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Background: The burden of cancer has been progressively increasing, with diet playing a key role in its development and progression. Previous studies on diet-related cancer burden mainly focused on individual factors or single cancer types. Therefore, this study aimed to analyze global trends in deaths and disability-adjusted life years (DALYs) associated with diet-related cancers from 1990 to 2021, predicting the burden up to 2035.

Methods: Using bibliometric analysis and Global Burden of Disease (GBD) 2021 data, it examined mortality and DALY rates stratified by age, sex, cancer type, and region. Decomposition analysis assessed contributions of population growth, aging, and epidemiological transitions, while health inequalities were evaluated using inequality indices. Frontier analysis quantified gaps between current and minimum achievable burdens. Future trends for multiple tumors were projected using Bayesian Age-Period-Cohort (BAPC) modeling.

Results: The age-standardized death rate (ASDR) for diet-related cancers declined from 12.24 (95% UI: 3.32 to 22.78) per 100,000 in 1990 to 7.90 (95% UI: 2.45 to 13.85) in 2021, and the age-standardized DALYs rate decreased from 302.48 (95% UI: 80.53 to 565.63) to 189.62 (95% UI: 57.13 to 335.37) per 100,000. In 2021, the highest ASDR were recorded in Central Europe, and the largest age-standardized DALYs rate were documented in Southern Sub-Saharan Africa. The greatest disease burden was identified in high-middle sociodemographic index (SDI) regions. Colon and rectum cancers were most prominent, with high red meat intake as the leading dietary risk. We also found that a higher disease burden was observed in males compared to females, and the burden increased progressively with age. Decomposition analysis revealed population growth as the main driver of increasing burdens, partly offset by epidemiological changes. Health inequality driven by economic factors has decreased. BAPC modeling predicted a continued decline in the future burden of multiple cancers, except for breast cancer.

Conclusion: While the burden of diet-related cancers is declining, challenges remain, particularly in older populations and higher SDI regions. Persistent health inequalities affect esophageal and stomach cancers. These findings can guide targeted strategies for prevention and control.
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1 Introduction

Cancer remains one of the most significant global health challenges, with its incidence and mortality rates on a continuous upward trajectory (1). The development of cancer is a multifaceted process, influenced by the interplay of genetic, environmental, and lifestyle factors. Among these, diet stands out as a modifiable risk factor, playing a crucial role in cancer prevention and control.

Extensive research has demonstrated that poor dietary habits can significantly elevate cancer risk and burden. For instance, diets high in red meat, processed foods, and added sugars have been linked to an increased risk of breast cancer, primarily through the activation of inflammatory pathways such as NF-κB (2). Conversely, adherence to a Mediterranean diet, abundant in vegetables and whole grains, has been associated with a 27% reduction in the risk of head and neck cancer (3). Additionally, a diet low in fiber can disrupt gut microbiota balance, diminishing the production of short-chain fatty acids and thereby fostering the progression of colorectal cancer (4). On the positive side, calcium-rich dairy products have been shown to offer protective benefits against colorectal cancer (5). In 2019, global data highlighted that 65,919 deaths from esophageal cancer were attributable to insufficient consumption of vegetables and fruits, representing 0.12% of all deaths worldwide. The age-standardized death rate (ASDR) for this cause was 0.81 per 100,000 individuals, with an age-standardized disability-adjusted life years (DALYs) rate of 19.24 (6).

Previous studies (7, 8) have predominantly concentrated on the effects of dietary risks on either individual cancer burdens or specific cancers within particular populations. This study utilized a multidisciplinary approach by integrating bibliometric analyses and the Global Burden of Disease (GBD) to conduct comprehensive research. According to the GBD data, five types of cancers were identified as being closely associated with dietary behaviors: esophageal cancer, stomach cancer, colon and rectum cancer, tracheal, bronchus, and lung cancer, and breast cancer. Initially, bibliometric analyses were utilized to identify key research trends regarding dietary risks and cancers. Secondly, this study provides a comprehensive statistical description and analysis of the mortality and DALYs burdens for these five cancers linked to nine dietary risks. Furthermore, it projects the trends in cancer burden up to the year 2035. This study represents the first epidemiological research to utilize the 2021 GBD data to examine the disease burden of multiple cancers attributable to dietary risks. The primary objective of this research is to furnish a scientific foundation for policymakers, public health experts, and clinicians. It underscores the importance of educating the public to improve dietary habits and refining cancer prevention strategies as pivotal measures to alleviate the global cancer burden.



2 Materials and methods


2.1 Data sources

The studies analyzed were sourced from Web of Science spanning from 1990 to 2025. The search query included (“Diet” OR “Dietary risks”) AND (“tumor” OR “Cancer” OR “neoplasm” OR “Carcinoma” OR “Sarcoma” OR “esophageal cancer” OR “stomach cancer” OR “colon cancer” OR “lung cancer” OR “breast cancer”) and inputted into Cite-Space for statistical assessment. Following the initial search, a meticulous screening process was conducted, retaining peer-reviewed articles on diet-related cancers and excluding irrelevant ones.

All data in this study were extracted from the GBD 2021 dataset, accessible via the GBD Results Tool.1 The GBD database represents a comprehensive global health resource, systematically collating epidemiological metrics—including incidence, prevalence, mortality, years of life lost, years lived with disability, and DALYs—for 371 diseases and injuries, alongside 88 major risk factors, across 204 countries and territories. From the 15 dietary risk factors evaluated in the 2021 GBD framework, nine were identified as being significantly associated with cancer outcomes. These comprised diets low in calcium, whole grains, milk, vegetables, fruits, and fiber, as well as diets high in sodium and red and processed meats.

The Sociodemographic Index (SDI) served as a composite indicator to evaluate socioeconomic development levels across nations and regions. This index integrates normalized metrics for per capita income, average educational attainment, total fertility rate, and population age distribution (9, 10). Based on 2021 GBD criteria, 204 countries and territories were stratified into five SDI tiers: low-SDI [0–0.47], low-middle SDI [0.47–0.62], middle SDI [0.62–0.71], high-middle SDI [0.71–0.81], and high SDI [0.81–1.00] (11).



2.2 Statistical analysis


2.2.1 CiteSpace bibliometric analysis

CiteSpace, a Java-based visualization tool, detects research hotspots and predicts future trends by analyzing authors, countries, keywords, and other relevant metrics in the field. The knowledge graph was quantified through adjustments in node types, connections, and selection criteria for visual analysis.



2.2.2 Global burden of diet-related cancers

This study employed two primary indicators to assess the burden of diet-related cancers: mortality and DALYs, both reported with 95% uncertainty intervals (UI). Temporal trends from 1990 to 2021 were analyzed using the estimated annual percentage change (EAPC) in age-standardized rates (ASR), enabling systematic comparisons across age groups, sexes, cancer subtypes, and geographic regions. Proportional distributions of diet-related cancers were evaluated at four key time points (1990, 2000, 2010, and 2021). Based on 2021 data, the contributions of specific dietary risk factors to the global cancer burden—particularly colorectal cancer—were examined across five SDI regions.

The spatiotemporal distribution patterns of diet-related cancer burden were characterized by ASR with corresponding 95% UI stratified according to the SDI (12, 13). The strength and direction of the association between SDI levels and diet-related cancer burden were evaluated using Spearman’s rank correlation model (14). The comparative risk assessment framework was applied to quantify the effects of demographic expansion, age structure transitions, and changes in disease incidence rates on temporal trends in disease burden. This factor decomposition methodology enabled stratification of total burden into constituent drivers, elucidating predominant determinants and their directional influences (15).

We used an age-standardized DALYs rate-based frontier analysis to assess differences in the burden of disease between different countries and regions that differed in SDI level. This approach focused on determining the lowest theoretically achievable ASR value for each country or region based on its current SDI level, thereby quantifying the difference between the current burden of disease and its theoretically lowest possible burden. For countries that had not reached the frontier, the distance from the frontier was calculated to reveal potential room for improvement. We used a combination of locally estimated scatterplot smoothing and local polynomial regression techniques to construct a smoothed borderline. To ensure the reliability of the analysis results, we performed 100 instances of self-help sampling (11).

Health disparities in age-standardized DALYs rate were quantified using two complementary measures: the slope index of inequality (SII), which assesses absolute inequality, and the concentration index of inequality (CII), which evaluates relative inequality across socioeconomic gradients (16). SII serves as a metric for quantifying absolute disparities in health outcomes across socioeconomic gradients. The CII is employed to assess the relative inequality in the distribution of health outcomes in relation to socioeconomic status.

We conduct Age-Period-Cohort (APC) analysis using the R package apc to assess the impacts of various age groups, time periods, and birth cohorts on disease burden (17). The Bayesian Age-Period-Cohort (BAPC) model effectively distinguishes the effects of age, period, and cohort on health outcomes, offering insights into temporal health trends across generations and the influence of public health events or policy shifts. Utilizing integrated nested Laplace approximations (INLA), a computationally efficient Bayesian method, it bypasses the lengthy simulations of traditional Markov chain Monte Carlo approaches. INLA rapidly delivers precise parameter estimates and predictions for large datasets by approximating posterior distributions. The model provides detailed prediction rates for various age groups and computes age-standardized rates to facilitate cross-population health comparisons (18, 19).

The data analysis and visualization were conducted using R software (version 4.4.1), with a significance level of p < 0.05 indicating statistical significance. Ethical approval was not necessary since the GBD database is publicly accessible.





3 Results


3.1 Bibliometric analysis

This study utilized a multidimensional visualization method to analyze research trends related to dietary risk factors and cancers. From 1990 to 2013, the number of studies exhibited an upward fluctuation, peaking in 2013, after which the level of research activity stabilized (Supplementary Figure S1A). The significant increase and deepening of research efforts highlighted the growing importance of these topics within public health policy. The United States played a leading role in this field, collaborating closely with countries such as China, Italy, France, and England to advance the development of this area (Supplementary Figure S1B). Keyword clustering analysis revealed that apoptosis, gastric cancer, colorectal cancer, and quality of life were key focal points in this domain (Figures 1A,B). Over time, research interests had broadened from diet-related digestive tract tumors to encompass other types of cancer, including lung, prostate, and pancreatic cancers. Additionally, fiber, vitamins, vegetables, and red meat had increasingly garnered attention. There had also been a notable rise in the emphasis placed on improving the quality of life for cancer patients. Furthermore, research in this field demonstrated a clear trend toward greater interdisciplinary and international collaboration, reflecting the global nature of addressing complex health challenges (Figures 1C,D). In this context, this article will further explore the tumor burden associated with dietary factors.
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FIGURE 1
 Bibliometric analyses results. (A) Co-occurrence network of Keyword. (B) Keyword clustering analyses. (C) Time-zone diagram. (D) Dual map of journals.




3.2 Burden of cancers attributable to dietary risk factors at the global level

Globally, deaths from cancers attributable to dietary risk factors increased from 463,979.47 (95% UI: 125,175.75 to 864,966.82) in 1990 to 669,656.23 (95% UI: 207,110.92 to 1,176,736.66) in 2021. Similarly, DALYs rose from 12,377,666.46 (95% UI: 3,287,466.84 to 23,260,291.81) to 16,403,608.55 (95% UI: 4,939,614.02 to 29,035,003.97) over the same period. In 2021, males experienced higher mortality (336,768.16; 95% UI: 116,797.83 to 612,379.37) and DALYs (8,338,902.95; 95% UI: 2,872,142.18 to 15,165,920.72) compared to females (deaths: 332,888.07; 95% UI: 94,639.01 to 578,474.26; DALYs: 8,064,705.6; 95% UI: 2,132,070.36 to 14,335,340.94).

The ASDR declined from 12.24 (95% UI: 3.32 to 22.78) per 100,000 population in 1990 to 7.90 (95% UI: 2.45 to 13.85) in 2021, with an EAPC of −1.54 (95% CI: −1.60 to −1.49). Correspondingly, the age-standardized DALYs rate decreased from 302.48 (95% UI: 80.53 to 565.63) to 189.62 (95% UI: 57.13 to 335.37) per 100,000 population (EAPC: −1.65; 95% CI: −1.72 to −1.59). Gender disparities persisted in 2021: males exhibited higher ASDR (8.73; 95% UI: 3.05 to 15.83) and DALYs rate (203.61; 95% UI: 70.44 to 369.27) than females (ASDR: 7.21; 95% UI: 2.04 to 12.52; DALYs rate: 177.90; 95% UI: 46.76 to 316.47). Notably, colon and rectum cancer showed the highest diet-related burden among all cancer types, with an ASDR of 4.82 (95% UI: 1.64 to 7.46) and DALYs rate of 109.71 (95% UI: 37.68 to 168.52) per 100,000 population (Table 1; Figure 2).



TABLE 1 ASDR and age-standardised DALYs rates of cancers attributable to dietary risk factors in 2021 and their temporal trend from 1990 to 2021 at global and regional levels.
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FIGURE 2
 ASDR and age-standardised DALYs rates of cancers attributable to dietary risk factors in 2021 and their temporal trend from 1990 to 2021. EAPC, estimated annual percentage change; ASDR, age-standardized death rate; DALYs, disability-adjusted life years; EC,Esophageal cancer;SC, Stomach cancer; CRC, Colon and rectum cancer; LC, Tracheal, bronchus, and lung cancer; BC, Breast cancer.




3.3 Burden of cancers attributable to dietary risk factors at the regions defined by SDI and geographic regions

In 2021, the high-middle SDI region exhibited the highest ASDR for cancers attributable to dietary risk factors at 9.16 (95% UI: 2.87 to 16.89, per 100,000 population), along with the highest age-standardized DALYs rate of 219.57 (95% UI: 67.29 to 406.47, per 100,000). Conversely, the low-middle SDI region recorded the lowest ASDR at 5.23 (95% UI: 1.94 to 9.00, per 100,000) and the lowest age-standardized DALYs rate of 139.67 (95% UI: 46.84 to 242.91, per 100,000) (Table 1).

Among the 21 geographic regions analyzed in 2021, Central Europe had the highest ASDR for diet-related cancers at 12.13 (95% UI: 3.28 to 20.29, per 100,000), while Southern Sub-Saharan Africa showed the highest age-standardized DALYs rate at 297.88 (95% UI: 83.75 to 492.82, per 100,000). Notably, all regions except Western Sub-Saharan Africa and Southern Sub-Saharan Africa demonstrated negative trends in both the EAPC of ASDR and age-standardized DALYs rate. East Asia showed the most significant decline, with the highest EAPC values for ASDR (−2.61) and age-standardized DALYs rate (−2.78) (Table 1; Figure 3).
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FIGURE 3
 EAPC of the ASDR (A) and age-standardized DALYs rate (B) for cancers attributable to dietary risk factors in 21 Geographic Regions and 5 SDI regions from 1990 to 2021. EAPC, estimated annual percentage change; ASDR, age-standardized death rate; DALYs, disability-adjusted life years.




3.4 Burden of cancers attributable to dietary risk factors at the national level

In 2021, Lesotho (16.69, 95% UI: 5.28 to 28.00 per 100,000), Uruguay (16.07, 95% UI: 3.66 to 27.75 per 100,000), and Zimbabwe (15.96, 95% UI: 5.93 to 25.52 per 100,000) recorded the highest ASDR for cancers attributable to dietary risk factors (Figure 4A). Similarly, Lesotho (439.34, 95% UI: 129.18 to 748.79 per 100,000), Zimbabwe (418.66, 95% UI: 143.09 to 700.07 per 100,000), and Eswatini (375.20, 95% UI: 80.70 to 693.36 per 100,000) had the highest age-standardized DALYs rates for diet-related cancers (Figure 4C). Turkmenistan demonstrated the most rapid decline in ASDR for diet-related cancers, with an EAPC of −3.52 (Figure 4B), while Kazakhstan showed the steepest decrease in age-standardized DALYs rate, with an EAPC of −3.59 (Figure 4D). Regarding specific cancer types, Malawi and Mongolia had the highest ASDR and age-standardized DALYs rate for esophageal cancer and stomach cancer attributable to dietary risk factors, respectively. Additionally, Uruguay, Indonesia, and Taiwan (Province of China) ranked highest in ASDR for colon and rectum cancer, tracheal, bronchus, and lung cancer, and breast cancer, respectively. Meanwhile, Hungary, Mongolia, and Nauru exhibited the highest age-standardized DALYs rate for colon and rectum cancer, tracheal, bronchus, and lung cancer, and breast cancer, respectively (Supplementary Figure S2).
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FIGURE 4
 ASDR (A,B) and age-standardised DALYs rates (C,D) of cancers attributable to dietary risk factors in 2021 and their temporal trend from 1990 to 2021 at country levels. ASDR, age-standardized death rate; DALYs, disability-adjusted life years.




3.5 The trend of cancers attributable to dietary risk factors burden from 1990 to 2021

From 1990 to 2021, the ASDR and age-standardized DALYs rate for total cancers and other diet-related malignancies exhibited a global decline. Stratified analysis across five SDI quintiles revealed that High-middle SDI regions consistently bore a disproportionately higher disease burden compared to other SDI groups (Figure 5; Supplementary Figure S3). Notably, esophageal cancer demonstrated accelerated declines in ASDR and age-standardized DALYs rate within Middle SDI and High-middle SDI regions relative to other quintiles. For diet-related stomach cancer, colon cancer, and rectum cancer, the highest ASDR and age-standardized DALYs rate were observed in High-middle SDI and High SDI regions, respectively. Conversely, breast cancer attributable to dietary risks displayed divergent trends: High-middle SDI and High SDI regions experienced downward trajectories, while Low-middle SDI, Middle SDI, and Low SDI regions showed rising burdens during this period (Supplementary Figure S3).
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FIGURE 5
 The trend of ASDR (A) and age-standardized DALYs rate (B) for cancers attributable to dietary risk factors from 1990 to 2021. ASDR, age-standardized death rate; DALYs, disability-adjusted life years.




3.6 Demographic characteristics of patients with cancers attributable to dietary risk factors

The number of deaths and DALYs of cancers attributable to dietary risk factors was highest in the age groups of 70–74 years and 65–69 years, respectively.Among individuals aged 50–79 years, males exhibited a higher number of deaths and DALYs from diet-related cancers compared to females. For females, the ASDR and age-standardized DALYs rate for diet-related cancers increased steadily with age. In contrast, males experienced the highest ASDR and age-standardized DALY rates in the 90–94 age group (Figure 6). The disease burden of diet-related esophageal cancer, stomach cancer, and tracheal, bronchus, and lung cancer was consistently higher in males than in females. Similar to overall cancers, the ASDR and age-standardized DALYs rate for diet-related colon and rectum cancer increased with age in females, while males reached their peak rates in the 90–94 age group. Among individuals younger than 79 years, males also had a higher number of deaths and DALYs from diet-related colon and rectum cancer compared to females. For breast cancer, the number of deaths and DALYs attributable to dietary risk factors peaked in the 55–59 age group, with the ASDR and age-standardized DALYs rate increasing with age among females (Supplementary Figure S4). These findings highlight significant age- and sex-based disparities in the burden of diet-related cancers.

[image: Figure 6]

FIGURE 6
 The ASDR (A) and age-standardized DALYs rate (B) per 100,000 people of cancers attributable to dietary risk factors by age and sex in 2021. ASDR, age-standardized death rate; DALYs, disability-adjusted life years.




3.7 Spatiotemporal variations in cancer burden attributable to dietary factors

Globally and across the 21 regions, colorectal cancer represented the largest proportion of the disease burden among all cancers attributable to dietary risk factors. According to the 2021 GBD data, regional variations were evident: esophageal cancer had the highest proportion in Central Sub-Saharan Africa, stomach cancer in Andean Latin America, colorectal cancer in Central Europe, lung cancer in South Asia, and breast cancer in Western Sub-Saharan Africa (Figure 7).
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FIGURE 7
 The trend of the proportion of different diseases over time.




3.8 Dietary risk factors

In 2021, high red meat intake emerged as the leading dietary risk factor for cancer-related deaths and DALYs globally and across all five SDI quintiles, while low fiber intake had the smallest impact. In all regions except low-SDI areas, insufficient whole grain consumption ranked as the second-largest contributor to cancer mortality and DALYs, followed by inadequate milk intake. In low-SDI regions, low vegetable intake was the second most influential factor, with low calcium intake ranking third (Figures 8A,B). For colorectal cancer specifically, insufficient whole grain intake was the predominant dietary risk factor in high-SDI and high-middle-SDI regions. In middle-SDI and low-middle-SDI regions, inadequate milk consumption played a larger role, while low calcium intake dominated in low-SDI regions (Figure 8C). The ranking of dietary risk factors for colorectal cancer mortality aligned closely with their contributions to DALYs (Figure 8D).
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FIGURE 8
 Global and regional dietary risk factors for total cancer(A,B) and colon and rectum cancer (C,D) mortality and DALYs in 2021. DALYs, disability-adjusted life years.




3.9 Relationship between burden of cancers attributable to dietary risk factors and SDI level

From 1990 to 2021, across the 21 GBD regions, the ASDR for total cancers attributable to dietary risk factors showed a positive correlation with the SDI (R = 0.54, p < 0.01), as did the age-standardized DALYs rate (R = 0.49, p < 0.01) (Figures 9A,B). Similar positive correlations were observed for colon and rectum cancer, tracheal, bronchus, and lung cancer, and breast cancer attributable to dietary risk factors. In contrast, the ASDR for esophageal cancer attributable to dietary risk factors showed a negative correlation with the SDI (R = −0.34, p < 0.01), as did the age-standardized DALYs rate (R = −0.36, p < 0.01) (Figures 9C,D). In addition, the relationship between the ASDR and age-standardized DALYs rate for stomach cancer attributable to dietary risk factors and SDI was not statistically significant (Figures 9E,F).
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FIGURE 9
 Association between ASDR and age-standardized DALYs rate of total cancers (A,B), esophageal cancer (C,D), stomach cancer (E-F), colon and rectum cancer (G,H), tracheal, bronchus, and lung cancer (I,J), and breast cancer (K,L) attributable to dietary risk factors and SDI. ASDR, age-standardized death rate; DALYs, disability-adjusted life years; SDI, socio-demographic index.




3.10 Age-period-cohort analysis of diet-related cancer burden

The Age-Period-Cohort (APC) analysis revealed that the net drifts for mortality and DALYs were −1.62 and −1.57, respectively, indicating a declining trend over time. For period effects, the rate ratio (RR) remained below 1.00 since 2005, suggesting a gradual reduction in the ASDR and age-standardized DALYs rate for cancers attributable to dietary risk factors. Similarly, the ASDR and age-standardized DALYs rate for diet-related cancers among individuals born after 1942 also showed a consistent decline (Figures 10A,B). The net drifts for mortality of specific cancers attributable to dietary risk factors were as follows: esophageal cancer (−3.74), stomach cancer (−2.49), colon and rectum cancer (−1.03), tracheal, bronchus, and lung cancer (−2.07), and breast cancer (−0.75). The corresponding net drifts for DALYs were −3.74, −2.49, −1.00, −2.07, and −0.69, respectively. Both period and cohort effects for these cancer types mirrored the trends observed for overall diet-related cancers (Supplementary Figure S5).
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FIGURE 10
 Age-Period-Cohort Analysis to estimate temporal trend of ASDR (A) and age-standardized DALYs rate (B) of cancers attributable to dietary risk factors. ASDR, age-standardized death rate; DALYs, disability-adjusted life years.




3.11 Decomposition analysis

To assess the contributions of population growth, aging, and epidemiological changes to trends in cancers attributable to dietary risk factors, we conducted a decomposition analysis. Results indicated that population growth and aging were key drivers of the rising burden of diet-related cancers, while epidemiological changes partially offset this increase. Notably, population growth exerted the strongest influence on the upward trajectory of age-standardized DALYs rate.

Globally, between 1990 and 2021, the overall burden of cancers attributable to dietary risk factors exhibited an upward trend across all SDI regions. Aging, population growth, and epidemiological changes contributed 61.66, −216.88%, and −178.54%, respectively, to the global increase in age-standardized DALYs rate for total cancers (Figure 11A). For colon and rectum cancer, these factors accounted for −19.84, 145.91%, and −26.07%, respectively, during the same period (Figure 11D). The divergent contributions highlight the complex interplay of demographic and epidemiological dynamics in shaping diet-related cancer burdens.
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FIGURE 11
 Decomposition analysis of the trends in total cancers (A), esophageal cancer (B), stomach cancer (C), colon and rectum cancer (D), tracheal, bronchus, and lung cancer (E), and breast cancer (F) attributable to dietary risk factors age-standardized DALYs rate from 1990 to 2021. DALYs, disability-adjusted life years.




3.12 Health inequality analysis

Given the strong correlation between DALYs for cancers attributable to dietary risk factors and the SDI, we conducted an in-depth analysis of global health inequality. The SII for the age-standardized DALYs rate of total cancers attributable to dietary risk factors declined significantly from 128.43 (95% CI: 91.46 to 165.40) in 1990 to 31.30 (95% CI: 3.36 to 59.24) in 2021. Similarly, the CII decreased from 0.11 (95% CI: 0.08 to 0.14) in 1990 to 0.02 (95% CI: 0 to 0.05) in 2021 (Figures 12A,B). Comparable trends were observed for colon and rectum cancer, tracheal, bronchus, and lung cancer, and breast cancer.
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FIGURE 12
 Slope indexes and concentration indexes for total cancers (A,B), esophageal cancer (C,D), stomach cancer (E,F), colon and rectum cancer (G,-H), tracheal, bronchus, and lung cancer (I,J), and breast cancer (K,L) attributable to dietary risk factors age-standardized DALYs rate from 1990 to 2021 worldwide. DALYs, disability-adjusted life years.


In contrast, the SII for esophageal cancer attributable to dietary risk factors increased from −22.46 (95% CI: −30.91 to −14.01) in 1990 to −25.39 (95% CI: −31.59 to −19.19) in 2021, while the CII rose from −0.23 (95% CI: −0.30 to −0.15) to −0.31 (95% CI: −0.37 to −0.25) during the same period (Figures 12C,D). Additionally, the SII for stomach cancer attributable to dietary risk factors shifted from 5.34 (95% CI: −0.84 to 11.52) in 1990 to −7.96 (95% CI: −11.46 to −4.47) in 2021, with the CII increasing from 0.03 (95% CI: −0.01 to 0.07) to −0.11 (95% CI: −0.15 to −0.08) over the same timeframe (Figures 12E,F). These findings highlight evolving patterns of health inequality across different cancer types attributable to dietary risk factors.



3.13 Frontier analysis

We performed a frontier analysis to explore the optimal scenario in which countries and territories could manage their disease burden in alignment with their SDI levels. The analysis highlighted five lower-SDI countries and territories closest to the frontier fit line, marked in blue, and five higher-SDI countries and territories farthest from the frontier fit line, marked in red. Additionally, 15 countries and territories across all SDI levels that were farthest from the frontier fit line were identified and marked in black.

For the age-standardized DALYs rate of total cancers attributable to dietary risk factors, the five lower-SDI countries and territories closest to the frontier were Somalia, Niger, Côte d’Ivoire, Gambia, and Bhutan. In contrast, the higher-SDI countries and territories farthest from the frontier line were Monaco, Taiwan (Province of China), the Netherlands, Lithuania, and the United Kingdom (Figure 13A). Similarly, for colon and rectum cancers attributable to dietary risk factors, the five lower-SDI countries and territories closest to the frontier were Somalia, Niger, Gambia, Mozambique, and Bhutan, while the higher-SDI countries and territories farthest from the frontier line were Monaco, Taiwan (Province of China), the Netherlands, Lithuania, and Norway (Figure 13D). Notably, Taiwan (Province of China) consistently ranked among the top five higher-SDI countries and territories with the farthest frontier distances in previous analyses (Figure 13). Detailed results for other cancer subtypes attributable to dietary risk factors are presented in Figure 13.
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FIGURE 13
 Frontier analysis exploring the relationship between SDI and age-standardized DALYs rate for total cancers (A), esophageal cancer (B), stomach cancer (C), colon and rectum cancer (D), tracheal, bronchus, and lung cancer (E), and breast cancer (F) attributable to dietary risk factors in 204 countries and territories. SDI, socio-demographic index; DALYs, disability-adjusted life years.




3.14 Projected trends in cancer mortality and DALYs attributable to dietary risks

Using the BAPC model, we projected mortality and DALYs attributable to dietary risks for overall cancers and specific cancer types up to 2035. Globally, both mortality and DALYs rate for cancers exhibited a general decline. Similar downward trends were observed for gastrointestinal cancers, including stomach, esophageal, and colorectal cancers (Figure 14). However, breast cancer showed a contrasting pattern: while mortality rates decreased, DALYs rate increased. Further age-stratified analysis revealed that individuals under 55 years old experienced rising mortality and DALYs rate. Notably, the 55–59 age group displayed a distinct “U”-shaped trend. Additionally, lung cancer mortality surged sharply between 2020 and 2021 before gradually declining, whereas its DALYs rate consistently decreased (Figure 14; Supplementary Figure S6).
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FIGURE 14
 Projections of ASDR and age-standardized DALYs rate of total cancers (A,B), esophageal cancer (C,D), stomach cancer (E,F), colon and rectum cancer (G,H), tracheal, bronchus, and lung cancer (I,J), and breast cancer (K,L) attributable to dietary risk factors by 2035. ASDR, age-standardized death rate; DALYs, disability-adjusted life years.





4 Discussion

This study combined bibliometric analysis with data from the GBD to comprehensively investigate the relationship between dietary factors and various types of cancer. Bibliometric analysis shows that over time, the number of studies on diet-related cancers has fluctuated upwards, with research cores expanding from digestive tract tumors such as gastric and colorectal cancers to other types of cancers like lung and prostate cancers. Meanwhile, there has been a growing focus on dietary fiber and red meat consumption. The emphasis on improving the quality of life for cancer patients has also significantly increased. This indicates that the study of the burden of diet-related cancers remains a current research hotspot, advancing towards more in-depth research directions, which is of great significance. Additionally, this aligns broadly with the findings from the GBD study, which identified colorectal cancer as the leading diet-related cancer and excessive red meat intake as the most significant dietary risk factor. Leveraging the most recent data from the 2021 GBD study, we conducted a comprehensive analysis of the impact of dietary risks on deaths and DALYs for various tumors at global, regional, and national levels from 1990 to 2021. Furthermore, we projected epidemiological trends up to 2035. Globally, both the ASDR and age-standardized DALYs rate for tumors attributable to dietary risks exhibited a declining trend. The disease burden was disproportionately higher among males, older populations, regions with higher SDI levels, and diet-related colon and rectum cancer. Notably, except for esophageal and stomach cancers linked to dietary risks, a significant positive correlation was observed between tumor burden and SDI levels. Using the APC model, we explored the relationship between tumor burden and age, period, and cohort effects. Frontier analyses were employed to identify countries where dietary pattern adjustments are most urgently needed. Decomposition analysis revealed that population growth was the largest positive driver of increased tumor burden, while epidemiological changes exerted a negative influence. Health inequality analysis indicated overall improvements in outcomes. According to the BAPC model, projections for 2035 suggest a declining trend in the burden of all tumors, with the exception of breast cancer DALYs rate, which are expected to rise.

Our study identified high consumption of red meat as the leading dietary risk factor for cancer. Previous research has consistently demonstrated that excessive red meat intake is associated with an increased risk of gastrointestinal tumors (20–22), lung cancer (23), and breast cancer (24). Potential mechanisms underlying this association include the high heme iron content in red meat, which promotes the formation of endogenous N-nitroso compounds in the body. These compounds can induce DNA damage through pathways such as lipid peroxidation, thereby elevating cancer risk (25). Additionally, red meat contains N-glycolylneuraminic acid, a substance that can trigger immune responses in humans and potentially promote cancer development via inflammatory pathways (26). Furthermore, a study conducted in Asian populations revealed that higher whole grain intake was associated with improved survival rates in colorectal cancer patients (HR = 0.56; 95% CI: 0.35 to 0.89) (27), suggesting that increasing grain consumption may positively influence colorectal cancer prognosis. Liliana et al. also highlighted that insufficient calcium intake might be linked to an elevated risk of breast cancer and could adversely affect patients’ nutritional status (28). Notably, our findings align with those of other studies, underscoring the importance of early dietary adjustments to mitigate the tumor burden attributable to diet (29). Among these adjustments, reducing red meat consumption emerges as a particularly urgent priority.

Except for breast cancer, the tumor burden was significantly higher in males than in females. This disparity may be attributed to males’ greater propensity for unhealthy lifestyle choices, such as smoking, heavy alcohol consumption, higher intake of red and processed meats, and relatively lower consumption of vegetables and fruits compared to females (30). Additionally, gender differences in the interaction between diet and gut microbiota, as well as variations in sex hormone levels, may also play a critical role in explaining this phenomenon (31).

In terms of the SDI, the burden of lung cancer exhibited an overall increasing trend with rising SDI values, although it declined in high SDI regions. As SDI levels increased, dietary habits shifted, with high-sugar and high-fat diets potentially elevating the risk of lung cancer (32). However, in high SDI regions, dietary patterns may have transitioned toward healthier options, contributing to the observed decline. In countries with higher economic development, changes in lifestyle and behavioral patterns, such as increased smoking rates, may have played a significant role, as smoking remains a critical risk factor for lung cancer (33). Additionally, high SDI regions likely benefited from greater health awareness and more comprehensive cancer screening programs, leading to higher detection rates of lung cancer (34). Thus, the observed trends can only be fully understood through the complex interplay of dietary, behavioral, and social factors.

The APC model analysis revealed a distinct pattern in cancer mortality and DALYs rate across different birth cohorts. Specifically, individuals born before 1942 exhibited increasing trends in both cancer mortality and DALYs rate, whereas subsequent birth cohorts demonstrated declining rates. This disparity may be attributed to the unique historical circumstances experienced by the pre-1942 cohort, who lived through the tumultuous periods of both World Wars and the Great Depression. During these times of conflict and political instability, social resources were likely diverted away from public health initiatives and personal healthcare, potentially exacerbating health outcomes. Furthermore, the economic hardships of the Great Depression led to widespread poverty, malnutrition, and limited access to medical resources, all of which are known risk factors for increased cancer incidence and mortality (35). Supporting this observation, two additional epidemiological studies have documented that the cancer burden associated with dietary factors escalates with advancing age, aligning with our research findings (36, 37). These collective insights underscore the profound impact of historical and socioeconomic factors on long-term cancer trends.

In the frontier analysis, it was observed that low SDI regions closest to the efficiency frontier could consider moderately reducing their investments in addressing dietary risks. A notable example is Somalia and Gambia, which have successfully managed to control the burden of diet-related digestive tract tumors, including esophageal, stomach, and colorectal cancers. Conversely, high SDI regions that are further from the frontier may need to increase their health economic investments to mitigate dietary risks. Indeed, all regions distant from the frontier should prioritize addressing the tumor burden associated with dietary factors. Despite their relatively high levels of economic development, regions such as Monaco, Taiwan (Province of China), the Netherlands, and Lithuania still face a significant burden of diet-attributable tumors, necessitating more urgent attention and intervention.

The decomposition analysis demonstrated that the tumor burden was predominantly driven by two key factors: population growth and epidemiological changes. While population growth contributed to an escalation in the tumor burden, epidemiological changes played a mitigating role in reducing it. Concurrently, the health inequality analysis revealed a notable improvement in health disparities related to diet-attributable tumor burdens between 1990 and 2021. Although the gap in tumor burden between low-income and high-income countries diminished, indicating a potential narrowing of wealth disparities in certain regions, persistent global inequalities in stomach and esophageal cancer burdens underscore the need for sustained, long-term attention to these critical health challenges.

The BAPC prediction model indicated a projected rise in the DALYs burden of breast cancer by 2035. This trend can be partly attributed to the escalating prevalence of obesity and overweight, which are linked to unhealthy dietary habits (38). Obesity, in particular, has been established as a significant risk factor for breast cancer (39). Additionally, dietary factors may synergize with environmental and genetic influences, collectively aggravating the breast cancer burden. Concurrently, advancements in socioeconomic conditions and heightened public health awareness have led to improved detection rates of breast cancer. This increased detection likely contributes to the observed decline in breast cancer mortality rates, even as DALY rates continue to climb.

In contrast, the mortality rate of lung cancer associated with dietary risks experienced a sharp increase from 2020 to 2021. The acceleration of population aging is a key driver of this trend. However, the COVID-19 pandemic also played a critical role by disrupting healthcare systems. The reallocation of medical resources to address the pandemic and the reduced focus on non-COVID-19 patients likely hindered the timely diagnosis and treatment of lung cancer, indirectly exacerbating lung cancer mortality during this period.

To reduce the burden of diet-related cancers, some actionable measures can be implemented. Family members can be encouraged to participate together in healthy eating plans, influencing individual behaviors by changing overall family dietary habits, such as reducing red meat consumption and increasing the proportion of vegetables, fruits, and whole grains. Community health days can also be organized to invite nutrition experts to educate the public on healthy eating. Personalized nutritional counseling services should be provided especially for the elderly. Meanwhile, government health agencies should track and record red meat consumption trends among different populations and their impact on cancer incidence, so as to adjust prevention and control strategies in a timely manner.

Our study also had the following limitations: (1) Geographic Disparities in Cancer Data Quality: Underdeveloped cancer registration systems in low-income countries may lead to underestimation or bias in mortality and other critical data. (2) Incomplete coverage of dietary risk factors: Certain potential dietary risk factors (e.g., emerging contaminants or food additives) have not been included in cancer burden research, and their long-term cumulative effects could influence future projections. (3) Uncertainty in 2035 projections: While the 2035 predictions are based on current trends, future policy interventions, technological advancements (e.g., early screening tools), or environmental changes (e.g., climate-related agricultural shifts) may significantly alter the cancer burden trajectory. However, our models did not fully account for these dynamic scenarios.



5 Conclusion

This study highlighted a global decline in the burden of diet-related cancers from 1990 to 2021, with projections indicating continued reductions by 2035. Colorectal cancer accounted for the largest disease burden, followed by breast cancer. For most cancers, excluding esophageal and stomach cancers, the burden was positively correlated with SDI levels. However, males, older populations, and regions with higher SDI continued to bear a disproportionate share of the burden. Targeted dietary policies and SDI-stratified interventions were needed to address high-risk groups.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. Written informed consent from the [patients/ participants OR patients/participants legal guardian/next of kin] was not required to participate in this study in accordance with the national legislation and the institutional requirements.



Author contributions

XL: Conceptualization, Data curation, Methodology, Software, Validation, Writing – original draft, Writing – review & editing. XZ: Formal analysis, Methodology, Writing – original draft, Investigation. YW: Formal analysis, Visualization, Writing – review & editing. ZY: Visualization, Writing – review & editing, Validation. LL: Methodology, Writing – review & editing, Visualization. XQ: Visualization, Writing – review & editing, Validation. YL: Conceptualization, Investigation, Project administration, Resources, Supervision, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



Acknowledgments

We appreciate the works by the Global Burden of Disease study 2021 collaborators.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Gen AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2025.1585305/full#supplementary-material



Footnotes

1   http://ghdx.healthdata.org/gbd-results-tool/



References

 1. Rauf, A, Olatunde, A, Akram, Z, Hemeg, HA, Aljohani, ASM, al Abdulmonem, W , et al. The role of pomegranate (Punica granatum) in cancer prevention and treatment: modulating signaling pathways from inflammation to metastasis. Food Sci Nutr. (2025) 13:e4674. doi: 10.1002/fsn3.4674 

 2. Long, M, Fan, X, Wang, M, Liu, X, Fu, C, Huang, J , et al. Plasma metabolomic signature of a proinflammatory diet in relation to breast cancer risk: a prospective cohort study. Am J Clin Nutr. (2025) 121:548–57. doi: 10.1016/j.ajcnut.2025.01.013 

 3. Zalaquett, N, Lidoriki, I, Lampou, M, Saab, J, Hadkhale, K, Christophi, C , et al. Adherence to the Mediterranean diet and the risk of head and neck Cancer: a systematic review and Meta-analysis of case-control studies. Nutrients. (2025) 17:287. doi: 10.3390/nu17020287 

 4. Goggin, KE, Seo, SJ, Wu, BG, Wu, BG, Ivelja, S, Kugler, MC , et al. Differential effects of high-fiber and low-fiber diets on anti-tumor immunity and colon tumor progression in a murine model. Cancer Prev Res (Phila). (2025) 18:223–34. doi: 10.1158/1940-6207.CAPR-24-0159 

 5. Papier, K, Bradbury, KE, Balkwill, A, Barnes, I, Smith-Byrne, K, Gunter, MJ , et al. Diet-wide analyses for risk of colorectal cancer: prospective study of 12,251 incident cases among 542,778 women in the UK. Nat Commun. (2025) 16. Published 2025 Jan 8:375. doi: 10.1038/s41467-024-55219-5 

 6. Cui, B, Chen, A, and Xu, C. Global, regional, and national esophageal cancer deaths and DALYs attributable to diet low in vegetables and fruits, 1990-2019: analysis for the global burden of disease study. Front Nutr. (2025) 11:1478325. doi: 10.3389/fnut.2024.1478325 

 7. Zhang, X, Zhang, X, Li, R, Lin, M, Ou, T, Zhou, H , et al. Global, regional, and national analyses of the burden of colorectal cancer attributable to diet low in milk from 1990 to 2019: longitudinal observational study. Front Nutr. (2024) 11:1431962. doi: 10.3389/fnut.2024.1431962 

 8. Yang, X, Wu, D, Liu, Y, He, Z, Manyande, A, Fu, H , et al. Global disease burden linked to diet high in red meat and colorectal cancer from 1990 to 2019 and its prediction up to 2030. Front Nutr. (2024) 11:1366553. doi: 10.3389/fnut.2024.1366553 

 9. Ghanem, AS, Tóth, Á, and Nagy, AC. Socio-demographic disparities in global trends of lip and oral cavity neoplasms from 1990 to 2021. Sci Rep. (2025) 15:4230. doi: 10.1038/s41598-025-88684-z 

 10. Li, Z, Yu, C, Hao, J, Luo, N, Peng, H, Zhang, J , et al. Global trends of early, middle, and late-onset lung Cancer from 1990 to 2021: results from the global burden of disease study 2021. Cancer Med. (2025) 14:e70639. doi: 10.1002/cam4.70639 

 11. Bai, Z, Han, J, An, J, Wang, H, du, X, Yang, Z , et al. The global, regional, and national patterns of change in the burden of congenital birth defects, 1990-2021: an analysis of the global burden of disease study 2021 and forecast to 2040. EClinicalMedicine. (2024) 77:102873. doi: 10.1016/j.eclinm.2024.102873 

 12. Lan, T, Lu, Y, He, J, Zhan, C, Wang, X, Shao, X , et al. Global, reginal, national burden and risk factors in female breast cancer from 1990 to 2021. iScience. (2024) 27:111045. doi: 10.1016/j.isci.2024.111045 

 13. Zhang, J, Ou, D, Xie, A, Chen, D, and Li, X. Global burden and cross-country health inequalities of early-onset colorectal cancer and its risk factors from 1990 to 2021 and its projection until 2036. BMC Public Health. (2024) 24:3124. doi: 10.1186/s12889-024-20624-4 

 14. Li, T, Zhang, H, Lian, M, He, Q, Lv, M, Zhai, L , et al. Global status and attributable risk factors of breast, cervical, ovarian, and uterine cancers from 1990 to 2021. J Hematol Oncol. (2025) 18:5. doi: 10.1186/s13045-025-01660-y 

 15. Bai, Z, Wang, H, Shen, C, An, J, Yang, Z, and Mo, X. The global, regional, and national patterns of change in the burden of non-malignant upper gastrointestinal diseases from 1990 to 2019 and the forecast for the next decade. Int J Surg. (2025) 111:80–92. doi: 10.1097/JS9.0000000000001902 

 16. Lu, M, Li, D, Hu, Y, Zhang, L, Li, Y, Zhang, Z , et al. Persistence of severe global inequalities in the burden of hypertension heart disease from 1990 to 2019: findings from the global burden of disease study 2019. BMC Public Health. (2024) 24:110. doi: 10.1186/s12889-023-17573-9 

 17. Yue, C, Zhang, Q, Sun, F, and Pan, Q. Global, regional and national burden of neuroblastoma and other peripheral nervous system tumors, 1990 to 2021 and predictions to 2035: visualizing epidemiological characteristics based on GBD 2021. Neoplasia. (2025) 60:101122. doi: 10.1016/j.neo.2025.101122 

 18. Riebler, A, and Held, L. Projecting the future burden of cancer: Bayesian age-period-cohort analysis with integrated nested Laplace approximations. Biom J. (2017) 59:531–49. doi: 10.1002/bimj.201500263 

 19. Liu, Z, Xu, K, Jiang, Y, Cai, N, Fan, J, Mao, X , et al. Global trend of aetiology-based primary liver cancer incidence from 1990 to 2030: a modelling study. Int J Epidemiol. (2021) 50:128–42. doi: 10.1093/ije/dyaa196 

 20. Yiannakou, I, Barber, LE, Li, S, Adams-Campbell, LL, Palmer, JR, Rosenberg, L , et al. A prospective analysis of red and processed meat intake in relation to colorectal Cancer in the black Women's health study. J Nutr. (2022) 152:1254–62. doi: 10.1093/jn/nxab419 

 21. Dianatinasab, M, Wesselius, A, de Loeij, T, Salehi-Abargouei, A, Yu, EYW, Fararouei, M , et al. The association between meat and fish consumption and bladder cancer risk: a pooled analysis of 11 cohort studies. Eur J Epidemiol. (2021) 36:781–92. doi: 10.1007/s10654-021-00762-4 

 22. Yip, CSC, Lam, W, and Fielding, R. A summary of meat intakes and health burdens. Eur J Clin Nutr. (2018) 72:18–29. doi: 10.1038/ejcn.2017.117 

 23. Beslay, M, Srour, B, Deschasaux, M, Fouché, E, Naud, N, Bacquié, V , et al. Anxiety is a potential effect modifier of the association between red and processed meat consumption and cancer risk: findings from the NutriNet-Santé cohort. Eur J Nutr. (2021) 60:1887–96. doi: 10.1007/s00394-020-02381-3 

 24. Nawi, AM, Chin, SF, Mazlan, L, and Jamal, R. Delineating colorectal cancer distribution, interaction, and risk prediction by environmental risk factors and serum trace elements. Sci Rep. (2021) 10:18670. doi: 10.1038/s41598-020-75760-9 

 25. Sivasubramanian, BP, Dave, M, Panchal, V, Saifa-Bonsu, J, Konka, S, Noei, F , et al. Comprehensive review of red meat consumption and the risk of Cancer. Cureus. (2023) 15:e45324. doi: 10.7759/cureus.45324 

 26. Zhang, LC, Liu, YN, La, XQ, Yan, SN, Chen, Y, Liang, JY , et al. The potential mechanism of Neu5Gc inducing colorectal cancer based on network pharmacology and experimental validation. Naunyn Schmiedeberg's Arch Pharmacol. (2023) 396:705–18. doi: 10.1007/s00210-022-02345-w 

 27. Sun, H, Liu, Y, Huang, H, Li, D, and Zhao, Y. Diet quality score and survival rate in patients with colorectal cancer. Asia Pac J Clin Nutr. (2019) 28:601–6. doi: 10.6133/apjcn.201909_28(3).0020 

 28. Cabo García, L, González González, MP, Alonso-Aperte, E, Rodicio Miravalles, JL, Rodríguez Rubí, D, and Achón, TM. Nutritional assessment of female patients newly diagnosed with breast cancer in a northern region of Spain. Evaluación nutricional de mujeres recién diagnosticadas de cáncer de mama en una cohorte del Norte de España. Nutr Hosp. (2019) 36:1332–8. doi: 10.20960/nh.02788 

 29. Tammi, R, Kaartinen, NE, Harald, K, Maukonen, M, Tapanainen, H, Smith-Warner, SA , et al. Partial substitution of red meat or processed meat with plant-based foods and the risk of colorectal cancer. Eur J Epidemiol. (2024) 39:419–28. doi: 10.1007/s10654-024-01096-7 

 30. Kurotani, K, Ishikawa-Takata, K, and Takimoto, H. Diet quality of Japanese adults with respect to age, sex, and income level in the National Health and nutrition survey, Japan. Public Health Nutr. (2020) 23:821–32. doi: 10.1017/S1368980019002088 

 31. Chen, Y, Kim, M, Paye, S, and Benayoun, BA. Sex as a biological variable in nutrition research: from human studies to animal models. Annu Rev Nutr. (2022) 42:227–50. doi: 10.1146/annurev-nutr-062220-105852 

 32. Ding, Q, Ma, X, Zhang, Z, Lu, P, and Liu, M. Pooled and global burdens and trends of five common cancers attributable to diet in 204 countries and territories from 1990 to 2019: an analysis of the global burden of disease study. Eur J Cancer Prev. (2024) 33:485–92. doi: 10.1097/CEJ.0000000000000884 

 33. Sharma, R, and Rakshit, B. Global burden of cancers attributable to tobacco smoking, 1990-2019: an ecological study. EPMA J. (2022) 14:167–82. doi: 10.1007/s13167-022-00308-y 

 34. Long, J, Zhai, M, Jiang, Q, Li, J, Xu, C, and Chen, D. The incidence and mortality of lung cancer in China: a trend analysis and comparison with G20 based on the global burden of disease study 2019. Front Oncol. (2023) 13:1177482. doi: 10.3389/fonc.2023.1177482 

 35. GBD 2019 Cancer Risk Factors Collaborators. The global burden of cancer attributable to risk factors, 2010-19: a systematic analysis for the global burden of disease study 2019. Lancet. (2022) 400:563–91. doi: 10.1016/S0140-6736(22)01438-6 

 36. Kassymbekova, F, Glushkova, N, Dunenova, G, Kaidarova, D, Kissimova-Skarbek, K, Wengler, A , et al. Burden of major cancer types in Almaty, Kazakhstan. Sci Rep. (2024) 14:20536. doi: 10.1038/s41598-024-71449-5 

 37. Jin, W, Huang, K, Zhang, M, Gao, W, Luo, Q, Ye, X , et al. Global, regional, and national cancer burdens of respiratory and digestive tracts in 1990-2044: a cross-sectional and age-period-cohort forecast study. Cancer Epidemiol. (2024) 91:102583. doi: 10.1016/j.canep.2024.102583 

 38. Shrestha, G, Thakur, RK, Singh, R, Mulmi, R, Shrestha, A, and Pradhan, PMS. Cancer burden in Nepal, 1990-2017: An analysis of the global burden of disease study. PLoS One. (2021) 16:e0255499. doi: 10.1371/journal.pone.0255499 

 39. Colilla, S, Kantoff, PW, Neuhausen, SL, Godwin, AK, Daly, MB, Narod, SA , et al. The joint effect of smoking and AIB1 on breast cancer risk in BRCA1 mutation carriers. Carcinogenesis. (2006) 27:599–605. doi: 10.1093/carcin/bgi246 


Copyright
 © 2025 Liu, Zhang, Wei, Yu, Liu, Qin and Liu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fnut-12-1585305-g013.jpg





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Global impact of dietary risks on cancers: burdens across regions from 1990 to 2021 and the projection to 2035



		1 Introduction



		2 Materials and methods



		2.1 Data sources



		2.2 Statistical analysis



		2.2.1 CiteSpace bibliometric analysis



		2.2.2 Global burden of diet-related cancers















		3 Results



		3.1 Bibliometric analysis



		3.2 Burden of cancers attributable to dietary risk factors at the global level



		3.3 Burden of cancers attributable to dietary risk factors at the regions defined by SDI and geographic regions



		3.4 Burden of cancers attributable to dietary risk factors at the national level



		3.5 The trend of cancers attributable to dietary risk factors burden from 1990 to 2021



		3.6 Demographic characteristics of patients with cancers attributable to dietary risk factors



		3.7 Spatiotemporal variations in cancer burden attributable to dietary factors



		3.8 Dietary risk factors



		3.9 Relationship between burden of cancers attributable to dietary risk factors and SDI level



		3.10 Age-period-cohort analysis of diet-related cancer burden



		3.11 Decomposition analysis



		3.12 Health inequality analysis



		3.13 Frontier analysis



		3.14 Projected trends in cancer mortality and DALYs attributable to dietary risks









		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Supplementary material



		Footnotes



		References



















OPS/images/fnut-12-1585305-g012.jpg





OPS/images/fnut-12-1585305-t001.jpg
Death (95%UI) DALYs (95%UI)

ASR in 1990 (per ASR in 2021 (per EAPC (1990 ASR in 1990 (per ASR in 2021 (per EAPC (1990
100,000 population) 100,000 populatiol 2021) 100,000 population 100,000 population 2021)

Location
Global 12.24(332,2278) 7.90 (245, 13.85) ~1.54 (~1.60, ~1.49) 30248 (80.53, 565.63) 189.62 (57.13,335.37) —165 (~1.72,-159)
Sex
Male 13.86 (3.94,27.19) 8.73(3.05,15.83) ~1.59 (~1.64, ~1.55) 34067 (92.81,677.80) 20361 (70,44, 369.27) —1.78 (~1.84,-1.73)
Female 10.85 (279, 19.98) 7.21(204,1252) 148 (~1.54, -1.41) 268.62 (66.39, 502.20) 177.90 (46.76, 316.47) ~1.50 (~1.57, ~142)
Aetiology
Esophageal cancer 1.89(~0.42,3.73) 0.6 (~0.14, 1.38) —3.83 (~4.04,-3.62) 4901 (~10.74,96.93) 16,02 (<3.37,33.09) —4.09 (~434,-3.84)
Stomach cancer 174 (0,8.74) 089 (0,4.37) ~226(-235,-2.18) 4453 (0,22231) 2078 (0, 10238) ~256 (~2.65,~2.47)
Colon and rectum cancer 6.33(226,9.47) 482 (1.64,7.46) ~0.95 (099, ~092) 144,88 (53.10, 215.52) 10971 (37.68, 168.52) ~0.98 (~1.02, ~095)
‘Tracheal, bronchus, and lung cancer 130 (065, 191) 0.7 (040, 1.13) —189 (~1.96, ~1.81) 3439 (17.24,50.70) 18.46 (9.49, 26.90) —223(-232,-2.14)
Breast cancer 117 (0,2:50) 0.96 (0, 2.06) ~0.77 (-0.82,-072) 3331 (<001, 71.68) 2837 (~0.01, 60.54) ~0.65 (=070, ~0.60)
SDI Regions
High SDI 13.81 (355, 24.16) 8.89 (223, 15.14) ~148 (~151,~145) 32852 (8148, 586.04) 20754 (47.33, 352.53) ~1.53 (~155,~150)
High-middle SDI 14.79 (370, 28.86) 9.16(287, 16.89) ~1.70 (~1.77, ~1.63) 37829 (91.34,748.07) 21957 (67.29, 406.47) ~1.95 (~2.04,-187)
Middle SDI 11.93 (3.1, 23.40) 7.22 (258, 13.46) ~1.83 (~193,-173) 30973 (77.77,611.05) 180.58 (60.55, 336.14) ~1.95(~2.08,-183)
Low-middle SDI 5,30 (2.06,9.75) 5.23(1.94,9.00) ~0.04 (=007, ~0.01) 143.02 (5142, 265.59) 139.67 (46.84, 242.91) ~0.08 (~0.11,~0.05)
Low DI 6.61(253,11.54) 5.81(225,9.60) ~0.53 (=063, ~0.44) 177.45 (60.07, 310.14) 150,04 (49.71, 253.66) ~0.69 (~0.79, ~0.60)
GBD Geographic Regions
High-income Asia Pacific 12.35 (3.44, 28.08) 8.53(255,15.72) ~119(~1.23,-115) 297.45(78.42,679.23) 194,47 (56.39, 356.77) —136 (~141,-131)
High-income North America 12.78 (296, 21.53) 8.06 (161, 13.60) —158 (~1.62, ~1.54) 31309 (67.98,535.47) 20096 (37.31, 345.12) —149 (-152,
Australasia 14.15 (3.38,23.93) 8.56(1.89, 14.34) ~177 (~1.84,~1.70) 34118 (76.24,579.20) 199.41 (41.75, 342.84)
Andean Latin America 7.48 (263, 19.49) 6.53 (218, 15.09) ~0.52 (~0.62, ~041) 182.82 (57,88, 473.70) 156.76 (47.39, 363.24) ~0.61 (=072, ~0.50)
Tropical Latin America 8.34(1.73,17.34) 7.64(1.70,13.73) ~0.30 (~0.35, ~0.26) 20825 (39.37, 433.88) 197.23 (42.15, 356.50) ~0.25 (<030, ~0.20)
Central Latin America 6.02(1.59, 14.33) 5.70 (1.6, 11.50) ~0.24(~0.36, ~0.13) 145.00 (35.33, 343.55) 147.76 (40.60, 294.02) —0.02(~0.13,0.09)
Southern Latin America 14,12 (3.64,25.87) 10.84 (291, 18.68) ~0.66 (~0.79, ~0.52) 330.80 (82.46,611.70) 25176 (64.38, 434.85) ~0.69 (~0.80, ~0.59)
Caribbean 8.54 (302, 15.24) 7.94 (289, 13.28) ~0.10 (<0.15, ~0.05) 20938 (68.23, 382.84) 198.15(65.72, 336.61) ~0.05(~0.11,001)
Central Europe 13.40 (381, 24.39) 12.13(3.28,20.29) ~0.45 (~0.56, ~0.33) 33041 (9163, 603.33) 282,90 (73.39,477.40) ~0.61 (=074, ~049)
Eastern Europe 14.10 (379, 28.06) 10.84(2:84,19.01) ~1.16 (~1.28, ~1.03) 379.00 (98.71,762.46) 267.79 (67.71,474.80) —149 (~1.64, ~134)
Western Europe 14.28 (331,25.02) 9.07(1.84, 15.50) ~149 (~1.52, ~145) 33101 (72,52, 583.72) 20689 (39.20, 357.56) ~1.53 (~1.57, ~149)
Central Asia 1173 (244,23.43) 5.76/(1.44,11.34) -2.28(~238,-2.18) 32226 (67.66,645.06) 149.44 (36.27, 296.26) —2.54(~2.64, 244)
North Africa and Middle East 5.31(1.79, 1049) 484(1.57,8.62) ~0.12(~0.26,001) 136.60 (4278, 274.45) 120,95 (36.64, 218.53) ~0.26 (~0.38, ~0.14)
South Asia 442(152,802) 421(1.48,7.20) ~0.26 (~0.35, ~0.17) 12031 (39.49, 219.67) 112,31 (36,66, 193.32) ~0.33 (~0.42, 024)
Southeast Asia 8.41(4.62,13.52) 8.16(4.23,1243) ~0.18 (~021, ~0.14) 22458 (113.04, 363.86) 21169 (100.22, 334.64) ~0.27 (~0.30, ~0.24)
East Asia 18.13 (3.86,37.29) 8.74(301,17.81) ~2.61(~273, 249) 462.14(96.32,959.07) 21263 (71.30,431.73) ~2.78 (~293,-263)
Oceania 6.13 (24, 13.16) 5.19(192,1077) ~0.56 (~0.65, ~0.47) 165.43 (57.77, 354.16) 145.69 (51.89, 302.24) ~0.42 (=051, ~0.34)
Western Sub-Saharan Africa 3.00 (039, 5.58) 3.53 (069, 6.27) 0.79 (062, 0.96) 87.98 (29.19,156.23) 103,80 (34.10, 183.58) 0.77 (062,092)
Eastern Sub-Saharan Africa 1133 (356, 18.23) 9.88 (293, 15.69) —0.63 (072, ~0.55) 295.73 (86.46, 483.91) 239.89 (61.55, 387.71) ~0.91 (~1.00,~081)
Central Sub-Saharan Africa 6.77 (268, 11.30) 6.26 (281, 10.06) —0.32(~040, ~0.24) 185.94 (58.73, 323.17) 167.75 (61.53, 276.15) —0.41 (049, ~0.32)
Southern Sub-Saharan Africa 9.97 (296, 16.15) 11.74(352,19.7) 0.49 (015, 0.84) 26060 (69.39, 432.43) 297.88 (83.75, 492.82) 0.44/0.10,0.79)

UL, uncertainty intervals; DALYs, disability-adjusted lfe years; ASR, age-standardized rate; EAPC, estimated annual percentage change.
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