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ABSTRACT
Background  Chronic obstructive pulmonary disease 
(COPD) remains a major global health challenge, 
contributing significantly to morbidity and mortality. This 
study aims to provide a comprehensive analysis of the 
burden of COPD by age, sex and Sociodemographic Index 
(SDI), in addition to its attributable risk factors across 204 
countries and territories from 1990 to 2021.
Methods  This study is a systematic analysis of data 
from the Global Burden of Disease (GBD) 2021 from 1990 
to 2021 across 204 countries and territories. The study 
calculates age-standardised rates (ASRs) for prevalence, 
deaths and disability-adjusted life-years (DALYs) by 
adjusting rates to a global age distribution and computed 
estimated annual percentage changes (EAPC) for these 
ASRs and the relative COPD burden, while also exploring 
the relationships between the SDI and age-standardised 
DALYs per 1000 population via linear regression.
Results  In 2021, there were an estimated 213.4 million 
prevalent COPD cases globally, with an ASR of 2512.9 
per 100 000. From 1990 to 2021, the EAPC for ASRs in 
prevalence was −0.044%, while the EAPC for percentage 
in prevalence was 1.224%. COPD caused 3.7 million 
deaths, with an ASR of 45.2 per 100 000, and 79.8 million 
DALYs, with an ASR of 940.7 per 100 000. The leading risk 
factor for COPD globally was particulate matter pollution, 
where it accounted for 41.7% of the global DALYs. 
Appreciable geographical and demographic variations 
were observed, with North America exhibiting the greatest 
ASRs for prevalence and South Asia showing the greatest 
ASRs for death rates.
Conclusions  The study highlights the persistent and 
evolving global burden of COPD, emphasising the 
significant impact of environmental factors such as 
particulate matter pollution. It underscores the need 
for targeted public health interventions and resource 
allocation, particularly in low-income and middle-income 
countries, to mitigate the growing COPD challenge. To 
enhance COPD management, the recommendations 
include implementing regional plans to mitigate particulate 

pollution, strengthening surveillance of air quality and 
health outcomes, developing integrated health strategies 
and supporting a global framework for air quality 
improvement.

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Chronic obstructive pulmonary disease (COPD) is the 

third leading cause of mortality and disability worldwide, 
with key risk factors including smoking, air pollution and 
occupational exposure. Previous studies have highlight-
ed a decline in COPD-related age-standardised mortality 
and disability-adjusted life-years (DALY) rates over the 
past decades.

WHAT THIS STUDY ADDS
	⇒ This study provides an updated, comprehensive assess-

ment of the global COPD burden using Global Burden 
of Disease (GBD) 2021, revealing approximately 213.4 
million cases worldwide and 3.7 million deaths. While 
the estimated annual percentage change (EAPC) for 
age-standardised rates (ASRs) in prevalence was slight-
ly negative (–0.044%) between 1990 and 2021, the 
EAPC for the percentage of COPD relative to all-cause 
prevalence was notably positive (1.224%), highlighting 
a novel dimension introduced in this study that reveals 
COPD’s rising relative importance in the global disease 
landscape. Particulate matter pollution now surpasses 
smoking as the leading risk factor, contributing over 
41.7% of the global DALYs. It reveals geographical vari-
ations, with North America showing the highest preva-
lence ASRs and South Asia the highest death ASRs.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ This study underscores the need for region-specific 
health policies to address the shifting COPD burden. 
Adapting interventions to specific regional risk factors, 
such as particulate matter pollution, can improve dis-
ease management and prevention.
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INTRODUCTION
Chronic obstructive pulmonary disease (COPD) 
continues to be a major cause of morbidity and mortality 
worldwide, presenting significant challenges in both 
diagnosis and management. Globally, COPD remains the 
third leading cause of death, contributing substantially 
to the Global Burden of Disease (GBD).1–3 The disease’s 
prevalence and impact vary significantly by region, influ-
enced by factors such as smoking rates, air quality and 
access to healthcare.4

Understanding the global distribution and determi-
nants of COPD is crucial for effective public health inter-
ventions and resource allocation. The GBD studies have 
consistently provided critical data that inform health 
policies and research priorities.5 However, the dynamic 
nature of global health risks, such as changes in smoking 
patterns, air pollution levels and demographic transi-
tions, necessitates regular updates and comprehensive 
analyses of the evolving landscape.6

Despite the wealth of information provided by previous 
GBD studies, several critical knowledge gaps persist that 
limit our ability to develop effective, targeted interven-
tions. First, while previous GBD analyses have docu-
mented a decreasing trend in age-standardised death 
rates from COPD, despite increasing absolute numbers 
due to population growth and ageing from 1990 to 2017,7 
there is a lack of comprehensive analysis examining how 
COPD’s relative contribution to the total disease burden 
has evolved over time. Traditional approaches focus 
solely on changes in disease-specific rates but fail to 
capture whether COPD is becoming proportionally more 
or less important within the broader landscape of global 
health challenges. Second, although recent studies 
have recognised particulate matter pollution as a key 
emerging risk factor for COPD,8 few studies have quan-
titatively assessed the regional heterogeneity in the rela-
tive contribution of risk factors, especially the extent to 
which particulate pollution surpasses smoking in specific 
geographic settings. Third, the most recent comprehen-
sive global analysis using GBD 2019 data does not capture 
the potential impacts of recent environmental policy 
changes, demographic transitions and the evolving global 
risk factor landscape that may have substantially altered 
COPD epidemiology patterns from 2019 to 2021. Fourth, 
there is limited understanding of how this relationship 
varies across the full spectrum of the Sociodemographic 
Index (SDI), particularly in countries undergoing rapid 
economic and environmental transitions. To address 
these knowledge gaps, our study leverages GBD 2021 
data to provide an updated and comprehensive analysis 
of global COPD burden from 1990 to 2021. The GBD 
2021 update significantly enhances our comprehension 
of COPD globally, providing a sophisticated analysis that 
reflects the latest epidemiological data and methodolog-
ical advancements.3 Due to the data update in the GBD, 
we can analyse the shifting dynamics of COPD preva-
lence, deaths and disability-adjusted life-years (DALYs), 
highlighting the persistent growth in the disease burden, 

especially within low-income and middle-income coun-
tries (LMICs).

Our study addresses key research questions about 
the geographical and demographic variations in 
COPD burden and the extent to which socioeco-
nomic factors influence these patterns. Furthermore, 
we have delved deep into the risk factors contrib-
uting to COPD, quantifying the impacts of smoking, 
air pollution and occupational exposures. These 
refined insights are crucial for public health author-
ities to tailor interventions more effectively and allo-
cate resources more strategically. Our study not only 
underscores the ongoing global challenge posed 
by COPD but also highlights the critical need for 
targeted preventive strategies and enhanced clinical 
management to curb its impact. Through detailed 
graphical presentations in the subsequent sections 
of this article, we provide a visual exposition of these 
trends and factors, aiming to guide future policy and 
research directions to mitigate the COPD burden 
worldwide.

METHODOLOGY
Data sources
This analysis is based on data provided by the GBD 
2021 update, which integrates a vast array of data 
sources including hospital and outpatient databases, 
civil registration systems and population-based epide-
miological studies.9 These sources undergo meticulous 
vetting and standardisation processes to ensure consist-
ency and comparability, furnishing robust inputs for 
the analysis. This extensive data integration allows for 
comprehensive global assessments of health trends and 
disease burdens.10

In line with the Global Initiative for Chronic Obstruc-
tive Lung Disease guidelines,11 COPD was defined by 
persistent respiratory symptoms and confirmed spiro-
metric indications of airflow limitation that is not fully 
reversible. This uniform application of diagnostic criteria 
ensures that COPD cases are consistently classified across 
different regions, facilitating reliable comparisons and 
trend analyses.12

Disease model
Transitioning from GBD 2019,6 the 2021 update incor-
porates refined data sources and advanced statistical 
modelling techniques, notably improving the precision 
of disease burden estimates. Key advancements include 
enhanced coverage of data-sparse populations and inte-
gration of the latest epidemiological data, enhancing 
the overall clarity of the global COPD landscape.13 The 
core of the GBD’s analytical approach, the DisMod-MR 
2.1 Bayesian meta-regression tool, has been updated to 
better model non-linear relationships and demographic 
and risk factor interactions, allowing for more nuanced 
disease impact assessments.14 15
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A novel addition in GBD 2021 is the evaluation of 
COVID-19’s impact on chronic diseases such as COPD. 
The present study shows the impact of the pandemic 
on disease progression and management, incorporating 
disruptions to healthcare services and changes in envi-
ronmental risk exposures.3

Risk factor analysis
The present study also shows the results of the risk 
factor analysis, quantifying the contributions of tobacco 
smoke, air pollution and occupational exposures to the 
COPD burden. This analysis employs updated relative 
risks and exposure data to assess the impact of these risk 
factors within diverse environmental and socioeconomic 
contexts, aiding in the design of targeted public health 
interventions.7

Statistical analysis
Our analysis of the burden of COPD involves several key 
steps, each carefully designed to ensure robust compar-
isons across regions and over time. Age-standardised 
rates (ASRs) for prevalence, deaths and DALYs are calcu-
lated by adjusting the crude rates for each age group to 
a standard global age distribution. This standardisation 
enables a meaningful comparison of COPD burden 
across different populations, irrespective of their age 
structures.

We present estimated annual percentage changes 
(EAPC) for ASRs in prevalence, deaths and DALYs over 
specified time periods (ie, 1990–2021, 2019–2021). Addi-
tionally, we also present the EAPC for the percentage of 
the burden attributable to COPD within all-cause prev-
alence, deaths and DALYs over specified time periods 
(ie, 1990–2021, 2019–2021). This annualised rate of 
change provides a clear measure of the year-over-year 
variation in the proportion of COPD as a contributor to 
all-cause prevalence, deaths and DALYs. This EAPC for 
percentage indicates the shifts in COPD burden as a part 
of total disease burden, enabling researchers to track 
trends and inform targeted public health strategies based 
on the evolving impact of the disease. All estimates were 
reported with 95% uncertainty intervals (UIs), defined 
as the 2.5th and 97.5th values of the ordered 1000 draws 
from the posterior distributions generated through the 
GBD modelling framework. The EAPC, however, was 
presented with 95% CIs.

We employ a linear regression model and a Locally 
Weighted Scatterplot Smoothing (LOWESS) model 
to examine the relationship between the SDI and the 
age-standardised DALYs per 1000 population. Model 
performance was assessed using the coefficient of deter-
mination (R²), root mean square error (RMSE) and 
mean absolute error (MAE). All statistical analyses and 
graph plotting were conducted using Python software 
(V.3.7.10).

Patient and public involvement
Given that this study used publicly available aggre-
gate data, patient involvement was not incorporated in 
the formulation of the research question, selection of 
outcome measures or in the design and execution of the 
study.

RESULTS
Table 1 details the global prevalence, deaths and DALYs 
for COPD in 2021. In 2021, there were 213.4 million 
(95%UI: 194.9 to 234.0) prevalent cases of COPD glob-
ally, with an ASR of 2512.9 (2293.9 to 2748.5) per 100 000. 
The EAPC for ASRs in prevalence was −0.044% (–0.076% 
to –0.012%) from 1990 to 2021, and −0.155% (–0.370% 
to 0.061%) from 2019 to 2021. The EAPC for percentage 
in prevalence was 1.224% (1.211% to 1.238%) from 
1990 to 2021, with a similar trend (ie, 1.204%, 0.931% 
to 1.478%) observed from 2019 to 2021. There were 
3.7 million (3.3 to 4.1) deaths attributed to COPD, with 
an ASR of 45.2 (40.6 to 49.7) per 100 000. The EAPC 
for ASRs in deaths was −1.745% (–1.836% to –1.655%) 
from 1990 to 2021, while the EAPC for percentage in 
deaths remained nearly unchanged between 1990 and 
2021 (0.272%, 0.174% to 0.370%), indicating a stable 
proportion of all-cause deaths attributable to COPD 
over this period. Notably, during 2019–2021, the EAPC 
for percentage in deaths showed a marked reduction of 
6.839% (8.499% to 5.149%). COPD caused an estimated 
79.8 million (74.0 to 86.0) DALYs globally, with an ASR 
of 940.7 (871.5 to 1014.6) per 100 000. The EAPC for 
ASRs in DALYs was −1.712% (–1.789% to –1.635%), and 
the EAPC for percentage in DALYs was 0.834% (0.753% 
to 0.916%) during 1990 to 2021, which was −3.460% 
(–4.246% to –2.668%) from 2019 to 2021.

The North America region exhibited the greatest ASRs 
of prevalence at 3298.6 per 100 000. Europe and Central 
Asia recorded the lowest ASRs of death per 100 000 at 
18.0 and the lowest ASRs of DALYs per 100 000 at 417.7. 
East Asia and the Pacific reported the greatest number of 
prevalence cases, totalling 73.6 million and the greatest 
number of deaths, totalling 1.6 million. South Asia had 
the greatest ASRs of death per 100 000 at 100.3 and the 
greatest EAPC for percentage in DALYs at 2.379% from 
1990 to 2021. Latin America and the Caribbean experi-
enced the greatest EAPC for percentage in prevalence 
at 1.972% from 1990 to 2021. Sub-Saharan Africa had 
the lowest EAPC for percentage in prevalence at 0.175% 
from 1990 to 2021. Meanwhile, the Middle East and 
North Africa reported the lowest numbers of COPD prev-
alence, deaths and DALYs, with totals of 8.0 million, 52.6 
thousand and 1.6 million, respectively.

High SDI groups had the lowest ASRs for COPD 
deaths (19.4) and DALYs (471.2) per 100 000. Middle 
SDI groups had the greatest increases in the EAPC 
(1.863%) for percentage in prevalence from 1990 to 
2021, and they also recorded the greatest number 
of deaths, totalling 1.294 million. Low-middle SDI 
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groups display the greatest ASRs for prevalence 
(2726.8), deaths (84.8) and DALYs (1707.9) per 
100 000. These groups also show the largest increases 
in EAPC (2.718 %) for percentage in DALYs from 
1990 to 2021. Meanwhile, Low SDI groups display the 
lowest ASRs for prevalence (2337.5).

In 2021, the national age-standardised point prev-
alence of COPD varied significantly across countries. 
The greatest estimated ASRs per 100 000 were in the 
USA (3445.3), UK (3270.3) and Turkey (2146.7), 
whereas Singapore (922.6), Cabo Verde (1001.3) and 
Chile (1213.7) had the lowest (figure  1a and online 

supplemental table S1). There was also substantial varia-
tion in ASRs for COPD deaths in 2021, with the greatest 
rates per 100 000 in Papua New Guinea (156.8), Nepal 
(146.1), and India (108.3), and the lowest in Kuwait 
(2.7), Japan (5.8), and Montenegro (5.9) (figure 1b and 
online supplemental table S2). Additionally, the age-
standardised DALY rates for COPD in 2021 mirrored the 
top three rankings of death rates per 100 000, with the 
greatest in Papua New Guinea (3004.4), Nepal (2836.0), 
and India (2171.2), and the lowest in Singapore (146.5), 
Japan (155.8), and Kuwait (160.5) (online supplemental 
table S3). The EAPC for ASRs varied significantly across 

Prevalence (per 1000)
9.20-12.38

12.38-15.53

15.53-18.69

18.69-21.84

21.84-24.99

24.99-28.15

28.15-31.30

31.30-34.45

Deaths (per 1000)
0.03-0.22

0.22-0.41

0.41-0.61

0.61-0.80

0.80-0.99

0.99-1.18

1.18-1.38

1.38-1.57

a

b

Figure 1  (a) Age-standardised prevalence of chronic obstructive pulmonary disease per 1000 population in 2021, by country. 
(b) Age-standardised death of chronic obstructive pulmonary disease per 1000 population in 2021, by country.
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countries. The greatest EAPC for ASRs in prevalence was 
observed in Saudi Arabia (1.076%), while the lowest was 
recorded in Singapore (−1.631%) (online supplemental 
table S1). For deaths, the greatest EAPC for ASRs was 
found in Georgia (2.841%), and the lowest in Belarus 
(−7.327%) (online supplemental table S2). In terms of 
DALYs, the highest EAPC for ASRs was reported in Saint 
Vincent and the Georgia (2.002%), with the lowest again 
observed in Belarus (−5.737%) (online supplemental 
table S3).

The EAPC for percentage in prevalence, deaths and 
DALYs from 1990 to 2021 varied significantly among coun-
tries. The UUSA (3.751%), Republic of Korea (3.632%) 
and Albania (3.371%) experienced the greatest EAPC for 
percentage in prevalence, while Afghanistan (−1.733%), 
Equatorial Guinea (−0.778%) and Chad (−0.557%) had 
the lowest (online supplemental table S4). During the 
same period, Timor-Leste (4.104%), Norway (3.925%) 
and Bhutan (3.703%) recorded the greatest EAPC for 
percentage in deaths. Conversely, the lowest EAPC for 
percentage in deaths was observed in Belarus (−6.553%), 
Ukraine (−5.751%) and Uzbekistan (−3.620%) (online 
supplemental table S5). Additionally, Timor-Leste 
(5.021%), Bhutan (4.225%) and Nepal (4.119%) had the 
greatest EAPC for percentage in DALYs. The lowest EAPC 
for percentage in DALYs during this period occurred in 
Belarus (−4.720%), Ukraine (−4.674%) and Kyrgyzstan 
(−2.978%) (online supplemental table S6).

Age and sex disparities
Figure 2 illustrates the age and sex disparities in both the 
number of prevalent cases and prevalence rate per 1000 
individuals of COPD across diverse age and sex groups. 
In the younger age groups (0–44 years), the prevalent 
cases is relatively low, with a slight male predominance. 
Notably, prevalent cases escalates significantly for both 

sexes from ages 45 to 74, peaking within the 70–74 age 
bracket, where males exhibit a marginally fewer preva-
lent cases than females. The most pronounced disparity 
occurs in the 85–89 age group, with 3.2 million cases. 
Beyond the age of 90, prevalent cases declines for both 
sexes and the disparity between them diminishes.

The prevalence rate consistently increases across 
both sexes. From ages 0 to 49, the difference in preva-
lence rates between men and women remains minimal. 
However, after age 50, the prevalence rate for men not 
only surpasses that for women but also widens progres-
sively, ranging from 0.16 to 2.8 per 1000. These trends 
highlight critical periods where COPD is particularly 
prevalent in older age groups and underscore the vari-
able impact on males and females, with females generally 
experiencing higher case numbers while males exhibit 
higher rates.

IMPACT OF SOCIOECONOMIC FACTORS
Figure  3 illustrates the inverse relationship between 
the SDI and the age-standardised DALY rate of COPD 
from 1990 to 2021. As the SDI increases, the age-
standardised DALY rate generally decreases. The linear 
regression revealed a statistically significant negative 
association between SDI and age-standardised DALYs 
(β=2.0603, 95% CI 1.884 to 2.237, p<0.001), with an R² 
of 0.200, RMSE of 0.605 and MAE of 0.427, indicating 
a moderate but better-fitting model compared with the 
LOWESS model. Notably, regions such as South Asia, 
East Asia, Oceania and High-income North America 
exhibited higher than expected DALY rates, given their 
SDI, throughout the period studied. Conversely, regions 
including North Africa and the Middle East, various sub-
Saharan African regions (Western, Eastern, Central), 
Central Latin America, Andean Latin America, Southern 

Figure 2  Global prevalent cases (in thousands) and global prevalence per 1000 population of COPD, by age and sex in 2021. 
The lines on the bar graphs and the dotted lines around the line graphs are 95% uncertainty intervals for prevalent cases and 
prevalence rates, respectively. COPD, chronic obstructive pulmonary disease.
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Latin America, the Caribbean and High-income Asia 
Pacific experienced lower than anticipated burdens. 
Meanwhile, Global, Southeast Asia, Australasia, Central 
Europe, Eastern Europe, Western Europe, Southern Sub-
Saharan Africa and Tropical Latin America displayed 
DALY rates consistent with their respective SDI.

Risk factors
Figure 4 highlights the proportion of DALYs attributable 
to various risk factors for COPD. Particulate matter pollu-
tion (41.4%) becomes the leading risk factor globally, 
followed by smoking (34.6%), occupational exposures 
(15.7%), ambient ozone pollution (10.9%), second-
hand smoke (7.1%), low temperature (6.3%) and high 
temperature (0.9%), though this varied by region. Sub-
Saharan Africa and South Asia reported the greatest 
DALYs percentages for COPD due to particulate matter 
pollution, 61.0% and 60.9%, respectively. Smoking 
as a risk factor had the largest impact in East Asia and 
Pacific, North America, as well as Europe & Central Asia, 
with the proportion of DALYs attributable to smoking 
around 41.2%, 41.1% and 39.1%, respectively. Occupa-
tional exposure to particulates, gases and fumes was most 
notable in East Asia and the Pacific (18.4%), Sub-Saharan 
Africa (16.9%) and South Asia (15.6%). Ambient ozone 

pollution had a considerable impact in South Asia 
(18.8%) as well as Middle East and North Africa (10.3%).

The health impacts of various risk factors associated 
with COPD differ across World Bank income groups. Low-
income regions had the most severe effects, with partic-
ulate matter pollution contributing to 66.7% of COPD 
DALYs. In contrast, the impact of smoking in these low-
income regions was less severe across different income 
groups, accounting for 20.0% of DALYs. Middle-income 
regions, both lower and upper, show that a substantial 
proportion of COPD DALY burden was attributable to 
both smoking (ranging from 29.9% to 39.9%) and partic-
ulate matter pollution (33.8% to 57.4%). High-income 
regions had the greatest proportion of DALYs attributable 
to smoking (40.0%), as opposed to 7.6% from particulate 
matter pollution. Occupational exposures and ambient 
ozone pollution also exhibit varied impacts, with middle-
income groups facing greater challenges compared with 
other groups. Temperature extremes, particularly low 
temperatures, consistently had moderate effects across 
all income levels, while high temperatures had a minimal 
impact. Secondhand smoke generally posed minimal 
risk, causing an estimated 3.7% of COPD DALYs in high-
income groups, as compared with 5.7% in low-income 
groups and 8.5% in upper-middle-income groups.

Figure 3  Comparative distribution of age-standardised DALY rates for COPD across 21 global regions by sociodemographic 
index, with each point representing annual data from 1990 to 2021. The black line illustrates the regression result, whereas the 
grey shaded area denotes the 95% CI. COPD, chronic obstructive pulmonary disease; DALY, disability-adjusted life-year.
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DISCUSSION
This study underscores the persistent global health chal-
lenge posed by COPD. First, it illuminates the escalating 
challenge of COPD, presenting data on over 213.4 million 
cases, 3.7 million deaths and approximately 79.8 million 
DALYs globally. Second, it emphasises significant dispari-
ties in disease burden across different geographic, demo-
graphic and socioeconomic contexts, highlighting the 
particularly heavy impact on low SDI regions such as 
Sub-Saharan Africa, South Asia and Oceania. Third, the 
study offers a detailed analysis of regional risk factors, 
enhancing the understanding of COPD’s drivers. These 
insights are crucial for shaping global health initiatives, 
directing research efforts and informing policy strategies 

aimed at mitigating the worldwide COPD burden, thereby 
establishing the study as a critical resource for health 
policymakers and international health organisations.

Compared with other studies examining trends in 
COPD burden, our study highlights the complex epide-
miological landscape in which COPD has persisted over 
the last three decades. Saeid Safiri et al reported a notable 
decrease in age-standardised incidence rates, mortality 
rates and DALY rates from 1990 to 2019,16 which did 
not correspond to changes in the relative burden of 
COPD compared with other diseases. In contrast, Boers 
et al forecast a 23% increase in the number of global 
COPD cases among those aged 25 years and older by 
2050, suggesting an impending rise in COPD’s public 

Figure 4  Percentage of DALYs attributable to each risk factor for COPD. COPD, chronic obstructive pulmonary disease; 
DALY, disability-adjusted life-year. Region names ending with “-WB” indicate that the regions are defined according to the 
World Bank classification.
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health impact due to demographic shifts.17 This study 
aligns with previous findings, revealing a decline in age-
standardised incidence, mortality and DALY rates over 
the past three decades. However, it also highlights the 
paradoxical increase in absolute numbers—primarily 
reflecting population ageing rather than increased age-
specific risk—emphasising the growing global challenge 
posed by COPD. To further explore COPD’s burden rela-
tive to other diseases, the EAPC for percentage in preva-
lence, mortality and DALYs was calculated in this study. 
We found that the percentage in all-cause prevalence 
increased at an annual rate of 1.2%, and the percentage 
in all-cause DALYs at a rate of 0.8%, while the percentage 
in all-cause deaths remained steady from 1990 to 2021. 
Interestingly, the last 2 years showed an increase in 
the percentage in all-cause prevalence, even as the 
percentage in all-cause deaths and DALYs has decreased. 
This indicates that while the overall impact of COPD is 
becoming more prevalent relative to other diseases, its 
relative mortality and DALY impacts are diminishing, 
suggesting improvements in clinical management but 
persistent challenges in prevention.

Regionally, the prevalence of COPD as a proportion of 
all diseases varied during the overall study period (1990–
2021) and in recent short-term (2019–2021) trends. Low 
SDI countries had a lower EAPC for percentage in prev-
alence of 0.3%, while middle SDI regions had a higher 
EAPC for percentage in prevalence of 1.9%. Notably, East 
Asia and the Pacific have exhibited a positive EAPC for 
percentage in prevalence above the long-term trend in 
the last 2 years, pointing to a growing relative impact of 
COPD in these regions. Additionally, the Sub-Saharan 
Africa region has seen a substantial short-term increase 
compared with long-term changes, potentially due to 
improved monitoring and detection of COPD. This anal-
ysis underscores the varying regional dynamics of COPD 
burden and highlights the critical need for tailored 
public health strategies to address the unique challenges 
faced by different regions.

Regional differences in COPD burden are driven by 
disparities in healthcare systems, air pollution control 
and tobacco regulation. In high-income countries, 
patients often benefit from access to both primary and 
specialist care and comprehensive COPD management 
guidelines; however, healthcare delivery is frequently 
fragmented, with poor coordination among providers 
and misaligned reimbursement mechanisms that under-
mine continuity and efficiency.18 19 In contrast, LMICs 
face limited primary care capacity, shortages of trained 
clinicians and delayed diagnosis, further compounded by 
underinvestment in chronic disease management.5 20 Air 
pollution control efforts also vary widely. Despite global 
frameworks, many low-income countries lack enforce-
able regulations and institutional capacity, and air quality 
remains a low priority on national health agendas.21 
Tobacco control shows similar disparities: while some 
high-income settings implement integrated cessation 
programme such as Canada’s Ottawa Model,22 many 

LMICs, despite high smoking prevalence, lack evidence-
based cessation protocols, face weak implementation 
infrastructures and have limited access to pharmacolog-
ical or behavioural interventions.23 These systemic limita-
tions likely contribute to the divergent epidemiological 
trajectories of COPD across regions and highlight the 
need for policy responses tailored to local capacities and 
constraints.

Sex differences in COPD are influenced by various 
biological, behavioural and diagnostic factors. Biologi-
cally, females have smaller airways relative to their lung 
size, which may make them more susceptible to the 
effects of pollutants and cigarette smoke, potentially 
leading to earlier onset and more severe progression 
of COPD compared with men.24 25 Behaviourally, while 
historically more male individuals smoked, which aligned 
with higher COPD rates, recent shifts in smoking habits 
have seen increases among females, potentially modi-
fying future trends in COPD prevalence between sexes.26 
Moreover, occupational exposures differ traditionally 
by sex, with men more likely to work in high-risk indus-
tries; however, as these roles evolve, exposure profiles 
for females are also changing.27 Diagnostically, there has 
been a bias toward viewing COPD as a disease primarily 
affecting male smokers, possibly leading to underdiag-
nosis in females who may present with different symp-
toms or less typical risk profiles.28 Females tend to use 
more healthcare services, which might lead to higher 
detection rates, yet they often experience more severe 
symptoms and worse quality of life outcomes.29 30 This 
complex interplay of factors highlights the need for sex-
specific research, public health interventions and clinical 
approaches to more effectively manage and treat COPD 
across different populations.

Smoking has been widely recognised as the primary 
risk factor for COPD. Numerous studies have consistently 
demonstrated that tobacco smoke is a major contributor 
to the development and progression of COPD, leading to 
significant global health burdens.31 32 Additionally, occu-
pational exposure to dusts and chemicals has also been 
highlighted as critical risk factors, particularly in indus-
trial settings.33 Ambient air pollution, including particu-
late matter and ozone, has been increasingly recognised 
for its role in exacerbating respiratory diseases, including 
COPD.34–36 Our research presents recent shifts in the 
landscape of COPD risk factors. While smoking remains 
a significant risk factor, particulate matter pollution has 
emerged as the leading contributor to COPD DALYs 
globally, particularly in low-income regions such as Sub-
Saharan Africa and South Asia. This highlights a growing 
public health challenge linked to environmental quality 
and underscores the need for targeted environmental 
interventions in these regions.

An important dimension of COPD burden not directly 
captured in this analysis is the temporal trend in exac-
erbation events, which represent acute episodes of wors-
ening symptoms requiring medical attention. These 
episodes—whether treated in outpatient settings or 



Cao Z, et al. BMJ Public Health 2026;4:e002489. doi:10.1136/bmjph-2024-002489 11

BMJ Public Health

resulting in hospital admissions—are key contributors 
to both patient morbidity and healthcare system strain. 
Emerging evidence suggests that exacerbation rates and 
management patterns may have changed significantly 
during the COVID-19 pandemic (2019–2021), due to 
altered viral transmission dynamics, shifts in healthcare 
utilisation and behavioural changes among patients. 
However, the GBD 2021 dataset does not provide disag-
gregated data on exacerbation episodes over time. Future 
work that integrates exacerbation-specific data with long-
term trends in COPD prevalence, mortality and DALYs 
would offer important insights for clinical and policy 
planning.

To enhance COPD management strategies based on 
emerging risk factors highlighted in our study, we suggest 
several policy recommendations. First, implement 
regional action plans to mitigate the impact of particu-
late matter pollution, particularly in the areas in which 
it disproportionately causes COPD. This could involve 
stricter emission controls and incentives for clean tech-
nologies.37 38 Second, strengthen surveillance systems 
to monitor air quality and health outcomes related to 
COPD.39 Enhanced data collection is crucial for evalu-
ating the effectiveness of interventions and adapting 
policies as needed.40 Third, develop cross-sectoral health 
strategies that combine COPD management with broader 
health initiatives targeting related conditions.41 This inte-
grated approach can optimise resource use and improve 
overall health outcomes.42 Fourth, support the creation 
of a global framework to guide and standardise air quality 
improvement efforts. This could help align international 
efforts and provide necessary support to regions lacking 
infrastructure.43 44

Given substantial regional heterogeneity in COPD 
burden and resource availability, a stratified intervention 
framework is warranted. Aligned with WHO’s recom-
mended ‘best buys’ for non-communicable diseases,45 
priority in low-resource, high-burden settings such as 
South Asia and Sub-Saharan Africa should focus on scal-
able, cost-effective measures, including clean household 
energy promotion,46 tobacco taxation and integration 
of COPD diagnosis and treatment into primary care.47 
Ensuring access to essential inhaled medications, such as 
bronchodilators and corticosteroids, remains critical.47 In 
contrast, high-income regions, where mortality is lower 
but prevalence remains elevated, should prioritise long-
term disease management and pulmonary rehabilitation. 
Upper-middle-income countries with rising EAPCs may 
benefit from enhanced surveillance, public awareness 
campaigns and workforce training. This tiered approach 
enables efficient allocation of limited resources while 
maximising population-level health gains.

Limitations
Our study provides important insights into COPD 
trends and risk factors, yet there are several limitations 
to consider. First, the reliance on a restricted number 
of high-quality epidemiological databases may limit 

the representativeness of our findings, particularly for 
regions with underdeveloped health data infrastructures. 
The GBD approach underpinning the data used for this 
study employs complex modelling techniques to provide 
estimates for area-time combinations where data are 
sparse or nonexistent. However, the reliability of these 
estimates, especially in data-poor regions, remains uncer-
tain, as do the UIs provided for these estimates. While 
this framework ensures consistency across countries and 
years, we did not perform independent sensitivity anal-
yses to assess how variations in modelling assumptions 
might influence our results. Second, the survey data used 
in our study are subject to variability in how COPD was 
measured and diagnosed over time and across different 
regions, potentially impacting the consistency and 
comparability of our findings. Third, while we included 
various known risk factors for COPD, it is important to 
note that most of these associations have not been estab-
lished through randomised controlled trials. As a result, 
the causal relationship between these risk factors and 
COPD remains unclear, with the possibility of residual 
confounding influencing the observed associations (to 
a greater extent air pollution, and to a lesser extent 
tobacco smoking). Additionally, genetic predispositions 
and other less quantifiable factors, which could signifi-
cantly affect COPD susceptibility and severity, were not 
accounted for in our analysis. Fifth, the underdiagnosis 
of COPD due to limited access to diagnostic tools such as 
spirometry, particularly in resource-constrained settings, 
could lead to an underestimation of the true prevalence 
and severity of COPD. This limitation underscores the 
need for improved diagnostic capabilities and stand-
ardised measurement approaches in future research 
to ensure more accurate assessments of the burden of 
COPD.

CONCLUSIONS
This study conducted a comprehensive analysis of COPD 
from 1990 to 2021, providing updated insights into the 
prevalence, mortality and major risk factors of COPD at 
global, regional and national levels. A significant finding 
from this research is the emergence of particulate matter 
pollution as the leading risk factor for COPD globally, 
surpassing smoking, particularly in low-income regions 
where it is responsible for the majority of COPD burden. 
This shift emphasises the evolving landscape of COPD risk 
factors and the critical need for integrated public health 
strategies that address environmental factors alongside 
traditional factors like smoking. The implications of these 
findings are profound, highlighting the necessity for 
policymakers to adapt and innovate public health inter-
ventions that are responsive to these changing dynamics. 
By doing so, it is possible to enhance healthcare delivery, 
improve disease management and ultimately reduce the 
healthcare burden of COPD, thereby contributing to the 
overall improvement of global health systems.
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