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The global burden of colorectal cancer attributable to high body-mass index in 204 countries and territories: findings from 1990 to 2021 and predictions to 2035
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Background: The association between high body-mass index (BMI) and colorectal cancer (CRC) has been confirmed and gained attention. However, a detailed understanding of the disease burden of high BMI and CRC remains lacking.

Objective: This study aimed to assess the temporal and geographical trends of CRC deaths and disability-adjusted life years (DALYs) caused by high BMI globally from 1990 to 2021, providing effective guidance for developing prevention and treatment strategies.

Methods: We used data from the 2021 Global Burden of Disease study to assess the global, regional, and national Deaths, DALYs, age-standardized mortality rate (ASMR), and age-standardized DALY rates (ASDR) caused by CRC related to high BMI, and further calculated the estimated annual percentage change (EAPC). We also considered factors such as gender, age, and sociodemographic index (SDI). We explore the relationship between EAPC and ASMR/ASDR (1990) and between EAPC and SDI (2021). Further, the autoregressive integrated moving average (ARIMA) model was applied to predict the disease burden from 2022 to 2035. The risk factors were calculated by Population Attributable Fraction (PAF).

Results: In 2021, CRC caused by high BMI resulted in 99,268 deaths (95% Uncertainty Interval (UI): 42,956–157,949) and 2,364,664 DALYs (95% UI: 1,021,594–3,752,340) globally, with ASMR and ASDR being 1.17 per 100,000 population (95% UI: 0.51–1.87) and 27.33 per 100,000 population (95% UI: 11.8–43.37), respectively. The disease burden was higher in males and the elderly, with significant differences between regions and sociodemographic groups. From 1990 to 2021, the ASMR for CRC associated with high BMI revealed little change globally, while the ASDR revealed an upward trend. The burden of CRC caused by high BMI has shifted from high SDI regions to low and low-middle SDI regions. Additionally, from 2022 to 2035, ASMR and ASDR are expected to increase in males, while ASMR and ASDR in females are expected to remain relatively stable.

Conclusion: From 1990 to 2021, the number of deaths and DALYs related to high BMI-associated CRC globally, as well as ASMR and ASDR, continue to rise. We predict that ASMR and ASDR may further increase by 2035, making it crucial to take timely and targeted interventions.
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1 Introduction

Colorectal cancer (CRC) is a malignant tumor with high incidence and mortality rates worldwide and poses a significant threat to public health. As the most common malignancy of the digestive system, CRC ranks third in cancer incidence and second in mortality worldwide (1, 2). Recently, with population aging, Westernized dietary patterns, and the prevalence of sedentary lifestyles, the incidence of CRC has exhibited a continuous upward trend, specifically in developing countries. The number of CRC cases and deaths worldwide has increased in recent years. Additionally, differences in CRC incidence and mortality rates are associated with varying levels of human development and regional disparities (3). Over the past 30 years, the trend in CRC incidence has remained stable or even declined in high sociodemographic index (SDI) countries, while it has been on the rise in low-income and transitioning economies. This indicates an unequal distribution of the CRC burden worldwide. Over time, this inequality seems to worsen, leading to a growing global gap in the CRC burden. Low- and middle-income countries are bearing an increasing CRC burden (3, 4).

Based on the Global Burden of Disease (GBD) 2021, there are over 20 risk factors contributing to CRC, among which dietary risk factors are the most significant, followed by metabolic risk factors (1, 5). Among the metabolic risk factors, a high body mass index is the most prominent. Numerous research conclusions have already been established regarding CRC attributed to dietary risk factors, which we will not elaborate on here (5). Next, we will primarily explore the epidemiological trends of CRC attributed to high BMI among metabolic risk factors and describe risk factors using PAF.

Body-mass index (BMI) is obtained by dividing a person’s weight (kg) by the square of their height (m). It is a direct indicator used to classify adults into three categories: underweight, BMI below 18.5; overweight, BMI 25.0–29.9; obese, BMI 30.0 and above (6). Numerous studies have demonstrated that a high BMI increases cancer risk, with an elevated BMI being considered an established risk factor for CRC and 12 other cancers. A meta-analysis by the World Cancer Research Fund indicates that for every 5 kg/m2 increase in BMI, the risk of CRC increases by 5% (7, 8). According to GBD 2021, 9.51% of the mortality burden and 9.69% of the disability-adjusted life years (DALYs) burden is attributable to high BMI (1, 9).

The mechanisms by which a high BMI affects CRC risk are complex and diverse. First, individuals with high BMI, hyperlipidemia, and insulin resistance have low-grade systemic inflammation, promoting tumor cell proliferation and angiogenesis while reducing apoptosis (10). Insulin resistance and hyperinsulinemia may promote tumorigenesis through the IGF-1 signaling pathway, and adipokines, such as leptin and adiponectin, secreted by adipose tissue may also be involved in the development and progression of CRC (11). Additionally, the mechanisms contributing to CRC may include physical activity levels, dietary patterns, genetic background, and the gut microbiome (12). Despite the extensive evidence provided by existing studies, limitations remain, such as reliance on cross-sectional or retrospective studies, making it difficult to determine causality. BMI, as a measure of obesity, also has some limitations. Future research may need to incorporate other metrics, such as waist circumference and body fat percentage, to comprehensively assess the relationship between body fat and CRC risk (13, 14).

By analyzing data from 204 countries and regions between 1990 and 2021, this study provides a comprehensive assessment of the impact of high BMI on the CRC burden, which is crucial for developing effective public health policies and personalized prevention strategies. Furthermore, we developed a model to forecast the global disease burden of high BMI-related CRC from 2022 to 2035. Future research should further elucidate the molecular mechanisms involved and explore effective interventions to reduce the risk of high BMI-related CRC.



2 Materials and methods


2.1 Data sources

GBD 2021 provides a comprehensive overview of disabilities and deaths caused by high BMI leading to CRC from 1990 to 2021 across different countries, ages, and genders. It estimated the incidence, prevalence, mortality, years of life lost (YLLs), years lived with disability (YLDs), and DALYs due to 369 diseases and injuries in 204 countries and regions. DALYs are a measure that combines years of YLLs and YLDs (15). We obtained the number of deaths and DALY data caused by high BMI leading to CRC in 204 countries and regions from the Global Health Data Exchange (GHDx) website,1 age-standardized mortality rates (ASMR), and age-standardized DALY rates (ASDR) (16, 17). The 204 countries and regions were further divided into 21 regions based on their geographical location. Moreover, data analysis adopted a stratified approach, dividing age into 16 different groups, with 15 being 5-year age intervals (20–94 years, in 5-year intervals) and one being individuals aged 95 years and above.

We separately obtained SDI data for 1990–2021 from the GHDx. SDI is a good indicator of socioeconomic development related to health. It is a composite indicator of lag-distributed income per capita, the average educational attainment of the population aged 15 years and above, and the total fertility rate under the age of 25, ranging from 0 to 1. According to the SDI quintiles, 204 countries or regions were divided into five quintiles: low SDI (< 0.45), low-middle SDI (≥ 0.45 and < 0.61), middle SDI (≥ 0.61 and < 0.69), high-middle SDI (≥ 0.69 and < 0.80), and high SDI (≥ 0.80) (18, 19).



2.2 Statistical analyses

In this study, we analyzed the global, national burden of CRC caused by high BMI using the ASMR and ASDR (per 100,000 population) to reflect the actual situation of deaths and DALYs (20). To assess trends, we used the linear regression equation (y = α + βx + ε), where y represents the age-standardized rate (ASR), which refers to ASIR, ASMR, or ASDR and x represents the calendar year. The estimated annual percentage change (EAPC) was calculated as 100 × (exp(β) − 1), with its 95% confidence interval (CI) determined using the linear regression model. If the EAPC value and its 95% CI lower limit are both greater than 0, the ASR is considered to exhibit an increasing trend annually. If the EAPC value and its 95% CI upper limit are both less than 0, the ASR is considered to exhibit a decreasing trend annually. If the EAPC is close to 0, the ASR is considered stable (21). This method is widely used to quantify and summarize temporal changes in ASR (22, 23). Statistical analyses were performed using R software (version 4.4.1), with p-values <0.05 considered statistically significant.

To analyze the factors influencing the EAPC of the CRC burden related to high BMI, we used Pearson correlation analysis to examine the relationship between EAPC and ASR in 1990 and the relationship between EAPC and SDI scores in 2021, with data analysis performed using R software (version 4.4.1), two-tailed p < 0.05 was considered statistically significant.



2.3 Autoregressive integrated moving average model

To forecast the global disease burden of high BMI-related CRC from 2022 to 2035, we used an autoregressive integrated moving average (ARIMA) model. It forecasts future values based on past properties (limitations and prediction errors). The ARIMA model is defined by three parameters: p, d, and q, where p is the order of autoregression, q is the order of moving average, and d is the degree of difference. The ARIMA equation is
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where ϕ and θ are the autoregressive and moving average parameters, respectively. Yt represents the differenced time series, and εt is the value of the random shock at time t. α is a constant (24, 25). After multiple tests, we identified the optimal model using the ARIMA (1,1,2) model to predict ASMR and ASDR for males and the ARIMA (2,0,0) model to predict ASMR and ASDR for females.




3 Results


3.1 Trends of global burden of CRC from 1990 to 2021

From 1990 to 2021, globally, the incidence of CRC revealed an increasing trend, with the number of cases increasing from 916,584 (95% UI 866,238–951,895) in 1990 to 2,194,143 (95% UI: 2,001,272–2,359,390) in 2021, with an EAPC of 0.15 (95% CI: 0.12–0.19) (Table 1). In 2021, among the quintiles of SDI, areas with high SDI had the highest ASIR, but its annual growth rate decreased (EAPC = −0.25; 95% CI: −0.35 to −0.16), while the region with the highest annual growth rate was the middle SDI (EAPC = 1.38; 95% CI: 1.3–1.46) (Table 1). At the regional level of GBD, the region with the fastest growth in ASIR was Central Latin America (EAPC = 2.05; 95% CI: 1.99–2.11), and the region with the largest annual decline in ASIR was High-income North America (EAPC = −0.8; 95% CI: −0.92 to −0.67) (Table 1).



TABLE 1 Incidence of colorectal cancer in 1990 and 2021 by sex, SDI, and GBD region, with estimated annual percentage change from 1990 to 2021.
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3.2 In metabolic risks associated with CRC, high BMI is the most critical risk factor

Metabolic risk factors accounted for 16.6% of the global CRC deaths burden in 2021, of which high BMI and high fasting glucose were the main contributors, accounting for 9.5 and 7.9%, respectively. This represents a significant increase compared to 1990, indicating that metabolic risk factors, specifically high BMI, have become important contributors to CRC risk (Supplementary Figure S1A). The CRC DALYs burden attributable to metabolic risk factors mirrored the same pattern of the burden of deaths (Supplementary Figure S1B). In 2021, the CRC burden of deaths and DALYs attributable to metabolic risk factors was higher in high SDI, at 18.9 and 19.1%, with the most prominent contribution from high BMI, at 10.9 and 11.6% (Supplementary Figures S1A,B). Within the GBD region, high-income North America had the highest burden, with high BMI also playing a significant role (Supplementary Figures S1A,B). These findings clearly indicate that high BMI is the most important risk factor among the metabolic risks associated with CRC.



3.3 Global burden of CRC deaths attributed to high BMI

Over the past 32 years, the number of deaths due to CRC associated with high BMI has rapidly increased from 41,536 (95% UI: 17,666–67,379) in 1990 to 99,268 (95% UI: 42,956–157,949) in 2021, an increase of 139%. Meanwhile, ASMR has also increased, but the change is non-significant, rising from 1.14 per 100,000 population (95% UI: 0.48–1.86) in 1990 to 1.17 per 100,000 population (95% UI: 0.51–1.87) in 2021. The EAPC of ASMR was 0 (95% UI: −0.04 to 0.04), revealing a relatively stable trend (Table 2). From 1990 to 2021, the number of deaths from high BMI-related CRC increased significantly in men and women. The number of deaths among women was higher than that of men from 1990 to 2008; however, after 2008, the number of deaths among men surpassed that of women. Moreover, the ASMR in men has always been higher than that in women (Figure 1C). Although the number of deaths for men and women increased over the past 32 years, the ASMR for women revealed a significant downward trend (EAPC = −0.37, 95% CI: −0.42 to −0.31), while the ASMR for men depicted an upward trend (EAPC = 0.39, 95% CI: 0.36–0.42) (Table 2; Figure 1C).



TABLE 2 Deaths of colorectal cancer attributable to high BMI in 1990 and 2021 by sex, SDI, and GBD region, with estimated annual percentage change from 1990 to 2021.
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FIGURE 1
 ASMR (A) and ASDR (B) for colorectal cancer attributable to high BMI by 5 SDI regions; the global number of deaths and ASMR for colorectal cancer attributable to high BMI by sex (C). The global number of DALYs and ASDR for colorectal cancer attributable to high BMI by sex (D); ASMR, age-standardized mortality rate; DALYs, disability-adjusted life-years; ASDR, age-standardized DALYs rate; SDI, sociodemographic index; BMI, body-mass index.


Significant differences in the burden of CRC were caused by high BMI in regions with different SDI levels. In 2021, the high SDI regions had the highest number of deaths from high BMI-related CRC, with 36,530 (95% UI: 15,670–58,139), accounting for more than 35% of global cases (Table 2). Although the ASMR in high SDI regions decreased from 1.96 per 100,000 population (95% UI: 0.83–3.19) in 1990 to 1.68 per 100,000 population (95% UI: 0.73–2.66) in 2021, it was still significantly higher than that in other SDI regions. Over the past 32 years, the ASMR in low, low-middle, middle, and high-middle SDI regions revealed an upward trend, with the most significant increase in low-middle SDI regions (EAPC = 2.72, 95% CI: 2.65–2.79). Conversely, the ASMR in the high SDI regions significantly decreased (EAPC = −0.64, 95% CI: −0.69 to −0.59) (Table 2; Figure 1A).

At the GBD regional level, in 2021, East Asia had the highest number of deaths from high BMI-related CRC, with 20,371 (95% UI: 8,475–33,799), followed by Western Europe, with 18,026 (95% UI: 7,623–29,686). Central Europe had the highest ASMR, at 3.03 per 100,000 population (95% UI: 1.35–4.85). From 1990 to 2021, Southeast Asia had the most significant increase in ASMR (EAPC = 3.04, 95% CI: 2.93–3.15). Furthermore, Australasia experienced the largest decrease in ASMR (EAPC = −0.78, 95% CI: −0.86 to −0.71) (Table 2).

At the national level, in 2021, China had the highest number of deaths from CRC due to high BMI, with 19,418 (95% UI: 8,053–32,452), followed by the United States, with 11,402 (95% UI: 5,070–17,661). Kuwait had the largest increase in the number of deaths, with a 974.3% rise over 32 years. Among the 204 countries, only Austria saw a decrease in the number of deaths (Supplementary Table S1; Figure 2C). Hungary had the highest ASMR, at 3.79 per 100,000 population (95% UI: 1.72–6.19), followed by Slovakia and Uruguay, with ASMRs of 3.53 per 100,000 population (95% UI: 1.61–5.66) and 3.45 per 100,000 population (95% UI: 1.54–5.72), respectively (Supplementary Table S1; Figure 2A). Moreover, since 1990, Vietnam has experienced the most significant increase in ASMR (EAPC = 4.65, 95% CI: 4.49–4.81). Meanwhile, 30 countries revealed a downward trend in ASMR, with Austria experiencing the most significant decrease (EAPC = −1.86, 95% CI: −1.92 to −1.8) (Supplementary Table S1; Figure 2E).
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FIGURE 2
 ASMR (A) and ASDR (B) for colorectal cancer attributable to high BMI in 204 countries in 2021; the percentage change in the number of deaths (C) and DALYs (D) for colorectal cancer attributable to high BMI from 1990 to 2021. The EAPC of the ASMR (E) and ASDR (F) for colorectal cancer attributable to high BMI from 1990 to 2021; ASMR, age-standardized mortality rate; ASDR, age-standardized DALYs rate; DALYs, disability-adjusted life-years; BMI, body-mass index; EAPC, estimated annual percentage change.




3.4 Global burden of CRC DALYs attributed to high BMI

From 1990 to 2021, the number of DALYs due to high BMI-related CRC increased from 1,015,042 (95% UI: 429,787–1,631,974) in 1990 to 2,364,664 (95% UI: 1,021,594–3,752,340) in 2021 globally, an increase of 133%. The ASDR also rose from 25.54 per 100,000 population (95% UI: 10.83–41.2) in 1990 to 27.33 per 100,000 population (95% UI: 11.8–43.37) in 2021, with an EAPC of 0.12 (95% CI: 0.08–0.16) (Table 3). The trend of DALYs due to high BMI-related CRC in both men and women was similar to the trend in mortality. In 1990, the number of DALYs in women was higher than in men, but by 1999, the number of DALYs in men surpassed that in women, and the gap continued to widen (Figure 1D). Additionally, the ASDR for men increased from 26.42 per 100,000 population (95% UI: 10.97–42.88) in 1990 to 31.09 per 100,000 population (95% UI: 13.36–49.47) in 2021, revealing a significant upward trend (EAPC = 0.48, 95% CI: 0.45–0.51). In contrast, the ASDR for women decreased from 24.73 per 100,000 population (95% UI: 10.59–39.99) in 1990 to 23.96 per 100,000 population (95% UI: 10.36–37.75) in 2021, exhibiting a significant downward trend (EAPC = −0.26, 95% CI: −0.31 to −0.2) (Table 3; Figure 1D).



TABLE 3 DALYs of colorectal cancer attributable to high BMI in 1990 and 2021 by sex, SDI, and GBD region, with estimated annual percentage change from 1990 to 2021.
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In terms of SDI, from 1990 to 2021, the number of DALYs and ASDR due to high BMI-related CRC in high SDI regions has always been the highest. However, the ASDR in high SDI regions decreased from 44.94 per 100,000 population (95% UI: 19.27–72.19) in 1990 to 40 per 100,000 population (95% UI: 17.48–62.93) in 2021, with an EAPC of −0.48 (95% CI: −0.52 to −0.43). This is the only SDI region where the ASDR exhibited a downward trend. The ASDR in other SDI regions revealed an upward trend, with the most significant increase in low-middle SDI regions (EAPC = 2.69, 95% CI: 2.63–2.76) (Table 3; Figure 1B).

For the GBD regions, in 2021, East Asia recorded the largest number of DALYs owing to high BMI-related CRC, with 529,352 cases (95% UI: 219,133–886,681). Central Europe had the most significant ASDR at 68.94 per 100,000 population (95% UI: 30.82–110.6). Over the past 32 years, 17 out of 21 GBD regions revealed an upward trend in ASDR, with Southeast Asia experiencing the most notable increase (EAPC = 2.84, 95% UI: 2.72–2.97). Conversely, Western Europe, high-income North America, Central Asia, and Australasia exhibited a downward trend in ASDR, with Australasia having the most pronounced decrease (EAPC = −0.94, 95% CI: −1.02 to −0.85) (Table 3).

From a national perspective, in 2021, China had the highest number of DALYs due to high BMI-related CRC, with 507,316 (95% UI: 209,264–853,770). From 1990 to 2021, among 204 countries, the number of DALYs increased rapidly in most countries, while only Austria, Germany, and the Czech Republic observed a decrease in DALYs, with reductions of 13.9, 5.6 and 4.8%, respectively (Supplementary Table S2; Figure 2D). Hungary exhibited the highest ASDR, at 92.03 per 100,000 population (95% UI: 41.88–149.98), followed by Slovakia, at 82.15 per 100,000 population (95% UI: 37.4–131.78) (Supplementary Table S2; Figure 2B). Notably, more than half of the countries have seen an increase in the ASDR EAPC. Vietnam (EAPC = 4.74, 95% CI: 4.54–4.94), Lesotho (EAPC = 4.7, 95% CI: 4.15–5.25), and Zimbabwe (EAPC = 4.11, 95% CI: 3.45–4.78) had the largest increases, which may indicate severe health challenges in these countries. Conversely, the ASDR in a few countries, such as the Czech Republic (EAPC = −1.81, 95% CI: −1.99 to −1.63) and Germany (EAPC = −1.65, 95% CI: −1.77 to −1.54), exhibited the most significant decrease (Supplementary Table S2; Figure 2F).



3.5 Global CRC burden attributable to high BMI by age, sex, and SDI

In 2021, the total number of deaths due to high BMI-related CRC increased for both men and women, with male deaths reaching 50,976 and female deaths reaching 48,292 (Table 2). The number of deaths for men and women exhibited a synchronous pattern, first increasing and then decreasing with age, peaking at 70–74 years. However, male deaths were not always higher than female deaths. Before the age of 80–84 years, male deaths were significantly higher than female deaths, but this trend reversed after the age of 80–84 years (Figure 3A). The trend in mortality rates was similar, with age-specific mortality rates in men and women increasing with age. Female mortality rates significantly exceeded male rates at ages 95+, whereas male mortality rates were higher than female rates before this age range (Figure 4A). The age-specific trend for DALYs was similar to that for mortality, but the peak number of DALYs occurred in the 65–69 age group (Table 3; Figure 3B). The age-specific DALY rates for men and women increased significantly with age, but the DALY rate for men began to decline after 90–94 years of age (Figure 4B). Globally, from 1990 to 2021, age-specific mortality rates for men and women in the 20–49 and 95+ age groups increased, with the 25–29 age group experiencing the fastest growth in mortality rates. Among men, from 1990 to 2021, mortality rates increased across almost all age groups, with the 25–29 age group exhibiting the most significant increase. In contrast, among women, mortality rates decreased in the 50–94 years age group, with the 65–69 years age group revealing the most significant decrease (Figure 4C).
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FIGURE 3
 The global number of deaths (A) and DALYs (B) for colorectal cancer attributable to high BMI across age groups by sex and 5 SDI regions in 2021; The mortality rate (C) and DALYs rate (D) for colorectal cancer attributable to high BMI across age groups by 5 SDI regions in 2021; DALYs, disability-adjusted life-years; SDI, sociodemographic index; BMI, body-mass index.
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FIGURE 4
 The mortality rate (A) and DALYs rate (B) for colorectal cancer attributable to high BMI across age groups by sex in 2021; EAPC of the mortality rate for colorectal cancer attributable to high BMI across age groups by sex from 1990-2021 (C); EAPC of the mortality rate for colorectal cancer attributable to high BMI across age groups by 5 SDI from 1990-2021 (D); DALYs, disability-adjusted life-years; SDI, sociodemographic index; BMI, body-mass index; EAPC, estimated annual percentage change.


In 2021, across the five SDI regions, age-specific mortality rates due to high BMI-related CRC generally increased with age. Age-specific mortality rates in high and middle-high SDI regions were significantly higher than in other regions (Figure 3C)The age-specific DALYs rate was similar to the mortality rate, with the difference that the DALYs rates in the high, middle, low-middle, and low SDI regions depicted a declining trend at ages 80–84 (Figure 3D). The peak age-specific mortality and DALY rates in most regions occurred after the age of 90. Similarly, from 1990 to 2021, the age-specific mortality rates in the low, low-middle, and middle SDI regions increased significantly across all age groups. Among the five SDI regions, the low-middle SDI regions had the largest increase in mortality rates, followed by the middle SDI regions (Figure 4D). In high SDI regions, age-specific mortality rates in the 50–94 age group decreased annually, with the 70–74 age group experiencing the largest decline. In high-middle SDI regions, only the 50–54 age group’s age-specific mortality rate decreased, while mortality rates in relatively younger and older age groups increased (Figure 4D).



3.6 Association between SDI and the burden of CRC burden attributable to high BMI

Across the 21 GBD regions globally, from 1990 to 2021, the ASMR of high BMI-related CRC exhibited an inverted V-shaped nonlinear relationship with the SDI (ρ = 0.739, p < 0.001), peaking at an SDI of approximately 0.75. When SDI < 0.75, the ASMR increased gradually, whereas when SDI > 0.75, the ASMR declined rapidly (Figure 5A). A comparable relationship was also observed between the ASDR and SDI (Figure 5B). Among 204 countries worldwide, the ASMR of high BMI-related CRC in 1990 was significantly negatively correlated with EAPC from 1990 to 2021 (ρ = −0.693, p < 0.001) (Figure 6A), The ASDR in 1990 exhibited the same trend as the EAPC from 1990 to 2021 (ρ = −0.672, p < 0.001) (Figure 6B). The relationship between the EAPC of high BMI-related CRC and the SDI in 2021 exhibited an inverted “U” shape. When the SDI was below 0.5, a positive correlation was observed. When the SDI ≥ 0.5, both the EAPC of ASMR (ρ = −0.487, p < 0.001) and the EAPC of ASDR (ρ = −0.485, p < 0.001) were negatively correlated with the SDI (Figures 7A,B). The SDI for 204 countries from 1990 to 2021 are listed in Supplementary Table S3.
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FIGURE 5
 The correlation between ASMR for colorectal cancer attributable to high BMI and SDI (A); The correlation between ASDR for colorectal cancer attributable to high BMI and SDI (B); ASMR, age-standardized mortality rate; ASDR, age-standardized DALYs rate; SDI, sociodemographic index; BMI, body-mass index.
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FIGURE 6
 The correlation between ASMR for colorectal cancer attributable to high BMI in 1990 and EAPC of ASMR (A); The correlation between ASDR for colorectal cancer attributable to high BMI in 1990 and EAPC of ASDR (B); ASMR, age-standardized mortality rate; ASDR, age-standardized DALYs rate; BMI, body-mass index; EAPC, estimated annual percentage change.
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FIGURE 7
 The correlation between the EAPC of ASMR for colorectal cancer attributable to high BMI and SDI in 2021 (A); The correlation between the EAPC of ASDR for colorectal cancer attributable to high BMI and SDI in 2021 (B); ASMR, age-standardized mortality rate; ASDR, age-standardized DALYs rate; SDI, sociodemographic index; BMI, body-mass index; EAPC, estimated annual percentage change.




3.7 Prediction of age-standardized rate by autoregressive integrated moving average models

According to the ARIMA model, from 2022 to 2035, the burden of high BMI-related CRC in males will continue to rise, with the ASMR increasing from 1.33 per 100,000 population (95% UI: 0.57–2.13) in 2021 to 1.4 per 100,000 population (95% UI: 1.33–1.47) in 2035, and the ASDR increasing from 31.09 per 100,000 population (95% UI: 13.36–49.47) in 2021 to 33.07 per 100,000 population (95% UI: 31.35–34.79) in 2035 (Table 4; Figures 8A,B). In females, both the ASMR and ASDR of high BMI-related CRC exhibited a slightly increasing trend and gradually stabilized (Table 4; Figures 8C,D).



TABLE 4 Forecast of the global burden of colorectal cancer attributable to high body-mass index from 2022 to 2035 (per 100,000 people).
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FIGURE 8
 Projections of ASMR (A,C) and ASDR (B,D) for colorectal cancer attributable to high BMI in males and females from 2022 to 2035; The red line represents the actual value, and the fan represents the predicted distribution between the 2.5 and 97.5% quantiles. The forecast average is shown as a yellow dot. The vertical dotted line indicates where the prediction begins; ASMR, age-standardized mortality rate; ASDR, age-standardized DALYs rate; BMI, body-mass index.





4 Discussion

In recent years, due to dietary and metabolic factors, as well as unhealthy habits such as smoking and drinking, the global incidence, mortality, and DALYs rates of CRC have been increasing annually and are expected to exceed 2,200,000 new and 1,100,000 deaths by 2030 (1, 4, 26). Interestingly, a high BMI has now surpassed smoking as a major risk factor for CRC, which cannot be ignored. In this study, we systematically analyzed the global burden of CRC caused by a high BMI from 1990 to 2021, stratified by age, gender, region, and SDI. Our results revealed that there are significant differences in the burden of CRC caused by high BMI across different regions and countries, as well as among different genders and age groups. However, it is worth noting that although the number of deaths and DALYs for men and women more than doubled in 2021, after age standardization, the ASMR and ASDR for men have increased significantly over the past 32 years, while for women, they have decreased significantly. The burden of high BMI-related CRC is significantly higher in men than in women, and this gap is widening annually. This may be because women’s lifestyles are healthier compared to men, and women have much higher levels of estrogen than men. Studies have demonstrated that the expression of estrogen receptor β (ERβ/ESR2) is negatively correlated with the presence of colorectal polyps and tumor staging, which can reduce the risk of death in women (27, 28).

Furthermore, compared to men of the same age, women aged ≥80 years had higher mortality and DALYs related to high BMI-associated CRC. Several perspectives have supported this phenomenon. First, women tend to live longer than men do, leading to a higher proportion of elderly women in the population. Second, differences in body composition also play a role; as age increases, men tend to have a higher proportion of lean muscle mass and strength, while women have more body fat and experience faster muscle function decline compared to elderly men. These factors contribute to an increased risk of BMI-related CRC in elderly women (29, 30).

In 2021, according to the GBD 2021, there were 99,268 deaths worldwide, of which 86,308 were elderly people aged 55 years and above, accounting for nearly 87%, indicating that the burden of high BMI-related CRC is mainly concentrated in the elderly. Population growth and aging are likely to be the main causes of this phenomenon. Elderly individuals may be more susceptible to the adverse effects of high BMI, including altered glucose metabolism and insulin resistance, which increases the risk of chronic diseases (31). Furthermore, this burden is closely related to socioeconomic development and unequal distribution. While the burden of CRC caused by high BMI is higher in regions with higher SDI levels, with more than two-thirds of the deaths occurring in high SDI and high-middle SDI regions, the growth rates of ASMR and ASDR in these regions have slowed or even declined in recent years. For instance, the ASMR and ASDR in Australasia and High-income North America have significantly decreased. Contrarily, in low, low-middle, and middle SDI regions, such as South Asia and Central Sub-Saharan Africa, although the baseline burden of CRC caused by high BMI is relatively low, the number and rate of deaths and DALYs have increased significantly and may not stop growing for some time. One possible explanation is that countries with a high SDI are more likely to implement routine and early CRC screening, a mature intervention measure to reduce CRC mortality risk (32, 33). Moreover, regions with higher SDI are often more accessible to health education and awareness programs. People in these regions may be more aware of the risks of obesity and adopt healthier lifestyles and behaviors (34). In contrast, people in lower economic regions may experience greater stress due to economic difficulties and limited access to healthcare, which can lead to increased BMI and unhealthy eating habits, including high intake of energy-dense and low-nutrient foods, while reducing physical activity levels, ultimately leading to obesity (35), Consequently, countries worldwide should recognize that high BMI will eventually result in higher health burdens and take timely targeted measures, such as strengthening health education, promoting healthy weight maintenance, and encouraging active participation in physical exercise to mitigate the burden of CRC caused by high BMI.

Our research found that from 1990 to 2021, among the 21 GBD regions, although Central Europe had the highest ASMR and ASDR of high BMI-related CRC, its EAPC was much lower than that of South Asia, Southeast Asia, and East Asia. Several explanations exist for this phenomenon. First, urbanization has brought about significant lifestyle changes, with reduced physical activity, more sedentary work, and reliance on motor vehicles for transportation, leading to decreased daily activity levels. These changes increase the risk of obesity (36, 37). Second, East Asian and Southeast Asian countries are undergoing a “nutrition transition”; the deeper the transition, the higher the incidence of overweight. Traditional low-fat diets typically feature complex carbohydrates, fresh fish, meat, and leafy vegetables, which can reduce the prevalence of metabolic syndrome and increase high-density lipoprotein cholesterol levels. These have gradually shifted to modern low-nutrition, high-calorie diets, including refined starches, oils, sugars, and processed meat. This significant dietary shift has greatly increased the burden of high BMI-related CRC in these regions (38, 39).

We also found that in 1990, the higher the baseline burden of ASMR and ASDR, the lower the EAPC, exhibiting a significant negative correlation. Most countries with high baseline burdens in 1990 were developed countries, such as the United States, the United Kingdom, and Australia. They could adopt various methods, such as health education, early screening, and early intervention, to reduce the disease burden of high BMI-related CRC. Conversely, countries with low baseline burdens, such as China and India, are mostly developing countries that have experienced rapid economic development and increasingly Westernized lifestyles over the past 30 years. The increase in obesity and decrease in physical activity owing to Westernized lifestyles are important reasons for the rapid increase in CRC incidence and mortality caused by high BMI in these countries (40). In countries with a higher SDI (> 0.5) in 2021, the decline rates of ASMR and ASDR were also faster, and the EAPC revealed an inverted U-shaped relationship with SDI. In countries with a lower SDI (< 0.5), ASMR and ASDR continued to rise. The burden of BMI-related CRC varies significantly across regions and countries, and prevention and treatment strategies should be formulated based on the specific conditions in each region and country. Developing countries can take measures to help residents establish healthy lifestyles, such as actively promoting healthy diets and physical activity to avoid the increased burden of CRC caused by Westernized lifestyles. Developed countries need to take more targeted measures to reduce the prevalence of obesity and low physical activity while continuing early screening and diagnosis.

Our study has some advantages. First, our study discusses in detail the geographical and temporal trends in the global CRC burden caused by high BMI and its influencing factors, which may serve as a reference for establishing interventions to address this challenge and monitor their effectiveness. Second, our study proposes practical strategies aimed at reducing the burden on particularly affected age groups, genders, regions, and countries. Finally, our study uses the ARIMA model (a powerful time-series forecasting tool) to predict the global CRC burden related to high BMI from 2020 to 2035, enhancing our insights into future trends. However, this study has some limitations. First, the accuracy and robustness of the GBD study estimates depend on the quality and quantity of source data. Although GBD 2021 uses many strategies to improve data quality and comparability, bias is inevitable, which may affect the completeness and accuracy of the analyzed data (41). Second, BMI is an imperfect measure of obesity because individuals with high muscle mass may exhibit elevated BMI without associated health risks. An ideal measure of obesity should include waist circumference, body fat composition, and other factors, such as the muscle-to-fat ratio and metabolic health markers (34). Therefore, using BMI classification cut-off values may misestimate the impact of high BMI on CRC in specific populations. Finally, differences in the quality and quantity of data sources, etiological assessments, and diagnostic accuracy of CRC across regions may lead to heterogeneity (42).



5 Conclusion

In summary, current research indicates that the global burden of CRC caused by high BMI has persisted over the past 30 years and may increase in the future, particularly in countries with a lower SDI. These increasing challenges compel us to formulate targeted public health interventions and policies. Besides, according to our predictions, global ASMR and ASDR may exhibit an upward trend between 2022 and 2035. We hope that our study can provide policymakers with insights into formulating disease control and prevention strategies tailored to the specific conditions of different countries, particularly those with relatively low SDI, according to their socioeconomic conditions.
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Low-middle SDI 1,244 (472 10 1982) 0.21(0.08100.33) 63912690t | 045(019100.71) 272(265102.79)
10,103)
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7,632 (7,311 10 7,896)
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197 (162 10 239)
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4,206 (3,206 10 5,574)
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44.89 (40.2 10 47.85)
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43.97 (38,9110 49.55)
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7.87(6.09 10 10.53)
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