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Background: Numerous studies have already identified an association between excessive consumption of red meat and colorectal cancer (CRC). However, there has been a lack of detailed understanding regarding the disease burden linked to diet high in red meat and CRC.

Objective: We aim to offer evidence-based guidance for developing effective strategies that can mitigate the elevated CRC burden in certain countries.

Methods: We used the data from the Global Burden of Disease (GBD) Study 2019 to evaluate global, regional, and national mortality rates and disability-adjusted Life years (DALYs) related to diet high in red meat. We also considered factors such as sex, age, the socio-demographic index (SDI), and evaluated the cross-national inequalities. Furthermore, we utilized DALYs data from 204 countries and regions to measure cross-country inequalities of CRC by calculating the slope index of inequality and concentration index as standard indicators of absolute and relative inequalities.

Discussion: The results show that globally, the age-standardized mortality rate (ASMR) and age-standardized disability adjusted life year rate (ASDR) related to CRC due to diet high in red meat have decreased, with estimated annual percent change (EAPCs) of −0.32% (95% CI −0.37 to −0.28) and-0.18% (95% CI −0.25 to −0.11). Notably, the burden was higher among males and the elderly. The slope index of inequality rose from 22.0 (95% CI 18.1 to 25.9) in 1990 to 32.9 (95% CI 28.3 to 37.5) in 2019 and the concentration index fell from 59.5 (95% CI 46.4 to 72.6) in 1990 to 48.9 (95% CI 34.6 to 63.1) in 2019. Also, according to our projections, global ASDR and ASMR might tend to increase up to 2030.

Conclusion: ASMR and ASDR for CRC associated with high red meat diets declined globally from 1990 to 2019, but the absolute number of cases is still rising, with men and the elderly being more affected. CRC associated with diets high in red meat exhibits significant income inequality, placing a disproportionate burden on wealthier countries. Moreover, according to our projections, ASMR and ASDR are likely to increase globally by 2030. In order to address this intractable disease problem, understanding changes in global and regional epidemiologic trends is critical for policy makers and others.
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1 Introduction

Colorectal cancer (CRC), also known as colorectal adenocarcinoma, primarily arises from the colon’s glands and epithelial cells (1). Worldwide, CRC is ranked third in cancer prevalence among males and second among females (2). It is worth noting that more than half of the cases occur in more developed and industrialized countries (3, 4). In these countries, CRC is the second most common tumor, with a lifetime incidence of 5% (5–7). In regions with varying levels of economic development, there are significant differences in the 5-year survival rate of CRC. For instance, the overall 5-year survival rate in the United States is over 60%, whereas in developing countries, it is less than 40% (5).

The International Agency for Research on Cancer (IARC) defines red meat as unprocessed mammalian muscle meat (8, 9). Dietary red meat, including beef, veal, pork, lamb, and mutton, provides us with several important essential nutrients (10, 11). These essential nutrients comprise protein, essential amino acids, vitamins (including vitamin B12), minerals (including heme iron and zinc), and other micronutrients (12). With the recent economic growth, the global demand for red meat has surged, in both developed and developing countries (13). However, abundant evidence indicates that the diet high in red meat is associated with a range of health issues (14–16), including two major chronic diseases: cardiovascular disease and CRC (17–19). A 1975 survey revealed a robust correlation (r = 0.9) between per capita meat consumption and the incidence of CRC among women from 23 different countries (20). Other research also reported that an increase in red meat consumption by 100 grams per day is associated with an 11–51% greater risk of various cancer incidence and appears to be unrelated to any health benefits (21). IARC has classified red meat consumption as a probable human carcinogen based on evidence related to CRC, pancreatic cancer, and prostate cancer (Group 2A) (9). Recent guidelines recommend that the public should moderate their daily intake of red meat (22).

Previous Global Burden of Disease (GBD) studies predominantly emphasized the disease burden from high dietary red meat, rather than specifically addressing the CRC burden attributable to such consumption (23, 24). Currently, no detailed report exists based on the GBD dataset focusing on the CRC burden from high global red meat consumption. Furthermore, there is a lack of research that predicts the CRC disease burden based on GBD study results. Hence, we utilized data from GBD 2019 to determine the temporal trends in incidence and disability-adjusted life years (DALYs) at the global, regional, and national levels, stratified by sex, age, and SDI. We systematically summarized the global burden and health development status, including the unequal distribution of disease burden among countries and the forecast for the CRC disease burden up to 2030, in order to provide evidence for policymakers. Given the public accessibility of the data, ethical approval and informed consent were not required for our study.



2 Materials and methods


2.1 Data source

The data from the Global Burden of Disease (GBD) for the year 2019 were used to estimate the incidence and burden of CRC. Data on CRC were sourced from various outlets, including hospital records, emergency department records, insurance claims, surveys, and the Global Vital Registration system. The DisMod-MR 2.1, a Bayesian mixed-effects meta-regression tool designed by the Institute for Health Metrics and Evaluation (IHME) in Seattle, Washington, United States, was used for modeling and generating estimates of the disease burden across various conditions in 204 countries and territories from 1990 to 2019 (25, 26). It incorporates all the aforementioned available information for each disease and applies established bias correction procedures to derive prevalence and disease burden estimates specific to individual countries, as previously described in prior studies (27).

We extracted data from the Global Health Data Exchange website1 for the years 1990 to 2019, stratified by sex, age, and region. This data included CRC-related deaths, DALYs (Disability-Adjusted Life Years), age-standardized mortality rates (ASMR), and age-standardized DALY rates (ASDR). Using the extracted data, we described the epidemiological trends of colorectal cancer burden attributable to diet high in red meat across different sexes, age groups, years, and in different SDI regions.

Additionally, the relationship between socio-demographic index (SDI) and the burden of disease was investigated. SDI is a composite index that considers a country’s per capita income, average years of education, and fertility rate. It categorized 204 countries and regions into five groups: low SDI (<0.45), medium SDI (≥0.45 and < 0.61), medium SDI (≥0.61 and < 0.69), medium SDI (≥0.69 and < 0.80), and high SDI (≥0.80) (27, 28).

High red meat consumption in the diet was defined as a daily intake of red meat (beef, pork, lamb, and goat, excluding poultry, fish, eggs, and all processed meats) exceeding 23 g (ranging from 18 g to 27 g) as an optional level (29). Detailed information about inclusion and exclusion criteria can be found in the preceding sections (30). This research aimed to assess the incidence and burden of CRC while exploring its relationship with social demographic indices and diet high in red meat.



2.2 Statistical analyses

We analyzed the burden of CRC at the global national level. To account for demographic differences, we used age-standardized incidence rates (ASIR), mortality rates, and Disability-Adjusted Life Years (DALY) rates to better reflect actual incidence and mortality rates. All rates are expressed as per 100,000 people.

Additionally, estimated annual percentage changes (EAPC) were calculated using a linear regression equation: y = α + βx + ε [where y represents ln (ASMR or ASDR), and x represents the calendar year] to assess trends in ASMR and ASDR. The exact calculation is EAPC = 100 (exp(β) - 1) (31). EAPC and its 95% confidence interval (CI) greater than 0 indicate an increasing trend in ASMR or ASDR over the years, while values lower than 0 indicate a decreasing trend. If EAPC is close to 0, it suggests stability (32).

Furthermore, to explore the factors affecting the EAPC of the CRC burden related to a diet high in red meat, we also assessed the correlation between the age-standardized indicator of diet high in red meat in 1990 and SDI in 2019 with EAPC at the national level using the Spearman rank test.

We used the concentration index (CI) and the slope index to quantify the health inequalities. The slope index of inequality and concentration index, are two standard indicators of absolute inequality and relative inequality, respectively (33). The slope index of inequality is calculated by regressing the national DALYs ratio for all age groups on a relative positional scale associated with SDI, defined as the midpoint of the population cumulative range ranked by SDI (34). Heteroscedasticity is explained by a weighted regression model. The concentration index is calculated by numerically integrating the area under the Lorenz concentration curve, which is fitted using the cumulative scores of DALYs and the cumulative relative distribution of the population based on SDI (35).



2.3 Bayesian age-period-cohort analysis

Using the GBD data spanning from 1990 to 2019, we conducted forecasts for the disease burden from 2020 to 2030. Our methodology comprised two primary steps: Firstly, we collected data on mortality and DALYs rates for colorectal cancer attributable to diet high in red meat across all age brackets (categorized in 5-year intervals) globally and regionally from 1990 to 2019. Subsequently, by applying a specific formula—the ratio of mortality (or DALYs) cases to the corresponding rate for all age groups in the same year—we recalibrated the annual total populations (36). Following this, we utilized the Bayesian Age-Period-Cohort (BAPC) model to project the disease burden from 2020 to 2030. APC models scrutinize registry data, taking into consideration the individual’s age group, the event’s date (period), and the birth cohort to which the individual belongs (37). Bayesian APC models are especially valuable in projecting the future burden of cancer, as they steer clear of parametric assumptions (38). Bray compared projections from linear power models with both the classical and Bayesian versions of the APC model, concluding that the Bayesian APC model yielded more rational projections (39). All statistical analyses were performed with R software (version 4.2.3).




3 Results


3.1 Global spatial and temporal colorectal cancer burden attributable to diet high in red meat

Globally, in 1990 and 2019, approximately 0.026 million and 0.052 million deaths from CRC were linked to a diet high in red meat. The male-to-female ratio for these deaths was around 1.3 and 1.5, respectively, for CRC. During this period, there was a rapid increase in deaths and DALYs associated with diet high in red meat. However, the ASMR and ASDR showed little change, with EAPC in ASMR for females being less than 0, and greater than 0 for males (Tables 1, 2; Figure 1).



TABLE 1 Deaths of colon and rectum cancer attributable to diet high in red meat in 1990 and 2019 for both sexes and all locations, with estimated annual percentage change from 1990 to 2019.
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TABLE 2 DALYs of colon and rectum cancer attributable to diet high in red meat in 1990 and 2019 for both sexes and all locations, with estimated annual percentage change from 1990 to 2019.
[image: Table2]
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FIGURE 1
 The burden of colorectal cancer deaths (A) and DALYs (B) due to diet high in red meat from 1990 to 2019 by sex and SDI region. The bar is the number of colorectal cancer deaths and DALYs attributable to diet high in red meat. The line with 95% UI represents ASMR and ASDR attributable to diet high in red meat. ASMR, age-standardized mortality rate; DALYs, disability-adjusted life-years; ASDR, age-standardized DALY rate; UI, uncertainty interval; SDI, sociodemographic index.


On a global scale, regions with high SDI had the most deaths related to diet high in red meat (0.018 million) in 2019, while high-middle SDI regions had the highest DALYs (0.44 million), together accounting for over 35% of cases worldwide. However, the highest ASMR and ASDR were observed in high SDI regions. Over the years, ASMR and ASDR increased in low, low-middle, middle, and high-middle SDI regions, with middle and low-middle SDI regions experiencing a faster increase compared to low and high-middle SDI regions. In contrast, high SDI regions had a significant decrease in ASMR [EAPC −1.29% (95% CI: −1.37 to −1.21)] and ASDR [EAPC −1.2% (95% CI: −1.27 to −1.12)] (Tables 1, 2).

At the regional level according to the Global Burden of Disease (GBD) classification, East Asia carried the heaviest burden in 2019, with 0.016 million deaths and 0.43 million DALYs worldwide. However, Australasia had the highest ASMR (1.75 per 100,000) and ASDR (39.61 per 100,000). The most significant increase in ASMR and ASDR from 1990 to 2019 was observed in Tropical Latin America and East Asia, with Estimated Annual Percent Changes (EAPCs) exceeding 3 in both regions. On the other hand, Eastern Europe experienced the most substantial decrease in ASMR [EAPC −1.91% (95% CI: −2.21 to −1.62)] and ASDR [EAPC −2.2% (95% CI: −2.53 to −1.88)] (Tables 1, 2).

At country level, China had the highest number of CRC deaths and DALYs attributed to a high red meat diet in 2019 (Supplementary Tables S1, S2). Argentina and Greenland had the highest ASMR and ASDR in 2019 (Figures 2A,B; Supplementary Tables S1, S2). However, the most substantial increase in ASMR and ASDR occurred in Equatorial Guinea, with EAPCs of 4.71% (95% CI: 4.27 to 5.14) and 4.31% (95% CI: 3.9 to 4.72), respectively (Supplementary Figure S1; Tables S1, S2).
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FIGURE 2
 These maps show the ASMR (A) and ASDR (B) of colorectal cancer due to diet high in red meat per 100,000 people in 2019 in 204 countries and territories, for both sexes. ASMR, age-standardized mortality rate; ASDR, age-standardized DALY rate.




3.2 Global colorectal cancer burden attributable to diet high in red meat by age and sex

In 2019, the number of deaths from CRC attributed to diet high in red meat exhibited a synchronous pattern in males and females, first rising and then declining with age. The peak age of incidence was in the 70–74 years group (Supplementary Figure S2). More deaths were observed in the 65–74 years age range, with a higher number of age-specific deaths in males compared to females (Supplementary Figure S2). Consequently, the age-specific mortality rate in males was greater than that in females, and showed a rapid increase for both sexes (Figure 3A).
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FIGURE 3
 Age-specific rates of mortality (A) and DALYs (B) of colorectal cancer due to diet high in red meat by sex, 2019 and the age distribution of colorectal cancer due to diet high in red meat trend in mortality rate from 1990 to 2019 by sex (C) and location (D). EAPC, estimated annual percentage change; SDI, sociodemographic index; DALYs, disability-adjusted life-years.


The age-specific number of colorectal cancer DALYs followed a similar pattern to that of deaths, but the peak point appeared in the 65–69 years age group, with more DALYs occurring in the 60–69 years age range (Supplementary Figure S2). The age-specific number of CRC DALYs was significantly higher in males than in females (Supplementary Figure S2). Correspondingly, the age-specific DALY rate in males was larger than that in females. The trend of the age-specific DALY rate resembled that of the mortality rate but declined in the 80–84 years age group (Figure 3B).

Globally, the age-specific mortality rate has increased in the 25–49 years and over 95 years age groups for both sexes from 1990 to 2019, with the most rapid increase occurring in the 25–29 years age group (Figure 3C). In males, the age-specific mortality rate rose in the 25–59 years and over 85 years age groups from 1990 to 2019, but fell in the 65–84 years age group, with the most significant increases and decreases occurring in the 65–69 years and 70–74 years age groups, respectively (Figure 3C). Conversely, the age-specific mortality rates in females declined in most age groups (Figure 3C). The age-specific mortality rates increased in low, low-middle, and middle SDI regions from 1990 to 2019. In high SDI regions, the age-specific mortality rates dropped in the 35–89 years age range, followed by an increase in older age groups. In high-middle SDI regions, the age-specific mortality rates decreased in the 60–69 years age group and increased in relatively younger and older age groups (Figure 3D). The EAPCs in age-specific DALY rates exhibited a similar pattern to that in age-specific mortality rates (Supplementary Figure S3).



3.3 The association between SDI, global inequalities, and the burden of colorectal cancer burden attributable to diet high in red meat

In general, the ASMR displayed an inverted V-shaped correlation with the SDI, reaching its peak around an SDI value of approximately 0.75 (Figure 4A). The EAPC in ASMR exhibited a strong negative correlation with ASMR values in 1990 (ρ = −0.551, p < 0.001), particularly when ASMR was low (Figure 4B). Furthermore, the EAPC in ASMR showed a negative association with SDI values in 2019 (ρ = −0.216, p < 0.001), particularly for SDI values exceeding 0.75 (Figure 4C). Similar patterns were also evident when considering ASDR and their correlation with SDI, as well as the relationship between EAPC in ASDR and ASMR in 1990 and SDI in 2019 (Supplementary Figure S2).

[image: Figure 4]

FIGURE 4
 The correlation between colorectal cancer due to diet high in red meat in ASMR and SDI (A), between EAPC in ASMR and ASMR in 1990 (B), and between EAPC in ASMR and SDI in 2019 (C). EAPC, estimated annual percentage change; ASMR, age-standardized mortality rate; SDI, sociodemographic index.


In 1990 and 2019, 204 countries and territories experienced significant income-related inequalities in DALYs caused by CRC, the slope index of inequality in the DALYs rate between the highest and the lowest SDI country increased from 22.0 (95% CI 18.1 to 25.9) in 1990 to 32.9 (95% CI 28.3 to 37.5) in 2019 (Figure 5A; Table 3). The concentration index was 59.5 (95% CI 46.4 to 72.6) in 1990 and 48.9 (95% CI 34.6 to 63.1) in 2019 indicating that the burden was disproportionately concentrated in more-affluent countries (Figure 5B; Table 3).
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FIGURE 5
 Income-related health inequality regression (A) and concentration curves (B) for DALYs of colorectal cancer due to diet high in red meat across 204 counties and territories, 1990 and 2019. DALYs, disability-adjusted life-years.




TABLE 3 Summary measures for cross-country inequalities related to SDI in DALYs of colorectal cancer burden attributable to diet high in red meat.
[image: Table3]



3.4 Colorectal cancer burden attributable to diet high in red meat death and DALY rate projections till 2030

Globally, ASMR is poised to rise for both sexes, yet more markedly for males (Figures 6A,B). While the age specific mortality rate will notably peak in groups aged over 95 years, the mortality rate in this group is projected to experience a downturn from 2020 to 2030 (Supplementary Figures S5, S6). Concurrently, except for people over 95 years, the majority of age groups for both males and females will be observed an increasing trend. From 2020 to 2030, the anticipated mortality cases will grow by years, with male mortality cases significantly surpassing that of females (Figure 6E). As for the trend of ASDR, age specific DALYs rate and DALYs cases, it has similar pattern to that in ASMR, age specific mortality rate and mortality cases of the world (Figures 6C,D,F; Supplementary Figures S7, S8).

[image: Figure 6]

FIGURE 6
 Projections of ASMR (A,B) and ASDR (C,D) in males and females from 2020 to 2030. The open dot represents the observed value, and the fan represents the predicted distribution between the 2.5 and 97.5% quantiles. The forecast average is shown as a solid line. The vertical dotted line indicates where the prediction begins. The projections of deaths (E) and DALYs (F) by sexes of colorectal cancer due to diet high in red meat from 2020 to 2030. The error bar denotes the 95% credible interval of the predictive value.





4 Discussion

Our research analyzed the global burden of CRC caused by high red meat consumption in diets from 1990 to 2019, stratified by factors such as year, age, sex, region, and sociodemographic index. Our findings revealed a consistent global rise in mortality and DALYs rate linked to CRC due to elevated red meat consumption. This indicates that the burden it imposes remains a significant global public health concern.

In the 2019 report, there were over 50,000 reported cases of death, with the elderly being a high-risk group. Although the age-standardized death rate related to high red meat consumption in diets and CRC has declined from 1990 to 2019, the absolute number of fatalities has more than doubled. Population growth and age demographic shifts might account for this rise. Furthermore, the burden is closely related to socioeconomic development and how it is distributed unevenly. As high and high-middle SDI regions shoulder a greater burden, their ASDR and ASMR consistently decrease annually. Specifically, Western Europe has seen significant reductions in ASMR and ASDR. Conversely, there has been a concerning increase in low SDI regions, such as tropical Latin America. No doubt, economic growth has brought more affordable red meat and shifted the disease burden pattern in low and middle-income countries from infectious diseases, maternal and neonatal diseases, and nutritional diseases to non-communicable chronic diseases (25, 40), with CRC importantly of noteworthy. Additionally, the escalating male-to-female ratio in CRC-related deaths indicates that males are being affected to a greater extent. The reason for this may be that males are more likely to consume unprocessed red meat, leading to higher estimated intake levels (41). Another hypothesis is that dietary-related effects may vary by sex due to hormonal differences between males and females, as well as the tendency for females to develop proximal tumors and males to develop distal and rectal tumors (42).

Meat processing, preservation, and high-temperature cooking can yield carcinogens such as HCAs, PAHs, and NOCs, which are implicated in the onset of several cancers (43–46). Furthermore, red meat is a major source of heme iron. Many epidemiological and evidence-based studies have suggested a possible association between the intake of heme iron and the risk of various cancers, including colorectal cancer (47, 48). Compared to low-income countries, high-income countries have a red meat consumption level that is approximately five times higher (49). Despite the health inequality analysis indicating that the burden is disproportionately concentrated in wealthier countries, high-income countries have exhibited reduced red meat consumption over recent decades. This decline is primarily due to the development of relevant dietary guidelines and an increased level of compliance with these guidelines. Additionally, people are becoming more aware of the negative health effects of red meat consumption (50–52). Another study has demonstrated the merit of public health initiatives that limit red meat intake in developed countries (53). Therefore, high-income countries should emphasize the benefits of a healthy diet and use evidence-based intervention measures to educate and empower individuals to understand the risks associated with excessive red meat consumption (24, 54). At the same time, although the burden in developing countries is relatively smaller, deaths related to CRC are rapidly increasing. From a nutritional perspective, animal-source foods (ASF) including red meat remain important in developing countries (49). In these nations, it might not be necessary to completely avoid the consumption of red meat (13, 55, 56). Most African countries are low-income or middle-income nations and their people do not consume red meat, even at potentially beneficial levels and this can contribute to severe nutritional deficiencies associated with a low life expectancy (57, 58). For such countries, vigilance should not be relaxed, as paradoxically, excessive red meat consumption can eventually burden these nations (23). Policymakers must remain cognizant of this risk.

The red meat consumption in different countries also has an interaction on general diet patterns. In East Asian countries such as Japan and Korea, where red meat consumption has historically been low compared to Western countries, diets have traditionally centered on rice, vegetables, tofu, and seafood. The influence of Buddhism in some East Asian countries has promoted vegetarianism or restricted meat consumption, further reducing red meat intake (59). In some Nordic countries such as Sweden, Norway, Denmark, Finland, and Iceland, their traditional diets are rich in fish, whole grains, dairy products, and vegetables, and red meat consumption has traditionally been low. Fish, especially fatty fish such as salmon, herring, and mackerel, is an important part of Nordic cuisine. Recent trends in these countries to promote sustainable and locally sourced food may further encourage the consumption of fish and vegetables rather than red meat (60). Countries with specific cultural or religious rules on red meat consumption, such as India and certain Buddhist-influenced Southeast Asian countries, typically have diets that prioritize vegetables, legumes, grains, and dairy products over red meat. In India, where cow slaughter is banned in many states due to Hindu reverence for cows, beef consumption is minimal (61). Similarly, in Buddhist-majority countries such as Thailand and Vietnam, where many people follow a vegetarian diet on certain religious occasions, red meat consumption tends to be low.

Furthermore, though excessive red meat consumption is unhealthy, our study did not directly link it to CRC causality. We could only delineate the present burden and trends. Our study utilized data from GBD 2019, which primarily consists of national and regional data. The accuracy of our research hinges on the GBD study’s data quality and volume. We lack individual-level data to support our findings. And because there was not data for each subgroup of CRC and for CRC at different sites in the GBD database, we were only able to obtain combined data. The clarity and depth of the analysis could not be further improved. In addition, the highest consumers of red meat (the top 20% of red meat consumers) also have the highest body mass index, are more likely to smoke, engage in less physical activity, generally have lower levels of education and health literacy, consume smaller quantities of fruits and vegetables, and have higher daily calorie intake. Any or a combination of these residual confounding factors could potentially influence the association between red meat intake and colorectal cancer (17).



5 Conclusion

Although the ASMR and ASDR of CRC associated with diet high in red meat have decreased globally from 1990 to 2019, the absolute number of cases is still on the rise. The number of deaths has more than doubled since 1990, with a greater impact on males and older individuals. CRC linked to diet high in red meat exhibited significant income-related inequality, disproportionately burdening more affluent countries. However, in developing countries, including some countries in tropical Latin America and Africa, ASMR and ASDR related to cancer were higher. Moreover, in accordance with our projections, global ASMR and ASDR might tend to increase until 2030. We hope that our research can provide insights for policymakers to tailor dietary guidelines, disease control, and prevention strategies based on the specific circumstances of different countries, especially for least developed countries with relatively lower economic levels.
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Central Latin America 5,030 (675 to 11,890) 55(0.72t0 13.21) 20,610 (3,627 to 48,284) 8.47 (1.47 t0 19.89) 1.59% (1.54 to 1.65)
Central Asia 8,019 (2,143 10 15,197) 159 (4.21t0 30.17) 10,914 (2,929 to 21,059) 13.59 (3.49 t0 26.08) =0.19% (=0.7 t0 0.33)
North Africa and Middle
East 8,526 (802 to 23,203) 4.5(043t012.31) 23,444 (2,225 10 62,629) 4.98 (0.48 to 13.24) 0.51% (0.25 10 0.77)
as
Oceania 187 (23 to 484) 5.47 (0.66 to 14.24) 454 (49 to 1,206) 5.65(0.59 to 15.03) ~0.02% (~0.14 t0 0.1)
South Asia 7,509 (2045 to 16,221) 1.23(0.32t0 2.67) 24,347 (5,853 10 55,572) 1.66 (0.4 to 3.79) 0.86% (0.73 t0 0.99)
49,492 (5926 to
Southeast Asia 11,633 (1,431 to 29,882) 4.08 (051 to 10.45) 123,345) 7.56 (0.91 to 18.86) 2.1% (2.04t0 2.17)
38,064 (16,077 to
Southern Latin America | 20605 (9,149 1031548) 443 (196110 67.88) R 167 (1981 1072.14) 0.17% (0.1 100.24)
Southern Sub-Saharan
Aftica 2,216 (302 to 5,423) 7.39(0.98 to 18.32) 5,485 (878 to 12,736) 9.1(1.4 10 21.36) 1.09% (0.91 to 1.27)
" 61,167 (23,985 to
‘Tropical Latin America 10,572 (2,212 to 22,079) 10.65 (2.16 to 22.52) 97,095) 24.61 (9.58 t0 39.24) 3.15% (249 t0 3.81)
Western E 198617 (60793 10 36.14 (1118 1061.52) Hl R 25,63 (7.6 10 44.82) L42% (151 to ~130)
estern Europe 14 (1118 1061 .63 (76 10 4. —L42% (151 to -
P 339.982) 372,018) ¢
‘Western Sub-Saharan
2,429 (262 to 6,498) 2.61(0.29t0 6.94) 6,853 (714 to 18,052) 3.39(0.37 to 8.86) 1.16% (1.04 to 1.28)

Africa

The DALYs and ASDR of colon and rectum cancer attributable to diet high in red meat in 1990 and 2019 for all regions were directly downloaded from the official website (https://vizhub.
healthdata org/gbd-results) of the GBD study 2019. The EAPC of ASDq22R were additional calculations n thisstudy. DALY, disability-adjusted life years; ASDR, age-standardized disabilty
adjusted life year rate; EAPC, estimated annual percentage change.
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