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Tracheal, bronchial, and lung cancer (TBL) is among the most common malignancies worldwide, 
with persistently high incidence and mortality rates, posing a significant threat to public health. 
However, existing studies on TBL disease burden are often limited to specific regions or short-term 
trends, lacking systematic and predictive analyses. This study comprehensively evaluated the global, 
regional, and national burden of TBL across 204 countries and territories from 1990 to 2021, utilizing 
predictive models to estimate trends from 2022 to 2035. This study used data from the Global Burden 
of Disease (GBD) 2021 database to systematically analyze the prevalence (ASPR), incidence (ASIR), 
mortality (ASMR), and disability-adjusted life years (DALYs) associated with TBL. Age-standardized 
rates (ASR) were used to quantify disease burden. Historical trends were assessed using Joinpoint 
regression analysis, while ARIMA and Bayesian age-period-cohort (BAPC) models were employed to 
predict future trends. The study also incorporated the Sociodemographic Index (SDI) to investigate 
the impact of socioeconomic development on TBL burden. In 2021, the global ASPR, ASIR, ASMR, 
and DALYs for TBL were 37.28, 26.43, 23.50, and 638.60 per 100,000 population, respectively. From 
1990 to 2021, ASPR increased slightly (0.09 per 100,000), while ASIR, ASMR, and DALYs declined by 
0.07, 0.15, and 0.23 per 100,000, respectively. Regionally, the highest ASPR was observed in the high-
income Asia-Pacific region (69.79 per 100,000), while East Asia recorded the highest ASIR (43.41 per 
100,000) and ASMR (38.53 per 100,000). Sub-Saharan Africa had the lowest burden. Gender analysis 
showed that males had a significantly higher TBL burden than females, but their burden declined over 
the study period. In contrast, females, particularly in older age groups, experienced an increase in 
burden. Future predictions indicate that the overall TBL burden will decline between 2022 and 2035; 
however, the burden among females and older adults is projected to rise, with a marked increase in 
female ASPR. This study highlights the global and regional trends in TBL burden from 1990 to 2021 
and provides predictions for future burden. Although the overall burden is declining, significant 
disparities exist across genders and regions, with East Asia and high-income North America warranting 
particular attention. Females and older adults are priority groups for future interventions. The findings 
underscore the importance of early screening, targeted interventions, and region-specific strategies to 
optimize public health policies, resource allocation, and tailored prevention efforts.
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Lung cancer is one of the most prevalent types of cancer worldwide. According to global cancer data from 2022, 
lung cancer is the leading cause of cancer-related deaths, with a five-year survival rate of less than 15% among 
patients1. Tracheal, bronchial, and lung cancers (TBL) have long posed a significant threat to human health. In 
recent years, despite substantial advancements in early diagnosis and clinical treatment of TBL2, factors such 
as genetic predispositions and environmental influences play a crucial role in the occurrence, metastasis, and 
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infiltration of TBL3,4. Additionally, the aging population and tobacco exposure have intensified the global burden 
of TBL. Furthermore, there are notable differences in the causes contributing to the rising burden of TBL across 
various countries and regions5–7. Given the limited global public health resources, a current understanding of 
the burden of TBL is essential for the rational allocation of resources and the effective prevention and diagnosis 
of this disease.

The Global Burden of Disease (GBD) database compiles data on 369 diseases from 204 countries and territories 
worldwide. It serves as a crucial tool for evaluating the incidence, mortality, prevalence, and disability-adjusted 
life years (DALYs) associated with tracheal, bronchial, and lung cancers. In a previous study, researchers utilized 
the GBD database to analyze global, regional, and national disease burden trends for TBL in 20198. However, the 
prevalence and global burden of TBL have evolved over time. Therefore, we systematically analyzed the global 
disease burden of TBL using the most recent GBD data (1990–2021) to more effectively address the health 
threats it presents. Based on existing research, we innovatively employed two predictive models for comparative 
analysis to enhance the accuracy of the predictions. Furthermore, we conducted a detailed examination of the 
relationship between all GBD regions and the Sociodemographic Index (SDI), as well as the Expected Annual 
Percentage Change (EAPC) in disease burden across 204 countries. This comprehensive approach aims to 
provide a deeper understanding of regional and national disparities in disease burden, thereby facilitating the 
development of targeted policies.

Methods
Data Acquisition and download
The latest GBD data and its standardized methodology systematically analyzed 369 diseases and 88 risk factors 
across 204 countries and territories9. The age-standardized incidence, prevalence, mortality, and DALYs, along 
with their 95% uncertainty intervals (95% UI), for this study were obtained from the GBD (2021 version) database 
(https://vizhub.healthdata.org/gbd-results/). Additionally, sociodemographic index (SDI) data were utilized for 
the analyses, accounting for variations in income, education level, and fertility across different regions10.

Socio-Demographic Index (SDI)
SDI was introduced by the Institute for Health Metrics and Evaluation (IHME) in 2015 to assess the relationship 
between social development and population health outcomes. In the most recent GBD data, 204 countries and 
territories worldwide were categorized into five SDI regions: low, medium-low, medium, medium-high, and 
high11.

Analysis of EAPC in 204 countries (1990–2021)
To gain a deeper understanding of the temporal trends in age-standardized rates (ASR) across 204 countries 
from 1990 to 2021, we introduced the EAPC. The EAPC is calculated using the formula:12

	 EAPC = 100 ×
(
eβ − 1

)

where β represents the slope of the log-linear regression model. An EAPC greater than 0 indicates an increasing 
trend, while an EAPC less than 0 reflects a declining trend. At the national level, if the 95% confidence interval 
(CI) of the EAPC does not include zero, the corresponding ASR is considered to have a statistically significant 
upward or downward trend. Conversely, if the 95% CI includes zero, the trend is deemed non-significant. This 
analysis provides critical insights into the dynamic changes in ASR over time, offering valuable information for 
evaluating national-level progress and disparities in disease burden reduction.

SDI correlation analysis
To investigate the correlation between the SDI and the ASRs of TBL, this study employed Locally Weighted 
Scatterplot Smoothing (Lowess) to fit smoothed curves for the relationship between SDI and age-standardized 
incidence rate (ASIR), age-standardized mortality rate (ASMR), and age-standardized disability-adjusted life 
years rate (AS-DALYs) across 21 GBD regions and 204 countries. Additionally, Spearman correlation analysis 
was conducted to calculate the correlation coefficients between ASR and SDI, along with their statistical 
significance (P < 0.05). This systematic methodological approach integrates trend analysis with socioeconomic 
development indicators to provide a comprehensive perspective on the dynamics of the global TBL burden and 
its underlying determinants.

Joinpoint regression analysis
In this study, we employed the Joinpoint regression model to assess the trends in the prevalence and mortality 
of TBL over time. This model is commonly utilized in epidemiological studies13 and serves as a crucial tool for 
calculating the Annual Percentage Changes (APCs) and their 95% CI. These calculations enable the analysis of 
trends in prevalence, mortality, incidence, and DALYs over time. Conversely, the Average Annual Percentage 
Change (AAPC) was used to evaluate the long-term trend in APC. If the APC or AAPC, along with its 95% 
CI lower limit, is greater than zero, it indicates an upward trend over the specified time frame. Conversely, a 
downward trend is indicated if the 95% CI is close to zero, suggesting a more stable trend14.

ARIMA model predictions
ARIMA (p, d, q) model was developed to predict the trend of TBL disease burden from 2022 to 2035, utilizing 
data on prevalence, incidence, mortality, and DALYs for TBL from 1990 to 2021. In this context, the letters 
p, d, and q represent the autoregressive, differencing, and moving average components of the ARIMA model, 
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respectively. Essentially, an ARIMA model is constructed from a set of data points that are regularly collected, 
recorded, or observed15,16.

Bayesian age-period-cohort model for TBL trend prediction
Bayesian age-period-cohort (BAPC) modeling, utilizing integrated nested Laplace approximations and 
assuming an inverse-gamma prior distribution of existing data, is a crucial method for predicting future trends 
in cancer17,18. Consequently, we developed a BAPC model using the ‘BAPC’ and ‘INLA’ packages along with 
GBD data from 1990 to 2021 to forecast the trend of TBL from 2022 to 2035.

Ethics approval
The ethics committee approved the ethical exemption for this study because it utilizes publicly available data that 
does not contain any confidential information or patient privacy concerns.

Statistical analyses
Age-standardized values for prevalence, incidence, mortality, and DALYs, along with their 95%UIs, are presented 
as predicted values per 100,000 population. All statistical analyses were conducted using R software (Version 
4.4.0), while Joinpoint analyses were performed using Joinpoint software (Version 5.2.0). A p-value of less than 
0.05 was considered statistically significant.

Results
Global level
In 2021, the global prevalence of TBL was 3,253,729 cases, with ASPR of 37.28 cases per 100,000 people. Between 
1990 and 2021, the ASPR increased by 0.09 cases per 100,000 people (Table 1) (Fig. 1A). The global incidence 
of TBL was 2,280,688 cases, with an ASIR of 26.43 cases per 100,000 people. The ASIR exhibited a decreasing 
trend, with a rate of decline of 0.07 cases per 100,000 people during the period from 1990 to 2021 (Table 1) 
(Fig.  1B). The number of deaths attributed to TBL was 2,016,547 cases, with an ASMR of 23.50 deaths per 
100,000 people. The ASMR showed a declining trend, with a decrease of 0.15 deaths per 100,000 people over 
the period from 1990 to 2021 (Table 1) (Fig. 1C). The global DALYs due to TBL in 2021 were 46,536,272 cases, 
and the AS-DALYs was 638.60 per 100,000 people. The AS-DALYs declined by 0.23 per 100,000 people between 
1990 and 2021 (Table 1) (Fig. 1D). In summary, although the prevalence rates of TBL increased, the incidence 
rates, mortality rates, and DALY rates all exhibited a downward trend between 1990 and 2021. The 95%UI for all 
results data can be viewed in the corresponding tables.

Regional level
In 2021, we conducted a systematic analysis of TBL disease status across various regions of the world. The 
results indicated that the ASPR for TBL was highest in regions with a high-SDI regions, reaching 64.26 cases per 
100,000 people (Table 1). Geographically, the ASPR was highest in high-income regions of North America and 
the Asia-Pacific, with rates of 67.21 cases per 100,000 people and 69.79 cases per 100,000 people, respectively 
(Table  1; Fig.  2A). In contrast, Africa exhibited the lowest ASPR, with 3.68 cases per 100,000 people in the 
Western Sub-Saharan Africa region and 5.8 cases per 100,000 people in Eastern Sub-Saharan Africa. The overall 
ASPR for Saharan Africa was 5.8 cases per 100,000 people (Table 1; Fig. 2A).

Between 1990 and 2021, the global ASPR for TBL showed a slight upward trend of 0.09 cases per 100,000 
people, with varying trends observed across different regions. Among the five SDI regions, only the low SDI 
region demonstrated a decreasing trend in ASPR, with a rate of 0.01 cases per 100,000 people. Geographically, 
East Asia experienced the most significant increase in ASPR for TBL, with a rate of 0.71 cases per 100,000 
people, followed by the high-income Asia-Pacific region, which recorded an increase of 0.41 cases per 100,000 
people. The regions exhibiting the most pronounced decreasing trends were Southern Latin America and high-
income North America, with rates of decline of 0.27 cases per 100,000 people and 0.30 cases per 100,000 people, 
respectively (Table 1). The regions with the highest ASIR were East Asia (43.41 cases per 100,000 people, 95% UI: 
35.14–52.35) and High-Income North America (37.21 cases per 100,000 people, 95% UI: 34.50-38.95). Among 
the five SDI regions, the ASIR was highest in the high SDI and medium-high SDI regions, with rates of 34.64 
cases per 100,000 people and 36.41 cases per 100,000 people, respectively (Table 1; Fig. 2B).

In 2021, among different SDI regions, the ASMR for TBL was highest in high SDI regions, at 27.31 cases 
per 100,000 people. Conversely, the ASMR was lowest in low SDI regions, at 5.91 cases per 100,000 people. 
Regionally, the ASMR was highest in East Asia, at 38.53 cases per 100,000 people, followed by high-income 
North America, with 28.92 cases per 100,000 people (Table 1; Fig. 2C). Notably, the number of TBL deaths in 
East Asia has continued to rise from 1990 to 2021, at a rate of 0.12 cases per 100,000 people. The most significant 
increase occurred in Western Sub-Saharan Africa, with a rate of 0.18 cases per 100,000 people. In contrast, 
the most pronounced decline in ASMR during the same period was observed in the southern region of Latin 
America, with a rate of 0.32 deaths per 100,000 population (Table 1).

In 2021, the AS-DALYs for TBL across various regions of the world exhibited an overall decreasing trend. 
Among the five SDI regions, the highest AS-DALYs were recorded in the middle and high SDI regions, with rates 
of 762.67 cases per 100,000 people. Conversely, the lowest AS-DALYs were observed in the low SDI regions, at 
147.55 cases per 100,000 people. Within the regions, Central Europe reported the highest AS-DALYs at 896.35 
cases per 100,000 people, while Western Sub-Saharan Africa had the lowest AS-DALYs at 98.80 cases per 
100,000 people (Table 1; Fig. 2D). Overall, AS-DALYs for TBL demonstrated a declining trend in most regions 
of the world from 1990 to 2021, with the most significant reduction occurring in Southern Latin America, which 
saw a decrease of 0.38 cases per 100,000 people. However, the rate of DALYs increased in certain regions, such 
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as Western Sub-Saharan Africa, which experienced an increase of 0.14 cases per 100,000 people (Table 1). The 
95%UI for all results data can be viewed in the corresponding tables.

National level
In 2021, the global TBL ASPR was approximately 33 to 40 cases per 100,000 people. Notably, Monaco had the 
highest ASPR at 123.49 cases per 100,000 people, followed by France (89.26 cases per 100,000 people), Japan 
(71.23 cases per 100,000 people), Croatia (68.43 cases per 100,000 people), Iceland (67.65 cases per 100,000 
people), and Canada (67.60 cases per 100,000 people) (Supplementary Table 1S1). In contrast, Nigeria (1.31 cases 
per 100,000 people), Malawi (2.40 cases per 100,000 people), The Gambia (2.95 cases per 100,000 people), Kenya 
(3.15 cases per 100,000 people), Côte d’Ivoire (3.71 cases per 100,000 people), and Niger (3.84 cases per 100,000 
people) had the lowest ASPR (Supplementary Table 1S1). Additional TBL ASPR values for other countries can 
be found in Supplementary Table 1S1. Changes in ASPR between 1990 and 2021 varied significantly by country. 
Egypt (1.30 cases per 100,000 people) and the Republic of Korea (1.28 cases per 100,000 people) exhibited 
the most notable increases. The most significant decrease in ASPR was observed in Kazakhstan (0.63 cases 
per 100,000 people) and Uzbekistan (0.60 cases per 100,000 people) (Supplementary Table 1S2). The countries 
with the highest ASIR were Monaco (76.86 cases per 100,000 people) and Greenland (63.31 cases per 100,000 
people). In contrast, the countries with the lowest ASIR were Nigeria (1.40 cases per 100,000 people) and Malawi 
(2.42 cases per 100,000 people) (Supplementary Table 1S3). The countries that experienced the most significant 
increase in ASIR between 1990 and 2021 were Egypt (1.46 cases per 100,000 people) and Lesotho (1.01 cases per 
100,000 people). Conversely, Kazakhstan (0.63 cases per 100,000 people) and Kyrgyzstan (0.59 cases per 100,000 
people) showed the most significant declines in ASIR (Supplementary Table 1S4).

In 2021, the global ASMR for TBL was 21–25 deaths per 100,000 people. Among the countries, Monaco 
reported an ASMR of 64.05 cases per 100,000 people, and Greenland had an ASMR of 63.94 cases per 100,000 
people, both significantly exceeding the global average. In contrast, Nigeria recorded an ASMR of 1.52 
cases per 100,000 people, and Malawi had an ASMR of 2.57 cases per 100,000 people, indicating lower rates 

Fig. 1.  Global disease burden of TBL, 1990–2021. (A) Prevalence numbers and ASPR. (B) Incidence numbers 
and ASIR. (C) Mortality numbers and ASMR. (D) DALYs numbers and AS-DALYs.
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(Supplementary Table 1S5). Over the period 1990–2021, Egypt (1.51 cases per100,000 people) had the most 
significant rise in ASMRs and Kazakhstan (0.63 cases per100,000 people) had the most significant decrease 
in ASMR (Supplementary Table 1S6). In terms of AS-DALYs, Greenland reported the highest rate at 1,525.23 
cases per 100,000 people, while Nigeria had the lowest rate at 35.33 cases per 100,000 people (Supplementary 
Table 1S7). Additionally, Egypt experienced the most significant increase in AS-DALYs, with a rate of 1.21 cases 
per 100,000 people, whereas Kazakhstan recorded the most substantial decrease in AS-DALYs, with a rate of 
0.66 cases per 100,000 people during the period from 1990 to 2021 (Supplementary Table 1S8). The 95%UI for 
all results data can be viewed in the corresponding tables.

EAPC Analysis for 204 countries from 1990 to 2021
The results of the EAPC analysis indicate that from 1990 to 2021, among 204 countries globally, Egypt exhibited 
the most significant increases in the EAPC for TBL’s ASPR, ASIR, ASMR, and AS-DALYs, with values of 
3.68, 3.99, 4.09, and 3.54, respectively. In contrast, Kazakhstan showed the most pronounced decreases, with 
corresponding EAPC values of -3.23, -3.22, -3.23, and − 3.59. These findings align closely with the GBD-reported 
results for TBL, confirming the robustness and reliability of the EAPC estimates (Fig. 3A-D).

Age and gender analysis
In 2021, the prevalence of TBL was primarily concentrated in the age group of 45 to 79 years, with the highest 
prevalence rate and number of cases observed in individuals aged 75 to 79 years. Among all age groups, the 
prevalence rate and the number of cases in males were higher than those in females (Fig. 4A). The incidence rate 
and the number of new cases of TBL gradually increased after the age of 30, showing a decline after the age of 79. 
Similarly, the incidence rate and the number of new cases remained higher in males than in females (Fig. 4B). In 
2021, the mortality rate for TBL progressively increased from age 30 onwards, peaking for those aged 95 years 
and older, with the highest number of deaths occurring in the age group of 65 to 74 years. Overall, excluding 
individuals over 95 years of age, mortality rates were consistently higher in men than in women across all age 
groups (Fig. 4C). The overall trend in the rates and numbers of DALYs mirrored that of the incidence rates, and 
the gender distribution was generally consistent with both prevalence and incidence rates (Fig. 4D). Notably, the 
prevalence rate, incidence rate, mortality rate, and DALY rate were all at their highest levels for TBL in the 65 to 
79 age group, and were higher in males than in females (Fig. 4A–D).

Fig. 2.  Global distribution of TBL disease burden in 2021. (A) Age-standardized prevalence rates. (B) Age-
standardized incidence rates. (C) Age-standardized mortality rates. (D) Age-standardized DALYs rates.
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Joinpoint regression analysis of TBL
Joinpoint regression analysis revealed a significant upward trend in the ASPR of TBL from 1990 to 2021 
(AAPC = 0.27, 95% CI: 0.16–0.38, P < 0.001) (Supplementary Table 1S9), with the most pronounced increase 
occurring between 1998 and 2001 (APC = 2.33, 95% CI: 1.68–2.99, P < 0.001) (Fig.  5A and Supplementary 
Table 1S10). In contrast, the ASIR exhibited an overall decreasing trend (AAPC = -0.28, 95% CI: -0.36 to -0.17, 
P < 0.001) (Supplementary Table  1S11), with the most significant decline observed between 2011 and 2021 

Fig. 3.  Estimated annual ASRs for TBL from 1990–2021, combining both sexs across 204 countries. (A) ASPR, 
(B) ASIR, (C) ASMR, (D) AS-DALYs. DALYs, disability-adjusted life–years.
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(AAPC = -0.82, 95% CI: -0.94 to -0.70, P < 0.001) (Fig. 5B and Supplementary Table 1S12). Similarly, the ASMR 
also demonstrated a general decreasing trend (AAPC = -0.26, 95% CI: -0.41 to -0.17, P < 0.001) (Fig. 5B and 
Supplementary Table  1S13), with the most substantial reduction occurring during the period from 2010 to 
2021 (AAPC = -0.98, 95% CI: -1.08 to -0.87, P < 0.001) (Fig. 5C and Supplementary Table 1S14). The trend in 
AS-DALYs can reflect changes in mortality to some extent, and the results indicated that AS-DALYs generally 
exhibited a decreasing trend (AAPC = -0.86, 95% CI: -0.98 to -0.75, P < 0.001) during the period from 1990 to 
2021 (Supplementary Table 1S15), with the most significant decrease occurring between 2004 and 2007 (AAPC 
= -1.49, 95% CI: -2.18 to -0.78, P < 0.001) (Fig. 5D and Supplementary Table 1S16). Further analysis by gender 
revealed that the ASPR, ASIR, and ASMR for females exhibited a decreasing trend throughout the remainder of 
the study period, with the exception of AS-DALYs, which showed an increasing trend until 2004 (Fig. 4A-C). In 
contrast, the ASPR for males continued to rise from 1998 to 2012, while their ASMR, ASIR, and AS-DALYs all 
demonstrated a downward trend (Fig. 5A-C). Males contributed more significantly to the deterioration of health 
outcomes in the context of TBL compared to females.

We also conducted Joinpoint regression analyses of prevalence and mortality rates for the five regions with 
the highest ASPR. The results indicated that the prevalence rate was increasing in all four regions, except for 
High-Income North America, which exhibited a downward trend (AAPC = -0.99, 95% CI: -1.22 to -0.77, 
P < 0.001) (Supplementary Figure. S1A and Supplementary Table 2S1-S5). Among these regions, High-Income 
Australasia demonstrated the most significant upward trend between 1999 and 2002 (APC = 3.78, 95% CI: 1.26 
to 6.36, P < 0.001) (Supplementary Figure. S1B and Supplementary Table 2S6). East Asia also showed a notable 
upward trend during the same period (APC = 3.38, 95% CI: 3.14 to 3.63, P < 0.001) (Supplementary Figure. S1C 
and Supplementary Table 2S7). Additionally, Western Europe experienced a significant increase in prevalence 
from 1998 to 2002 (APC = 3.62, 95% CI: 2.87 to 4.37, P < 0.001) (Supplementary Figure. S1D and Supplementary 
Table 2S8). High-Income Asia Pacific recorded the largest increase between 1998 and 2001 (APC = 5.30, 95% CI: 

Fig. 4.  Sex- and age-structured analysis of TBL disease burden in 2021. (A) Prevalence rates and numbers. (B) 
Incidence rates and numbers. (C) Mortality rates and numbers. (D) DALYs rates and numbers.
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3.31 to 7.32, P < 0.001) (Supplementary Figure. S1E and Supplementary Table 2S9). Notably, the High-Income 
North America region, the only one among the five to show a downward trend, experienced the most pronounced 
decline between 2012 and 2019 (APC = -4.22, 95% CI: -4.55 to -3.88, P = 0.86) (Supplementary Figure. S1 A and 
Supplementary Table 2S10). Although the P-value is not significant, the trend remains informative.

Joinpoint regression analyses of ASMR in the five regions revealed that the mortality rate in East Asia 
exhibited a slow increasing trend (AAPC = 0.37, 95%Cl: 0.15 to 0.60, P = 0.001) during the period from 1990 
to 2021 (Supplementary Figure. S2A and Supplementary Table  2S11). In contrast, the mortality rates in the 
remaining four regions demonstrated a decreasing trend (AAPC < 0) (Supplementary Figure. S2B and 
Supplementary Table  2S12-S15). Notably, there were interregional differences in the upward or downward 
trends in mortality rates across these regions. For instance, East Asia experienced the most significant increase 
in mortality rates between 2007 and 2011 (APC = 0.87, 95% CI: 0.16 to 1.59, P = 0.02) (Supplementary Figure. 
S2A and Supplementary Table 2S16). Among the regions with more pronounced downward trends in mortality 
rates, the High-income Australasia region exhibited the largest decline in mortality rates between 1990 and 2019 
(APC = -1.30, 95% CI: -1.35 to -1.25, P < 0.001) (Supplementary Figure. S2B and Supplementary Table 2S17). 
Due to the lack of mortality data for 2019–2021 in the GBD database for this region, we can only analyze the 
change in mortality rates from 1990 to 2019. The high-income Asia Pacific region demonstrated a significant 
downward trend between 2012 and 2021 (APC = -1.47, 95% CI: -1.71 to -1.23, P < 0.001) and an increasing trend 
during the period from 1990 to 1998 (APC = 0.38, 95% CI: 0.22 to 0.55, P < 0.001) (Supplementary Figure. S2C 
and Supplementary Table 2S18). During the period from 2014 to 2019, the mortality rate in North America 
experienced the most significant decrease (APC = -3.79, 95% CI: -4.37 to -3.19, P < 0.001) (Supplementary Figure. 
S2D and Supplementary Table 2S19), while Western Europe saw the greatest decline between 2016 and 2021 

Fig. 5.  The Joinpoint regression analysis of the TBL disease burden temporal trends, 1990–2021. (A) Age-
standardized prevalence rates. (B) Age-standardized incidence rates. (C) Age-standardized mortality rates. (D) 
Age-standardized DALYs rates.
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(APC = -2.45, 95% CI: -2.94 to -1.96, P < 0.001) (Supplementary Figure. S2E and Supplementary Table 2S20). 
Overall, both prevalence and mortality rates exhibited distinct trends across the regions.

Overall temporal trends in gender and age structures
To better understand the impact of gender and age on the burden of TBL, we conducted a comprehensive analysis 
of the prevalence and mortality rates of TBL in males and females across all age groups from 1990 to 2021. Overall, 
the prevalence and mortality rates of TBL in all age groups exhibited an increasing trend during this period and 
were consistently higher in males than in females (Fig. 6A-B and Supplementary Table 1S17-S18). Similarly, both 
the prevalence rate and DALYs rate for TBL showed varying degrees of increase. Notably, although the DALYs 
rate for males exhibited a slower upward trend, it remained higher than that of females overall (Fig. 6C-D and 
Supplementary Table 1S19-S20). In addition, we systematically analysed Prevalence, Incidence, Mortality and 
DALYs as well as gender for each age group starting from the age of 15 years when Prevalence of TBL appeared 
and comparing the gender subgroups to analyse the trend over the period of 1990–2021 in an age interval of 
every 5 years. The results showed that TBL and Prevalence rates continued to decline in the 15–60 age group, 
with a greater decline in males than in females, with the most significant decline in the 15–19 age group, and the 
most pronounced upward trend in those aged 80 years and older (Fig. 7A-B and Supplementary Table 1S21-S22). 
Changes in Prevalence rates in other age groups can be found in Supplementary Figure. S3 and Supplementary 
Table 3S1-12. With the increase in global public health investment, there has been a general downward trend in 
Mortality rates for TBL in people under 80 years of age, except for a significant increase in Mortality rates for 

Fig. 6.  Global temporal trends in TBL disease burden, 1990–2021. (A) Prevalence rates in all age groups. (B) 
Mortality rates in all age groups. (C) Incidence rates in all age groups. (D) DALYs rates in all age groups.
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females in the 75–79 age group, however, the Mortality rates for TBL in people over 80 years of age continued to 
increase from 1990 to 2021 (Fig. 7C-D and Supplementary Table 1S23-S24). Changes in Mortality rates for other 
age groups can be found in Supplementary Figure. S4 and Supplementary Table 3S13-24.

Correlation analysis between SDI and ASR
The correlation analysis between the SDI and ASRs revealed a significant positive association for TBL from 
1990 to 2021. Specifically, the correlation coefficients were as follows: ASPR (R = 0.87, P < 0.01), ASIR (R = 0.83, 
P < 0.01), ASMR (R = 0.80, P < 0.01), and AS-DALYs (R = 0.77, P < 0.01) (Fig. 8A-D). Notably, regions such as 
High-income North America, East Asia, and Central Europe exhibited values significantly exceeding the global 
average. A detailed correlation analysis of TBL burden and SDI across 204 countries is provided in Supplementary 
Figure. S5.

TBL Disease Burden projections
We employed two forecasting models, ARIMA and BAPC, to predict trends in TBL from 2022 to 2035 and to 
cross-validate the accuracy of these models. The results of both analyses indicated that the overall ASPR of TBL 
is projected to exhibit a gradual decline between 2022 and 2035 (Fig. 9A, E; Supplementary Table 4S1-S2); the 
results of the projections for the ASIR of TBL during the same period revealed a significant and continuous 
decrease in the total ASIR (Fig.  9B, F; Supplementary Table  4S3-S4). Similarly, the total ASMR for TBL is 
expected to show a consistent decline from 2022 to 2035 (Fig. 9C, G; Supplementary Table 4S5-S6). Furthermore, 
the predictions for AS-DALYs indicated a significant and continuous reduction in total AS-DALYs throughout 
the 2022–2035 period (Fig. 9D, H; Supplementary Table 4S7-S8). Our findings suggest that the future trends of 

Fig. 7.  Trends in age-group-specific prevalence and mortality rates for TBL, 1990–2021. (A) 15–19 years. (B) 
80 + years. (C) 75–79 years. (D) 80 + years.
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TBL disease follow a similar trajectory in both prediction models, which supports the validity of the forecasting 
models used and demonstrates the reliability of the predictions regarding TBL’s future disease trends.

Predictions of the burden of disease in different age groups
To better understand the future disease burden of TBL across different age groups, we analyzed the ASPR and 
ASMR in each age group using the BAPC model. The results indicated that the ASPR of TBL varied significantly 
among the different age groups from 2022 to 2035. Specifically, the ASPR exhibited a decreasing trend until 
the age of 75, with the most pronounced decline observed in the 70–74 age group. Conversely, the age group 
over 75 years demonstrated an increasing trend; however, the 75–79 age group showed a decrease after 2027, 
while the remaining age groups consistently exhibited an upward trend (Fig. 10 and Supplementary Table 4S9). 
Furthermore, the analysis of future trends in ASMR across various age groups revealed a decreasing trend in 
nearly all age groups, with the exception of the 95 + age group, which experienced a brief upward trend between 
2022 and 2025 (Fig. 11 and Supplementary Table 4S10).

Fig. 8.  Trends and correlation of ASRs with SDI from 1990–2021. (A) Trends and correlation of ASPR 
with SDI across 22 regions. (B) Trends and correlation of ASIR with SDI across 22 regions. (C) Trends and 
correlation of ASMR with SDI across 22 regions. (D) Trends and correlation of AS-DALYs with SDI across 22 
regions.
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Discussion
It is well known that cancer poses one of the most significant threats to public health worldwide. According to 
statistics, lung cancer accounts for 13% of all cancer cases and is responsible for 23% of cancer-related deaths. 
TBL represent a major category of cancer with considerable morbidity and mortality19. The high rates of 
morbidity and mortality associated with TBL cancer have emerged as a critical global public health challenge. 

Fig. 9.  Projected global burden of TBL from 2022 to 2050. (A–D) Age-standardized prevalence, incidence, 
mortality and DALYs rates of ARIMA model. (E–H) Age-standardized prevalence, incidence, mortality and 
DALYs rates of BAPC model.
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The present study spans three decades and encompasses the entire globe, including all continents, 204 countries, 
and 16 age groups. It systematically details the burden of TBL disease across various regions, countries, and age 
groups from 1990 to 2021. More importantly, for the first time, we have innovatively assessed the timing of the 
TBL disease burden and projected future trends up to 2035. More importantly, for the first time, we innovatively 
applied two distinct predictive models to enhance the robustness of the prediction results. Additionally, we 
utilized SDI correlation analysis and EAPC analysis to elucidate the differences and trends in the disease burden 
of TBL across all GBD regions and 204 countries. Beyond this, we evaluated the temporal trends in TBL disease 
burden and identified pivotal years of change, providing critical insights for understanding the current global 
epidemiology of TBL and laying a solid foundation for precision prevention efforts.

Our study found an overall stabilization of ASIR over the period from 1990 to 2021, while ASMR and annual 
AS-DALYs exhibited a consistent decreasing trend. Notably, the trends in ASIR and ASMR were divergent for 
males and females, with males demonstrating a decreasing trend and females showing an increasing trend in 

Fig. 10.  Predictions of future trends of TBL ASPR in different age groups, 2022–2035.
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TBL. This finding aligns with previous research and suggests that the conclusions of our study are robust8. 
Although men represent the primary demographic affected by TBL, the rising trend of TBL burden among 
women cannot be overlooked20. It is reasonable to assert that men, as the predominant group exposed to 
tobacco globally, bear the most significant TBL burden. However, in East Asia, where fewer women smoke, the 
prevalence rate of TBL continues to rise, potentially linked to factors such as air pollution, cooking practices, and 
other environmental influences21.

Our study also identified an overall declining trend in AS-DALYs globally from 1990 to 2021. Notably, 
certain regions experienced the most significant declines, potentially linked to local prevention and treatment 
measures or a reduction in cancer-causing factors. Conversely, some regions exhibited less pronounced declines, 
which may be attributed to issues such as the unequal distribution of public health resources. The study revealed 
that Western Europe, high-income regions of North America, East Asia, Oceania, and high-income Asia-Pacific 
regions had the highest ASPR for TBL globally. East Asia, North America, and Western Europe, which have a 
long history of smoking and substantial population bases, may contribute to the elevated TBL burden in these 
areas. Furthermore, global regions and the five SDI regions displayed significant differences in TBL burden, 

Fig. 11.  Predictions of future trends of TBL ASMR in different age groups, 2022–2035.
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which can be explained by disparities in healthcare resources resulting from uneven economic development. 
Although high SDI regions account for the majority of the global TBL burden, their AS-DALYs demonstrated 
the greatest decline, likely due to advanced prevention and healthcare systems22,23.

Our Burden of Disease study, which examined all global regions and the 5 SDI regions found that Western 
Europe, high-income North America, East Asia, Oceania, and high-income Asia-Pacific had the highest ASPR 
for TBL among all global regions. The study revealed that the high-income regions of East Asia, Western Europe, 
and North America are where smoking first emerged and have substantial population bases. The significant 
burden of TBL in these regions may be influenced by the historical prevalence of smoking, as well as the 
widespread use of tobacco and the size of the population24. Additionally, we observed varying ASPR, ASMR, 
and other metrics for TBL across the five different SDI regions. This variation is logical, given the disparities 
in healthcare resources resulting from uneven regional development25,26. Although high SDI regions bear the 
majority of the disease burden associated with TBL, they also experience the most significant decline in AS-
DALYs. This decline may be attributed to the advanced prevention and healthcare systems present in high SDI 
regions27,28.

Analyses of the burden of disease for TBL across countries globally indicate that the highest ASPRs are 
concentrated in developed nations, with Monaco and France being the most prominent examples. This trend 
may be attributed to advanced case-counting systems in these countries, as well as higher levels of tobacco 
dependence. In 2021, Greenland and Monaco had much higher ASIRs and ASMRs than the Western European 
region, whereas Malawi’s ASRs were at the lowest level. The high ASIR in Greenland TBL may be related to 
its extreme natural environment29,30. The highest AS-DALYs in Greenland due to high ASPR as well as ASIR 
is understandable, while the lowest AS-DALYs were in Nigeria, but its 95% uncertainty interval suggests that 
we should be cautious about the AS-DALYs in Nigeria. and in our study, gender differences varied in TBL 
ASRs across regions and between years. In our study, we observed that gender differences in tobacco-related 
adverse health outcomes (ASRs) varied across regions and years. Previous research has demonstrated that female 
smokers face a significantly higher risk of lung cancer compared to their male counterparts31,32.

During the period from 1990 to 2021, the ASMR, ASIR, and AS-DALYs all exhibited a decreasing trend, 
despite the rise in the global ASPR. This suggests an improvement in the prevention and treatment of TBL 
worldwide. Among the five SDI regions, high SDI regions demonstrated the most significant declines in ASMR 
and AS-DALYs, likely due to their advanced healthcare systems. In contrast, the opposite trend observed in low 
and middle SDI regions may be attributed to disparities in governmental investment in health across different 
countries33. For example, in the high-income region of North America, ASMR, ASPR, ASIR, and AS-DALYs 
all declined significantly between 1990 and 2021, which may be attributed to its high accessibility to healthcare 
resources and high level of health care34. The most significant rise in ASPR was observed in East Asia, reaching 
0.71 cases/100,000 people (95% UI: 0.30 to 1.21), which may be related to the large population base in the region 
as well as the continuous increase in tobacco consumption35.

In 2021, the ASPR of TBL was lowest among the 20–29 age groups, with incidence rates nearly identical for 
the 20–24 and 25–29 groups. Younger populations exhibit a lower probability of developing cancer, and the 
underlying causative factors remain unclear, potentially linked to genetic mutations36,37. Conversely, the ASPR, 
ASIR, ASMR and AS-DALYs were significantly higher in the 55–79 years age group. Research indicates that 
more than half of lung cancer cases occur in the elderly population38. Furthermore, the ASPR, ASIR, ASMR, and 
AS-DALYs for TBL across all age groups demonstrated significant gender disparities from 1990 to 2021, with 
males consistently exhibiting higher rates than females, despite an increasing burden of TBL among women. 
This trend is largely attributed to the higher prevalence of tobacco consumption among men. Therefore, regular 
screening for TBL is essential for the male population that overconsumes tobacco.

The SDI correlation analysis indicated that the global burden of TBL increases with higher SDI levels. This 
trend is primarily attributed to improved economic conditions, which enable increased healthcare expenditures, 
leading to significantly enhanced detection rates and diagnostic accuracy for TBL. Regions such as High-
income North America, East Asia, and Central Europe were identified as areas with the highest TBL burden 
globally. However, over time, and with rising SDI levels, TBL mortality rates have shown a declining trend. This 
reduction is largely attributed to advancements in treatment modalities and improvements in lifestyle factors. 
These findings underscore the critical role of socioeconomic development in influencing both the detection and 
management of TBL39,40.

There is an overall declining trend in the burden of TBL from 2022 to 2035. In the case of a gradual increase in 
ASPR, we observed that the ASMR and ASIR of TBL, conversely, appear to be decreasing. We speculate that this 
may be related to increased investment in cancer research and public healthcare, as well as the implementation 
of various cancer-related legislation41–43. Currently, many countries are placing greater emphasis on changes in 
DALYs as a key indicator of disease burden44. According to our findings, there is expected to be a continuous 
decline in AS-DALYs for TBL in the future, which presents a promising outlook for the current critical global 
public health situation. This trend reflects significant progress in the global prevention and control of TBL, as 
well as advancements in treatment research has made great progress. However, it is worth noting that the disease 
burden of TBL in the female population is slowly increasing in the future, with the most significant rise in 
ASPR. Some studies have shown that women with a history of tobacco dependence have worse lung health than 
men45. Therefore, we advocate that early screening for TBL targeting with women should be implemented in a 
timely manner, especially in the group of women with a history of tobacco dependence. And according to the 
prediction results of each age group, the elderly population remains the main group with high Prevalence and 
Mortality of TBL. Unlike young people, the gradual weakening of various physiological functions in the elderly 
is a major reduction in the body’s ability to resist cancer cells, which is the main reason for high Prevalence and 
Mortality. Therefore, we suggest that intensive screening and special cancer care for the elderly is necessary.
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Although this study provides a comprehensive and systematic analysis of the ASPR, ASIR, ASMR, and AS-
DALYs of TBL globally, regionally, and across 204 countries. from 1990 to 2021, it shares certain limitations 
inherent to most GBD studies.

First, variations in economic and healthcare levels among countries may lead to biases in the accuracy and 
reliability of GBD data. Detailed mapping and analysis are essential to better represent the disease burden in 
individual countries46,47. Second, the long study period might overlook significant variations in disease burden 
within specific countries during particular years, limiting the ability to capture short-term changes. Third, the 
GBD database lacks detailed pathological classifications of lung cancer, such as non-small cell lung cancer 
(NSCLC) and small cell lung cancer (SCLC). As a result, the specific contributions of different lung cancer types 
to the overall TBL burden could not be analyzed. Finally, the impact of COVID-19 on lung cancer burden cannot 
be ignored. However, in GBD 2021, COVID-19 is categorized as a separate disease and not considered a risk 
factor for TBL. Consequently, the potential influence of COVID-19 on TBL burden has been omitted. Further 
research is urgently needed to determine the precise impact of COVID-19 on TBL.

Conclusion
This study, based on GBD 2021 data, analyzed the burden of TBL globally, regionally, and across 204 countries 
from 1990 to 2021. The results indicated that the burden of TBL was predominantly concentrated in high-SDI 
regions and areas with large population bases, with High-income North America and East Asia being the most 
affected. Among countries, Egypt showed the most significant increase in the EAPC, while Kazakhstan exhibited 
the most notable decline. From 1990 to 2021, the overall global burden of TBL decreased slightly; however, the 
burden among females has consistently risen, a trend projected to persist until 2035. These findings provide 
critical epidemiological evidence of gender disparities in TBL burden. The study underscores the importance of 
early screening, accurate diagnosis, and timely treatment in the prevention and control of TBL. It also calls on 
nations to formulate and implement targeted policies to address this significant global public health challenge.

Data availability
The data from this study can be accessed openly through the GBD 2021 online database ​(​​​h​t​t​p​s​:​/​/​w​w​w​.​h​e​a​l​t​h​d​a​
t​a​.​o​r​g​/​r​e​s​e​a​r​c​h​-​a​n​a​l​y​s​i​s​/​g​b​d​​​​​)​.​​
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