher in men up to age
70-74 years, but COPD was more common in women
older than 74 years (fig 3). In 2019, the global COPD
death rate reached its highest level in the oldest age
group (295 years) and was higher in men across all age
groups. The number of deaths was highest in the 80-
84 age groups, for both sexes, after which the numbers
decreased with increasing age. The number of deaths
caused by COPD was higher in men aged up to 85-89
years (fig S8). In men, the global DALY rate of COPD
increased up to age 85-89 years and then decreased
with advancing age, whereas for women, the DALY rate
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increased up to the oldest age group (295 years). This
rate was higher in men across all age groups. Also, the
number of DALYs peaked in the 70-74 age groups and
was higher in men up to age 85-89 years (fig S9).

Association with the sociodemographic index

At the regional level, we found a reversed V shaped
association between the sociodemographic index and
the age standardised DALY rate of COPD, from 1990
to 2019. The age standardised DALY rate increased
exponentially with increases in sociodemographic
index, up to a sociodemographic index of about 0.4,
before decreasing again. South Asia, Oceania, East
Asia, and high income North America had higher than
expected DALY rates, based on their sociodemographic
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Fig 1 | Age standardised point prevalence of chronic obstructive pulmonary disease per 100000 population in 2019, by country (generated from data
available at https://ghdx.healthdata.org/gbd-results-tool)

index, from 1990 to 2019. In contrast, western sub- Latin America, southern Latin America, Caribbean,
Saharan Africa, north Africa and the Middle East, central Europe, and high income Asia Pacific had lower
tropical Latin America, central Latin America, Andean than expected burdens from 1990 to 2019 (fig 4).
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Fig 2 | Age standardised death rate of chronic obstructive pulmonary disease per 100 000 population in 2019, by country (generated from data
available at https://ghdx.healthdata.org/gbd-results-tool)
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At the country level, in 2019, the burden of COPD
increased with increasing socioeconomic development
up to a sociodemographic index of about 0.42, but then
decreased up to a sociodemographic index of about 0.81
(fig S10). Countries and territories such as Nepal, Papua
New Guinea, the Solomon Islands, the Democratic
People’s Republic of Korea, India, and Bhutan had much
higher than expected burdens, whereas Singapore,
Peru, Guatemala, Ethiopia, and South Sudan had much
lower than expected burdens (fig S10).

Risk factors

The proportion of DALYs due to COPD that were
attributable to individual risk factors differed across
the Global Burden of Disease regions. Globally,
smoking (46.0%), pollution from ambient particulate
matter (20.7%), and occupational exposure to
particulate matter, gases, and fumes (15.6%) had the

highest contributions to DALYs due to COPD (fig 5). The
proportion of DALYs due to COPD that were attributable
to these three risk factors were higher in men (figs S11
and S12).

The proportion of DALYs due to COPD attributable to
individual risk factors also differed by age group. The
proportion of attributable DALYs for smoking increased
with age up to 70-74 years and then decreased.
Although the highest attributable DALYs for ambient
particulate matter pollution was in the 65-69 age
group, values did not differ significantly from other age
groups. Moreover, the DALYs due to COPD attributable
to occupational exposure to particulate matter,
gases, and fumes increased with age, and the highest
proportion was found in the 70-74 age group (17.9%)
(fig S13). Figures S14 and S15 show the proportion of
DALYs due to COPD attributable to the individual risk
factors for men and women, respectively.
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Fig 4 | Age standardised disability adjusted life year (DALY) rates of chronic obstructive pulmonary disease for the 21 Global Burden of Disease
regions by sociodemographic index, 1990-2019. Thirty points are plotted for each region and show the observed age standardised DALY rates
from 1990 to 2019 for that region. Expected values, based on sociodemographic index and disease rates in all locations, are shown as a solid line.
Regions above the solid line represent a higher than expected burden (eg, South Asia) and regions below the line show a lower than expected
burden (eg, western sub-Saharan Africa) (generated from data available at https://ghdx.healthdata.org/gbd-results-tool)
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Discussion

Principal findings

In this study, based on data from the Global Burden
of Disease 2019 study, we have provided up-to-date
information on the prevalence, death, and DALY
counts of COPD from 1990 to 2019, together with
the age standardised rates across 204 countries and
territories. Globally, COPD accounted for 212.3 million
prevalent cases, 3.3 million deaths, and 74.4 million
DALYs in 2019. Although the age standardised point
prevalence, deaths, and DALYs rates due to COPD have
decreased over the past three decades, the absolute
counts are on the rise, which could be as a result of
population growth, as well as population ageing and
an increase in life expectancy.

Comparison with other studies

Astudyin 2018 reported a decrease in the rates of COPD
of 2.8% (95% uncertainty interval —6.9% to 0.9%) in
years lived with disability at the global level between
2007 and 2017.2 We found a decrease of 39.8% in the
age standardised DALY rate of COPD between 1990
and 2019 globally. The differences could be because of
variations in time intervals and methodology used in
the studies. Also, a direct comparison with the Global
Burden of Disease 2017 study is difficult because
of several methodological changes between the two
datasets.” A recent study reported the burden of COPD
attributable to one risk factor (ambient PM2.5).%
Although the prevalence estimates were not reported,
the overall results for the increased death and DALY
counts, despite the reduced corresponding rates, were
consistent with our findings.*?

Epidemiological surveys have shown a prevalence
of 11.8% based on the GOLD criteria, 6.0% based on
the lower limit of normal criteria in Spain,'® 17.8%
in the Abeshge District of Ethiopia,’® 4.9% in Iran,°
17.5% in Tanzania,?® and 5.9% in China.?’ This study
found a global age standardised prevalence rate of
2.6%, however, which is considerably lower than in
these studies. Several factors could be responsible for
this difference: the year the study was conducted, the
diagnostic criteria used, the number of participants
included in each study, several of the studies were
conducted at the subnational rather than the country
level, and different methodologies were used to report
the prevalence of COPD. Therefore, the observations
of individual studies on the burden of COPD cannot
be compared with our results because different
criteria were used for the definition of COPD and
the interpretation of the spirometry results, either
before or after inhalation of bronchodilators.”® In the
Global Burden of Disease 2017 study, the reference
definition used was based on the GOLD criteria after
bronchodilation and alternative definitions were
adjusted in relation to the reference definition.>

The decrease in the burden of COPD that we found
might be explained by the multiple strategies that
have been implemented in recent years, such as the
universal and comprehensive efforts to restrict tobacco
use, improvements in occupational and environmental
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safety, reducing ambient and household pollution,
better access to treatments for reducing the
progression of the disease and relieving comorbidities,
raising public awareness about preventive strategies,
and the increased availability of diagnostic tests
for differentiating between COPD and other chronic
respiratory diseases.” *® The Global Burden of Disease
project uses an estimation or modelling process,
however, rather than reporting real data on the burden
of COPD. This process might underestimate the actual
COPD burden, which could lead to erroneous policy
decisions.

The highest age standardised death rate in 2019
was found in Nepal, with 182.5 deaths per 100 000
population. A recent study used data from the Global
Burden of Disease 2019 study to evaluate the burden
of respiratory diseases attributable to pollution from
ambient particular matter.”” The authors found that
Nepal had the highest death rate from COPD caused
by air pollution in 2019; 25.9% of the deaths from
COPD were caused by exposure to this risk factor.?’
With rapid urbanisation in Nepal, the use of motorised
vehicles has increased from nearly 224000 in 1990 to
1.3 million in 2012.%° The high rate of deaths in Nepal
might be because of failure to effectively regulate
air pollutants and ineffective implementation of air
quality control measures.>°

We found poor concordance between the point
prevalence and death rates attributable to COPD
when the regions were ranked. For example,
although high income North America had the highest
point prevalence for COPD for death rates, it was
ranked eighth. This discrepancy is likely because of
improvements in diagnostic measures, and better
management of COPD and related comorbidities.
Conversely, despite having the highest death rate,
Oceania was ranked ninth for point prevalence rates,
which could be because of premature mortality.
Limited access to diagnostic tests and the subsequent
late start of treatment, along with poor availability of
medications, might shorten the overall survival rate
of patients with COPD. This finding was more evident
in low income countries where healthcare services are
designed to treat acute conditions, such as infectious
disorders, and are not appropriately developed
to manage chronic diseases.>® The World Health
Organization reported that in 2019, bronchodilators
and steroid inhalers were covered by only 55%
and 19% of primary public healthcare facilities,
respectively, in low income countries.>? Also, COPD
is often difficult to diagnose,’® and ensuring that
sufficient diagnostic equipment is available for each
primary healthcare setting in regions where resource
are restricted is needed to improve early detection
and increase the chances of successful treatment.

The burden of COPD reaches its peak in older
adults. Physiologically, diminished lung function
in advanced ages, and impaired lung tissue repair
and baseline inflammations, could contribute to
the increased risk of death.>* 3 Moreover, COPD is
associated with compromised health status ® 3" and
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multiple comorbidities,® which together with the
natural comorbidity of old age increases the mortality
rate of COPD in elderly people. This study found that
people aged 80-84 years accounted for the highest
numbers of deaths related to COPD. Previous research
has reported that the most significant effect of total air
pollution, among non-communicable diseases, is on
deaths related to COPD.* Furthermore, research has
estimated that the highest number of deaths from total
air pollution were seen in those aged 80-84 years.*®
This age pattern is the same as the burden of COPD,
suggesting that older individuals are more vulnerable
to the adverse effects of air pollution.*’

Similar to previous studies,”? *° we found that men
had slightly higher age standardised point prevalence,
death, and DALY rates, primarily reflecting differential
smoking behaviours and exposure to occupational
pollution. Studies have postulated that women are
more susceptible to developing COPD from smoking
than men, however.”! “* A systematic review found
that, even after smoking fewer cigarettes, women
who smoked had a faster annual reduction in forced
expiratory volume in one second than men.”* Also,
being a woman was associated with a higher risk of
death and admission to hospital from respiratory
failure and comorbidities caused by severe COPD.**

This study found that risk factors, such as smoking,
pollution from ambient particulate matter, and
occupational exposure to particulate matter, gases, and
fumes, were the largest contributors to the burden of
COPD. Because theserisk factors are mainly preventable
and the disease can be effectively treated, controlling
the burden of COPD requires more attention and a
focused effort. Multiple initiatives have been developed
to reduce exposure to these risk factors.*® For example,
in 2007, WHO endorsed a practical and cost effective
plan for controlling the tobacco epidemic, MPOWER:
Monitor tobacco use and prevention policies; Protect
people from tobacco smoke; Offer help to quit tobacco
use; Warn about the dangers of tobacco; Enforce bans
on tobacco advertising, promotion, and sponsorship;
and Raise taxes on tobacco.*® This programme has six
measures, focusing mainly on educating the public
about the dangers of tobacco use and banning trade
and advertising of tobacco products.“® The latest report
on the global tobacco epidemic indicates that 75%
of countries, comprising a population of 5.3 billion
people, are currently subject to at least one MPOWER
measure at the highest level of achievement.?®

Global tobacco smoking has decreased by 27.5%
over the past three decades.”’ Smoking is the most
common risk factor for all chronic respiratory
conditions® and, apart from being the leading risk factor
for COPD, nearly half of smokers eventually develop
the disease.”® “° Therefore, preventing exposure to
tobacco smoke would be the most effective long term
strategy for reducing the burden of COPD.”” The US
has had success in controlling air pollution, mainly
driven by interventions such as the 1990 Clean Air
Act Amendments and the 2002 Nitrogen Oxides (NOx)
State Implementation Plan Call regulation,’® along

with provisions for reducing anthropogenic emissions
from different types of vehicles.”! Accordingly, the US
death burden caused by non-communicable diseases,
particularly COPD, substantially decreased (by 54%)
from 1990 to 2010.>2

In some low income regions, such as Oceania, and
western, eastern, and central sub-Saharan Africa,
household air pollution from solid fuels was the
leading risk factor for COPD, rather than smoking, and
this finding was more evident in women. In agreement
with our results, a recent study in 13 low and middle
income countries reported that participants with a
history of exposure to household air pollution were
41% more likely to develop COPD, with a stronger
association in women.”> Furthermore, although
household air pollution accounted for 13.5% of the
prevalence of COPD, smoking explained 12.4% of
the prevalence.’® Research in China showed that
women who did not smoke had a two to three times
higher risk of COPD in rural areas, where exposure
to biomass fuels was higher, than women in urban
areas.”* Measures such as the use of alternative clean
fuels, improving kitchen ventilation, and providing
better stoves could reduce the risk of COPD and
improve the lung dysfunction in patients with the
disease.’>®” Consequently, formulating strict health
measures towards preventing tobacco smoking and
improving air pollution could be crucial approaches
for healthcare policy makers in alleviating the burden
of COPD. The new Air Quality Guidelines issued
by WHO on 21 September 2021 recommend lower
concentrations for gaseous and particulate pollutants
based on recent evidence of the harmful effects
from concentrations below those recommended in
2005.°® Moreover, in November 2021, the European
Environment Agency estimated that 58% (178 000)
of premature deaths could have been avoided in 2019
if the new WHO’s Air Quality Guidelines had been
implemented.””

The relation between DALYs due to COPD and
sociodemographic index was not monotonic at
the national level, such that a positive association
was found between the burden of COPD and the
development level of countries, up to middle scores on
the sociodemographic index, and then a decreasing
trend was observed. Similarly, WHO reported that
about 80% of deaths due to COPD occurred in low and
middle income countries.®® Moreover, based on the
results of the Global Burden of Disease 2019 study, a
reverse V shaped correlation was found between the
burden of COPD caused by exposure to ambient PM2.5
and the sociodemographic index level.” Ambient
PM2.5 is the leading cause of disease from air pollution
globally and the most populated countries, like China
and India with middle sociodemographic index scores,
are estimated to have had the highest increase in deaths
attributable to PM2.5 over the past decade.’® Exposure
to ambient particular matter is growing for countries
with a lower sociodemographic index and decreasing
for countries with a higher sociodemographic index.>*
The level of exposure to smoking has decreased for
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countries with high and middle sociodemographic
index scores but the largest reduction were found in
countries with a high sociodemographic index.** Apart
from the effect of these individual level risk factors
on the relation between sociodemographic index and
the burden of COPD, the sociodemographic index
is a broad surrogate indicator of poverty. Therefore,
countries with a lower sociodemographic index would
generally have poor access to healthcare services,
including limited availability and affordability of
diagnostic and therapeutic measures. These systemic
deficiencies contribute to a high disease burden and
premature death in patients with COPD.

Ultimately, equitable resource allocation and
massive investments in regions with the most DALYs
must be made to reduce the burden of COPD more
effectively, with recognition that much less attention
is paid to chronic respiratory diseases compared with
other non-communicable diseases.®’ Also, the data
reported here showed the substantial variations in
the burden of COPD between countries, which should
prompt the authorities of the most affected countries
to fund new epidemiological surveys to enable a
thorough understanding of the natural history of
COPD. Because different chronic respiratory diseases
have overlapping diagnostic criteria,®> the COPD
estimations might benefit from the provision of the
least essential diagnostic modalities for every resource
limited setting.

Strengths and limitations of this study

A strength of the study is that we have provided up-to-
date and comprehensive estimates of levels and trends
associated with COPD and its risk factors at the global,
regional, and national levels, between 1990 and 2019.
The study had several limitations. Firstly, only a small
number of high quality epidemiological databases were
available to estimate the burden of COPD. Secondly,
some risk factors, such as genetic predisposition,
although rare, could not be taken into account in our
estimations. Thirdly, incorporating claims data into
the input record might make the evidence unreliable
because the validity is highly dependent on the bias
correction process. Underdiagnosis of COPD is likely
because of relief of respiratory symptoms by limiting
activities that reduce the patient’s likelihood of seeking
medical attention. Also, poor access to spirometry
and lack of expertise in performing and interpreting
spirometry data are important contributors to
underdiagnosing COPD.>* Fourthly, many countries
do not have efficient systems for registering deaths,
and therefore only verbal autopsy studies could be
relied on for estimates of deaths. However, as previous
studies did not differentiate between the distinct types
of chronic respiratory diseases, this information could
notbeincluded for reporting the death estimates related
to COPD,? suggesting possible underestimation of the
evidence. Improving vital registration systems might
improve the accuracy of these data and allow better
management of the disease burden. These limitations
highlight the importance of improving the accuracy
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of data collection and the use of more integrated case
definitions, which would make comparisons between
countries more valid.

Conclusions and policy implications

COPD is a major public health problem with extensive
healthcare and economic costs. Although the point
prevalence, death, and DALY rates declined during the
study period, the corresponding counts are increasing.
With an ageing population, COPD will continue to
become an even greater problem in the future. The
reported global, regional, and national burden of
COPD, and its risk factors, could help to provide a more
accurate projection of the future disease burden. This
knowledge could guide policy makers in planning
control measures and supply services to meet the rising
healthcare demands that COPD and its comorbidities
will create.
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