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% Check for updates Chronic respiratory diseases, including chronic obstructive pulmonary

disease (COPD), asthma, pneumoconiosis, interstitial lung disease (ILD) and
pulmonary sarcoidosis, are major global causes of mortality and morbidity.
Although the COVID-19 pandemic has influenced acute respiratory health, its
impact on chronicrespiratory conditions remains unclear. We estimated the
global, regional and national burden of chronic respiratory diseases from 1990
t02023, including risk factors, and evaluated how these burdens have shifted
during the COVID-19 pandemic using the Global Burden of Disease Study
2023.In2023, chronicrespiratory diseases accounted for 569.2 million

(95% uncertainty interval (Ul), 508.8-639.8) cases and 4.2 million (3.6-5.1)
deaths. The age-standardized death rate declined by 25.7% globally from
1990 t0 2023 despite anincrease in ILD and pulmonary sarcoidosis. Mortality
declined in younger males, especially for asthma, whereas older adults
experienced arise inILD and pulmonary sarcoidosis. Smoking was the primary
risk factor for COPD, whereas high body mass index and silica exposure were
key risk factors for asthma and pneumoconiosis. During the pandemic, the
incidence of chronic respiratory diseases increased modestly, but the decline

inmortality rates became less pronounced, highlighting the need for
sustained global attention and action to address their long-term burden.

The lungs are continually exposed to numerous irritants, including
pollutants, tobacco smoke and infections, throughout the lifespan’.
Despite substantial efforts to understand the pathophysiology of
chronicrespiratory diseases and to reduce their burden over the past
decades?’, chronicrespiratory diseases—including chronic obstructive
pulmonary disease (COPD), asthma, pneumoconiosis, interstitial lung
disease (ILD) and pulmonary sarcoidosis—remain a leading cause of
mortality among non-communicable diseases (NCDs)*.

Global initiatives aim to enhance the prevention, diagnosis, and
management of chronic respiratory diseases. For instance, the World

Health Organization’s Global Alliance against Chronic Respiratory
Diseases (GARD)® focuses on reducing exposure to risk factors while
strengthening healthcare systemsto ensure equitable access to treat-
ment and care. To achieve this goal, it is crucial to minimize the preva-
lence and disability-adjusted life years (DALYs) associated with chronic
respiratory diseases by addressing modifiable risk factors such as smok-
ing, air pollution, and occupational exposure to dust and chemicals.
The COVID-19 pandemic underscored the vulnerability of the lungs
and theimportance of respiratory health on aglobal scale. Beyond the
direct effects of SARS-CoV-2, there has been increased attention to
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chronicrespiratory diseases, as well as a greater emphasis on preven-
tion, early diagnosis, and treatmentin clinical settings®. Two previous
studies have also reported a decrease in the incidence of non-COVID
lower respiratory infections and tuberculosis during the COVID-19
pandemic”®. As airway infections are major triggers for COPD exacerba-
tions, they may similarly contribute to some of the changes observed
inthe chronic respiratory disease burden.

Hence, this study examined the trends and levels of the chronic
respiratory disease burden before and during the COVID-19 pandemic.
We also explored attributable risk factors globally and by region and
Socio-demographic Index (SDI) between 1990 and 2023 across 204
countries and territories, using the Global Burden of Diseases, Injuries,
and Risk Factors Study (GBD) 2023.

Results

Overview

Globally, in 2019, before the onset of the COVID-19 pandemic, we
estimated 522.7 million (95% uncertainty interval (Ul), 469.3-586.3)
prevalent cases of chronic respiratory disease, corresponding to an
age-standardized rate of 6,610.6 (5,926.5-7,459.7) per 100,000 popula-
tion. In 2020, this rate remained stable (6,610.0 [5,917.4-7,464.6] per
100,000 population), indicating a plateau following the long-term
decline in prevalence observed since 1990. However, this long-term
downward trend reversed sharply thereafter; by 2023, the global preva-
lence rate had risen notably, reaching 6,742.2 (6,011.7-7,630.45) per
100,000 population. Across GBD regions in 2023, the age-standardized
rate ranged from 4,216.9 per 100,000 in Central Asia to 15,186.4 per
100,000 in Australasia. Among 204 countries and territories, the
age-standardized prevalence rate in 2023 ranged from 3,690.3 per
100,000 populationin Mongoliato 16,884.8 per 100,000 population
in New Zealand.

Among the four major chronic respiratory diseases, asthma
accounted for more than half of chronic respiratory disease cases in
2023, with362.7 million (309.8-427.6) cases and an age-standardized
rate of 4,457.1 (3,786.4-5,246.3) per 100,000 population (Fig. 1).
COPD ranked second, with 214.6 million (193.5-232.1) cases and an
age-standardized rate 0f 2,373.0 (2,143.9-2,565.1) per 100,000 popu-
lation. In 2023, the global age-standardized prevalence rate was 50.4
(45.0-56.7) per 100,000 population for ILD and pulmonary sarcoidosis
and 11.2 (8.9-14.5) per 100,000 population for pneumoconiosis. The
age-standardized prevalence rates for all diseases showed a minimal
change from 1900 to 2023, with a percentage change ranging from
-6.9% (-13.8t01.2) to 1.6% (0.2-3.0).

Chronicrespiratory diseases were the fourth leading cause of
death in 2023, accounting for 4.2 million (3.6-5.2) deaths. The global
age-standardized death rate decreased from 63.0 per 100,000 popu-
lationin1990 to 46.8 per 100,000 population in 2023 (-25.7% (-40.0
to-2.0)). However, this trend was not universal; the Caribbean region
showed a15.6% (2.7-33.1) increase in age-standardized death rates
over the same period (Fig. 2 and Table 1). COPD remained the lead-
ing contributor to the mortality burden, accounting for 82.3% of the
deathsduetoall chronic respiratory diseases (Supplementary Table1
and Fig. 3). Asthma ranked second, accounting for 10.6% of the
mortality cases. From 1990 to 2023, pneumoconiosis showed the
most substantial decline in age-standardized mortality rates, with a
reduction of -42.4% (-63.9 to -21.1). In contrast, the age-standardized
mortality rates for ILD and pulmonary sarcoidosis increased by
89.2% (25.1-140.0), marking them as the only chronic respiratory dis-
ease with rising mortality trends during this period. Further details
on the age-standardized estimates by region can be found in
Extended Data Figs.1-5 and Supplementary Table 1.

Trends in age and sex-specific burden
Figure 3 presents the trends in age and sex-specific death rates for four
chronicrespiratory diseases from1990 to 2023. For COPD, age-specific

death rates were higher in males across all age groups. Males aged
50 to 74 years had the greatest reduction of 49.1%, from 170.8 per
100,000 population in 1990 to 87.0 per 100,000 populationin 2023,
among all age-sex groups. For asthma, death rates remained stable
for most age-sex groups, whereas males aged O to 14 years were the
only age-sex group with adecline (1.3 per 100,000 populationin1990;
0.6 per100,000in2023;-53.3% (-74.9 t0 —7.9)). Pneumoconiosis also
showed stable trends for females and declining trends for males. Males
had a greater mortality burden than females of all ages, and this gap
becamelarger with advanced age. Last, age-sex-specific death rates for
ILD and pulmonary sarcoidosis increased in most groups, most pro-
nouncedinthose aged >75 years, withanincrease 0of158.8% in females
and137.4%in males from 1990 to 2023. Details on the global age and sex
distributions of COPD, asthma, pneumoconiosis, ILD and pulmonary
sarcoidosis prevalence and death are shownin Extended Data Figs. 6-8.

Disease burden before and during the COVID-19 pandemic

We examined the average annual percentage change (AAPC) in
age-standardized incidence and death rates before (2010-2019) and
during the COVID-19 pandemic (2020-2023). Globally, age-standardized
incidence rates of chronic respiratory diseases remained relatively
stable, with aslightincrease froman AAPC of 0.05 before the pandemic
to 0.13 during the pandemic. In contrast, the AAPC of age-standardized
deathrates of chronicrespiratory diseases showed aless pronounced
decreasing trend during the pandemic (AAPC, -1.23) compared with
before the pandemic (AAPC, —-3.04; Extended Data Fig. 9). This pat-
tern in mortality trends was also observed for COPD, for which the
AAPCindeaths changed from-3.27 to -1.34. Similarly, asthma showed
ashiftin death rates from —1.92 to -1.26, whereas asthma remained
stable (AAPC: 0.20 before the pandemic, 0.21 during the pandemic).
Pneumoconiosis showed areversing trend in mortality from adecline
before the pandemic (AAPC, 0.21) toaminimalincrease (AAPC, -1.26)
during the pandemic, whereas its incidence consistently decreased
over the past decade. For ILD and pulmonary sarcoidosis, mortality
trends reversed fromamodestincrease (AAPC,-1.99) to aslightdecline
(AAPC, 1.05; Fig. 4).

Risk factors for COPD, asthma and pneumoconiosis

In GBD 2023, risk factor estimation is available for COPD, asthma and
pneumoconiosis (Fig. 5). For COPD, smoking remained the leading
global risk factor for males, accounting for over half of the global
age-standardized DALY rates (473.0 (379.0-603.4) per 100,000 pop-
ulation). In contrast, ambient particulate matter pollution was the
leading risk factor for females globally (143.7 (103.9-198.0)) and in
some regions, including Andean Latin America, Central Asia, Central
Latin America, East Asia, North Africa and Middle East and Southern
Sub-Saharan Africa. Ambient particulate matter (PM, ;) pollution was
asubstantial risk factor for COPD for both sexes, consistently ranking
high across multiple regions. Regional disparities were observed in
the rankings of other COPD risk factors. For instance, although low
temperature ranked seventh out of eight major risk factors for COPD
globally for males and sixth for females, it was a prominent risk factor
in Australasia, Western Europe and high-income North America for
both sexes.

For asthma, high body mass index (BMI) was the leading global
risk factor for age-standardized DALY rates globally (39.0 (19.3-63.8)
per 100,000 population in males; 56.2 (25.5-92.9) in females) and in
most regions for both sexes. Although the rankings of asthma risk
factors were consistent across regions, the proportion of DALYs asso-
ciated with high BMI was higher in regions such as North Africa and
Middle East, and high-income North America than the global esti-
mate. Occupational asthmagens, substancesin the workplace that can
trigger asthma, ranked second globally and across most regions for
both males and females. For pneumoconiosis, occupational expo-
sure to silica was the top global risk factor for males (7.9 (5.9-10.2)
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per 100,000 population), whereas it ranked second for females (0.35
(0.20-0.62)). Occupational particulate matter, gases and fumes
were the second leading global risk factor for males (2.5 (1.8-3.4) per
100,000 population) but ranked first for females (0.45 (0.25-0.86)).

Discussion

We provided estimates of chronic respiratory disease burden at the
global, regional, and national levels from 1990 to 2023. Although
global age-standardized incidence rates for chronic respiratory
disease increased modestly during the COVID-19 pandemic, the
age-standardized mortality rates, which had been declining before
the pandemic, showed areversal and began to rise during the pan-
demic period. Despite notable progress in reducing the global
age-standardized death rate, the Caribbean region has shown a con-
siderable increase of 15.6% from 1990 to 2023, particularly in ILD and
pulmonary sarcoidosis. We further observed that this progress substan-
tially varied by age; individuals aged <15 years had the greatest reduc-
tions, primarily in deaths due to asthma, whereas those aged >75 years
had the most minor declines or even increases in some diseases, such as
ILD and pulmonary sarcoidosis. Smoking, high BMIand occupational
exposuretosilicawere leading risk factors for COPD, asthmaand pneu-
moconiosis, respectively. Disparitiesin key risk factors according to SDI
levels were observed; for instance, household air pollution from solid
fuelswas akey risk factor for COPD among females and inlow-SDI set-
tings, highlighting that region- and demography-specific public health
measures are warranted to mitigate the disease burden effectively.

Globally, substantial progress has been made in reducing the
burden of asthma, COPD and pneumoconiosis. This achievement
may partly be attributed to various efforts toimprove prevention and
therapeutics through targeted strategies and actions’. For instance,
the adoption of the World Health Organization Framework Con-
vention on Tobacco Control in 2005, which includes raising taxes
on tobacco and enforcing a ban on advertising, marked a turning
point for enhancing global tobacco control efforts in the preven-
tion of chronic respiratory diseases, from which smoking is a major
risk factor’. Considering that some resource-limited countries have
shown slow implementation of policies’, there is potential for further
reductioninthe disease burden throughimprovementsin preventive
measures and treatment accessibility, as well as enhanced patient
education on managing chronic respiratory diseases. In the past two
decades, innovations in targeted therapies have contributed to a bet-
ter prognosis for patients with chronic respiratory conditions. Novel
targeted treatments, such as anti-IgE or anti-IL-5 monoclonal antibod-
ies, represent a substantial advancement for patients with asthma
refractory to conventional treatments, which could further contribute
toareductioninpremature deaths'. For severe COPD, triple therapy,
a combination of a long-acting muscarinic antagonist, a long-acting
beta-agonist and an inhaled corticosteroid in a single inhaler, has
shown improved outcomes".

Nevertheless, global age-standardized death rates from ILD and
pulmonary sarcoidosis have substantially increased from1990 t0 2023.
This may be due to the relatively recent recognition of the disease
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compared to asthma and COPD™, Advances in radiology and pathol-
ogy might have increased recognition and more accurate diagnosis
of ILD and pulmonary sarcoidosis'’®>. Moreover, the broader use of
antimetabolites and cytotoxic agents—known to contribute to lung
tissue scarring—has likely influenced this rise in ILD burden, especially
among the older population™.

Australasia had the highest age-standardized prevalence rate
of chronic respiratory diseases, which is primarily due to asthma.
Asthma has been historically more common in Western countries
due to acomplex interplay of genetic and environmental factors®. In
addition, high-income North America exhibited the largest increase
in age-standardized mortality rates for ILD and pulmonary sarcoido-
sis rose markedly, whereas those for asthma and pneumoconiosis
experienced declines. This trend is also evident in other high-income
regions, such as high-income North America and Western Europe
(Fig. 2), suggesting heightened recognition and clinical awareness of
these diseases in these countries, where advances in diagnostic tech-
nologies and improved healthcare infrastructure have led to better
identification of previously underdiagnosed conditions®. Additionally,
genetic and ethnic factors may also contribute to the rising mortality
of pulmonary sarcoidosis’. Furthermore, Australasia had the high-
est age-standardized rate of chronic respiratory diseases in 2023 but
ranked lower in age-standardized mortality rates (Fig. 2), likely due to
advances in diagnostic measures and improvements in disease man-
agementand chronic disease care. In contrast, South Asian countries,

such as India and Pakistan, despite having a lower age-standardized
prevalence rate, ranked higher in age-standardized mortality rates,
which may be attributed to limited access to early diagnosis and timely
treatment compared to high-income countries.

The higher death rates of COPD, pneumoconiosis, ILD and pul-
monary sarcoidosis in males than females, which are especially pro-
nouncedinadvanced age, can be attributed to several factors, including
more notable physiological lung function impairment with aging,
historically higher smoking rates and greater occupational exposure
to potential irritants in males”. However, the prevalence and mor-
tality rates of asthma were both higher in female adults, resulting
from the transition of sex discordance in prevalence, which reverses
with puberty". This difference may be due to the influence of sex hor-
mones. Androgens canimprove bronchodilation and attenuate airway
inflammation’®, whereas hormonal fluctuations during menstruation,
pregnancy and menopause can increase the risk in women".

During the COVID-19 pandemic, we observed a rise in age-
standardized incidence rates of chronic respiratory diseases, which
may be driven by enhanced healthcare engagement and high priority
placed onrespiratory health in clinical settings®. Individuals affected
by COVID-19 or risk factors" may have prompted more frequent hos-
pital visits, along with theincreased number of CT scans performed®,
which has led to incidental diagnoses of underlying conditions, such
as asthma or COPD”. This increased healthcare engagement and
heightened awareness and monitoring of pulmonary health during
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Table 1| Global and regional age-standardized mortality rates from chronic respiratory diseases in 1990, 2019, 2020 and
2023, and the percentage change from 1990 to 2023 for both sexes combined

Location

1990

2019

2020

2023

Percentage change
(1990-2023)

Chronic respiratory disease

Global

62.97 (50.04-72.28)

47.24 (41.75-56.19)

4278 (37.29-51.27)

46.79 (40.56-57.70)

-25.68 (-40.00 to -1.97)

Central Asia

39.66 (36.34-43.24)

40.76 (37.49-43.54)

39.27 (36.54-41.64)

34.31(31.31-38.53)

-13.49 (-22.24 to -3.67)

Central Europe

37.62 (35.561-39.32)

18.51(17.29-19.85)

17.21(16.11-18.17)

16.38 (15.20-17.84)

-56.47 (-58.88 to -53.21)

Eastern Europe

32.58 (29.95-35.56)

13.44 (12.45-14.42)

13.27 (12.31-14.25)

12.64 (11.34-13.67)

-61.22 (-65.37 to -56.84)

Australasia

36.30 (34.01-37.82)

24.04 (21.29-25.83)

21.89 (19.32-23.57)

22.85 (20.08-24.89)

-37.04 (-41.43 to -32.95)

High-income Asia Pacific

24.07 (21.60-26.71)

12.57 (10.71-14.63)

11.81(10.04-13.41)

14.28 (11.72-17.42)

-40.67 (4912 t0 -26.34)

High-income North America

30.87(28.61-32.54)

36.69 (32.67-39.85)

34.59 (30.91-37.57)

33.36 (29.63-36.47)

8.06 (-0.69 t0 16.44)

Southern Latin America

34.28 (31.92-36.32)

29.52 (2717-31.71)

24.98 (22.77-26.86)

27.43 (23.81-32.43)

-19.98 (-28.80 to -4.66)

Western Europe

30.09 (27.90-31.49)

22.43 (19.93-24.25)

20.50 (18.36-22.14)

2119 (18.64-23.36)

-29.57 (-34.55 to -23.60)

Andean Latin America

31.38 (26.81-36.98)

29.51(25.63-32.86)

25.16 (20.78-28.68)

32.47 (27.86-36.90)

3.49 (<1413 t0 20.84)

Caribbean

24.08 (21.98-26.19)

2517 (23.03-27.64)

23.49 (21.41-25.94)

27.82 (25.02-31.70)

15.56 (2.65-33.11)

Central Latin America

43.39 (41.00-45.25)

31.37(28.49-33.82)

27.94 (26.09-29.42)

28.27 (25.55-31.48)

-34.86 (-39.34 to -28.21)

Tropical Latin America

47.33 (42.75-51.36)

31.20 (28.24-33.31)

2917 (26.18-30.75)

29.01(25.90-30.96)

-38.71(-43.28 to -34.54)

North Africa and Middle East

48.38 (31.31-65.03)

36.93 (30.83-44.19)

33.25(27.25-39.51)

35.00 (28.51-42.95)

-27.65 (-49.32t010.35)

South Asia 138.62 (100.32-172.88) 120.30 (101.45-137.18) 106.03(84.23-123.43) 120.81(99.95-148.17)  -12.85 (-34.79 t0 22.99)
East Asia 11413 (78.38-148.38) 49.85 (41.31-66.32) 4510 (36.57-61.55) 48.53 (37.77-68.60) -57.48 (-71.95 to -26.65)
Oceania 141.27 (106.27-186.45) 111.55 (87.60-139.64) 107.25 (83.33-134.84)  109.94 (84.66-141.31)  -22.18 (-43.36 to 7.40)

Southeast Asia

70.08 (54.71-88.61)

4974 (41.39-62.82)

45.75 (37.21-57.04)

48.10 (40.09-61.10)

-31.35(-49.39 to -8.98)

Central Sub-Saharan Africa

90.74 (64.62-124.05)

77.06 (58.09-99.85)

74.20 (55.72-96.38)

71.81(54.84-96.40)

-20.86 (-44.27 t0 14.00)

Eastern Sub-Saharan Africa

32.38(23.82-43.09)

30.33(23.42-39.02)

28.07 (21.07-35.21)

28.05 (21.03-37.45)

-13.39 (-43.16 t0 28.12)

Southern Sub-Saharan Africa

54.52 (43.12-66.69)

49.08 (42.29-60.62)

39.26 (31.58-48.38)

44.88 (38.30-56.36)

-17.69 (-36.90 to 2.14)

Western Sub-Saharan Africa

45.29 (33.58-59.17)

35.77(27.48-45.85)

33.27(25.69-42.91)

33.16 (25.28-45.14)

-26.78 (-51.32t0 5.34)

COPD

Global

52.42 (41.57-60.13)

38.78 (33.61-46.16)

34.92(29.97-42.11)

38.42(33.18-45.77)

-26.71(-40.77 to -1.85)

Central Asia

29.87(27.31-32.81)

32.05 (29.39-34.30)

3017 (27.88-32.12)

26.02 (23.41-29.44)

-12.89 (-23.62 to -0.55)

Central Europe

31.03 (29.31-32.60)

16.36 (15.32-17.45)

15.07 (14.07-15.85)

14.25 (13.20-15.45)

-54.08 (-56.83 to -50.87)

Eastern Europe

27.23 (25.21-29.78)

12.42 (11.562-13.32)

12.21(11.31-13.10)

11.60 (10.45-12.53)

-57.41(-62.10 to -52.50)

Australasia

29.63 (27.72-30.87)

18.81(16.57-20.25)

16.91(14.84-18.24)

17.71(15.566-19.29)

-40.23 (-44.46 to -36.18)

High-income Asia Pacific

14.25 (12.31-15.70)

6.80 (5.80-7.89)

6.21(5.24-7.08)

765 (6.23-9.32)

-46.30 (-53.56 to -33.34)

High-income North America

26.26 (24.30-27.70)

30.82(27.39-33.66)

28.84 (25.68-31.39)

2770 (24.47-30.26)

5.45(-2191013.70)

Southern Latin America

2778 (25.75-29.64)

2275 (20.83-24.57)

1911 (17.48-20.67)

20.85 (18.02-24.49)

-24.93 (-34.23t0 -10.32)

Western Europe

24.34 (22.61-25.60)

18.38 (16.35-19.86)

16.69 (14.90-17.99)

17.25 (15.21-18.98)

-29.12 (-34.00 to -23.04)

Andean Latin America

17.03 (14.38-20.25)

12.72 (10.93-15.17)

10.71(8.97-13.20)

13.57 (11.41-16.85)

-20.33 (-34.76 to -1.05)

Caribbean

17.31(15.70-18.86)

19.85 (18.10-21.57)

18.27 (16.63-20.06)

2213 (19.89-25.18)

27.81(14.24-47.39)

Central Latin America

34.32(32.34-35.76)

26.53 (23.99-28.57)

23.37 (21.66-24.66)

23.38 (21.03-26.03)

-31.87 (-36.52 to -25.17)

Tropical Latin America

42.80 (38.63-46.54)

27.35 (24.60-29.20)

25.30 (22.65-26.66)

25.27 (22.40-26.99)

-40.96 (-45.16 to -36.85)

North Africa and Middle East

33.08 (20.15-45.63)

28.12 (23.74-33.36)

25.34 (20.55-30.08)

26.67 (21.31-32.37)

-19.36 (-45.17 to 30.46)

South Asia 111.38 (77.49-143.62) 98.93 (78.84-116.81) 86.88 (66.23-105.35)  99.97 (81.38-123.57) -10.24 (-33.36 t0 26.77)
East Asia 110.60 (74.61-143.73) 47.43 (39.17-63.38) 4274 (34.63-58.26) 46.24 (35.83-65.87) -58.20 (-72.62 to —26.56)
Oceania 110.94 (75.62-148.51) 89.37 (66.90-113.90) 85.76 (62.70-110.81) 89.07 (62.35-118.12) -19.72 (-41.92 t0 14.30)

Southeast Asia

50.02 (37.70-64.36)

35.40 (29.21-41.98)

32.24 (2510-39.25)

34.29 (27.29-41.94)

-31.46 (-50.49 to -10.26)

Central Sub-Saharan Africa

66.88 (43.19-95.89)

57.31(40.32-76.49)

5512 (38.77-74.31)

53.88 (37.33-76.41)

-19.43 (-45.11t017.21)

Eastern Sub-Saharan Africa

11.38 (4.75-18.99)

11.01(5.00-16.31)

10.05 (5.00-15.35)

10.31(5.04-16.28)

-9.38 (-49.63 to 65.93)

Southern Sub-Saharan Africa

35.62 (26.81-46.07)

32.04 (27.14-38.85)

24.98 (19.86-31.48)

28.77 (23.61-35.87)

-19.23 (-39.71t0 4.79)

Western Sub-Saharan Africa

27.65 (18.74-41.09)

23.65 (16.97-32.23)

21.76 (15.82-29.91)

21.95 (15.19-30.35)

-20.60 (-51.25 to 18.85)
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Table 1(continued) | Global and regional age-standardized mortality rates from chronic respiratory diseases in 1990, 2019,
2020 and 2023, and the percentage change from 1990 to 2023 for both sexes combined

Location 1990 2019 2020 2023 Percentage change
(1990-2023)

Asthma

Global 7.93 (5.07-11.62) 5.20 (3.77-7.55) 475 (3.46-6.90) 4.98 (3.46-7.45) -37.22 (-61.34 to -3.06)

Central Asia

7.41(6.07-9.04)

6.20 (5.35-7.06)

6.32(5.44-7.27)

5.33 (4.50-6.26)

-28.06 (-42.16 t0 -9.77)

Central Europe

4.67 (417-5.15)

0.91(0.78-1.15)

0.91(0.79-110)

0.86 (0.75-1.09)

-81.50 (-84.23 to -77.05)

Eastern Europe

3.83(3.29-4.39)

0.48 (0.43-0.54)

0.47(0.42-0.53)

0.40(0.34-0.47)

-89.49 (-91.32to -87.14)

Australasia

417 (3.89-4.44)

117 (1.04-1.31)

1.08 (0.96-1.20)

1.04 (0.90-1.16)

~75.05 (-78.33 to -72.17)

High-income Asia Pacific

6.20 (4.42-7.66)

0.67(0.45-1.34)

0.60 (0.41-1.21)

0.64 (0.40-1.39)

-89.65 (-94.17 to -72.21)

High-income North America

1.65 (1.48-1.82)

0.84 (0.74-0.94)

0.89 (0.78-1.00)

0.79 (0.70-0.88)

-52.30 (-59.22 to -44.97)

Southern Latin America

2.32(1.95-2.67)

0.94 (0.84-1.05)

0.84(0.74-0.94)

0.83(0.70-0.98)

-64.28 (-70.48 to -56.08)

Western Europe

3.07(2.79-3.38)

0.70 (0.62-0.79)

0.66 (0.57-0.73)

0.65 (0.57-0.73)

-78.76 (-81.30 to -75.87)

Andean Latin America

3.35(2.53-4.45)

0.90 (0.70-1.29)

0.78 (0.59-1.10)

0.92(0.67-1.35)

~72.59 (-82.04 to -55.32)

Caribbean

4.77 (3.86-5.70)

314 (2.56-4.10)

3.08 (2.45-4.01)

3.31(2.70-4.31)

-30.63 (-46.42 to -10.35)

Central Latin America

5.98 (5.52-6.49)

114 (1.01-1.36)

115 (1.02-1.34)

1.09 (0.95-1.32)

-81.81(-84.40 to -78.01)

Tropical Latin America

2.74(2.40-312)

119 (1.08-1.31)

119 (1.07-1.29)

117 (1.07-1.27)

-57.47 (-62.07 to -51.62)

North Africa and Middle East

12.85 (5.94-20.26)

6.29 (4.49-8.60)

5.61(3.85-7.69)

5.77(3.99-813)

-55.09 (-74.56 to -4.65)

South Asia 23.24(10.73-48.05) 16.33 (9.50-28.61) 14.37 (8.72-25.11) 15.40 (8.43-26.91) -33.72 (-66.43 to 31.67)
East Asia 2.61(1.32-4.23) 1.25(0.90-2.04) 119 (0.76-2.02) 114 (0.72-1.94) -56.46 (-78.26 to 14.42)
Oceania 27.66 (15.07-45.30) 19.47 (11.76-31.58) 18.82 (11.43-30.55) 1813 (10.61-32.19) -34.46 (-62.54 to0 5.43)

Southeast Asia

19.10 (11.87-28.60)

1316 (9.32-20.19)

12.36 (8.79-19.48)

12.58 (8.90-19.50)

-34.11(-62.54t0 11.79)

Central Sub-Saharan Africa

21.08 (9.11-36.81)

16.91(8.33-28.31)

16.28 (8.55-27.42)

1515 (7.51-25.58)

-28.14 (-60.38 to 26.34)

Eastern Sub-Saharan Africa

18.29 (9.94-28.86)

16.33(10.21-24.75)

1518 (9.26-22.70)

14.79 (9.18-23.26)

-19.11(-49.97 to 32.19)

Southern Sub-Saharan Africa

15.87 (10.28-22.93)

13.46 (10.98-18.33)

11.25 (8.34-15.36)

12.58 (9.565-16.44)

-20.74 (-48.51to 24.17)

Western Sub-Saharan Africa

14.59 (8.78-21.66)

9.36 (6.10-13.51)

8.86 (5.70-12.64)

8.51(5.56-13.22)

-41.64 (-65.99 to -0.39)

Pneumoconiosis

Global

0.36 (0.27-0.49)

0.22(0.18-0.26)

0.21(0.17-0.25)

0.21(0.16-0.28)

-42.41(-63.88 to -21.13)

Central Asia

0.20(0.12-0.29)

0.20(0.16-0.26)

0.19 (0.15-0.25)

0.14 (0.11-0.18)

-29.13 (-55.74 to 26.46)

Central Europe

0.43(0.37-0.50)

0.09 (0.08-0.10)

0.09 (0.07-0.09)

0.08 (0.07-0.09)

-81.66 (-84.96 to -77.87)

Eastern Europe

0.09 (0.07-0.14)

0.06 (0.05-0.07)

0.05 (0.04-0.07)

0.04 (0.04-0.06)

-53.62 (-70.65 to -26.05)

Australasia

0.20(0.18-0.23)

0.30(0.26-0.34)

0.28 (0.25-0.32)

0.28 (0.24-0.32)

37.34(13.08-63.25)

High-income Asia Pacific

0.56 (0.44-0.68)

0.22(0.18-0.26)

0.21(0.17-0.25)

0.22(0.17-0.28)

-60.40 (-72.04 to -45.54)

High-income North America

0.37(0.32-0.42)

0.11(0.09-0.14)

0.11(0.09-0.13)

0.10 (0.08-0.12)

-73.53(~79.82 to -66.26)

Southern Latin America

0.31(0.24-0.39)

0.15 (0.13-0.17)

0.13 (0.11-0.14)

013 (0.10-0.17)

-60.12 (-72.86 to —42.40)

Western Europe

0.66 (0.58-0.74)

0.7 (0.15-0.19)

0.16 (0.14-0.18)

0.15 (013-0.18)

~77.26 (-80.99 to -72.75)

Andean Latin America

0.22(0.12-0.38)

0.29 (0.22-0.41)

0.24 (018-0.32)

0.30(0.21-0.43)

38.50 (-32.4110148.10)

Caribbean

0.04 (0.03-0.06)

0.03(0.02-0.04)

0.03(0.02-0.04)

0.03(0.02-0.04)

-30.13 (-55.88 t0 2.60)

Central Latin America

0.31(0.25-0.38)

0.09 (0.08-0.10)

0.08 (0.07-0.10)

0.08 (0.06-0.09)

-75.41 (-81.14 to -67.26)

Tropical Latin America

0.16 (0.12-0.20)

0.7 (0.15-0.19)

0.16 (0.14-0.18)

0.15 (013-0.17)

-6.30 (-24.38 t0 16.66)

North Africa and Middle East

0.5 (0.07-0.29)

0.15 (0.10-0.22)

0.13 (0.09-0.21)

0.14 (0.09-0.22)

-9.11(-62.50 t0 127.23)

South Asia 0.10 (0.03-0.26) 0.12(0.05-0.24) 0.10 (0.04-0.21) 0.12(0.05-0.23) 20.40 (-50.80 to 234.14)
East Asia 0.47 (018-1.03) 0.44(0.33-0.56) 0.43 (0.30-0.56) 0.42(0.28-0.58) -10.71(-65.84 t0 150.83)
Oceania 0.01(0.00-0.02) 0.01(0.00-0.03) 0.01(0.00-0.03) 0.01(0.00-0.03) 47.02 (-50.31t0 346.72)

Southeast Asia

0.01(0.01-0.03)

0.01(0.01-0.02)

0.01(0.01-0.02)

0.01(0.01-0.02)

2.67 (-55.87 t0 145.92)

Central Sub-Saharan Africa

0.29(0.09-0.81)

0.28 (0.10-0.56)

0.27(0.10-0.52)

0.26 (0.10-0.54)

-10.96 (-65.68 to 144.95)

Eastern Sub-Saharan Africa

0.26 (0.07-0.63)

0.30 (0.11-0.65)

0.28 (0.10-0.58)

0.28 (0.10-0.60)

6.41(-60.91t0 209.76)

Southern Sub-Saharan Africa

0.39(0.21-0.70)

0.42(0.28-0.62)

0.35(0.22-0.53)

0.40(0.23-0.59)

2.31(-52.6110119.59)

Western Sub-Saharan Africa

0.31(0.08-0.75)

0.27 (0.09-0.55)

0.25 (0.09-0.53)

0.24 (0.08-0.56)

-21.30 (-66.26 t0 131.72)
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Table 1(continued) | Global and regional age-standardized mortality rates from chronic respiratory diseases in 1990, 2019,
2020 and 2023, and the percentage change from 1990 to 2023 for both sexes combined

Location

1990

2019

2020

2023

Percentage change
(1990-2023)

ILD and pulmonary sarcoidosis

Global

1.27 (1.00-2.04)

2.30(1.93-2.80)

2.8 (1.84-2.69)

2.40 (1.98-2.93)

89.16 (25.10-139.76)

Central Asia

116 (0.93-1.40)

1.46 (1.23-1.78)

172 (1.46-2.07)

2.03(1.66-2.44)

74.22 (35.91-120.94)

Central Europe

1.01(0.88-1.16)

1.02 (0.93-1.11)

1.03 (0.93-113)

1.06 (0.96-1.16)

4.66 (-9.45 to 21.56)

Eastern Europe

0.87(0.72-1.04)

0.36 (0.32-0.42)

0.41(0.35-0.48)

0.49 (0.40-0.58)

-43.67 (-56.95 to -27.22)

Australasia

114 (1.03-1.25)

3.34(2.96-3.67)

3.20(2.84-3.50)

3.40 (3.00-3.76)

199.07 (164.24-231.85)

High-income Asia Pacific

273(2.39-3.06)

4.62(3.96-5.22)

4.53(3.89-5.11)

5.48 (4.46-6.53)

100.85 (68.12-144.01)

High-income North America

2.23(2.01-2.40)

4.38 (3.85-4.88)

4.21(372-4.61)

4.25 (3.70-4.75)

90.91(70.09-111.97)

Southern Latin America

2.60(2.18-3.03)

5.09 (4.57-5.60)

4.36 (3.86-4.76)

5.06 (4.29-6.12)

94.80 (61.32-148.63)

Western Europe

1.08 (0.97-118)

2.93(2.59-3.21)

2.76 (2.49-2.99)

2.89(2.56-3.23)

168.56 (137.83-199.13)

Andean Latin America

5.94 (3.97-8.65)

14.58 (10.67-17.35)

12.53 (8.63-15.17)

16.56 (12.29-19.80)

178.80 (80.89-358.17)

Caribbean

0.59 (0.48-0.82)

114 (0.97-1.44)

1.08 (0.89-1.41)

1.31(1.11-1.63)

12314 (69.98-178.92)

Central Latin America

1.38 (1.26-1.53)

2.67 (2.48-2.88)

2.51(2.32-2.68)

2.91(2.62-3.28)

11113 (89.20-138.14)

Tropical Latin America

0.92(0.82-1.03)

1.92 (1.72-2.08)

1.94 (1.75-2.08)

1.85 (1.65-2.00)

100.70 (77.73-130.70)

North Africa and Middle East

1.07 (0.55-2.00)

1.51(1.04-2.25)

1.39 (0.98-2.01)

1.57 (1.09-2.35)

46.89 (-39.34 10 166.77)

South Asia 2.33(0.94-7.44) 3.51(1.96-6.10) 3.35(1.87-5.80) 3.79 (2.08-6.50) 62.44 (-31.81to 236.71)
East Asia 0.19 (0.11-0.32) 0.47 (0.32-0.62) 0.47(0.30-0.63) 0.47 (0.31-0.70) 153.05 (33.02-382.78)
Oceania 1.25 (0.71-2.31) 1.16 (0.65-2.00) 113 (0.64-2.00) 1.18 (0.61-1.98) -5.44 (-53.70 to 47.71)

Southeast Asia

0.19 (0.07-0.42)

0.39(0.16-0.84)

0.38(0.16-0.83)

0.41(0.15-0.91)

111.65 (-14.75 to 319.01)

Central Sub-Saharan Africa

1.28 (0.26-3.56)

1.39 (0.40-3.14)

1.38 (0.38-3.16)

1.37(0.40-2.73)

6.61(-50.75 to 118.56)

Eastern Sub-Saharan Africa

119 (0.20-3.02)

1.45 (0.46-2.98)

1.38 (0.44-2.82)

1.43(0.45-2.77)

19.90 (-44.24 t0 215.81)

Southern Sub-Saharan Africa

1.47 (0.79-2.27)

1.87 (1.33-2.70)

1.50 (1.04-2.17)

1.87 (1.27-2.76)

26.93 (-31.40 to 108.24)

Western Sub-Saharan Africa

1.35(0.32-3.12)

1.32(0.51-2.52)

1.27 (0.48-2.41)

1.28 (0.52-2.35)

-512(-59.72 to 114.51)

Other chronic respiratory disease

Global

0.98(0.71-1.33)

0.74(0.55-1.03)

0.72(0.51-1.02)

0.79 (0.58-1.11)

-19.55 (-44.05 to 14.91)

Central Asia

1.01(0.78-1.31)

0.85(0.70-1.02)

0.87 (0.69-1.03)

0.78 (0.61-0.97)

-2212(-42.33 10 6.35)

Central Europe

0.47 (0.41-0.54)

0.13(0.11-017)

0.12(0.10-0.16)

0.12(0.10-0.16)

~74.08 (-79.39 to -66.82)

Eastern Europe

0.56 (0.42-0.73)

0.12 (0.09-0.14)

0.12 (0.09-0.14)

0.11(0.08-0.14)

-80.98 (-86.23 to -72.65)

Australasia

116 (1.02-1.34)

0.42(0.36-0.48)

0.41(0.35-0.47)

0.42(0.35-0.48)

-63.87 (-70.86 to -55.84)

High-income Asia Pacific

0.34(0.29-0.42)

0.25(0.20-0.31)

0.25 (0.21-0.31)

0.29 (0.23-0.37)

-15.10 (-37.65 10 13.73)

High-income North America

0.36 (0.30-0.44)

0.54(0.44-0.62)

0.54 (0.45-0.64)

0.53(0.44-0.62)

45.71(13.45-88.17)

Southern Latin America

1.28 (111-1.46)

0.58 (0.51-0.67)

0.54 (0.47-0.64)

0.57 (0.45-0.72)

-55.66 (-65.13 to -42.02)

Western Europe

0.94(0.85-1.02)

0.24 (0.21-0.28)

0.24 (0.20-0.27)

0.24 (0.21-0.28)

-73.98 (-77.46 to -69.92)

Andean Latin America

4.83(3.50-6.50)

1.02 (0.75-1.56)

0.89 (0.64-1.36)

112 (0.79-1.72)

-76.77 (-85.92 to -58.42)

Caribbean

1.37(1.02-1.79)

1.01(0.71-1.44)

1.02 (0.71-1.48)

1.04 (0.74-1.46)

-23.51(-48.33t015.49)

Central Latin America

1.41(1.26-1.57)

0.94 (0.84-1.04)

0.84 (0.74-0.93)

0.81(0.72-0.92)

-42.37 (-49.84 to -32.67)

Tropical Latin America

0.71(0.63-0.83)

0.58(0.51-0.64)

0.58 (0.52-0.65)

0.58 (0.52-0.65)

-18.66 (-30.51to -5.20)

North Africa and Middle East

1.23 (0.74-1.87)

0.85 (0.56-1.21)

0.78 (0.52-1.08)

0.85 (0.54-1.18)

-30.77 (-62.77 to 38.38)

South Asia 1.58 (0.83-3.18) 1.41(0.87-2.42) 1.33(0.77-2.31) 1.563(0.94-2.55) -2.98 (-47.94 10 70.26)
East Asia 0.25(0.15-0.42) 0.27(0.21-0.37) 0.26 (0.19-0.36) 0.26 (0.20-0.39) 3.33(-42.55 10 103.65)
Oceania 1.42(0.72-2.64) 1.53(0.76-2.71) 1.563(0.75-2.65) 1.56 (0.78-2.83) 10.25 (-45.15 to 141.79)

Southeast Asia

0.75 (0.47-1.19)

0.77 (0.44-118)

0.76 (0.44-1.15)

0.81(0.46-1.27)

8.35(-42.81t0 82.39)

Central Sub-Saharan Africa

1.21(0.58-2.26)

117 (0.57-2.31)

115 (0.54-2.28)

115 (0.56-2.17)

-419 (-48.04 to 82.59)

Eastern Sub-Saharan Africa

1.26 (0.41-2.81)

1.23 (0.47-2.93)

119 (0.42-2.84)

1.23 (0.44-2.76)

-2.20 (-53.66 to 84.03)

Southern Sub-Saharan Africa

117 (0.76-1.75)

1.29 (0.89-1.79)

118 (0.79-1.64)

1.26 (0.85-1.76)

7.87 (-32.63 10 90.48)

Western Sub-Saharan Africa

1.40 (0.70-2.33)

118 (0.63-1.87)

114 (0.62-1.84)

117 (0.63-1.92)

-16.02 (-53.74 to 50.64)

Values in parentheses represent 95% uncertainty intervals.
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Fig. 3| Global age-sex-specific COPD, asthma, pneumoconiosis, ILD and

pulmonary sarcoidosis death rates, 1990-2023. a-d, The 1990-2023 global
age- and sex-specific death rate trends for COPD (a), asthma (b), pneumoconiosis
(c) and ILD and pulmonary sarcoidosis (d). Blue indicates males, and pink

indicates females. The bold line represents the mean death rate (derived from
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the GBD 2023), and the lighter shading denotes the 95% UI. For age groups whose

trends are not clearly visible due to y-axis scaling, inset figures are provided.
These data are population-level estimates (no separate biological or technical
replicates), and the unit of study is the entire population in each region-year. No
control group was used, as this is an observational, population-based analysis.
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Fig. 4| AAPC of age-standardized incidence and death rates for COPD, asthma,
pneumoconiosis, ILD and pulmonary sarcoidosis by GBD region during the
pre-COVID-19 (2010-2019) and pandemic period (2020-2023). AAPCin age-
standardized incidence and death rates for COPD, asthma, pneumoconiosis, ILD
and pulmonary sarcoidosis, divided into the pre-COVID-19 period (2010-2019)

[ During COVID-19

and the pandemic period (2020-2023). The x-axis represents the AAPC, and the
y-axisindicates the GBD regions. The purple bars correspond to the AAPC during
the pre-COVID-19 period (2010-2019), and the green bars correspond to the
AAPC during the pandemic period (2020-2023). GBD, Global Burden of Disease,
Injuries, and Risk Factors Study.
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the pandemic might have contributed to better detection of previously
undiagnosed cases.

Although age-standardized incidence rates for chronicrespiratory
diseases remained stable, age-standardized death rates, which had
been declining steadily in the pre-pandemic period, began torise. This
reversal pattern of mortality rates could suggest that pandemic-related
factors, such as exacerbations triggered by respiratory infections,
offset some of the progress made in reducing chronic respiratory
disease-related deaths. Thisis particularly evident for COPD, where the
pandemic may haveincreased the frequency of exacerbations while still
reducing mortality overall due to heightened healthcare focus®***.In
contrast, for ILD and pulmonary sarcoidosis, which had exhibited rising
mortality trends before the pandemic, the observed deceleration in
mortality increases may reflect changes in environmental exposures
(for example, reduced occupational and outdoor pollutants) linked to
pandemic-related behavioral shifts suchasincreased mask usage and
reduced industrial activity***.

Overall, the impact of the COVID-19 pandemic on chronic
respiratory diseases is less pronounced than in tuberculosis and
non-COVID-19 lower respiratory infections”®. Unlike these acute
conditions, the nature of chronic diseases may have made them less
immediately affected by the pandemic. In addition, the interactions
between COVID-19 and chronic respiratory diseases are complex and
bidirectional. Individuals with a history of COVID-19 are more likely
to develop a range of pulmonary sequelae’®”, whereas those with
pre-existing chronic respiratory diseases are more susceptible to
severe COVID-19 outcomes as a result of infection?*%. These factors
may lead to an underestimation of the true extent of excess mortality
related to chronic respiratory diseases, as some of these cases may
be recorded as COVID-19-related fatalities®®. Therefore, further stud-
ies are needed to better understand the full impact of the COVID-19
pandemic on chronicrespiratory diseases and clarify the factors con-
tributing to variations in disease outcomes across different chronic
respiratory diseases.

Although the burden of chronicrespiratory disease remains large,
they have received less attention compared to other major NCDs,
such as cancer and cardiovascular diseases, in research®. Decreasing
respiratory function is a natural part of the aging process; however, it
canbedelayed by dietary, behavioral and environmental approaches,
which prevent additional exposure to risk factors®. Furthermore, as
most chronic respiratory diseases are not fully curable, itisimportant
to focus on prevention to mitigate the burden. This study provides
estimates of modifiable risk factors contributing to chronic respira-
tory diseases globally and by SDI levels, which highlight the potential
impact of health interventions in reducing disease burden and pro-
vide a strategic roadmap for targeting the most notable risk factors
byregion.

For instance, we noted that household air pollution from solid
fuels, rather than smoking, was estimated to be the primary contribu-
tor to the COPD burden among femalesin low SDIregions. Therefore,
using cleaner fuels or technology for domestic work is required to
reduce solid fuel exposure in these countries®, which aligns with the
Clean CookingAlliance, aleading globalinitiative to make clean cook-
ingmoreaccessible**. Enhancing access to modern energy for cooking
is crucial to meet the United Nations’ Sustainable Development Goal
(SDG) by 2030, and this shift can reduce the disease burden, contrib-
ute to climate change mitigation, and protect terrestrial ecosystems.
High DALY rates for asthma, COPD, and pneumoconiosis in low-SDI
regions, despite lower prevalence, suggest that poor healthcare access,
suboptimal treatment, and unhealthy environments amplify the bur-
den®. Therefore, prevention, diagnostic, and therapeutic approaches
for chronic respiratory diseases in limited-source settings should be
addressed ataglobal level.

This study has several limitations, primarily due to the limited
availability of data and high variability in input data across regions.

First, despite the use of international vital registration and insur-
ance claims data to construct the GBD model, numerous locations
and several of the time periods examined lack primary data, par-
ticularly in low- and middle-income countries (LMICs). This led to
lower certainty and generalizability of our findings, highlighting the
importance of improving data collection in LMICs to ensure that the
estimates from the modeling process are grounded in more primary
data. Second, although evidence suggests an association between
air pollution and ILD and occupational risk and pneumoconiosis,
the GBD currently links occupational risk factors only to specific
subtypes—namely asbestosis, silicosis and pneumoconiosis due to
particulates—whereas other potential environmental and occupa-
tional risk-outcome pairs remain unincorporated?®. This gap limits
our understanding of how broader environmental factors contribute
to these diseases”. Meanwhile, this lag in risk factor integration may
reflect the rigorous selection criteria of the GBD framework®, which
requires sufficient evidence of causation for each risk-outcome pair,
asdetermined by the Bradford Hill criteria. These criteriaalso mandate
the availability of risk exposure data and ensure the relevance of the
risk for modification and policy implementation®. As such, emerging
exposures, such as vaping and cannabis use, remain excluded due
to the lack of standardized global data or insufficient evidence to
satisfy these criteria*’. Expanding the list of established risk factorsis
a strong motivation for the GBD, and more risk factors are expected
to be included in future GBD iterations’®. Third, the criteria used to
diagnose chronic respiratory diseases and the methods by which
spirometry results are interpreted varied across data sources and
regions, whichmay affect the accuracy of our estimates. Although the
GBD 2023 frameworkimplemented adjustments for datasets that did
not adhere to the reference definition, residual bias may still persist
due to the underutilization of spirometry in specific settings, as well
as evolving diagnostic practices and coding systems (for example,
transitioning from ICD-9 to ICD-10). Additionally, the broader avail-
ability of advanced imaging in regions such as North America may
lead to earlier or more frequent detection of chronic respiratory dis-
eases (for example, ILD), affecting the comparability of estimates
across different settings. Fourth, despite the association between
some chronic respiratory diseases and pulmonary hypertension,
we excluded pulmonary hypertension from the chronic respiratory
disease category. Pulmonary hypertension is primarily classified asa
cardiovascular disease, especially in the context of heart failure, and
was categorized in the GBD framework.

Finally, our findings regarding the impact of the COVID-19 pan-
demicon chronicrespiratory disease should be interpreted with cau-
tion for several reasons. The complex relationship between COVID-19
and chronic respiratory disease, such as COVID-19 may be associated
with long-term respiratory complications and increases the risk of
severeinfectioninindividuals with preexisting respiratory conditions,
may complicate interpretation. Additionally, deaths from chronic
respiratory diseases may be underreported, as individuals with these
conditions who were infected with SARS-CoV-2—particularly older
adults—might have been classified as COVID-19-related fatalities.
These limitations highlight theimportance of cautious interpretation
of post-pandemic trends rather than suggesting changes to the
GBD modeling framework.

In conclusion, although the overall burden of chronic respira-
tory diseases has decreased over time, the number of people affected
by chronic respiratory diseases still remains substantial, with vari-
ations depending on subcategories and regions. Despite the lower
prevalence in limited-resource settings, the DALY was relatively high
in these regions, suggesting that lower socioeconomic status influ-
ences disease prevention and management. During the COVID-19
pandemic, age-standardized incidence rates for chronic respiratory
disease have remained relatively stable, whereas age-standardized
death rates, which had been declining steadily in the pre-pandemic
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period, showed a reversal and began to rise. The disease burden esti-
mates across pre-COVID-19 and pandemic periods provided by this
study may help guide healthcare policymaking and prioritization
to reduce premature mortality from NCDs through prevention and
treatment, in line with the United Nations’SDG 3.4.
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Methods

Overview

The GBD 2023 provides an updated assessment of the burden of 375
diseases andinjuries and 88 risk factorsin204 countries and territories
between1990 and 2023". As part of the GBD Collaborative Network, this
study evaluates the chronic respiratory disease estimates of GBD 2023
by age, sex, location, year, and SDI and presents the potential policy
impact of the estimates. This study followed the guidelines for accu-
rate and transparent health estimate reporting (GATHER) statements
(Supplementary Table 2). Detailed descriptions of the methodology
and statistical codes for the GBD estimation can be found elsewhere***.
Below, we provide acomprehensive summary of the relevant methods,
whicharebased onthe standardized framework outlined in the official
publication of GBD 2023.

Case definition and input data

For chronicrespiratory diseases, GBD 2023 produced estimates for four
categories: COPD, asthma, pneumoconiosis, and ILD and pulmonary
sarcoidosis*’. COPD is defined in accordance with the Global Initia-
tive for Chronic Obstructive Lung Disease (GOLD) criteria**. Asthma
is a chronic respiratory condition induced by allergic reactions or
hypersensitivity that results in bronchial spasms and breathing dif-
ficulties. Pneumoconiosis is a chronic lung disease that results from
lung scarring and interstitial damage caused by prolonged exposure
todustandother contaminants; GBD 2023 estimated pneumoconiosis
by incorporating diagnoses of specific conditions such as silicosis,
asbestosis, silicosis, coal workers’ pneumoconiosis, and other related
diseases. ILD and pulmonary sarcoidosis encompass various chronic
respiratory conditions that affect lung function and oxygen absorption
owingtoscarringand/or inflammation. The definition provided by the
American Thoracic Society for ILD is the gold standard. In addition
to the chronic respiratory disease discussed earlier, there are other
chronicrespiratory diseases and their associated complications.

For data processing and quality control, outlier criteria were
applied to ensure reliability across data sources. Data points were
excludedifthey (1) were implausibly high or low, (2) clearly conflicted
with established age or temporal patterns, or (3) substantially con-
flicted with other data sources from the same or similar locations, as
determined by the SDI. Further details, including International Classi-
fication of Diseases (ICD) codes for each disease, are provided in the
Supplementary Table 3 *.

Classification of geographic locations

GBD produced estimates for territories of 204 countries, grouped into
21regions and 7 super regions. The seven super-regions are Central
Europe, Eastern Europe, and Central Asia; high-income; Latin Amer-
ica and the Caribbean; North Africa and the Middle East; South Asia;
Southeast Asia, East Asia, and Oceania; and Sub-Saharan Africa. The
twenty-one GBD regions include East Asia, Oceania, Southeast Asia,
Central Asia, Central Europe, Eastern Europe, Australasia, High-income
Asia Pacific, High-income North America, Southern Latin America,
Western Europe, Andean Latin America, Caribbean, Central Latin
America, Tropical Latin America, North Africa and the Middle East,
South Asia, Central sub-Saharan Africa, Eastern sub-Saharan Africa,
Southernsub-Saharan Africa, and Western sub-Saharan Africa. Coun-
tries corresponding to each GBD super region and region are shown
inthe Supplementary Table 4.

Non-fatal estimates

GBD 2023 used population-representative surveys, small-scale preva-
lence studies identified through systematic literature reviews, and
hospital-based datasources to derive the non-fatal estimates of chronic
respiratory diseases®. Tointegrate these diverse data sources and gen-
erate consistent estimates across sex, location, year, and age groups,
DisMod-MR 2.1 was employed. This Bayesian meta-regression tool

integrates epidemiological information from various sources using a
differential equation framework, ensuring internal consistency among
key metrics suchas prevalence, incidence, remission, and mortality®.

The modeling process for GBD 2023 incorporated adjustments
for disability weights and the complications of sequelae, enabling
more refined and comprehensive estimates for chronic respiratory
diseases™. Specifically, non-fatal estimates for COPD were determined
by integrating spirometry-based studies and data reflecting severity
distributions and applying correction factors for case definitions
based onbronchodilator use, as well as incorporating prior estimates
of excess mortality informed by healthcare access and quality indices
through MR-BRT models. Asthma estimates were refined by incorpo-
rating additional data from 81 new geographies, thereby enhancing
bias adjustment for heterogeneous case definitions. Additionally,
pneumoconiosis estimates were improved by including occupational
exposure covariates, and ILD and pulmonary sarcoidosis estimates
were enhanced through the application of MEPS-derived severity distri-
butions and differentiation between narrow and broad case definitions
based onICD coding*. Moreover, DisMod-MR 2.1 generated estimates
across five levels of the GBD geographic hierarchy and produces esti-
mates for locations lacking raw epidemiological data®. In GBD 2023,
model inputs were further refined by replacing internal correction
factors with externally applied adjustments through MR-BRT, and by
increasing the minimum prior uncertainty (coefficient of variation
raised from 0.4 to 0.8) to better capture true variance across hetero-
geneous data sources.

Mortality estimates

The modeling framework for mortality estimationis described briefly
below with further detail provided in the summary cause of death pub-
lication for GBD 2023, The cause-of-death ensemble model (CODEm)
was used to simulate the majority of cause-of-death estimates for
illnesses and injuries. CODEm tests covariate combinations based
on out-of-sample performance metrics and integrates them into an
ensemble to estimate mortality by cause, location, age, sex, and year*.
To address heterogeneity in data availability and quality, CODEm was
runseparately for each sex, incorporating covariatesrelated to health
system performance, datacompleteness, and socioeconomic develop-
menttoaccount for differences across locations, thereby reducing the
propagation of uncertainty”. This methodology adheres to ICD-9 and
10, attributing each mortality to the underlying cause and initiating
the chain of events leading to mortality>*. Chronic respiratory disease
mortality estimates are post-processed through the CoDCorrect algo-
rithm, which scales these estimates to align with the all-cause mortal-
ity envelope to ensure internal consistency. In GBD 2023, improved
noise-reduction algorithms and expanded outlier-detection proce-
dures were applied to enhance data quality, including more rigorous
filtering based onimplausible age patterns, abrupt year-on-year fluc-
tuations, and inter-source inconsistencies’.

The mortality estimates are derived primarily from vital registra-
tion and surveillance data, with verbal autopsy information being
integrated into the overall disease model. Covariate inclusion was
optimized based on the predictive validity of each model, and the level
and expected direction of effect for each covariate were assessed sys-
tematically across causes and age-sex groups™. Specific considerations
foreachdisease are as follows: for COPD, covariates such as cumulative
smoking, indoor and outdoor air pollution, and altitude are incorpo-
rated, and verbal autopsy were refined using updated redistribution
algorithms before integration, and high-resolution exposure maps
were applied to enhance spatial granularity; for asthma, sex-specific
models account for bias adjustments related to case definitions and
include relevant covariates such as cumulative smoking and healthcare
access and quality index, which were updated using new MR-BRT-based
exposure transformations; for pneumoconiosis, separate models
are developed for the overall condition and for individual subtypes

Nature Medicine


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-025-04077-9

(for example, silicosis, asbestosis, and coal worker’s pneumoconio-
sis), incorporating additional covariates that reflect occupational
exposure, including per capita asbestos consumption and coal pro-
duction, were incorporated at higher resolution; and for ILD and
pulmonary sarcoidosis, sex-specific modelsintegrate relevant covari-
ates—including smoking prevalence, cumulative smoking, indoor and
outdoor air pollution, and altitude—while incorporating MR-BRT-based
crosswalk adjustments to harmonize narrow and broad case definitions
derived from ICD coding, with final estimates aligned to the all-cause
mortality envelope using CoDCorrect and refined through enhanced
noise filtering and verbal autopsy redistribution procedures™.

DALY estimates

DALYs are the primary measures of total health loss due to fatal and
non-fatal disease burdens, allowing comparisons across diseases and
injuries®. To estimate DALYs for GBD 2023, years of life lost (YLLs) were
combined withyears lived with disability (YLDs) across age-sex-location
groups for eachyear considered*. YLLs were calculated by multiplying
the global standard life expectancy at the time of death by the number
of deaths per 100,000 population. To estimate YLDs, the combined
frequency and duration of an illness or injury are weighted by a dis-
ability weight, a measure of disease severity that ranges from O (full
health) to1(fatal severity). Consequently, DALYs, calculated as the total
of YLLs and YLDs, quantify the equivalent of one lost year of healthy
life per DALY for a population. To account for uncertainty, 250 draws
were generated by summing the matched draws of YLLs and YLDs (for
example, thefirst draw of each, the second draw of each, and soon), and
95% Uls were defined as the 2.5th and 97.5th values from the ordered
distribution of these draws™*.

Risk factor analysis

The GBD 2023 Comparative Risk Assessment framework was used to
quantify the attributable burden of chronic respiratory diseases®***%,
GBDrrisk factors are categorized into a four-level hierarchy, from broad
categories (behavioral, environmental/occupational, and metabolic)
at level 1to specific categories (for example, PM, ; pollution) at level
4 (refs.4,38).

Theoretical minimum risk exposure level (TMREL) is defined in
the GBD study as the ideal population exposure level with the lowest
risk and served as the benchmark for calculating attributable bur-
den. In GBD 2023, TMRELSs were specified as uniform distributions
to account for scientific uncertainty, and mediation analyses were
more extensively integrated toimprove the estimation of overlapping
risk pathways. The modeling process included the following steps:
(1) estimating the relative risk (RR) for potential risk-outcome pairs
through a comprehensive analysis of previously published studies,
(2) estimating exposure levels using population-based datasets and
modeled estimates for missing data, (3) defining TMREL based on
epidemiological evidence, (4) calculating the population attributable
fraction (PAF) using exposure dataand RR, considering latency periods
forrisk factors with delayed effects on health outcomes, (5) adjusting
disease prevalence or mortality databy incorporating RR, and applying
the PAF to estimate the attributableburden, and (6) combining multiple
risk factors using a multiplicative PAF approach while incorporating
mediation analysis to account for overlapping pathways and interac-
tions. To address data heterogeneity and uncertainty, the MR-BRT
modelwas applied, providing refined estimates for risk-outcome rela-
tionships®®. The selection of risk-outcome pairs was established based
onthe presence of strong or probable evidence, evaluated according
to the methods and criteria set by the World Cancer Research Fund®,
availability of exposure data, feasibility of behavioral changes, and
public healthrelevance.

For eachdisease, risk factors for chronicrespiratory diseases were
estimated differently. For COPD, eight factors were identified: ambient
ozone pollution; PM, pollution; smoking; secondhand smoke;

occupational exposure to particulate matter, gases, fumes; house-
hold air pollution from solid fuels; and high and low temperatures. Six
factors were identified for asthma: high BMI, smoking, occupational
asthma, secondhand smoke, childhood sexual abuse and nitrogen
dioxide (NO,) pollution. Pneumoconiosisis associated with three fac-
tors: occupational exposure to asbestos, silica, and particulate matter,
gases, and fumes. No risk factors for ILD or pulmonary sarcoidosis
were identified*?®,

For COPD, ambient ozone pollution was quantified using sat-
ellite remote sensing data (for example, from European Centre for
Medium-Range Weather Forecasts Reanalysis version 5 (ERAS)) com-
bined with ground-based measurements, whereas PM, 5 pollution
estimates were derived from a fusion of ground monitor observa-
tions, reanalysis products and chemical transport model simulations,
with updated inputs from satellite-based land-use regression models
and enhanced resolution rasters. Smoking and secondhand smoke
exposures were assessed through nationally representative surveys
and vital registration data, with adjustments for self-report bias and
temporal trendsimplemented using MR-BRT methods. Occupational
exposuresto particulate matter, gases, and fumes were characterized
using International Labour Organization data and industry-specific
exposure assessments, and household air pollution from solid fuels
was estimated based on data from sources like the WHO Household
Energy Database, Demographic and Health Surveys, and Living
Standards Measurement Surveys. Exposure to high and low ambient
temperatures was determined using ERAS reanalysis datain combina-
tion with high-resolution population data from WorldPop to capture
deviations from the TMREL, with additional uncertainty modeling
applied to temperature-attributable burden estimation. For asthma,
BMI was estimated using a global survey series and systematic lite-
rature reviews, whereas NO, pollution exposure was generated by
integrating satellite-based measurements with ground monitoring
data and chemical transport model outputs; GBD 2023 incorporated
updated global NO, exposure rasters based on land-use regression
and chemical transport models. Secondhand smoke and childhood
sexual abuse were newly classified as risk factors for asthma in the
GBD 2023 iteration, reflecting the expanding epidemiological evidence
on psychosocial and environmental determinants of disease burden.
For pneumoconiosis, the risk was primarily attributed to occupational
exposures to asbestos, silica, and other particulate matter, gases,
and fumes—derived from mesothelioma mortality data, CARcinogen
EXposure databases, and International Labour Organization occupa-
tional exposure information®,

Disease burdenin pre-COVID-19 and pandemic periods
Toinvestigate temporal trends before (2010-2019) and during (2020-
2023) the pandemic, we calculated the AAPC for each disease****.
AAPCisasummary measure derived from the APC, whichreflects the
year-over-year rate of change inincidence or mortality, averaged over a
specified time****. The APC was estimated using alog-linear regression
model, and AAPC was calculated as the weighted average of APCs over
the specified timeintervals, with weights proportional to the number
ofyearsineachinterval:

AAPC = 2 (w; X APC;)

Wi
where AAPC;isthe APCforeachintervali,and w,;represents the number
ofyearsinthatinterval. Thisapproachensures amore stable estimate
of temporal trends over multiple time periods.

SDI

The SDlis acomposite measure of the social and economic factors that
influence health outcomesineachregion®.Inessence, the SDI is calcu-
lated asthe geometric mean of three indices: TFU25 (total fertility rate
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under age 25), EDU15+ (average educational attainment of individuals
aged 15 and older) and LDI (delayed distributive income per capita).
Each of these indices has a range of O to 1. Based on its value, the SDI
is divided into five categories: high SDI, high-middle SDI, middle SDI,
low-middle SDIand low SDI*,

Data presentation

The GBD world population age standard was applied to calculate
age-standardized rates for prevalence, death and DALY of chronic
respiratory diseases. To assess changes over time, we calculated
the percentage change in the rates between the start and end of the
time period, with the change expressed as the difference between
the new and old rates divided by the old rate. All rates presented are
age-standardized unless specifically indicated as age-specificrates. All
modeling was conducted for 500 draws**¢, and the Ul was calculated
using the 2.5thand 97.5th percentiles of the draws. Analyses were per-
formed using Python (version 3.10.4; Python Software Foundation)
andR (version 4.2.1; R Foundation).

Ethics and inclusion statement

The GBD framework ensures that estimates are derived from diverse
datasources, including population-based registries and national health
surveys, covering 204 countries and territories. The research team
included collaborators from various regions who contributed exper-
tise in epidemiology, disease modeling and health policy. All authors
agreed uponroles and responsibilities at the outset of the study.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

The findings from this study were produced using data available in
public online repositories or in the published literature, as well as
data that are publicly available from the data provider under certain
conditions. Details on datasources can be found on the GHDx website,
including information about the data provider and links to where the
data can be accessed (where available). Citations and metadata for
all input sources used in this analysis are available for download at
https://ghdx.healthdata.org/gbd-2023/sources. Most GBD data canbe
accessed directly upon visiting the GHDx website, and some datasets
may require agreement to adata use policy before download. Accessis
typically granted immediately upon completion of these steps.

Code availability

Our study follows the Guidelines for Accurate and Transparent Health
Estimates Reporting (GATHER; Supplementary Table 4). All code used
for this analysis is publicly available online at https://github.com/
CenterForDH/Chronic-respiratory-diseases.git.
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Extended Data Fig. 6 | Global age-sex-specific COPD (A), asthma (B),
pneumoconiosis (C), ILD and pulmonary sarcoidosis (D) prevalence rates,
1990-2023. Abbreviation: COPD, chronic obstructive pulmonary disease; ILD,
interstitial lung disease. The figure presents the 1990-2023 global age- and sex-
specific prevalence rate trends for COPD (A), asthma (B), pneumoconiosis (C),
and ILD and pulmonary sarcoidosis (D). Blue indicates male, and pink indicates
female. The bold line represents the mean prevalence rate (derived from the GBD

2023 draws), and the lighter shading denotes the 95% uncertainty interval (UI).
For age groups whose trends are not clearly visible due to y-axis scaling, inset
figures are provided. These data are population-level estimates (no separate
biological or technical replicates), and the unit of study is the entire population
ineachregion-year. No control group was used, as this is an observational,
population-based analysis.
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Extended DataFig. 7| Global age-sex distribution of COPD (A), asthma (B),
pneumoconiosis (C), and interstitial lung diseases (ILD) and pulmonary
sarcoidosis (D) prevalence rates in2023. Abbreviation: COPD, chronic
obstructive pulmonary disease; ILD, interstitial lung disease. The figure presents
the 2023 global age- and sex-specific prevalence rates (per 100,000 population)
of COPD (A), asthma (B), pneumoconiosis (C), and interstitial lung diseases and
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pulmonary sarcoidosis (D). Each bar represents the mean prevalence rate derived
from the GBD 2023 draws for each region, with the thin black lines indicating the
95% uncertainty intervals (UI). Blue bars represent males, pink bars represent
females. These estimates are population-level data (no separate biological or
technical replicates), and the unit of study is the entire population in each region.
No control group was used, as this is an observational, population-based analysis.
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Extended DataFig. 8 | Global age-sex distribution of COPD (A), asthma (B), sarcoidosis (D). Each bar represents the mean death rate derived from the
pneumoconiosis (C), and interstitial lung diseases (ILD) and pulmonary GBD 2023 draws for each region, with the thin black lines indicating the 95%
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asthma (B), pneumoconiosis (C), and interstitial lung diseases and pulmonary No control group was used, as this is an observational, population-based analysis.
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