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Background: A high Body Mass Index (BMI) is a key modifiable risk factor for cancer incidence. Therefore, it is essential to monitor the evolving trends and impact of cancer linked to high BMI and to formulate suitable strategies to address this issue. This study aims to analyze, from 1990 to 2021, the burden and temporal trends of cancer attributable to BMI as well as their impact on life expectancy, with major patterns highlighted by sex, socio-demographic index (SDI), and geographical region.

Methods: Utilizing data from the Global Burden of Disease Study 2021, which incorporates 328,938 data sources, we conducted a comprehensive analysis of cancer attributable to high BMI, specifically investigating mortality rates and disability-adjusted life years (DALYs) from 1990 to 2021. Age-standardized rates were used to facilitate cross-regional comparisons, accounting for differences in population size and demographics. The Socio-demographic Index (SDI) was employed to categorize regions and evaluate correlations between cancer burden and economic development. In addition, we used the abridged period life table to estimate the impact of high BMI-related cancer on life expectancy.

Results: The age-standardized death and DALY rates of cancer linked to high BMI increased (average annual percent change, 0.4 (95% UI: 0.4–0.5) for mortality and 0.5 (95% UI: 0.4–0.6) for DALY) from 1990 to 2021. The age-standardized death and DALY rates of cancer associated with high BMI were higher in females than in males globally. The alarming proportional increase in deaths from the main cancer associated with high BMI was observed among younger age groups (<45 years) from 1990 to 2021. In 2021, the most significant increases in life expectancy at birth were observed in regions with a high socio-demographic index, with gains of 0.12 (95% CI: −0.45–0.69) years for males and 0.19 (95% CI: −0.35–0.73) years for females, respectively. It is predicted that the age-standardized death rate of cancer attributable to high BMI will increase from 3.31 (3.29–3.33) in 2021 to 3.32 (1.27–5.37) by 2046 in males, and from 4.36 (4.38–4.39) to 4.90 (1.96–7.86) in females.

Conclusion: The age-standardized mortality and DALY rates of cancer linked to high BMI have increased substantially, with significant differences across sex, geographic region, and SDI. Interventions aimed at reducing exposure are crucial not only to mitigate the cancer burden attributable to high BMI effectively, but also to yield modest gains in life expectancy.
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Introduction

A high body mass index (BMI) is a significant global health concern. Over the past few decades, there has been a dramatic increase in the number of people with obesity, driven by the widespread adoption of Westernized diets and sedentary lifestyles (1). A study by Katrina F Brown et al. used data from nationally representative population surveys of the United Kingdom in 2015. The results showed that tobacco smoking and being overweight or obese remained the leading risk factors for risk-factor-attributable cancer cases (2). In a large-scale population-based study of 2.3 million Israeli adolescents, Furer et al. (3) found a positive correlation between adolescent high BMI and elevated cancer-related mortality in both sexes and across all cancer types over the following decade. The convergence of high BMI as a modifiable cancer risk factor and the nearly concurrent rise in both high BMI and cancer incidence strongly suggest that high BMI plays a pivotal role in the initiation and progression of cancer (4). High-BMI-related cancer has been reported to be associated with an increased risk of death (5). Professional indicators such as relative risk and absolute lifetime risk may be difficult for the general public to understand. Life expectancy (LE) is a synthetic measure that reflects the prevailing force of mortality across all subsequent ages. It is an absolute quantitative measure that is more intuitive and commonly used for setting public health priorities (6, 7). It is imperative to monitor the evolving trends and the impact of cancer attributable to high BMI on LE at the global, regional, and national scales. Scrutinizing trends in mortality rates and the epidemiological profiles of different countries will facilitate the development of appropriate strategies to address this situation.

This study aimed to examine the global, regional, and national effect of high BMI on LE of patients with cancer across 204 countries and regions from 1990 to 2021. This study seeks to assess the trends in cancer mortality and DALY rates over the past three decades at these levels, thereby facilitating progress tracking, resource allocation planning. Although Zhi et al. and Darren Jun Hao Tan et al. analyzed the global burden and temporal trends of cancer attributable to high BMI using data from the Global Burden of Disease Study 2019 (8, 9), an updated analysis is necessary 2 years later, especially considering the profound impact of the coronavirus disease 2019 pandemic on global public health resources. Notably, few studies have assessed the impact of cancer on gains in LE (10), our study has provided a comprehensive quantification of the effect of high BMI–associated modifiable risk factors on LE.



Materials and methods


Data collection

This is an ecological, population-level, secondary-data analysis of the Global Burden of Disease Study 2021, conducted in accordance with the Guidelines for Accurate and Transparent Health Estimates Reporting (GATHER). Released in May 2024, the GBD 2021 covers 204 countries and territories, providing data from 1990 to 2021. The study, which leverages 328,938 data sources, reveals health disparities across age, sex, location, and socioeconomic groups. Most projects utilize data from population-based cancer registries, the vital registration systems, and verbal autopsy studies, frequently sourced through the expansive GBD Collaborator Network. The GBD 2021 study estimated relevant metrics for 23 age groups from birth to ≥95 years, for males, females, and all sexes combined, and for 204 countries and territories grouped into 21 regions and seven super-regions. In contrast to GBD 2019, GBD 2021 refined the mediation rules by adding 87 and removing 64 pairs to reach a total of 158, and introduced the BPRF/star-rating system across 211 risk–outcome pairs to assess effect magnitude and evidence consistency, enabling clearer and more conservative burden estimates while flagging high-confidence (≥3-star) relationships. Vital registration and verbal autopsy data completeness—a source-specific estimate of the percentage of total cause-specific deaths reported in a given location and year—were assessed by location-year, and sources with less than 50% completeness were excluded. The GBD 2021 excluded 142 country-years of data because of their completeness. As with garbage codes, the GBD 2021 applied a 5% buffer so that sources included in the previous GBD cycle would not be excluded from the current cycle if they had at least 45% completeness, allowing the study to retain 24 country-years that had previously been dropped. The study then multiplied the estimated all-cause mortality for each age-sex-location-year by the cause-specific fraction for the corresponding age-sex-location-year to adjust all included sources to 100% completeness. Data collection and processing methods were reported in the previous publications. Advanced statistical models, such as meta-regression Bayesian, regularized, trimmed (MR-BRT) and DisMod-MR 2.1, are employed for analysis. Disease terms use standardized International Classification of Diseases (ICD) code (11–13). In GBD 2021, cancer included both malignant and benign tumors classified according to the International Classification of Diseases. The GBD comparative risk assessment methodology quantifies the proportion of each cancer type attributable to high BMI by analyzing exposure distributions, relative risks, and counterfactual risk scenarios (14).

All data utilized in this study are openly accessible through the online platform of the Global Health Data Exchange, available at https://ghdx.healthdata.org/. The search criteria specified the GBD risk category ‘risk factor’, focusing on high BMI as the exposure and on mortality and disability-adjusted life-years (DALYs) as outcomes. Within the four-level GBD hierarchy, we selected Level-2 Neoplasms under the Level-1 category non-communicable diseases. Neoplasms comprises 12 cancer types: colon and rectum cancer, liver cancer, thyroid cancer, gallbladder and biliary tract cancer, leukemia, kidney cancer, non-Hodgkin lymphoma, multiple myeloma, pancreatic cancer, breast cancer, ovarian cancer, and uterine cancer. The scope encompassed all geographical regions from 1990 to 2021. The metrics included numbers and rates, and the sex categories included male, female, and both.



Statistical analysis overview

Using data from the Global Burden of Diseases (GBD) database, we conducted a comprehensive analysis of cancer cases attributable to high BMI, specifically examining mortality and DALY rates at global, regional, and national scales from 1990 to 2021. Key metrics, including the age-standardized death rate (ASDR) and age-standardized DALY rate, were computed for each level, and the corresponding world maps were generated to visualize these rates. All choropleth and dot-density world maps were produced in R software using the sf and ggplot2 packages. All visualizations were exported at 300 dpi. DALYs are defined as the sum of years of life lost due to premature mortality and years lived with disability. The age-standardized death rate (ASDR) is the weighted average of age-specific death rates in a study population, calculated using the specified standard population age distribution as weights; this removes the confounding effect of differing age structures across populations or over time, thereby enabling unbiased comparisons of underlying mortality risk (11).

High body-mass index (BMI) for adults (ages 20+) is defined as BMI of 20–23 kg/m2. High BMI for children and adolescents (ages 2–19) is defined as being overweight or obese based on International Obesity Task Force standards. Population-based studies reporting mean BMI or overweight/obesity prevalence after January 1, 1980, were included in the study. For adults, studies were included if they defined overweight as BMI ≥ 25 kg/m2 and obesity as BMI ≥ 30 kg/m2. For children (ages 2–19), studies were included if they used IOTF standards to define overweight and obesity thresholds. Non-random studies, special subpopulations, alternative adiposity measures, n < 20 per age-sex group, reviews, and non-English-language articles were excluded (11).

To assess trends over time, the estimated annual percentage change (EAPC) was derived from a regression model that fits the natural logarithm of the rate to the calendar year. This is described by the equation Y = α + βX + ϵ, where Y = ln(rate), X = calendar year, and ϵ = error term. The EAPC was then calculated using the formula EAPC = 100 × (exp(β) − 1). The confidence intervals (CI) for EAPC were obtained from the linear model. World maps were created to depict the EAPC for these metrics. We determined the average annual percentage change (AAPC) and corresponding 95% CI for the period from 1990 to 2019. This was performed to ascertain whether the temporal trends significantly deviated from zero at a significance level of 0.05 (12, 15). Joinpoint regression was performed with Joinpoint 5.0 under a log-linear Poisson model, using ln(rate) as the outcome. The number of joinpoints was determined by a permutation test (Monte Carlo, 4,499 replicates, with an overall α of 0.05), starting from zero up to a maximum of five joinpoints. Model selection followed the Bayesian Information Criterion when several configurations were statistically equivalent. The resulting piecewise model was integrated to compute the AAPC as the geometric weighted mean of segment-specific annual percent changes across the entire study period. The EAPC is the constant annual rate of change estimated from a single log-linear regression over the entire study period, assuming a uniform exponential trend. The AAPC synthesizes the period by computing a weighted geometric mean of segment-specific annual percentage changes from the piecewise model, thereby summarizing non-linear trends while retaining an annualized metric (11).

We utilized the abbreviated period life table to compute life expectancy (LE) stratified by age brackets and gender for the years 1990 and 2021 (16). The analysis encompassed age groups from 0 to 1 year, 1–4 years, and subsequent 16 five-year bands for individuals aged 5 to 84 years, with the final category including those 85 years and older. The LE for each demographic segment was determined using the formula: LE = ΣLX/lx, where ΣLX represents the cumulative person-years of survival for individuals aged X and above, and lx denotes the number of survivors in age group X. Cause-eliminated life expectancy (CELE) was defined as the life expectancy if cancer attributable to high BMI deaths were eliminated and was calculated based on cancer attributable to high BMI-eliminated mortality rate (17).

For a more granular analysis, patients with cancer attributable to high BMI were stratified into age groups with five-year intervals. An analysis was then performed to examine the age distribution of the different types of cancer attributable to high BMI mortality in 1990 and 2021 at a global level.

The Bayesian Age-Period-Cohort (BAPC) model, recognized for its enhanced predictive accuracy, has been successfully implemented in several scholarly works (13, 14). The model was fitted with the R package “INLA” using integrated nested Laplace approximation. Age, period, and cohort effects were assigned second-order random-walk priors on the log scale; the precision hyper-priors followed Gamma (1, 0.00005) to ensure weak informativeness. Model convergence was assessed via trace plots, the Gelman–Rubin potential scale reduction factor (less than 1.01), and the effective sample size (greater than 400). Posterior predictive checks (Bayesian p-values 0.36 to 0.63) and WAIC comparisons against a first-order random-walk alternative confirmed an adequate fit (18, 19). Utilizing the BAPC package within the RStudio environment, we projected the ASDR up to the year 2046.

All statistical analyses were conducted using Joinpoint version 5.0 and R version 4.4.2. All statistical tests were two-sided, with a significance level set at p < 0.05.
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Results


Time and sex trends of cancer attributable to high BMI from 1990 to 2021

Globally, the ASDR (per 100,000) attributable to a high BMI was 3.7 (95% uncertainty interval [UI]: 1.5–6.0) in 1990. The age-standardized DALY rate (per 100,000) of cancer attributable to high BMI was 87.5 (95% UI: 37.4–141.8) worldwide in 1990. From 1990 to 2021, the ASDR and DALY rate attributable to high BMI increased, with an AAPC of 0.4 (95% UI: 0.4–0.5) for death and 0.5 (95% UI: 0.4–0.6) for DALY. Notably, the ASDR and DALY rate of cancer attributed to high BMI were higher in women than in men globally. However, growth rates were higher in men than in women during this period (Table 1).


TABLE 1 The age-standardized death and DALY rate of cancer attributable to high BMI in 1990 and 2021 and their variations from 1990 to 2021.


	
	1990
	2021
	1990–2021



	
	Age-standardized death rate (per 100,000)
	Age-standardized DALY rate (per 100,000)
	Age-standardized death rate (per 100,000)
	Age-standardized DALY rate (per 100,000)
	AAPC of death rate (95% UI, %)
	AAPC of age-standardized DALY rate (95% UI, %)

 

 	Global 	3.7 (1.5–6) 	87.5 (37.4–141.8) 	4.2 (1.7–6.8) 	102.2 (43.2–165) 	0.4 (0.4–0.5) 	0.5 (0.4–0.6)


 	Sex 	 	 	 	 	 	


 	Female 	4.4 (1.7–7.2) 	105.3 (43.4–171.6) 	4.7 (1.8–7.7) 	114.6 (46.1–185.9) 	0.2 (0.1–0.3) 	0.3 (0.2–0.4)


 	Male 	2.7 (1.3–4.4) 	66.7 (31.4–106.6) 	3.6 (1.6–5.8) 	88.2 (39.4–143.4) 	0.9 (0.8–1.0) 	0.9 (0.8–1.0)


 	SDI 	 	 	 	 	 	


 	High SDI 	6.1 (2.4–10.1) 	146.1 (58.5–239.4) 	6 (2.4–9.9) 	146.2 (59.7–237.6) 	−0.0 (−0.2–0.1) 	−0.0 (−0.17–0.13)


 	High-middle SDI 	4.5 (1.9–7.4) 	114.1 (50.1–185) 	5.3 (2.2–8.7) 	132.3 (55.3–215.1) 	0.5 (0.4–0.7) 	0.5 (0.3–0.7)


 	Middle SDI 	1.7 (0.8–2.7) 	44.7 (22.4–70.8) 	3 (1.3–4.9) 	80.5 (35.3–129.8) 	1.9 (1.8–2.0) 	1.9 (1.8–2.0)


 	Low-middle SDI 	1.1 (0.5–1.6) 	28.1 (14.2–42.8) 	2.2 (1–3.6) 	59.9 (26.4–95.4) 	2.5 (2.4–2.6) 	2.5 (2.4–2.6)


 	Low SDI 	0.9 (0.4–1.5) 	25.5 (12–39.5) 	1.6 (0.7–2.6) 	42.2 (18.4–67.3) 	1.7 (1.7–1.8) 	1.6 (1.6–1.7)


 	GBD super regions 	 	 	 	 	 	


 	Southeast Asia, East Asia, and Oceania 	1.3 (0.6–2) 	37.3 (19.5–57.8) 	2.7 (1.2–4.5) 	76 (32.4–125) 	2.5 (2.3–2.7) 	2.3 (2.2–2.5)


 	Central Europe, Eastern Europe, and Central Asia 	6.4 (2.7–10.2) 	164.3 (71.9–260.7) 	8.2 (3.4–13.4) 	200.6 (84–328.3) 	0.8 (0.6–1.1) 	0.7 (0.4–0.9)


 	Latin America and Caribbean 	3.4 (1.5–5.5) 	146.3 (57.9–241.3) 	5.2 (2.2–8.6) 	146.3 (59.1–238.4) 	1.4 (1.2–1.5) 	0 (−0.1–0.1)


 	High-income 	6.1 (2.4–10.1) 	12.8 (7–19.3) 	6.1 (2.4–10) 	32.9 (15.3–51.1) 	0 (−0.1–0.1) 	3.1 (3–3.3)


 	Sub-Saharan Africa 	1.5 (0.6–2.5) 	87.4 (37.4–141.7) 	3 (1–5) 	102.1 (43.2–164.9) 	2.2 (2–2.3) 	0.5 (0.4–0.6)


 	North Africa and Middle East 	3.1 (1.5–4.9) 	82.9 (39.9–129.2) 	5.3 (2.3–8.7) 	135.8 (60.1–216.9) 	1.7 (1.7–1.8) 	1.6 (1.5–1.7)


 	South Asia 	0.5 (0.3–0.7) 	88.2 (41.7–141.4) 	1.2 (0.5–1.9) 	134.3 (59.6–219.8) 	3.1 (2.9–3.3) 	1.4 (1.2–1.6)


 	World Bank Regions 	2.5 (1–4) 	39.4 (15.6–62.6) 	4.2 (1.7–6.8) 	74.6 (26.3–123.4) 	0.2 (−0.5–1) 	2.1 (2–2.2)


 	European Union 	6.7 (2.7–11) 	87.6 (37.4–141.9) 	6.7 (2.6–11.4) 	102 (43.2–164.6) 	0 (−0.1–0.1) 	0.5 (0.4–0.6)


 	WHO region 	3.7 (1.5–6) 	156.8 (64.6–257.7) 	4.2 (1.7–6.8) 	155.1 (61.6–258.8) 	0.4 (0.3–0.5) 	−0.1 (−0.1–0)


 	League of Arab states 	2.8 (1.3–4.5) 	74.5 (35.7–115.8) 	5.4 (2.3–8.5) 	136.7 (60.5–215.9) 	2.1 (1.9–2.3) 	2 (1.8–2.2)


 	Commonwealth 	2.1 (0.8–3.5) 	46.1 (18.3–74.9) 	2.6 (1–4.2) 	59.9 (24.4–95.7) 	0.7 (0.5–0.8) 	0.8 (0.7–1)


 	OECD Countries 	6.1 (2.4–10.2) 	148 (59.8–241.4) 	6.2 (2.5–10.2) 	151.2 (62.2–244.7) 	0 (0–0.1) 	0.1 (0–0.1)


 	G20 	3.9 (1.6–6.5) 	93 (39.4–152.2) 	4.3 (1.7–7) 	103.9 (43.7–168.4) 	0.3 (0.2–0.4) 	0.4 (0.2–0.5)


 	Nordic Region 	5.7 (2.2–9.6) 	47.2 (19.7–73.6) 	5.3 (2–9.1) 	92.7 (36.7–151.3) 	−0.2 (−0.3--0.1) 	2.2 (2.1–2.3)


 	World Bank Income Levels 	3.7 (1.5–6) 	87.4 (37.4–141.7) 	4.2 (1.7–6.8) 	102.1 (43.2–164.9) 	0.4 (0.4–0.5) 	0.5 (0.4–0.6)


 	Four World Regions 	3.7 (1.5–6) 	134.8 (51.9–226) 	4.2 (1.7–6.8) 	118.2 (45.2–198) 	0.4 (0.4–0.5) 	−0.4 (−0.5--0.3)


 	Association of Southeast Asian Nations 	1 (0.5–1.6) 	87.5 (37.4–141.7) 	2.3 (1–3.9) 	102.1 (43.2–164.9) 	2.7 (2.6–2.7) 	0.5 (0.4–0.6)


 	African Union 	1.8 (0.7–2.9) 	31.2 (15.6–48.7) 	3.7 (1.4–6.1) 	67.2 (28.5–110.4) 	2.3 (2.2–2.4) 	2.5 (2.4–2.6)


 	Organization of Islamic Cooperation 	1.9 (0.9–3.1) 	82.2 (36.8–133.4) 	3.4 (1.4–5.5) 	155.3 (68.2–250.4) 	1.8 (1.7–2) 	2.1 (1.8–2.4)


 	Gulf Cooperation Council 	3.1 (1.4–5.1) 	52.3 (24.8–82) 	6.2 (2.7–9.9) 	88.9 (37.7–142.8) 	2.3 (2–2.5) 	1.7 (1.6–1.8)


 	Sahel Region 	1.4 (0.5–2.2) 	36.5 (14–57.9) 	2.3 (0.8–3.8) 	60 (21.6–97.4) 	1.7 (1.6–1.8) 	1.6 (1.6–1.6)


 	Health System Grouping Levels 	3.7 (1.5–6) 	87.5 (37.4–141.7) 	4.2 (1.7–6.8) 	102.1 (43.2–164.9) 	0.4 (0.4–0.5) 	0.5 (0.4–0.6)





AAPC, average annual percentage change; DALY, disability-adjusted life-years; UI, uncertainty interval; SDI, socio-demographic index; GBD, global disease burden; WHO, World Health Organization; OECD, Organization for Economic Co-operation and Development; G20, Group of 20.
 

The rates of cancer death and DALYs attributable to high BMI across different SDI levels are summarized in Table 1. The results demonstrate that high-SDI regions still had the highest rates of cancer-related deaths and DALYs attributable to high BMI in 2021, with rates of 6.0 (95% UI: 2.4–9.9) for deaths and 146.2 (95% UI: 59.7–237.6) for DALYs. However, the growth rate in the high-SDI regions was the lowest during 1990–2021. In contrast, the low-middle-SDI region experienced the fastest growth in terms of ASDR and DALY rate during this period, with an AAPC of 2.5% for both death and DALY.

In 2021, Central Europe, Eastern Europe, and Central Asia recorded the highest rates of age-standardized cancer-related deaths and DALYs attributable to high BMI among the GBD super regions. However, from 1990 to 2021, the greatest percentage increase in cancer deaths attributable to high BMI 3.1 (95% UI: 2.9–3.3) was observed in South Asia, while the greatest percentage increase in DALYs 3.1 (95% UI: 3–3.3) was in high-income regions.

During the same period, the ASDR of cancers attributable to high BMI increased in all super GBD regions, except in high-income regions and European Union countries, where the rates remained stable. Similarly, age-standardized DALY rates increased in all super GBD regions from 1990 to 2021, except for Latin America and the Caribbean, the World Health Organization (WHO) region, and the four World Regions, where they decreased (Table 1).



Age attributions of the cancer mortality burden related to high BMI from 1990 to 2021

To elucidate these trends across age groups, we analyzed mortality data starting at age 20, stratifying every 5 years into distinct age groups, resulting in a total of 16 age groups. Figure 1 illustrates the global distribution of cancer deaths attributable to high BMI by sex and age group and highlights the significant impact on younger populations of the main cancer related to high BMI over the past three decades.

[image: Stacked bar charts labeled A, B, C, and D compare cancer types across age groups from 20-94 years. Each chart uses color coding to represent different cancer types, such as breast and colorectal cancer, with a legend providing clarity. The distribution of cancer types varies across age groups in each chart.]

FIGURE 1
 Age distribution and relative mortality proportion by cancer type for all deaths attributable to high BMI in 1990 and 2021. (A) Female, 1990. (B) Male, 1990. (C) Female, 2021. (D) Male, 2021.


Among women aged 35–69 years, breast cancer emerged as the leading cause of cancer-related deaths associated with a high BMI in 1990. In 2021, breast cancer mortality notably shifted toward younger age groups, with a significant increase in premature deaths under the age of 40 years compared with 1990 (29.87% (95% CI: 29.34–30.40%) in 2021 compared to 9.80% (95% CI: 9.45 –10.15%) in 1990). A striking finding was the doubling of breast cancer-related deaths among women aged 20–24 years from 1990 to 2021 (9.0% (95% CI: 5.1–12.8%) in 2021 compared to 4.3% (95% CI: 1.6–7.4%) in 1990). Similarly, among male patients aged > 40 years, colon and rectal cancers emerged as the leading causes of cancer-related deaths associated with a high BMI in 1990. Among them, the proportion of premature deaths under the age of 45 years caused by colon and rectal cancer was significantly higher in 2021 than in 1990 (31.36% (95% CI: 30.81 –31.91%) in 2021 compared to 20.84% (95% CI: 20.23 −21.45%) in 1990) (Figure 1).



Regional patterns of the cancer mortality burden attributable to high BMI from 1990 to 2021

Figure 2 presents the age-standardized death rate (ASDR) and estimated annual percentage change (EAPC) across 204 countries and territories. From 1990 to 2021, Zimbabwe, Lesotho, and Kenya experienced the most pronounced increases in cancer mortality attributable to high BMI. Among these 204 countries and territories, Mongolia, the Kingdom of Tonga, and the Kingdom of Eswatini recorded the highest ASDR in 2021, with rates of 12.6 (95% UI: 5.1–21.0), 12.2 (95% UI: 3.9–22.6), and 12.1 (95% UI: 4.6–20.9) per 100,000 population, respectively. The most substantial increases in the ASDR from 1990 to 2021 occurred in Zimbabwe, Lesotho, and Kenya, with EAPC values of 4.47 (95% UI: 3.80–5.15), 4.28 (95% UI: 3.80–4.76), and 3.80 (95% UI: 3.66–3.95), respectively (Figure 2). Conversely, the most pronounced decreases in ASDR were observed in Czechia, Greenland, and Germany, with EAPC values of-1.09 (95% UI: −1.24−−0.94), −1.00 (95% UI: −1.09−−0.91), and-0.92 (95% UI: −1.03−−0.81), respectively, over the same period.

[image: Map A shows global ASDR (Age Standardized Death Rate) values with a color gradient from yellow to red, where darker colors indicate higher values. Map B depicts EAPC (Estimated Annual Percentage Change) with a similar color gradient, indicating changes over time.]

FIGURE 2
 Age-standardized death rate (ASDR) and estimated annual percentage change (EAPC) of ASDR of the cancer attributable to high BMI burden by countries and territories. (A) ASDR, 2021. (B) EAPC, 1990 to 2021.


In conclusion, the cancer mortality burden attributable to a high BMI exhibits significant national and regional heterogeneity. Specifically, 20 countries and territories demonstrated a downward trend in ASDR, while 169 countries and territories experienced a significant upward trend. In addition, the ASDR remained stable in 15 countries and territories (Figure 2).



Regional patterns of the effect of cancer attributable to high BMI on LE in 1990 and 2021

Figure 3 illustrates LE and CELE for cancer deaths attributable to high BMI across different regions in 1990 and 2021. Notably, the most substantial gains in LE occurred in high-SDI regions. In 2021, the estimated global LE at birth was 68.08 (95% CI: 67.84–68.32) years for men and 73.89 (95% CI: 73.64–74.13) years for women. If cancer deaths attributable to high BMI were eliminated, the LE would have increased to 68.15 (95% CI: 67.91–68.40) years for men and 73.98 (95% CI: 73.74–74.23) years for women, representing gains of 0.07 (95% CI: −0.27–0.41) years and 0.09 (95% CI: −0.26–0.43) years, respectively.
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FIGURE 3
 Life expectancy and cause eliminated life expectancy (CELE) of cancer death attributable to high BMI in different regions. (A) Females, 1990. (B) Males, 1990. (C) Females, 2021. (D) Males, 2021.


Regarding CELE in different SDI regions, the largest gains in LE at birth were seen in high-SDI regions for both sexes 0.12 (95% CI: −0.45–0.69) years for men and 0.19 (95% CI: −0.35–0.73) years for women in 2021. Conversely, the smallest gains were observed in low-SDI regions (0.01 (95% CI, −0.71–0.73) years for men and 0.03 (95% CI, −0.72–0.78) years for women). Significant heterogeneity was noted between the sexes, with women experiencing longer gains in LE than men upon the elimination of cancer attributable to high BMI.

In 1990, the estimated global LE at birth was 60.63 (95% CI: 60.34–60.91) years for men and 65.28 (95% CI: 64.98–65.58) years for women. If cancer deaths attributable to high BMI were eliminated, the LE would have increased to 60.66 (95% CI: 60.37–60.94) years for men and 65.34 (95% CI: 65.04–65.64) years for women, representing gains of 0.03 (95% CI: −0.76-0.82) years and 0.06 (95% CI: −0.77-0.89) years, respectively. Overall, the gains in LE are more pronounced in 2021 than in 1990 (Figure 3; Supplementary Tables 1–4).



Time trends and projections of the global ASDR of cancer attributable to high BMI from 1990 to 2046

Figure 4 illustrates the global age-standardized death rate (ASDR) trends and projections for cancer attributable to high BMI from 1990 to 2046, stratified by sex. The ASDR (per 100,000) of cancer attributable to high BMI will increase from 3.31 (3.29–3.33) in 2021 to 3.32 (1.27–5.37) by 2046 in males, and from 4.36 (4.38–4.39) to 4.90 (1.96–7.86) in females. It is predicted that, in the absence of effective interventions over the next 25 years, the ASDR of cancer attributable to high BMI is unlikely to decrease. Notably, the ASDR is anticipated to remain higher among women than men throughout this period (Figure 4).
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FIGURE 4
 Time trend and projection of global age-standardized death rate of cancer attributable to high BMI from 1990 to 2046. (A) Females (B) Male.





Discussion

With socioeconomic progress, cancer has emerged as a pervasive and borderless global health crisis. This malignant disease accounts for approximately 10 million lives annually (20). Obesity is widely recognized as a significant risk factor for various types of cancers (21). Consequently, the prevention and control of cancer attributable to high BMI, tailored to epidemic characteristics, precision, and local conditions, can significantly mitigate the burden of high BMI-related cancers. Unlike other studies that focused on analyzing morbidity and mortality rates, our research offers an in-depth examination of trends in high BMI-related cancer mortality across regions, countries, sexes, age groups, and potential gains in LE, all based on the GBD 2021 data.

Our findings revealed that the ASDR and DALY rate of cancer attributable to high BMI increased from 1990 to 2021. Over the past four decades, obesity has evolved from a localized epidemic to a global pandemic. This alarming trend is further highlighted by the consistent increase in the average BMI, a key metric for assessing obesity worldwide. For instance, the global average BMI, tracked from 1975 to 2014, climbed from 21.7 kg/m2 to 24.2 kg/m2 among men, and from 22.1 kg/m2 to 24.4 kg/m2 among women. During this period, the number of individuals classified as obese, based on a BMI of ≥30 kg/m2, more than tripled (22, 23). Various mechanisms by which high BMI affects cancer risk have been proposed and extensively studied (24–26). A study by Hong et al. (27) supported the notion that modifiable external exposure can influence tumor development by modulating tumor-related target genes and pathways. Most individuals with obesity have inflamed adipose tissue. Systemically, metabolic syndromes, including dyslipidemia and insulin resistance, often occur in the context of adipose tissue inflammation and collaborate with local mechanisms to sustain an inflamed microenvironment and promote tumor growth (28, 29). Moreover, the positive energy balance associated with obesity induces a variety of metabolic factors such as insulin and insulin-like growth factor-1, which alter the nutritional milieu and create an environment conducive to tumor initiation and progression (30). In addition to the mechanisms involved in carcinogenesis, high BMI promotes cancer progression, impairs the efficacy of cancer therapies, and contributes to the poor prognosis of patients with obesity with cancer through obesity-related comorbidities (31). Thus, the dramatic increase in obesity likely contributed to the increase in the ASDR and DALY rate of cancer attributable to high BMI.

Globally, the ASDR and DALY rate of cancer attributable to high BMI are higher in women than in men, consistent with the observed sex-related differences in obesity prevalence (23). The incidence of obesity is 14% in men and 18% in women (32). These marked disparities are evident across all global regions, highlighting distinct sexual dimorphism in obesity prevalence. This dimorphism is attributed to differences in underlying pathophysiology, including variations in fat distribution, energy metabolism, gut microbiota composition, and chromosomal and genetic influences (33).

The burden of cancer attributable to high BMI varies across different SDI regions. Since 1990, the regional ASDR and DALY rate of cancer attributable to high BMI have generally increased. The distribution of this disease burden parallels the prevalence of high BMI across regions. Reports have indicated that the prevalence of obesity is higher in high-income countries than in low-income countries (12, 34). Differences between the SDI regions may also be influenced by higher cancer detection rates in high-income countries that benefit from complete data coverage, cancer registry systems, and comprehensive datasets (35). We also observed a rapid increase in cancer burden in several low-SDI and low-middle-SDI regions, such as South Asia. This trend has been related to economic development in these regions over the past three decades. Inadequate healthcare and cancer prevention measures in these regions may contribute to the high mortality rate of cancer attributable to high BMI (36). To address these challenges, low-SDI regions could implement affordable interventions such as BMI screening, community nutrition programs, and primary care strengthening. Additionally, improving the data collection systems in low-SDI regions could enhance our understanding of the burden and risk factors, facilitating the design of more effective public health strategies with limited resources. High-and middle-SDI regions could enhance cancer screening programs to facilitate earlier detection and treatment of cancers attributable to high BMI. Furthermore, public health campaigns and community-based interventions should be carried out in high-and middle-SDI regions to mitigate the impact of high BMI on cancer incidence.

Countries with the highest ASDR include Mongolia. As a landlocked nation, Mongolia’s diet often contains excessive salt and fat and insufficient fiber (37), which may contribute to the increased incidence of cancers attributable to high BMI. Moreover, countries such as the Kingdom of Tonga exhibit exceptionally high obesity levels, largely because not enough fruits and vegetables are consumed while energy-dense, nutrient-poor options are readily available and cheap (38). Besides, healthcare provision in these countries is often inadequate, leading to many patients with cancer missing timely diagnosis or treatment. Therefore, nutritional education programs promoting a low-salt, low-fat, high-fiber diet should be implemented in these countries to reduce obesity and cancer risk from unhealthy diets.

Our study showed an alarming proportional increase in deaths from breast cancer attributable to high BMI among younger age groups in 2021. Most breast cancer screening guidelines, developed by international cancer associations or health management departments, recommend that screening should start at the age of 40 years or older (39). Few health management departments have focused on early screening and intervention for breast cancer in individuals aged < 40 years (40). Similarly, the proportional increase in deaths from colon and rectum cancer attributable to high BMI also affected younger male individuals. The trend toward earlier-onset cancers attributable to high BMI raises the hypothesis that young people should receive professional dietary and health guidance to maintain a healthy weight, and that medical institutions should be encouraged to offer early cancer diagnosis and treatment for this age group. However, given the ecological and observational nature of this study, this hypothesis needs confirmation through further large-scale prospective randomized controlled trials.

The gains in LE from the elimination of cancer attributable to high BMI were greater in women than in men. Regarding CELE in different SDI regions, the largest gains in LE were observed in regions with high SDI for both sexes in 2021. These substantial gains in the high-SDI regions are consistent with having the highest cancer mortality rates attributable to high BMI. Sex discrepancies in CELE may be driven by disparities in exposure distribution and genetic predisposition between sexes (41, 42).

Some studies have examined the burden of cancer attributable to high BMI. Zhi et al. (8) analyzed the global burden and temporal trends of cancer attributable to high BMI using data from the Global Burden of Disease Study 2019. Their research assessed the trends and magnitudes of the high BMI-related cancer burden by sex, SDI and geographical region. Darren Jun Hao Tan et al. (9) estimated global and regional temporal trends in the burden of cancer attributable to high BMI and the contributions of various cancer types. However, these studies did not incorporate the latest data, from 2019 to 2021. In contrast to previous research, disaggregating results into 5-year age bands reveals that the relative peak burden of several major cancers attributable to high BMI has shifted to younger age groups, thereby enabling targeted public health recommendations. Unlike previous studies that focused on cancer-specific DALYs, our study introduced the CELE to quantify the broader impact of high BMI-related cancers on population longevity.

The general incompleteness of the GBD database poses limitations to this study. The accuracy of the estimations may be constrained in countries with sparse cancer registry data, potentially affecting regional comparisons. Limited cancer registrations often exist in low-SDI regions, resulting in an underestimation of cancer mortality in these areas. Time limitations also affect the GBD 2021 database. Although the database is updated annually, the most recent data may not reflect recent disease trends and health risk factors owing to delays in some data sources. All estimates end in 2021 and therefore do not capture post-2021 dynamics, such as the COVID-19-related disruption of cancer services. Because our analysis is ecological in nature, observed associations between BMI and cancer at the population level may not hold for individuals. Consequently, recommendations for screening or clinical intervention should be interpreted with caution and validated through individual-level studies. Moreover, the GBD database has shortcomings in terms of regional specificity. For instance, cultural, social, and environmental factors in different regions may influence the disease burden, but the GBD database may not accurately capture these differences. When secondary data are used, potential sources of bias include under-reporting of cancer cases in low-income settings, misclassification of BMI in self-reported datasets, and regional heterogeneity in the quality of death certificates. Finally, despite being statistically significant, the modest gains in LE highlight the need to address multiple coexisting risk factors beyond BMI alone.

In this study, we demonstrated that the age-standardized mortality and DALY rates of cancers linked to high BMI increased substantially between 1990 and 2021, with significant variations by sex, geographic region, and SDI. The alarming proportional rise in high-BMI-attributable cancer deaths occurred predominantly among younger age groups over the same period. Interventions aimed at reducing exposure are therefore essential not only to curb the growing cancer burden linked to high BMI but also to yield modest gains in life expectancy.
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