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Background: Lung cancer (LC) is the leading cause of cancer-related burden worldwide. Unhealthy dietary patterns and related metabolic diseases, such as diabetes mellitus (DM), represent critical global public health challenges. Nevertheless, the global burden of LC attributable to metabolic and dietary factors remains uncertain.

Methods: This study aims to analyze global burden of LC attributable to metabolic and dietary risk factors, based on the Global Burden of Disease (GBD) 2021, from 1990 to 2021. Additionally, the autoregressive integrated moving average (ARIMA) model was utilized to forecast the disease burden of LC for the upcoming 15-year period.

Results: High fasting plasma glucose (HFPG) and Diet low in fruits (DLF) are identified as the sole metabolic and dietary risk factors for LC, respectively, according to GBD 2021. The study findings indicate that a marked increase in the LC burden caused by HFPG, whereas the age-standardized rates (ASRs) of mortality and disability-adjusted life-years (DALYs) attributable to DLF for LC represent a general decline. At the social population index (SDI) regional level, the burden of LC attributable to DLF represents the most rapid increase in low-middle SDI regions, and while, the burden of LC attributable to DLF exhibits the most rapid decline in high-middle SDI regions. Moreover, LC burden attributable to HFPG and DLF in mortality and DALYs is higher among males than females, with sex difference being more pronounced in the elderly.

Conclusion: From 1990 to 2021, the burden of LC attributed to HFPG has increased owing to the escalating exposure levels of DM, whereas the burden resulting from DLF has declined. The burden of LC attributable to HFPG and DLF exhibits distinct spatiotemporal patterns and similar gender-age patterns.
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GRAPHICAL ABSTRACT
 



1 Introduction

Cancer remains a remarkable global public health concern and a prominent contributor to the overall disease burden worldwide. Lung cancer (LC), one of the most prevalent malignancy, accounts for the highest number of cancer-related deaths, with nearly 1.8 million deaths reported globally in 2022 (1). Furthermore, based on the global analysis in 2021, LC ranked as the seventh leading cause of death and the seventeenth leading cause of disability-adjusted life-years (DALYs) (2). Consequently, strategies aimed at prevention and health promotion are essential for mitigating the global burden of LC.

LC comprises two major histological subtypes, namely non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC). These subtypes possess both similar and distinct etiologies and mutable risk factors, including smoking, metabolism, and diet (3–5). Concerning the risk factors related to LC, smoking is the most prominent. Owing to effective tobacco control strategies in recent decades, the number of LC cases associated with smoking has decreased significantly. Whereas the number of LC cases among never-smokers has still increased (6–8). A growing body of evidence underscores the considerable impact that dietary and metabolic factors have on the burden of LC (9, 10).

Unhealthy dietary patterns and related metabolic diseases, such as diabetes mellitus (DM), represent a critical global public health challenge. With changes in eating habits, the incidence of diabetes is also on the rise. Notably, DM is rising globally as a consequence of shifting dietary habits (11, 12). According to global statistics of disease-related risk factors from 1990 to 2021, high fasting plasma glucose (HFPG) as the metabolic risk factor has ascended from the 9th position to the 5th, while diet low in fruits (DLF) as the dietary risk factor had moved up from the 18th position to the 12th (2).

The epidemiological characteristics of the LC burden attributable to dietary and metabolic factors at global, regional, and national levels remain inadequately elucidated. Initiated in 1990, the Global Burden of Disease (GBD) study aims to assess health outcomes in a timely, effective, and relevant manner across 204 countries and regions (2, 13, 14). In this investigation, we utilized the latest GBD 2021 to quantify the LC burden attributable to diet and metabolism. Our analysis considered variables such as country, gender, and age to provide critical insights for formulating strategies aimed at preventing and controlling LC.



2 Materials and methods


2.1 Study data

For our study, we acquired annual data spanning from 1990 to 2021. The data encompassed information on deaths, DALYs, age-standardized mortality rates (ASMRs) and age-standardized DALYs rates (ASDRs) of LC attributable to metabolic and dietary risk factors based on socio-demographic index (SDI), location, age, and sex from GBD 2021.1 All metrics were reported with 95% uncertainty intervals (UIs). Additionally, population estimates for the years 2017 to 2,100 were also obtained from GBD 2021 (13, 15).

The Institutional Review Board at the University of Washington has thoroughly reviewed and granted an exemption for informed consent in relation to the GBD 2021 study (2). This research is reported in accordance with the STROCSS standards (16).



2.2 Definitions

In this study, LC is coded as C33–C34 in accordance with the 10th revision of the International Statistical Classification of Diseases and Related Health Problems (ICD-10).

By conducting a comprehensive literature review on risk factors associated with the global burden of LC, we specifically focused on metabolic factors, such as HFPG, and dietary factors, such as DLF (15). These established risk factors for LC were selected based on their availability in the GBD 2021. HFPG is defined as a fasting plasma glucose level exceeding 4.9–5.3 mmol/L. DLF is defined as an average daily consumption of less than 340–350 grams of fruit, encompassing fresh, frozen, cooked, canned, or dried fruit, with the exclusion of juice drinks and salt-preserved or pickled fruits.

The SDI serves as an indicator for assessing the level of development, encompassing average income per person, average education level, fertility rate, and other relevant data. Each country (or region) is assigned an SDI value ranging from 0 to 1, with higher values indicating a higher level of development. There are 204 countries or regions worldwide, each corresponding to a specific SDI value. The SDI is commonly categorized into five levels: low (41 countries), low-middle (41 countries), middle (40 countries), high-middle (41 countries), and high (41 countries) (2).



2.3 Estimated annual percentage change

The estimated annual percentage change (EAPC) is used to depict the patterns in the global burden of LC attributable to risk factors from 1990 to 2021. A linear relationship between the napierian logarithmic of the rate and time is established through the equation y = α + βx + ε, where x represents the year and y represents ln(rate). The EAPC is calculated as 100 × (e^β-1), with a 95% confidence interval (CI) provided (16, 17).

When EAPC and the lower limit of 95% CI are both greater than 0, it indicates an upward trend. Conversely, if the EAPC value and the upper limit of its 95% CI are both less than 0, it indicates a downward trend. Otherwise, the trend is considered stable.



2.4 Prediction model

The autoregressive integrated moving average (ARIMA) model is a statistical analysis model that combines Autoregressive and Moving Average models, along with an integrated differencing component (18, 19). It utilizes past values to predict future values and is classified as a type of time series method. Utilizing Global Burden of Disease (GBD) data spanning from 1990 to 2021, the ARIMA model was employed to project disease burdens up to 2036.

The parameters of the ARIMA model are denoted as ARIMA (p, d, q), where p represents the number of autoregressive terms, d indicates the degree of differencing required to achieve stationarity, and q signifies the number of lagged forecast errors in the prediction equation. The selection of optimal p and q values is guided by evaluating the akaike information criterion (AIC), corrected akaike information criterion (AICc), and bayesian information criterion (BIC). Additionally, assessing the training set’s performance using the root mean square error (RMSE) provides insight into the model’s predictive accuracy, while an autocorrelation function at lag 1 (ACF1) close to zero suggests that the model is appropriately specified.



2.5 Statistical analysis

The utilization of ASMR and ASDR allows for the comparison of mortality and DALY rates across countries with varying age compositions and demographic characteristics. In addition, all age-standardized rates (ASRs) are calculated per 100,000 population (20, 21). The Pearson correlation coefficient is used to investigate the relationship between SDI and ASRs of LC attributable to metabolic and dietary risk factors.

The data for this study were processed, analyzed, and visualized using R 4.3.2 (R Core Team, Vienna, Austria).




3 Results


3.1 Trends of LC burden attributable to HFPG

The global death number of LC attributed to HFPG was almost triple from three decades ago (from 0.019 million in 1990 to 0.051 million in 2021), accompanied by an observed increase in the ASMR (EAPC: 0.67, 95%CI: 0.52 to 0.83) from 0.49 to 0.59 (per 100,000 population) (Table 1). In other words, approximately 0.59% of LC-related deaths were attributed to HFPG in 2021. In addition, the global DALYs number of LC attributed to HFPG was more than doubled from 1990 to 2021, accompanied by a moderate increasing trend in the ASDR (EAPC: 0.39, 95%CI: 0.26 to 0.52) (Table 2). Among above metrics, the male-to-female ratios were both approximately 2.5 in 2021.



TABLE 1 Deaths and ASMR of lung cancer attributable to high fasting plasma glucose in 1990 and 2021, and EAPC of ASMR from 1990 to 2021.
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TABLE 2 DALYs and ASDR of lung cancer attributable to high fasting plasma glucose in 1990 and 2021, and EAPC of ASDR from 1990 to 2021.
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ASMR (0.81 per 100,000 population) and ASDR (16.61 per 100,000 population) were also highest in the high SDI regions, whereas EAPC in the high SDI regions showed a slight increase in ASMR and ASDR over the 30 years. Nevertheless, ASMR (EAPC: 1.77, 95%CI: 1.74 to 1.80) and ASDR (EAPC: 1.72, 95%CI: 1.70 to 1.75) experienced the most increase in the low-middle SDI regions (Tables 1, 2).

For the GBD regions, LC-related ASMR and ASDR attributable to HFPG increased in 15 GBD regions (Supplementary Figure S2). The East Asia region had the highest number of death cases and DALYs (0.017 million and 0.397 million) in 2021, as a percentage over 35 worldwide (Supplementary Tables S1, S2). Western Sub-Saharan Africa had the greatest increase in ASMR (EAPC:2.38, 95%CI: 2.27 to 2.50) and ASDR (EAPC:2.30, 95%CI: 2.20 to 2.41) from 1990 to 2021. Notably, Western Sub-Saharan Africa, Southern Sub-Saharan Africa, and North Africa and Middle East ranked in the top three regions, as all EAPCs greater than 1.5 (Figures 1A,B).
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FIGURE 1
 EAPC of ASMR (A) and ASDR (B) of lung cancer attributable to high fasting plasma glucose from 1990 to 2021, by sex, in 21 regions. EAPC of ASMR (C) and ASDR (D) of lung cancer attributable to diet low in fruits from 1990 to 2021, by sex, in 21 regions. ASMR, age-standardized mortality rate; ASDR, age-standardized DALYs rate; DALYs, disability-adjusted life-years; EAPC, estimated annual percentage change.


SDI regionally, in 2021, the numbers of LC-related death cases (0.018 million) and DALYs (0.35 million) attributable to HFPG in the high SDI regions were the highest (Figure 2). The ASMR.
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FIGURE 2
 The burden of lung cancer deaths attributable to high fasting plasma glucose (A) and diet low in fruits (B) from 1990 to 2021 by sex and SDI region. The bars display the number of lung cancer deaths. The lines with 95% UI represent ASMR. SDI regional ASMR of lung cancer attributable to high fasting plasma glucose (C) and diet low in fruits (D) from 1990 to 2021. ASMR, age-standardized mortality rate; SDI, sociodemographic index; UI, uncertainty interval.


At the 204 countries, China had the highest number of death cases and DALYs (0.017 million and 0.39 million). In ASMR and ASDR, Palau, Marshall Islands, Northern Mariana Islands, Montenegro and Nauru ranked in the top five countries in 2021 (Figures 3A,C). A remarkable thing was that Egypt had experienced the most rapid increase in ASMR (EAPC: 7.84, 95%CI: 7.11 to 8.58) and ASDR (EAPC: 7.35, 95%CI: 6.70 to 8.00) (Figures 3B,D).
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FIGURE 3
 The global distribution of ASMR (A) and ASDR (C) of lung cancer attributable to high fasting plasma glucose in 2021, and EAPC in ASMR (B) and ASDR (D) of lung cancer attributable to high fasting plasma glucose from 1990 to 2021. The global distribution of ASMR (E) and ASDR (G) of lung cancer attributable to diet low in fruits in 2021, and EAPC in ASMR (F) and ASDR (H) of lung cancer attributable to diet low in fruits from 1990 to 2021. ASMR, age-standardized mortality rate; ASDR, age-standardized DALYs rate; DALYs, disability-adjusted life-years; EAPC, estimated annual percentage change.




3.2 Trends of LC burden attributable to DLF

Globally, the numbers of death cases (from 0.051million in 1990 to 0.066 million in 2021) and DALYs (from 1.44 million in 1990 to 1.61 million 2021) for LC attributable to DLF exhibited a slight increase. Nevertheless, ASMR (EAPC: -1.89, 95%CI: −1.96 to −1.82) and ASDR (EAPC: -2.23, 95%CI: −2.31 to −2.14) were both decreasing from 1990 to 2021 (Tables 3, 4). The male-to-female ratio in these indicators was both approximately 2 in 2021. Additionally, the EAPCs of ASMR and ASDR were slightly greater for male compare to female.



TABLE 3 Deaths and ASMR of lung cancer attributable to diet low in fruits in 1990 and 2021, and EAPC of ASMR from 1990 to 2021.
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TABLE 4 DALYs and ASDR of lung cancer attributable to diet low in fruits in 1990 and 2021, and EAPC of ASDR from 1990 to 202.
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At the SDI region level, the highest numbers of LC-related deaths and DALYs attributable to DLF was experienced in the middle SDI (0.021 million and 0.53 million), as a percentage over 30 worldwide. Notably, high-middle SDI and middle SDI evidenced a more rapid descent in ASMR and ASDR, with all EAPCs greater than two from 1990 to 2021 (Tables 3, 4).

At the 21 GBD regions, LC-related ASMR and ASDR attributable to DLF decreased in 17 GBD regions. East Asia had the highest number of deaths (0.020 million), whereas South Asia had the highest number of DALYs (0.47 million) in 2021 (Supplementary Figure S2). From 1990 to 2021, Central Asia had the greatest decrease in ASMR (EAPC: -4.75, 95%CI: −4.96 to −4.54) and ASDR (EAPC: -5.16, 95%CI: −5.38 to −4.93) (Figures 1C,D). Central Asia, Eastern Europe and East Asia ranked in the top three regions, with all upper limit of EAPCs greater than 3 (Supplementary Tables S3, S4).

For the countries, China had the highest number of deaths (0.019 million) and DALYs (0.44 million). Mongolia, Lesotho, Zimbabwe, Cambodia and Zambia ranked in the top five countries for ASMR and ASDR in 2021 (Figures 3E,G). A remarkable thing was that Kazakhstan had experienced the most rapid decrease in both ASMR (EAPC: -7.42, 95%CI: −7.79 to −7.04) and ASDR (EAPC: −7.85 95%CI: −8.25 to −7.44) (Figures 3F,H).



3.3 Age-specific global LC burden attributable to HFPG and DLF

The age distribution of death cases related to HFPG globally in 2021, as shown in Figure 4A, exhibits an inverted V-shaped pattern, with the greatest amount of deaths attributable to HFPG occurring the age group ranging from 70 to 74. The mortality rates exhibit synchronous patterns of increase and subsequent decrease across various age groups for both genders. This discovery highlights that age is a crucial factor in the influence of the global LC burden attributable to HFPG. The mortality rate of male peaks in the 85 to 89 years old and then gradually declines, whereas the mortality rate of female shows an upward trend. Notably, the mortality among males is considerably higher than females, with the gender difference in mortality rates being most evident in the age group of 85–89. The age distribution of HFPG-related DALYs and DALY rates, as illustrated, demonstrates a similar trend (Supplementary Figure S3A). Notably, there is a prominent peak in DALYs within the 65 to 69 age group, while the highest rate of DALYs occurs among individuals aged 75 to 79 (Figure 4B).
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FIGURE 4
 The age distribution of lung cancer deaths attributable to high fasting plasma glucose (A) and diet low in fruits (B) in different age groups, by sex, in 2021. The bars display the number of lung cancer deaths. The lines represent ASMR. EAPC of global mortality rates of lung cancer attributable to high fasting plasma glucose in different age groups from 1990 to 2021, by sex (C) and SDI region (E). EAPC of global mortality rates of lung cancer attributable to diet low in fruits in different age groups from 1990 to 2021, by sex (D) and SDI region (F). ASMR, age-standardized mortality rate; EAPC, estimated annual percentage change; CI, certainty interval; SDI, sociodemographic index.


Globally, from 1990 to 2021, EAPCs of the mortality rate related to HFPG for the age groups under 60 years old are less than 0, whereas EAPCs are greater than 0 for the age group above 60 years old. For the SDI regions, it is notable that in the lower SDI regions, the mortality rates of each age group have been increasing, as all EAPCs being greater than 0. Furthermore, in the high SDI regions, the EAPC shows a V-shaped distribution, while the age group of 40–44 witnesses the fastest decline of mortality rate (Figures 4C,E). The EAPCs of the specific age DALYs ratios have demonstrated similar patterns of change (Supplementary Figures S3C,E).

At the global level, the age distribution pattern of the global burden attributable to DLF is similar in 2021 (Figure 4A; Supplementary Figure S3B). Whereas, the gender disparity in mortality is most prominent in the age group of 90 to 94, and the peak of the DALY rate is in the 70 to 74 age group (Supplementary Figures S3D,F). From 1990 to 2021, the EAPCs for all age groups under 85 are less than 0. The EAPCs for middle SDI regions are less than 0. The EAPCs for mortality in middle SDI, high-middle SDI, and high SDI regions both show a V-shaped distribution. Notably, the decline rate is the fastest in the 35 to 39 age group (EAPCs are greater than 3), and the EAPCs for all age groups under 85 are less than 0 (Figures 4D,F). The EAPCs for the specific age of DALYs ratios demonstrate similar patterns.



3.4 Associations with the SDI

The correlations between ASMR of LC attributable to HFPG and SDI at regional and national level are observed to be positive (R = 0.793, p < 0.001 for region, R = 0.641, p < 0.001 for country) (Figure 5). Similarly, ASDR is positively correlated with SDI (R = 0.795, p < 0.001 for region, R = 0.618, p < 0.001 for country) (Supplementary Figure S4). Additionally, High-income North America, Central Europe, East Asia, and Oceania have observed higher ASMR and ASDR than expected in accordance with their SDI. At the national level, some countries, such as Palau, Marshall Islands and Nauru, have observed significantly higher ASMR and ASDR than expected in accordance with their SDI. In addition, our analysis shows no correlation between SDI and ASMR of LC attributable to DLF.
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FIGURE 5
 Correlations between ASMR of lung cancer attributable to high fasting plasma glucose and SDI at the regional (A) and national (B) level. Correlations between ASMR of lung cancer attributable to diet low in fruits and SDI at the regional (C) and national (D) level. The black line represents the expected ASMR on the basis of SDIs in all locations. ASMR, age-standardized mortality rate; SDI, sociodemographic index.




3.5 Global burden predictions for LC attributable to HFPG and DLF

The ARIMA model was established to predict LC risk–attributable burden in next 15 years. Supplementary Table S5 shows the parameters of ARIMA model. Our research shows the prediction trends of LC attributable to HFPG in ASMR and ASDR from 1990 to 2036, by gender and the SDI region (Figure 6; Supplementary Figure S5). Globally, the predictive results indicate that ASMR and ASDR will undergo a gradual decline in the next 15 years. Notably, with exception of high-middle SDI regions, ASMR will continue to increase in all other SDI regions. Interestingly, ASMR of male will continue to decline, whereas ASMR of female will moderate increase. It suggests that both gender and SDI are important factors.

[image: Figure 6]

FIGURE 6
 The actual and predicted values in ASMR of lung cancer attributable to high fasting plasma glucose (A) and diet low in fruits (B) with the ARIMA model by sex. ASMR, age-standardized mortality rate; ARIMA, autoregressive integrated moving average.


According to Figure 7 and Supplementary Figure S6, it could be observed prediction of LC attributable to DLF from 1990 to 2036, by gender and the SDI region. Our predictive results indicate that all ASMR and ASDR attributable to DLF will continue to decline.

[image: Figure 7]

FIGURE 7
 The actual and predicted values in ASMR of lung cancer attributable to high fasting plasma glucose (A) and diet low in fruits (B) with the ARIMA model by global and SDI regions. ASMR, age-standardized mortality rate; ARIMA, autoregressive integrated moving average; SDI, sociodemographic index.





4 Discussion


4.1 Principal study findings

This study utilizes the latest GBD 2021 to thoroughly analyze burden of LC attributable to metabolic and dietary risk factors from 1990 to 2021. Furthermore, this study predicts trends for the next 15 years. From the GBD database, HFPG and DLF are identified as the sole metabolic and dietary risk factors for LC, respectively. The study findings indicate that a considerable increase in the LC burden attributable to HFPG, whereas ASMR and ASDR of LC attributable to DLF represent a general decline. There is an unequal distribution. In low-middle SDI regions, the ASMR and ASDR of LC related to DLF display the most rapid increase. Conversely, in the high-middle SDI regions, the LC burden related to DLF display the most rapid decline. Furthermore, the LC burden attributable to HFPG and DLF in mortality and DALYs is higher for males than females. The sex difference is more pronounced in the elderly. It is noteworthy for the significant disparities related to gender, age, and temporal–spatial patterns in our study.

Previous studies utilizing the GBD database have analyzed the global, regional, and national burden of LC (22–24) and its attributable risk factors (25). Notably, relevant GBD studies focused on specifically quantified the epidemiological characteristics of LC burden associated with particulate matter air pollution and smoking (18, 26, 27). As far as we know, our study represents the first attempt to specifically investigate the impact of dietary and metabolic factors on the burden of LC from 1990 to 2021 and future trends. Furthermore, our study not only supplements the previous research but also offers comprehensive insights for designing and promoting targeted prevention strategies against LC based on diet and metabolism.



4.2 Spatiotemporal pattern of LC burden attributable to metabolic and dietary risk factors

From 1990 to 2021, the burden of LC attributable to HFPG has escalated across most countries and regions, while the trends aligning with the incidence rate of DM. Over the past 3 decades, the global age-standardized prevalence rate of DM has surged by 90.5% (11). The SDI, as an indicator of socio-demographic development, exhibits a strong correlation with the burden of diseases. Furthermore, it’s a positive correlation between HFPG-related LC burden and SDI. High SDI region reports the highest numbers of deaths, along with DALYs, ASMR and ASDR, due to improvements in living standards (28), lifestyle changes, population aging (29, 30), and heightened awareness. Conversely, high SDI region exhibits the least pronounced upward trend in these metrics. These metrics in low-middle SDI region are less than one-third of those in high SDI region, whereas these demonstrate the most substantial growth rate in low-middle SDI region. With slower socioeconomic development, the management of DM is hindered by various health system factors (31), including a lack of knowledge and professional skills among healthcare professionals, limited accessibility and affordability of relevant supplies, inadequate availability of simple diagnostic and monitoring equipment, as well as the absence of locally tailored guidelines (32–34). It is concerning that the projected results indicate a continued gradual increase in the burden of HFPG-related LC across high SDI, middle SDI, low-middle SDI, and low SDI regions over the next 15 years.

Most countries and regions experience a significant decrease in ASMR and ASDR of the LC associated with DLF, while some regions maintain stability or show a slight increase. The most pronounced decline in the burden of LC is observed in high SDI region, whereas the reduction in lower SDI regions of LC associated with DLF remains negligible. At the regional and national level, due to a series of reforms, the healthcare system in Central Asia (35, 36) (including countries such as Kazakhstan) has achieved a degree of stability, leading to the most significant reduction in LC burden attributable to low fruit consumption. In contrast, the LC burden associated with DLF continues to rise across most of Africa. Notably, the Sub-Saharan African region exhibits the highest levels of ASMR and ASDR. In light of these disparities, policymakers in each country should formulate targeted strategies that address local risk factors to enhance balanced diets through increased fruit consumption, particularly in the majority of African countries (37, 38).



4.3 Patterns in gender and age groups of LC burden related to HFPG and DLF

The temporal trends of the LC burden related to HFPG and DLF follow similar patterns in gender and age groups. Over the past few decades, the baseline of mortality rate for lung cancer has been notably higher in males. These observations may be attributed to the unique biological characteristics and gender differences in LC. Female patients exhibit a higher frequency of EGFR mutations, particularly among non-smokers, which may render them more responsive to targeted therapies. In contrast, male patients are more frequently associated with KRAS mutations, leading to a poorer prognosis. Additionally, women tend to seek medical help more proactively, resulting in higher rates of early diagnosis and potentially better outcomes. The age-standardized prevalence ratio of DM between male and female is 1.14 (11), coupled with a lower daily fruit intake among males. Consequently, it elucidates the significantly higher mortality rates observed in males compared to females. For age demographics, the mortality rate is highest among 85 years and above. This can be interpreted that the elderly individuals have a declining pancreas function, resulting in weakened ability to regulate blood sugar, and have significantly lower fruit intake than young populations. In the higher SDI regions, the mortality rate among individuals under 50 years exhibits a significant decline trend. This phenomenon may be attributed to the relatively lower degree of exposure to risk factors during youth, which gradually escalates to its peak as individuals age. However, in low SDI and low-middle SDI regions, the reduction in the DLF-related mortality rates is minimal, while HFPG-related mortality rates are even observed to be on the rise. We hypothesize that in economically less developed countries or regions, young people’s unhealthy dietary patterns (39, 40) and low adherence to specific LC screening (41, 42) may be the main reasons. Consequently, it is imperative to prioritize the prevention and management of LC associated with DLF and HFPG among key demographic groups (43). Additionally, the point is that the increase in the mortality rate of female is greater than males in all age groups. The predicted results suggest that the ASMR and ASDR in females will still be slowly increasing in next 15 years. Over the past three decades, the disparity in LC burden between males and females has gradually narrowed, and it is predicted that this trend will continue in the future.



4.4 Public health implications

Fortunately, the dietary and metabolic risk factors related to LC are changeable, offering a chance to prevent this fatal cancer. By adjusting diet (44, 45), doing daily exercise appropriately, and using medication properly to prevent and improve an unhealthy condition of HFPG and DLF, it can be an auxiliary strategy to reduce the burden of LC. Our study emphasizes the importance of dealing with HFPG and DLF, which prompts policymakers to allocate resources more effectively, and national governments can develop strategies to face the challenges of the heavy LC burden based on dietary and metabolic risks at the national level.



4.5 Strengths and limitations

Our study has several limitations. Firstly, there exists heterogeneity in the prevalence trend of the two distinct histological subtypes of LC (SCLC and NSCLC). However, due to the unavailability of data within the GBD 2021, we were unable to conduct subtype analysis for different tissue types (46) in our study. Secondly, The GBD model lacks a comprehensive evaluation of the quality of its data sources and is further complicated by variations in monitoring systems across different countries, thereby potentially compromising the accuracy of its findings. Thirdly, temporal and spatial variations in LC burden associated with other dietary and metabolic risk factors, such as the intake of red meat, were not analyzed due to the unavailability data within the GBD 2021. There is a possibility that the burden of LC examined in our GBD study may be overestimated (47, 48). Finally, it should be advised that the GBD study is not intended for testing causality between different factors, therefore, inferring causality from any of the results presented in this study should be avoided unless further validation is conducted. Further comprehensive research is required to enhance the evidence and comprehend the mediating effects of gender, age, and geographic location on dietary and metabolic risks associated with LC burden.




5 Conclusion

In conclusion, regarding metabolic risk, the global burden of LC attributable to HFPG has risen in parallel with the increasing incidence of DM, over the past three decades. The elderly population, males, and regions with higher SDI experience a disproportionately greater disease burden. Conversely, more adverse trends have been observed in regions with lower SDI and among females. Moreover, it is anticipated that this burden will persistently increase across most regions over the next 15 years. Concerning dietary risk, the burden of LC attributable to DLF has shown a declining trend from 1990 to 2021, with sub-Saharan Africa, representing low SDI, exhibiting the highest ASMR and ASDR. Notably, this burden has decreased at a faster rate in regions with higher SDI. Additionally, gender disparities in the LC burden related to dietary and metabolic risk become increasingly pronounced with advancing age, whereas these differences are gradually diminishing over time. Our study aims to provide robust evidence supporting local governments in developing effective regulations for controlling and preventing LC.
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SUPPLEMENTARY FIGURE S1 | The burden of lung cancer DALYs attributable to high fasting plasma glucose (A) and diet low in fruits (B) from 1990 to 2021 by sex and SDI region. The bars display the number of lung cancer deaths. The lines with 95% UI represent ASMR. SDI regional ASDR of lung cancer attributable to high fasting plasma glucose (C) and diet low in fruits (D) from 1990 to 2021. ASDR, age-standardized DALYs rate; DALYs, disability-adjusted life-years; SDI, sociodemographic index; UI, uncertainty interval.



SUPPLEMENTARY FIGURE S2 | ASMR (A) and ASDR (B) of lung cancer attributable to high fasting plasma glucose in 2021, by sex in 21 regions. ASMR (C) and ASDR (D) of lung cancer attributable to high fasting plasma glucose in 1990 and 2021 in 21 regions. ASMR (E) and ASDR (F) of lung cancer attributable to diet low in fruits in 2021, by sex in 21 regions. ASMR (G) and ASDR (H) of lung cancer attributable to diet low in fruits in 1990 and 2021 in 21 regions. ASMR, age-standardized mortality rate; ASDR, age-standardized DALYs rate; DALYs, disability-adjusted life-years.



SUPPLEMENTARY FIGURE S3 | The age distribution of lung cancer DALYs attributable to high fasting plasma glucose (A) and diet low in fruits (B) in different age groups, by sex, in 2021. The bars display the number of lung cancer DALYs. The lines represent ASDR. EAPC of global mortality rates of lung cancer attributable to high fasting plasma glucose in different age groups from 1990 to 2021, by sex (C) and SDI region (E). EAPC of global mortality rates of lung cancer attributable to diet low in fruits in different age groups from 1990 to 2021, by sex (D) and SDI region (F). ASDR, age-standardized DALYs rate; DALYs, disability-adjusted life-years; EAPC, estimated annual percentage change; CI, certainty interval; SDI, sociodemographic index.



SUPPLEMENTARY FIGURE S4 | Correlations between ASDR of lung cancer attributable to high fasting plasma glucose and SDI at the regional (A) and national (B) level. Correlations between ASDR of lung cancer attributable to diet low in fruits and SDI at the regional (C) and national (D) level. The black line represents the expected ASDR on the basis of SDIs in all locations. ASDR, age-standardized DALYs rate; DALYs, disability-adjusted life-years; SDI, sociodemographic index.



SUPPLEMENTARY FIGURE S5 | The actual and predicted values in ASDR of lung cancer attributable to high fasting plasma glucose (A) and diet low in fruits (B) with the ARIMA model by sex. ASDR, age-standardized DALYs rate; DALYs, disability-adjusted life-years; ARIMA, autoregressive integrated moving average.



SUPPLEMENTARY FIGURE S6 | The actual and predicted values in ASDR of lung cancer attributable to high fasting plasma glucose (A) and diet low in fruits (B) with the ARIMA model by global and SDI regions. ASDR, age-standardized DALYs rate; DALYs, disability-adjusted life-years; SDI, sociodemographic index.
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Glossary

ACF1 - Autocorrelation function at lag 1

AIC - Akaike information criterion

AICc - Corrected akaike information criterion

ARIMA - Autoregressive integrated moving average

ASR - Age-standardized Rate

ASDR - Age-Standardized DALYs Rate

ASMR - Age-Standardized Mortality Rate

BIC - Bayesian information criterion

CI - Confidence Interval

DALYs - Disability-Adjusted Life Years

DLF - Diet low in fruits

DM - Diabetes Mellitus

EAPC - Estimated Annual Percentage Change

GBD - Global Burden of Disease

HFPG - High fasting plasma glucose

LC - Lung Cancer

SCLC - Small Cell Lung Cancer

SDI - Socio-Demographic Index

NSCLC - Non-Small Cell Lung Cancer

UI - Uncertainty Interval

RMSE - Root mean square error
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