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Global disease burden of interstitial lung disease and 
pulmonary sarcoidosis, 1990-2021, and forecast analysis over  
the next decade
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Abstract. Background and aim: Interstitial lung disease is a major class of disease that affect lung health, 
however, there is a lack of epidemiological studies related to the global burden of this disease. Data from the 
Global Burden of Disease Study 2021 (GBD 2021) were utilized to evaluate the global burden of interstitial 
lung disease and pulmonary sarcoidosis comprehensively in 21 global regions, 204 countries and territories from 
1990 to 2021, examining their association with the sociodemographic index, and forecasting trends for the 
forthcoming decade. Methods: Using GBD 2021 data, we analyzed interstitial lung disease and pulmonary sar-
coidosis prevalence, incidence, mortality, and disability-adjusted life years. We calculated age-standardized rate 
trends (1990–2021) through generalized linear models and assessed disease burden inequalities using the soci-
odemographic index, slope index, and concentration index. Global maps and regional comparisons visualized 
burden distribution. Decomposition analysis quantified impacts of population growth, aging, and epidemiologi-
cal changes. Future burden trends (next decade) were projected using Bayesian Age-Period-Cohort modeling. 
Results: From 1990 to 2021, the global burden of interstitial lung disease and pulmonary sarcoidosis has been 
on the rise. Generally, Higher age-standardized rates of interstitial lung disease and pulmonary sarcoidosis were 
observed in higher age groups and areas with a high socio-demographic index. Moreover, population growth and 
ageing are the main causes of the increased burden of disease. Projections indicate that by 2034, the number of 
cases, illnesses, deaths, and disability-adjusted life years associated with interstitial lung disease and pulmonary 
sarcoidosis will continue to rise, while age-standardized rates are expected to plateau. Conclusions: The global 
disease burden of interstitial lung disease and pulmonary sarcoidosis remains significant and deserves our atten-
tion. People aged 70-84 and high sociodemographic index group should be the focus of attention.
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Introduction

Interstitial lung diseases (ILD)s are character-
ized by various degrees of inflammation, injury, and 
fibrosis of the lung parenchyma, and encompasses 

over 200 heterogeneous pulmonary diseases. The 
most common form of ILD is idiopathic pulmo-
nary fibrosis (1), which can lead to respiratory 
failure and significantly impair the quality life of 
ILD patients (2). In recent years, there has been an 
increasing number of studies related to ILDs. The 
pathogenesis, diagnosis, and treatment progress of 
idiopathic pulmonary fibrosis, connective tissue 
disease-associated interstitial lung disease, pulmo-
nary sarcoidosis, and progressive pulmonary fibro-
sis are still the focus topics of ILDs for experts at 
home and abroad in 2023 (3). The international 
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guidelines divide ILDs into four groups: 1) ILD of 
known causes; 2) idiopathic interstitial pneumo-
nias; 3) sarcoidosis and granulomatous diseases; 4) 
miscellaneous. Pulmonary sarcoidosis (PS) is clas-
sified within the ILD category of granulomatous 
lung diseases (4). Although PS is categorized as 
an ILD, the Global Burden of Disease (GBD) da-
tabase ranks PS alongside ILD, while pneumoco-
niosis, also an interstitial lung disease, is classified 
separately and is not included within the scope of 
this study. Numerous medical studies have indi-
cated that the pathogenesis of ILD may be asso-
ciated with genetic factors (5, 6), environmental 
factors (7, 8), and immune factors (9, 10) and so on. 
Genetic and geographic influence on phenotypic 
variation in European sarcoidosis patients (11).  
The different classifications of ILD are essential 
to provide treatment decisions. Till now, immuno-
suppression is still the primary treatment for ILD, 
except for idiopathic pulmonary fibrosis, includ-
ing corticosteroids (12), mycophenolate (13, 14), 
azathioprine (15), methotrexate (15), cyclophos-
phamide (14, 16), and rituximab (17, 18). The lim-
ited treatment options, adverse drug-related side 
effects, and inadequate diagnosis and prognosis 
have resulted in a significant disease burden for 
both patients and society (1, 19). Between 1990 
and 2019, the Age-standardized incidence rate 
(ASIR) and the age-standardized prevalence rate 
(ASPR) of interstitial lung disease and pulmonary 
sarcoidosis (ILD&PS) increased worldwide (20). 
Given its substantial population base, the disease 
burden of ILD&PS in Asia warrants significant 
attention. Nevertheless, systematic investigations 
into the disease burden of ILD&PS remain rela-
tively scarce at this time. This article presents a 
systematic and comprehensive updated analysis 
of the disease burden associated with ILD&PS, 
utilizing the recently released GBD 2021 dataset. 
The objective of this study is to examine the preva-
lence, incidence, mortality, and disability-adjusted 
life years (DALY) of ILD&PS on a global scale, 
as well as across various countries, regions, age 
groups, and genders. The insights derived from 
our findings may assist national health authorities 
in gaining a comprehensive understanding of the 
global burden of ILD&PS, formulating reasonable 
prevention and control policies, allocating health 
resources, and the enhancement of prognostic out-
comes for patients with ILD&PS.

Study Design and Methods

Data acquisition and sources

The data for this study were obtained from the 
GBD 2021 dataset, which provides comprehen-
sive information on the global and regional burden 
of 369 diseases, injuries, and 88 risk factors across 
204 countries and territories from 1990 to 2021  
(21, 22). Specifically, data on ILD&PS were extracted, 
including prevalence, incidence, mortality, DALY, 
and their corresponding age-standardized rates 
(ASRs). The data were accessed and downloaded via 
the Global Health Data Exchange platform (http://
ghdx.healthdata.org/gbd-results-tool). Sociodemo-
graphic Index data were also obtained to assess the 
impact of socioeconomic factors on disease burden.

Global and regional burden analysis

To analyze the global distribution and regional 
differences in the burden of ILD&PS disease, we gen-
erated global maps and regional comparative analyses. 
The data were aggregated by geographical regions as 
defined by the GBD study, and maps were created us-
ing R (version 4.3.3) (https://www.r-project.org/) with 
the ‘ggplot2’ and ‘sf ’ packages (https://cran.r-project.
org/) to visualize the distribution of disease burden.

Population analysis

Population-level analyses were conducted to ex-
plore the distribution of ILD&PS disease across dif-
ferent demographic groups, including age, sex, and 
specific subpopulations. The data were stratified by 
twenty age groups (e.g., 65-69 years, 70-74 years.). 
Statistical analyses were performed using R, and re-
sults were visualized using the ‘ggplot2’ package.

Sociodemographic index analysis

The relationship between sociodemographic in-
dex (SDI) and the burden of ILD&PS disease was 
examined by calculating SDI-specific disease rates. 
SDI types (low, low-middle, middle, high-middle, 
and high) were used to compare the disease bur-
den across different levels of socioeconomic devel-
opment. The ‘dplyr’ and ‘ggplot2’ packages (https://
cran.r-project.org/) in R were employed for data ma-
nipulation and visualization.
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The estimated annual percentage change

To further quantify trends in the burden of 
ILD&PS for global and subgroups over the period 
1990-2021, the estimated annual percentage change 
(EAPC) was calculated, reflecting the annual change 
over a specific time period. The age normalization 
rate (ASR) exhibits an upward trend when both the 
EAPC value and the lower bound of the 95% con-
fidence interval (CI) are larger than 0. On the other 
hand, a declining trend is indicated when the EAPC 
value and the 95% CI’s lower bound are both less 
than zero. If not, ASR is regarded as steady.

Bayesian age-period-cohort model for forecasting

To predict the future burden of ILD&PS, we 
applied a Bayesian Age-Period-Cohort (BAPC) 
model. The BAPC model, implemented using the 
‘INLA’ and ‘BAPC’ packages (https://cran.r-project 
.org/) in R, allowed us to forecast the DALY and 
mortality of the disease through next decade. This 
model considers the impacts of cohort, age, and pe-
riod, providing a comprehensive approach to under-
standing future trends in disease burden.

Statistical analysis

All statistical analyses and data visualizations 
were performed using R (version 4. 3. 3). Descriptive 
statistics were generated for all key variables, and re-
sults were expressed as means with 95% uncertainty 
intervals (UIs). For trend analyses, p-values < 0.05 
were considered statistically significant.

Function of the financial source

The study’s design, data collection, analysis, in-
terpretation, and report writing were all done with-
out the funders’ input. Complete access to the study 
data was granted to the authors, who also ultimately 
decided whether to submit the report for publication.

Results

Prevalence

The number of people with ILD&PS worldwide 
in 2021 is 4,306,628 (95% UI: 3802,951-489,8714), 
compared to 1,887,445 (95% UI: 160,9369-2206,969) 

in 1990, the number of cases of ILD&PS in 2021 is 
about 2.28 times that of 1990, and the ASPR for 
ILD&PS has increased from 45.99 per 100,000 pop-
ulation in 1990 (95% UI: 39.42-53.78) to 50.01 per 
100,000 population by 2021 (95% UI: 44.24-56.77) 
(Table S1). Among 21 GBD regions, high-income 
Asia Pacific had the highest ASPR, with 134.65 per 
100,000 people in 1990 (95% UI: 115.3-156.65) and 
151.6 (95% UI: 134.19-172.06) per 100,000 people 
in 2021. The ASPR in Western Sub-Saharan Africa 
is lowest in 2021 (Table S1, Figure 1). From 1990 to 
2021, the global prevalence and ASPR of ILD&PS 
increased (EAPC = 0.36 [0.29-0.44]) (Table S1, 
Figure 2). Among 5 SDI groups, high SDI group 
had the highest number of cases and ASPR in 2021, 
while low SDI group having the lowest (Table S1, 
Figure 3). While high SDI group had a larger ill-
ness burden, the other four SDI groups also showed 
substantial rises in ASPR (Figure 4). In 2021, the 
number of ILD&PS cases rose with age in various 
age categories, reaching a peak in the 70–74-year 
age group before subsequently falling (Figure 5). 
The prevalence of ILD&PS increases with age, with 
the highest prevalence in the 85−89 years age group, 
and the global increase is most pronounced in the 
85−89 years age group from 1990 to 2021 (Figure 5,  
Figure 6). In addition, age-standardized preva-
lence, morbidity, and disability-adjusted life years of 
ILD&PS in 2021 are higher for men than for women 
(Figure S1).

Incidence

Globally, an estimated 390,267 (95% UI: 
346393-433,403) people developed new ILD&PS 
in 2021, and the age-standardized rate of ILD&PS 
incidence data is 4.54 per 100,000 people (95% UI: 
4.05-5.04). Andean Latin America had the high-
est ASIR with 20.47 per 100,000 (95% UI: 19.15-
21.69), and Eastern Europe had the lowest ASIR 
with 1.04 per 100,000 (95% UI: 0.89-1.21) in 2021. 
Comparatively the global incidence of ILD&PS in 
1990 was 157,441 (95% UI: 136,251-179,472), and 
the ASIR of ILD&PS was 3.77 per 100,000 peo-
ple (95% UI: 3.27-4.28) (Table S2). The incidence 
of ILD&PS worldwide exhibited an increasing trend 
between 1990 and 2021 (EAPC = 0.72 [0.63-0.82]), 
with the largest increasing trend in Australasia 
(EAPC = 2.15 [1.94-2.36]). The downward trend 
is most obvious in Eastern Europe (EAPC = -2.56 
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(Table S2, Figure 4). In 2021, the relationship be-
tween the number of cases and incidence in the five 
SDI groups is as figures (Figure 3). The incidents and 
ASIR of ILD&PS rose with age in 2021 throughout 
a range of age groups (Figure 5). And the incidence 

[-2.68--2.45]) (Table S2, Figure 2). The ASIR in all 
five SDI groups showed a growing tendency, with the 
high SDI group (EAPC = 0.92 [0.8-1.04]) exhibit-
ing the most pronounced increase, followed by the 
intermediate SDI group (EAPC = 0.91 (0.81-1.02) 

Figure 1. The disease burden of interstitial lung disease and pulmonary sarcoidosis in global regions in 2021. Their number of the Incidence, 
prevalence, death and disability-adjusted life years (B), and their age-standardized rates (A).
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with an increase of about 169.3%. From 1990 to 
2021, the global trend in age standardized DALYs 
rate (ASDR) for ILD&PS is increasing (EAPC = 
0.95 (0.86-1.05)). The trend of ASDR increased the 
most in Australasia (EAPC = 3.1 (2.56-3.64), fol-
lowed by Western Europe (EAPC = 3 (2.66-3.33)). 
The downward trend was most significant in Eastern 
Europe (EAPC = -4.56 (-5.23 -- 3.87) (Table S3).  

of ILD&PS in the 60+ age group exhibited a signifi-
cant upward trend from 1990 to 2021 (Figure 6).

Disability-adjusted life years

In 2021, ILD&PS were responsible for 4042150 
(95% UI: 3489775-4516883) DALYs, up from 
1501028 in 1990 (95% UI: 1221197-1850557), 

Figure 2. Global prevalent cases, age-standardized incidence rate (A), age-standardized mortality rate (B), age-standardized DALYs rate (C), 
age-standardized prevalence rate (D) of interstitial lung disease and pulmonary sarcoidosis from 1990 to 2021. Bar charts are stand for cases 
and line charts are stand for corresponding age-standardized rates.
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Figure 3. The disease burden of interstitial lung disease and pulmonary sarcoidosis in five sociodemographic index groups in 2021.
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group had the highest DALYs. And the ASDR of 
ILD&PS also increased with age groups, peaking the 
highest in the 90-94 years age group (Figure 5).

Mortality

The number of ILD&PS deaths in 2021 is 
188,222 (95% UI: 161,406-212,252), and the 

In 2021, South Asia, followed by high-income North 
America, had the highest number of DALYs, while 
the Caribbean having the lowest number of DALYs. 
The ASDR among the five SDI groups increased be-
tween 1990 and 2021, with high SDI group (EAPC =  
1.54 (1.34-1.74) and middle SDI group (EAPC =  
0.83 (0.76-0.91)) having the largest increase 
(Table  S3, Figure 4). In 2021, the 70-74 year age 

Figure 4. From 1990 to 2021, the variation tendency of disease burden of interstitial lung disease and pulmonary sarcoidosis in five socio
demographic index (SDI) groups.
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Figure 5. The disease burden of interstitial lung disease and pulmonary sarcoidosis in different age groups in 2021.
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of deaths and ASMR in the five SDI groups showed 
an increasing trend from 1990 to 2021, with the 
most significant increasing trend in High SDI group 
(EAPC = 1.24 (1.09-1.39)). In 1990, the highest 
mortality rates were found in low-middle SDI group, 
and by 2021, the highest mortality rates were found 
in high SDI group (Figure 4). In the age group anal-
ysis, it was found that the number of deaths in the 
age group over 50 years of age increased from 1990 

age-standardized mortality rate (ASMR) is 2.28 
(95% UI: 1.96-2.56). Among them, Andean Latin 
America had the highest mortality rate in ILD&PS, 
and Asia had the highest number of deaths (Table S4, 
Figure 1). Compared to the 1990 ILD&PS death toll 
of 54,967 (95% UI: 447,61-68,391) and ASMR 1.52 
(95% UI: 1.25-1.87), the global trend of ILD&PS 
mortality from 1990 to 2021 shows an upward trend 
(EAPC = 1.55 [1.42-1.69]). In addition, the number 

Figure 6. From 1990 to 2021, the variation tendency of disease burden of interstitial lung disease and pulmonary sarcoidosis in different age 
groups.
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EAPC of ILD&PS disease burden and the 2021 
age-standardized prevalence rate (ASPR 2021) 
and the 2021 Human Development Index (HDI 
2021). The ILD&PS’ age-standardized rates (ASRs)  
reflect the disease pool, while the HDI can serve as 
a proxy for the level and accessibility of healthcare 
in each country. The higher the HDI, the higher  
the ASRs of ILD&PS, and the greater the EAPC. 
The circles represent the countries for which HDI 
data are available, and the size of the circles is pro-
portional to the number of ILD&PS cases.

SDI and ILD&PS ASRs trends by region or country 
from 1990 to 2021.

From 1990 to 2021, the global ASRs are on the 
rise with the increase of SDI. In the 21 regions with 

to 2021 (Figure 6). The number of ILD&PS deaths 
in 2021 was the highest in the 80–84-year age group 
and then declined, and the ASMR of ILD&PS in-
creased with increasing age, reaching the highest in 
the 90–94-year age group (Figure 5).

Global distribution of ILD&PS disease burden by region 
and country, 2021

The world map illustrates that the disease bur-
den of ILD&PS in 2021 varies significantly between 
countries (Figure 7).

Relationship between EAPC and ASRs/HDI

As shown in the figure (Figure 8). Our study 
found a significant positive association between the 

CATEGORICAL VARIABLE OF ASPR CATEGORICAL VARIABLE OF ASIR

CATEGORICAL VARIABLE OF ASPR CATEGORICAL VARIABLE OF ASIR

A B

C D

Figure 7. Categorical variable of age-standardized rates for prevalence (A), incidence (B), disability-adjusted life years (C), mortality (D) in 
204 countries and territories in 2021.
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index from 0.27(95% CI 0.21-0.34) in 1990 to 
0.32(95% CI 0.25-0.39) in 2021; prevalence con-
centration index from 0.39(95% CI 0.32-0.46) in 
1990 to 0.41(95% CI 0.33-0.48) in 2021; mortality 
concentration index from 0.17(95% CI 0.1-0.25) in 
1990 to 0.32(95% CI 0.22-0.42) in 2021. The con-
centration index of DALYs ranges from 0.15(95% 
CI 0.08-0.21) in 1990 to 0.24(95% CI 0.15-0.32) 
in 2021, all of which indicate that inequality persists 
and increases (Figure 10).

Decomposition analysis

Disaggregated analysis was used to determine 
the impact of population growth, aging, and epi-
demiological changes on the burden of disease. The 
findings show that global population growth and ag-
ing contribute the most to the increase in ILD&PS 
disease burden through 2021, followed by epidemio-
logical changes. However, the most important fac-
tors leading to the increase of mortality and DALY 
burden in high SDI group are aging and epide-
miological change, followed by population growth. 

different SDI, the ASRs in most regions increased 
with the increase in SDI between 1990 and 2021 
(Figure 9). In this context, Andean Latin America, 
South Asia, and Southern Latin America exceeded 
expectations in all years. Figure 9 illustrates the link 
between ASRs and SDI for different countries and 
regions in 2021. At the national level, ASRs also in-
dicated a general rising tendency with the increase of 
SDI, which is similar to the regional pattern. After 
the SDI exceeds 0.75, this upward trend suddenly 
becomes more pronounced.

Health inequalities

The SDI was combined with the inequality 
slope index and the concentration index to per-
form a health inequality analysis to assess differ-
ences in disease burden in ILD&PS. As shown in 
the figure, the burden of disease is higher in areas 
with a high relative ranking of SDI. The inequal-
ity slope index shows a larger gap in disease bur-
den between the highest and lowest SDI countries 
in 2021 compared to 1990. Incidence concentration 

Figure 8. Correlation between estimated annual percentage change (EAPC) and age-standardized rates (ASRs) (A) human development 
index (HDI) (B) of interstitial lung disease and pulmonary sarcoidosis in 2021. The size of the circle is proportional to the number of inter-
stitial lung disease and pulmonary sarcoidosis cases.
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Figure 9. (a) Trend in age-standardized rates of interstitial lung disease and pulmonary sarcoidosis among/across 21 regions based on so-
ciodemographic index (SDI) in 2021. For each region, points from left to right depict estimates from each year from 1990 to 2021, with 
expected values shown as the black line. (b) Age-standardized rates of interstitial lung disease and pulmonary sarcoidosis across 204 countries 
and territories by SDI in both sexes, 2021. Expected values are shown as the black line. Each point shows observed age-standardized rates 
for a certain country in 2021.

The contribution of population growth to the bur-
den of disease is highest in South Asia. In addition, 
among the five SDI groups, the contribution of ag-
ing to the prevalence burden is most obvious in high 
SDI group, followed by middle SDI group, and the 
increase in prevalence burden in low SDI group is 
mainly due to population growth (Figure 11).

ILD&PS global burden of disease projections

Based on comprehensive GBD data from 1990 
to 2021, we use the BAPC model to estimate that the 
number of deaths and DALYs of ILD&PS in both men 
and women globally will continue to increase over the 
next decade, while ASDR will plateau (Figure 12).
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Figure 9.  (Continued) 

Discussion

Despite global initiatives aimed at alleviat-
ing the burden of chronic respiratory diseases, the 
burden associated with ILD&PS remains signifi-
cantly high and warrants attention (23). This study 

systematically reviews the global disease burden of 
ILD&PS from 1990 to 2021, examining temporal 
trends, regional and demographic distribution char-
acteristics, as well as projections extending to 2034. 
Our findings indicate that, consistent with the work 
of Zeng, Qi (24) et al., the global prevalence of cases, 
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associated with factors such as the classification of 
ILD&PS, genetic predisposition, environmental in-
fluences, lifestyle choices, and the development level 
of the regions. Given the diverse nature of ILD&PS, 
which often present diagnostic challenges, vari-
ous types necessitate distinct treatment approaches, 
leading to markedly different prognoses (1). Further 
research is essential to establish a comprehensive and 
uniform method for the therapy of individuals with 
various forms of interstitial lung disease (ILD), in-
cluding those categorized as non-classifiable (25). 
Sandra et al., (26) identified a significant associa-
tion between polymorphisms in the tumor necrosis 

morbidity, deaths, and DALYs, along with ASPR, 
ASIR, ASMR and ASDR, increased from 1990 to 
2021. There is an urgent necessitating in many coun-
tries for appropriate and effective management of 
ILD&PS. In 2021, Andean Latin America exhibited 
the highest ASIR, ASMR, and ASDR for ILD&PS, 
and the highest ASPR was observed in the high-
income Asia Pacific region. The incidence of these 
diseases was lowest in Eastern Europe. In terms of 
prevalence, Western Sub-Saharan Africa reported 
the lowest figures, while Southeast Asia recorded the 
lowest mortality and DALYs. The disparities in dis-
ease burden across different regions may be closely 

Figure 10. Panels A illustrate the inequality slope index, depicting the relationship between sociodemographic index (SDI) and age- 
standardized rates for each condition, with points representing individual countries sized by population. Panels B present the concentration 
index, which quantifies relative inequalities by integrating the area under the Lorenz curve, aligning age-standardized rates distribution with 
population distribution by SDI. Blue represents data from 1990, and red represents data from 2021.
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Figure 11. Changes in disability-adjusted life years and mortality (both male and female) of interstitial lung disease and pulmonary sarcoido-
sis, according to population-level determinants of aging, population growth, and epidemiological change, from 1990 to 2021 at the global 
level, SDI quintile and the regions.

Figure 12. Observed and predicted trends of cases and age-standardized rates of interstitial lung disease and pulmonary sarcoidosis by sex 
globally from 1990 to 2034 using the BAPC model. The shadow in the figure represents uncertainty intervals, suggesting that mortality could 
fluctuate dramatically as the corresponding rates rise or fall by 1% per year, with each shade corresponding to a change of 1%. Bar charts are 
stand for cases and line charts are stand for corresponding age-standardized rates.
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pro-inflammatory and pro-fibrotic factors; specifi-
cally, estrogen is known to exacerbate inflammation 
and tissue remodeling, while androgens may exert 
an opposing effect (34). In addition, relevant studies 
have found that smoking is a major risk factor for 
chronic respiratory disease-related disability in men 
in all regions (23) and an established risk factor for 
interstitial lung disease (35), so smoking may make 
an important contribution to the disease burden of 
interstitial lung disease in men. This study found that 
the prevalence, incidence, mortality, and DALYs of 
ILD&PS increased progressively with age, especially 
in people over 70 years old. The association between 
age and ILD&PS disease burden may be related to 
the accumulation of senescent cells, DNA muta-
tions, protein aggregates, and lipid metabolic waste 
(lipofuscin) with age (36). In addition, global de-
mographic changes have also led to an increase in 
the burden of age-related ILD&PC diseases, and by 
the beginning of the 20th century, the population 
growth rate had shifted from linear to exponential, 
with the elderly population growing faster than the 
younger population (37). In addition, related studies 
have shown that comorbidities such as cardiovascular 
diseases and depression can affect the disease bur-
den of IPF (38, 39). However, the elderly are often 
accompanied by more chronic non-communicable 
diseases, such as cardiovascular and cerebrovascu-
lar diseases, chronic obstructive pulmonary disease, 
diabetes, cancer, and depression. Other chronic dis-
eases are common in the elderly group, and chronic 
respiratory diseases are most associated with aging  
(40, 41). In addition, relatively poor medical com-
pliance in the elderly may also affect the progno-
sis of ILD (42). Therefore, for countries facing an  
aging population, the social burden of chronic dis-
eases such as ILD&PS should be seriously considered.

There are some limitations to this study. The 
data of this study comes from GBD 2021, the in-
clusion of original data may be biased, and the data 
information of some countries is incomplete, and 
the quality is relatively low. The GBD database was 
established in 1990, and its data sources mainly in-
clude international organizations and institutions, 
national health departments, academic research, 
medical institutions, and other survey data. How-
ever, from 1990 to the present, the nomenclature of 
ILD has undergone multiple updates (43), which 
may result heterogeneity in the data investigated and 
registered by the above-mentioned organizations 

factor promoter region and the onset of PS, which 
was correlated with a favorable prognosis. Further-
more, significant markers were identified across 
various regions, with notable differences in clinical 
manifestations (i.e., phenotypes) observed among 
these regions. This finding suggests a relationship 
between genetic factors specific to certain areas and 
the diverse traits associated with the disease. The 
HLA-associated phenotype, gene associations, fa-
milial aggregation and racial prevalence support the 
concept of genetic susceptibility to ILD&PS, which 
is further influenced by environmental factors. En-
vironmental factors have been identified in more 
than one third of ILD patients, notably air pollu-
tion (27). Numerous studies have demonstrated that 
ILD may be exacerbated by air pollution, including 
that caused by transportation, construction materi-
als, and agriculture (28, 29). High SDI group (30) 
is characterized by the accessibility and availability 
of abundant medical resources. This environment 
enhances the capacity for diagnosing ILD&PS, 
potentially contributing to a higher prevalence of 
these conditions. From the viewpoint of global so-
cial evolution, economic development has facilitated 
advancements in medical technology, particularly in 
imaging and functional testing, which have contrib-
uted to more accurate and widespread diagnoses of 
ILD&PS. Consequently, this has resulted in an ob-
served increase in the prevalence of ILD&PS. Nota-
bly, in 2021, regions with high SDI scores exhibited 
the highest mortality rates, a finding that contradicts 
the availability of adequate medical resources and 
healthcare systems. This discrepancy reflects poor 
prognoses, limited treatment options, and inadequate 
management strategies for ILD&PS. The significant 
variations in disease burden across different countries 
and regions, as well as the trends in disease burden 
from 1990 to 2021, can be attributed to differing lo-
cal health policies and the impact of changes in these 
policies (31). In the analysis of gender subgroups, 
it was noted that the global prevalence, morbidity, 
mortality, and disability-adjusted life years associated 
with ILD&PS are significantly higher in males than 
in females. This disparity may be attributed to the ef-
fects of sex hormones (32, 33). The epidemiological 
relationship between sex differences and the disease 
burden of ILD&PS has stimulated research into the 
influence of sex and sex hormones on the patho-
genesis and treatment of pulmonary fibrosis. The 
regulation of sex hormones is critical in modulating 
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Our research indicates that over the past  
30 years, the global disease burden of interstitial lung 
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with a particularly notable upward trend in the high 
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Figure S1. The disease burden of interstitial lung disease and pulmonary sarcoidosis between the two genders in 2021.


