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Background

The burden of breast cancer has been increasing globally. The epidemiology burden and trends need to be updated. This study aimed to update the burden and trends of breast cancer incidences, deaths, and disability-adjusted life-years (DALYs) from 1990 to 2019, using the Global Burden of Disease 2019 study.



Methods

The data of incidences, deaths, DALYs, and age-standardized rates were extracted. Estimated annual percentage changes were used to quantify the trends of age-standardized rates. Besides, the population attributable fractions of the risk factors of breast cancer were also estimated.



Results

Globally, the incidences of breast cancer increased to 2,002,354 in 2019. High social-development index (SDI) quintiles had the highest incidence cases with a declining trend in age-standardized incidence rate. In 2019, the global deaths and DALYs of breast cancer increased to 700,660 and 20,625,313, respectively. From 1990 to 2019, the age-standardized mortality rates and age-standardized DALY rates declined globally, especially in high and high-middle SDI quintiles. Besides, the trends varied from different regions and countries. The proportion of the patients in the 70+ years age group increased globally. Deaths of breast cancer attributable to high fasting plasma glucose and high body mass index increased globally, and high fasting plasma glucose was the greatest contributor to the global breast cancer deaths.



Conclusion

The burden of breast cancer in higher SDI quintiles had gone down while the burden was still on the rise in lower SDI quintiles. It is necessary to appeal to the public to decrease the exposure of the risk factors.
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Introduction

It has been estimated that breast cancer surpassed lung cancer as the first cause of global cancer incidence in females, with 2,261,419 new cases in 2020 (1). Moreover, breast cancer is the fifth leading cause of cancer death in females and also a considerable cause of cancer death in males worldwide (1, 2). The incidence rate of breast cancer varies in different countries, which is commonly higher in high income countries than in low- middle income countries (1, 3). Although the incidence keeps increasing, the survival rate of global breast cancer has been improved during the past three decades (3).However, the mortality also differs throughout the world (3, 4), which even increases rapidly in some locations (5). Thus, data concerning the breast cancer burden and trends in different regions and countries is important for decision-making and resource allocation.

The Global Burden of Disease (GBD) study estimates a variety of metrics of diseases annually since1990, which provides a great opportunity for comparable assessment of the breast cancer burden and trends at the global, regional and national levels. In addition, the GBD study also estimates the population attributable fractions of risk factors related to breast cancer that may be useful for policy makers to identify intervention priorities for public health actions. Researchers have presented the estimation of the global burden of breast cancer based on the GBD study 2017 (5, 6). Recently, the GBD study 2019, a comprehensive update of epidemiology levels, has incorporated new datasets, enhanced method performance and standardization, and reflected developments in scientific understanding (7, 8). Nevertheless, there has been no study analyzing the breast cancer burden and trends based on the GBD study 2019 until now. Hence, this study aims to describe and compare the variations in breast cancer burden and its attributable risk factors between 1990 and 2019 at the global, regional, and national levels.



Materials and Methods


Data Sources

Data about the breast cancer burden were collected from GBD 2019, which systematically and comprehensively estimates the burden of 359 diseases and injuries and 84 risk factors across ages, sexes, regions and 204 countries and territories from 1990 to 2019 (7, 8). Herein, data about breast cancer’s incidence, death, disability-adjusted life-year (DALY), and their corresponding respective age-standardized rates (ASRs) from 1990 to 2019 were available at the Global Health Data Exchange query tool (http://ghdx.healthdata.org/gbd-results-tool). Meanwhile, the information about the distributions of age was also acquired. To be consistent with previous articles, socio-Demographic index (SDI), which is a comprehensive measurement of educational level, per capita income, and total fertility, was used to group the countries into five SDI quintiles (low, low-middle, middle, high-middle, and high levels). Moreover, the world was separated into 21 regions in terms of geography.



Estimation Framework

Detailed methodology of GBD study 2019 was described in two previous studies (7, 8). In brief, mortality data for breast cancer was based on vital registration, verbal autopsy and cancer registry. Mortality-to-incidence ratios (MIRs) were generated by using sources that both incidence and mortality for the same year were available. MIRs were initially modeled with a linear-step mixed-effects model. Then, the estimates from this model were smoothed over space and time, and adjusted by spatiotemporal Gaussian process regression. Both observed and estimated mortalities (computed from MIRs and incidence data) were used as inputs for a Cause of Death Ensemble model (9). The CoDCorrect algorithm adjusted single cause estimates to make sure that all single causes summed to the estimated all-cause mortality. The final mortality was divided by the estimated MIRs to calculate breast cancer incidence. Prevalence was divided into four different health states, including diagnosis or treatment, remission, metastatic, and terminal phase. Years lived with disability (YLDs) were estimated by multiplying these health states by corresponding disability weights, while years of life lost (YLLs) were calculated by multiplying the estimated number of deaths by age with a standard life expectancy at corresponding age. And DALYs were computed by summing YLDs and YLLs.



Estimation of Attributable Burden

The GBD 2019 used the comparative risk assessment framework to quantify the associations between the burden of diseases and impairments and 84 environmental, occupational, metabolic, and behavioral risk factors (8, 10). Population attributable fractions were derived from systematic reviews of the literature. We reported the percentage of death due to breast cancer that were attributable to the following six risk factors: alcohol use, high body mass index (BMI), high fasting plasma glucose (FPG), low physical activity, diet high in red meat and tobacco.



Statistical Analysis

When comparing populations from different locations or a sample population over time, it was considered imperative to standardize the data. The ASRs, including age-standardized incident rates (ASIRs), age-standardized mortality rates (ASMRs), age-standardized DALY rates, were calculated in accordance with the direct method by summing up the products of age-specific rates (αi, where i denotes the ith age class) and the number of persons (or weight) (wi) in the same age subgroup i of the chosen reference standard population, then dividing the sum of the standard population weights, i.e (11).

	

Moreover, the trends of ASRs provided clues for the dynamic changes of risk factors, as well as surrogates for shifting disease patterns in the population. The estimated annual percentage changes (EAPCs) were used to track the ASRs trends over a specified time interval. A linear regression line was fitted to the natural logarithm of the rates with calendar year as an independent variable i.e., y = α + βx + ε, where x referred to calendar year, and y presented ln(ASR). Then EAPC could be calculated as 100 × (10β − 1), and its 95% confidential interval (CI) also could be computed from the linear regression model. The ASRs were considered to be in a decreasing trend when EAPC and the 95%CI were <0. On the contrary, the ASRs were deemed to be on the rise when EAPC and the 95%CI were > 0. In addition, we analyzed the correlation between EAPC and SDI values and ASRs by using the Pearson’s correlation test model. The 95% uncertainty intervals (UIs) were calculated as taking the 2.5th and 97.5th values of 1,000 draw-level estimates for each quantity of interest. All statistical analyses were conducted by R program (Version 3.6.1), with a P value <0.05 considered statistically significant.




Results


Breast Cancer Incidence Burden

Globally, there were 2,002,354 (95% UI: 1,832,150–2,172,540) new cases of breast cancer, with an ASIR of 24.17 per 100,000 persons (95% UI: 22.11–26.24) in 2019 (Table 1). The number of incidence cases increased by 128.32% (95% UI: 109.45–147.49%) from 1990 to 2019, and ASIR showed a slightly increasing trend in this period (EAPC 0.32, 95% CI: 0.27–0.38) (Table 2). As for SDI, both the incidence cases and ASIR were significantly lower in lower SDI levels. From 1990 to 2019, the incidence cases increased in all SDI quintiles, precipitously increased in middle SDI quintiles (2.90-fold) and slowly in high SDI quintiles (0.58-fold) (Table 2). With the exception of high SDI quintiles (EAPC −0.37, 95% CI: −0.37–0.17), ASIR increased in other four SDI quintiles, with the sharpest increase in middle SDI quintiles (EAPC 1.95, 95% CI: 1.92–1.98) (Table 2).


Table 1 | Breast cancer incidence cases, age-standardized incidence rate, deaths, age-standardized mortality rate, DALYs, and age-standardized DALY rates in 2019.





Table 2 | The trends in incidence, mortality and DALYs of breast cancer between 1990 and 2019.



Among 21 GBD regions, East Asia (389,533, 95% UI: 309,987–484,103) had the highest number of breast cancer incidence cases in 2019, while High-income North America had the highest ASIR (49.88, 95% UI: 1.92–2.02 per 100,000 persons) (Table 1). From 1990 to 2019, incidence cases of breast cancer increased in all GBD regions, with the most increasing significant trends observed in North Africa and Middle East (377.91%, 95% UI: 290.48–456.34%). Only the High-income North America (EAPC −1.05, 95% CI: −1.16–0.95) and Australasia (EAPC −0.29, 95% CI: −0.46–0.11) showed a declining trend in ASIR during the past three decades. East Asia was observed with a largest increase in the ASIR (EAPC 2.81, 95% CI: 2.71–2.91) (Table 2). In 2019, Countries with the highest incidence cases included China (375,484, 95% UI: 296,626–469,983), United States of America (254,486, 95% UI: 210,821–308,184) and India (146,090, 95% UI: 112,452–183,482) (Table S1 and Figure S1). The largest increase between 1990 and 2019 was seen in Solomon Islands (EAPC 6.68, 95% CI: 6.04–7.33). On the contrast, the largest decrease during this period was found in Greenland (EAPC −2.33, 95% CI: −2.60–2.08) (Figure 1 and Table S2).




Figure 1 | The estimated annual percentage changes (EAPCs) of breast cancer in 204 countries and territories between 1990 and 2019. (A) The EAPC of age-standardized incidence rates (ASIR). (B) The EAPC of age-standardized mortality rates (ASMR). (C) The EAPC of age-standardized disability-adjusted life-year (DALY) rates.





Breast Cancer Death Burden

Compared to 1990, the global deaths of breast cancer increased by 83.95% (95% UI: 70.07–96.74%), with 700,660 (95%UI: 647,384–751,555) cases in 2019, but the ASMR decreased to 8.62 per 100,000 persons (95% UI: 7.95–9.25), with an EAPC of −0.56 (95% CI: −0.60–0.51) (Tables 1 and 2). Subgroup analysis by SDI quintiles showed that the growth of deaths declined with the elevated SDI level from 1990 to 2019. However, the middle SDI quintiles had the highest number of deaths in 2019 (184,787 (95% UI: 166,334–205,342)) (Tables 1 and 2). At the same time, both the high (EAPC −1.52, 95% CI: −1.57–1.47) and high-middle SDI quintiles (EAPC −0.84, 95% CI: −0.96–0.71) were found with a decreasing trend in ASMR (Table 2).

Breast cancer deaths mostly occurred in South Asia in 2019 (127,800, 95% UI: 105,469–151,677), while the largest increase of deaths was detected in Oceania, with a 2.17-fold increase (Table 1). The ASMR was found to be highest in Oceania in 2019 (21.04 95% UI: 16.32–26.53) (Table 1). The ASMR displayed a decreasing trend in nine regions, including High-income North America (EAPC −1.70, 95% CI: −1.79–1.61), Australasia (EAPC −1.67, 95% CI: −1.77–1.55) and Western Europe (EAPC −1.54, 95% CI: −1.60–1.48). Contrarily, the growth speed of ASMR was fasted in Western Sub-Saharan Africa (EAPC 1.20, 95% CI: 1.08–1.31), Southern Sub-Saharan Africa (EAPC 1.03, 95% CI: 0.79–1.27) and Oceania (EAPC 0.93, 95% CI: 0.89–0.98) among the remaining regions (Table 2). With the largest populations and highest incidence cases, China (96,306, 95% UI: 77,323–118,090), India (83,510, 95% UI: 64,550–105,994) and United States of America (55,021, 95% UI: 51,008–57,900) had the most breast cancer deaths in 2019 (Table S1 and Figure S2). Solomon Islands (EAPC 5.97, 95% CI: 5.33–6.61) showed the greatest increasing trend of ASMR from 1990 to 2019. By contrast, the largest decreasing trend was seen in Greenland (EAPC −3.64, 95% CI: −4.00–3.27) (Figure 1 and Table S2).



Breast Cancer DALY Burden

Globally, the breast cancer-related DALYs increased to 20,625,313 (95%UI: 19,043,049–22,174,397) in 2019 (Table 1). The DALYs increased in all SDI countries, and the rise was steeper in lower level of SDI. High (EAPC −1.53, 95% CI: −1.58–1.48) and high-middle SDI (EAPC−0.99, 95% CI: −1.10–0.87) exhibited a declining trend in age-standardized DALY rates during the study period (Table 2).

For different geographic areas, South Asia (4,218,058, 95% UI: 3,461,522–5,024,210), East Asia (3,106,704, 95% UI: 2,558,341–3,748,533) and Southeast Asia (2,286,684, 95% UI: 1,961,049–2,656,738) had the highest DALY burden in 2019, while Oceania (690.80, 95% UI: 530.35–880.44 per 100,000 persons) had a particularly high age-standardized DALY rates (Table 1). From 1990 to 2019, the breast cancer-related DALYs increased in all regions with the exception of Western Europe. Among 11 regions showing a declining trend in age-standardized DALY rates, High-income North America (EAPC −1.84, 95% CI: −1.95–1.74) was the area that had the most rapid decrease. The age-standardized DALY rates displayed a greatest increasing trend in Western Sub-Saharan Africa (EAPC1.20, 95% CI: 1.08–1.31), Oceania (EAPC 0.93, 95% CI: 0.89–0.98) and Southern Sub-Saharan Africa (EAPC 1.03, 95% CI: 0.79–1.27) (Table 2). In terms of country or territory, China (2,957,454, 95% UI: 2,408,511–3,590,166), India (2,697,350, 95% UI: 2,090,173–3,424,541) and United States of America (4,218,058, 95% UI: 3,461,522–5,024,210) had the highest DALYs burden in 2019 (Table S1 and Figure S3). Solomon Islands (EAPC 6.27, 95% CI: 5.58–6.96) also showed the greatest increasing trend of age-standardized DALY rates from 1990 to 2019 (Figure 1 and Table S2).



The Correlation Between ASIR and Both SDI and EAPC

At the regional-level, a positive association was found between ASIR and the SDI (Figure 2). Interestingly enough, among the high-income super region, only High-income Asia Pacific showed an increasing level from 1990 to 2019. Despite having a downtrend of ASIR, high-income North America still showed a higher than expected level of ASIR during the study period. National-level analysis found that there existed a positive correlation between ASIR and the SDI (Figure 3). In addition, a negative correlation between EAPC and ASIR in 1990 was observed (Figure S4). This indicated that breast cancer cases increased more rapidly in lower incidence countries than in higher incident countries.




Figure 2 | Age-standardized incidence rates (ASIR) for breast cancer for 21 Global Burden of Disease (GBD) regions by Socio-Demographic Index (SDI), 1990–2019; expected values based on SDI and disease rates in all locations are shown as the black line. Thirty points are plotted for each GBD region and show observed ASIR from 1990 to 2017 for that region. The R indices and P value were derived from Pearson correlation analysis.






Figure 3 | Age-standardized incidence rates (ASIR) of breast cancer by 204 countries and territories and Socio-Demographic Index (SDI), 2019; expected values are shown as the black line. Each point shows observed ASIR for specified country in 2019. The R indices and P value were derived from Pearson correlation analysis.





Age-Related Incidence

Age distribution was a vital parameter of cancer epidemiology. Therefore, patients were divided into three groups (15–49 years, 50–69 years, and 70+ years) (Figure 4). Globally, the proportion of breast cancer patients aged 50–69 years was nearly 49% in 2019, with reaching 56% in Eastern Europe. The ratio of the age 70+ years group was increased with the elevated SDI level. Relatively, the age 70+ years group was higher in the high-income super region. Compared to 1990, the globe and most regions showed an increasing trend of the proportion of the age 70+ years group in 2019. Globally, all age groups showed an increasing trend of incidence cases from 1990 to 2019. However, a declining trend of incidence was observed in the age 15–49 years group after 2004 in the high SDI quintiles.




Figure 4 | The proportion of the three age groups (15–49 years, 50–69 years, and 70+ years) for breast cancer incidence cases between 1990 and 2019 globally, and in high, high middle, middle, low middle, and low Socio-Demographic Index (SDI) quintiles.





Attributable Risk Factors

Generally, high FPG was the greatest distributor of deaths in the global level, high SDI, low-middle SDI and low SDI quintiles. The contribution ratio of diet high in red meat was relatively weak. Deaths of breast cancer attributable to high FPG and high BMI increased globally and in all the SDI quintiles between 1990 and 2019, while low physical activity showed with a moderate trend. Except the moderate trend of tobacco and alcohol use attributed deaths in the low SDI quintile, the other SDI quintiles showed decreased trend during study period. Diet high in red meat led to 3.21% of global breast cancer deaths in 2019 with a declining trend between 1990 and 2019. On the contrary, deaths associated with diet high in red meat increased in the low SDI, low-middle SDI and the middle SDI quintiles (Figure 5).




Figure 5 | Contributions of different risk factors to breast cancer deaths globally and in five sociodemographic index (SDI) quintiles from 1990 to 2019.






Discussion

Basing on the GBD 2019 results, this research presented the latest comprehensive overview of the global, regional, and national burden of breast cancer and its relevant risk factors. Our results revealed that breast cancer still was a major global public health problem in 2019, and large variations in the trends of incidences, deaths, and DALYs, as well as the percentages of attributable risk factors across regions and countries remained a main epidemiological feature, indicating the importance of a more elaborate delineation of hot spots to the identification of high-risk populations. Although a downtrend of ASIR was detected in High-income North America and some countries, they still reached at a higher than expected level of ASIR during the study period. It is urgent to design a flexible country-tailored approach to effectively decrease the breast cancer burden and counter the imbalance in health care attributable to breast cancer.

The estimated numbers of new cases of female breast cancer at the global level were lower than those estimated with the GLOBOCAN 2020 (1). We estimated 1,977,212 new cases of female breast cancer in 2019, versus 2,261,419 new cases in GLOBOCAN data. But breast cancer resulted in 688,562 deaths in females globally, which is similar to GLOBOCAN data. Differences in estimation are due to different data sources and estimation methods. Breast cancer for females has surpassed lung cancer, ranking the first of cancer incidence worldwide in 2020 (1). We found that the absolute numbers of incidence cases, deaths, and DALYs increased globally between 1990 and 2019. Except that ASIR, ASMR and age-standardized DALY rates of breast cancer decreased globally at the same time. Much of this discrepancy may be driven by population growth and aging over the past three decades. Therefore, the declines in ASMR and age-standardized DALY rates have not necessarily resulted in a lower burden of breast cancer on the health systems. Based on our findings, breast cancer creates a huge socioeconomic burden of disease and disability worldwide, and the overall burden could continue to worsen unless risk factors such as alcohol use, high BMI, and high FPG are eliminated.

Since 1990, both the incidence case and ASIR of breast cancer generally increased with increasing SDI. Higher incidence of breast cancer in high SDI quintiles could be caused by the ageing population and the lifestyle choices that increase the exposure to risk factors; some of the risk factors for breast cancer are found to be more prevalent in high SDI quintiles than in low ones (12). With its extremely large population, East Asia, although having a lower ASIR than high-income regions, was found with the highest number of breast cancer incidence cases in 2019. From 1990 to 2019, the trends of breast cancer incidence in different regions and countries were inconsistent. Different from the pattern that ASIR increased throughout the study period in low SDI quintiles, the pattern in high SDI quintiles was that ASIR began to fall after 2000, which was largely attributed to the decline of menopausal hormone therapy and also possibly a plateau in cancer screening participation (13, 14). A previous randomized trial found that prior randomized use of conjugated equine estrogen plus medroxyprogesterone acetate, compared with placebo, among females who had an intact uterus, significantly increased the risk of breast cancer (15). Increased detection through widespread use of mammographic screening has been associated with the increased incidence of breast cancer worldwide (16, 17). The incidence of breast cancer increased in lower SDI quintiles, likely reflecting changes in the reproductive patterns coupled with the growing prevalence of obesity (18, 19). Furthermore, the incidence of breast cancer is anticipated to increase in the following years for the aggressive screenings and detections and longer life expectancy in lower SDI quintiles (20). An exceptionally high prevalence of BRCA mutation among Jewish women, in part accounts for the high incidence of breast cancer in Israel and certain European countries (21). The implementation of cancer registration results in better estimates of cancer burden. And cancer registration advancements may be another consideration for the increased trend observed in Sub-Saharan Africa (22). Thanks to the introduction of diagnostic services for screening patients at risk of cancer, more and more cases have been uncovered, which may also affect the findings presented in our study. In addition, our results revealed that EAPC was negatively associated with the baseline ASIR in 1990, meaning that some of the rapid increase occurred in areas where ASIR has been historically relatively low. This result reminds us that breast cancer should not be placed at a lower priority in disease prevention and treatment compared with other public health problem in those countries with low ASIR at baslin.

We found that the growth of the number of deaths and DALY decreased with the elevated SDI level. The ASMR and age-standardized DALY rates decreased in the high SDI and the high-middle SDI quintiles from 1990 to 2019, while slightly increased in other three quintiles. For example, although breast cancer along accounted for 30% of new cases for female cancer in United States of America (23), mortality of female breast cancer decreased from 1990 to 2019. The decrease in ASMR and age-standardized DALY rates may be due to an increase in survival resulting from improved management and treatment of breast cancer (23). An increasing number of females who are at an elevated risk of developing breast cancer choose prophylactic mastectomy to decrease their risk. It has been confirmed that prophylactic mastectomy could reduce the incidence and mortality of breast cancer by at least 81% (24). The ASMR and age-standardized DALY rates in Western Sub-Saharan Africa and Southern Sub-Saharan Africa African increased simultaneously. A previous study found that the 5-year age-standardized relative survival of breast cancer in Sub-Saharan Africa countries was significantly lower than in high-income countries (4). Without organized and population-based mammography screening programs, a lot of patients in Sub-Saharan Africa are less likely to catch breast cancer at a more treatable stage (25), and nearly a third of deaths could be prevented by early detection and adequate treatment (26). Therefore, clinical breast examination should be considered for breast cancer screening. A recent trial in Mumbai found that clinical breast examination conducted every two years significantly downstaged breast cancer at diagnosis and also led to a significant reduction of nearly 30% in mortality in females aged ≥50 (27). What’s more, we found that low-middle and low SDI experienced higher age-standardized DALYs. This result is partly magnified by the incidence of the breast cancer at younger ages, thus with a more severe impact on the life course. Therefore, we could speculate that the impact of breast cancer on productivity and family in low-middle and low SDI is enormous (28). A cohort in sub-Saharan Africa detects that the number of maternal orphans due to breast cancer exceeds the number of breast cancer deaths among females (29). To minimize the intergenerational effects of breast cancer deaths in sub-Saharan Africa, it is necessary to deliver adequate rehabilitation programs at crucial times in breast cancer survivors’ recovery. At the same time, support mechanisms are needed for affected families and children. Interestingly, China witnessed the highest number of breast cancer-related death in 2019, whereas the uptrend of mortality was more moderate than incidence. In China, the disparity in cancer mortality rate has proven to be far greater than incidence when urban and rural areas were compared. It can hardly be denied that medical resources were insufficient in rural area in the past few years. Nevertheless, a series of measures have be taken in China to reduce the care disparities between urban and rural areas, and these efforts may explain the sluggish increase in mortality of breast cancer. Greenland was found with a largest declining trend of ASIR and ASMR from 1990 to 2019. NORDCAN revealed that the incidence of breast cancer in Greenland was much lower than other Nordic countries while the mortality of breast cancer was approximately the same (30). Access to radiotherapy is lacking or absent in many Inuit regions, despite it being an essential component of cancer treatment (31). Therefore, breast cancer still imposes a considerable burden on health system in Greenland and other Inuit regions.

Globally, nearly 49% of breast cancer patients were aged 50–69 years. In well-resourced settings, WHO suggests organized, population-based mammography screening every 2 years for females aged 50 to 69 years (32). For females aged 70–75 years, the benefit to harm balance of mammography screening programmes is still uncertain. However, we noted that the proportion of the age 70+ years group increased globally and in most regions between 1990 and 2019. Therefore, there is an urgency for research in this area.

Our study showed an increasing contribution of high FPG and high BMI globally, and high FPG was recognized as the leading cause of global breast cancer deaths in 2019. High FPG and high BMI are associated with an increased likelihood of breast cancer (33, 34). High insulin resistance has particular negative consequences for cancer mortality for those postmenopausal females with normal weight (BMI < 25 kg/m2) who conventionally would be considered to be healthy compared to obese females (35). In particular, the association between BMI and breast cancer differs in the cancer subtypes and histopathologic features (34). The relationship between high BMI and breast cancer could be mediated by inflammatory foci which is attributable to macrophage infiltration of adipose tissue (35, 36). Inflammatory foci known as crownlike structures increases circulating pro-angiogenic factors which are closely related to an increased risk of breast cancer incidence and spread (35, 36). A recent study involving 10 cohorts in the United States of America, Australia, and Asia suggests that sustained weight loss, even modest amounts could reduce the risk of breast cancer for female aged 50 years and older (37).Government should try their best to provide a variety of measures to reverse the current epidemic of obesity and diabetes. Alcohol use was still the most important risk factors to breast cancer deaths in high quintiles, though the attributable death decreased from 1990 to 2019. A dose-response relationship between alcohol use and breast cancer has been found in previous study (38). However, the impact of light or moderate alcohol use on breast cancer remains to be established (39).The prevalence of alcohol use declined gobally over the last three decades, especially in the high SDI and the high-middle SDI quintiles (40). This may partly explain the the observed decrease in ASMR of breast cancer. A meta-analysis of 15 cohort studies found higher breast cancer risk for both current and former smoker comared to non-smoker (41). Smoking is associated with a slightly but significantly increased risk of breast cancer, particularly among females who started smoking at adolescent or peri-menarcheal ages (42). Females with a family history of breast cancer are at a greater risk of breast cancer when they smoke (42). Fortunately, significant reductions in the global prevalence of daily smoking are observed, which is matched with the finding of our study. We observed that low physical activity was also a contributor to breast cancer mortality. Recreational physical activity in adulthood also could attenuate the impact of family history or underlying genetic susceptibility on breast cancer risk for females (43). Different from previous studies by leveraging the GBD study (5, 6), we further analyzed the contribution of diet high in red meat to breast cancer deaths. It has been observed that association between red meat and breast cancer risk was of different magnitude in African-American and Caucasian (44). A low-fat dietary pattern that included increased vegetable, fruit, and grain consumption significantly reduces the risk of death as a result of breast cancer (45). The increased contribution of diet high in red meat to breast cancer deaths in lower SDI quintiles may result from the westernization of life style. Another study confirms that an overall healthy lifestyle may lower breast cancer risk among females with genetic risk factors of breast cancer (46). Therefore, it is essential to emphasize the necessity of healthy life style to the public to minimize breast cancer’s burden.

Two similar studies have estimated the burden of breast cancer based on the GBD study 2017 (5, 6). Although the methodology and the outputs are almost superimposable, there exist some differences of our study to previous studies. GBD 2019 provided the most up-to-date assessment of the descriptive epidemiology of breast cancer for 204 countries and territories from 1990 to 2019. And the overall burden of breast cancer continued to worsen in 2019. Moreover, we firstly investigated the burden of breast cancer linked to diet high in red meat, but the contribution ratio of diet high in red meat was relatively weak. In addition, compared to the study by Ji, P et al, the relationship between SDI and ASIR from 1990 to 2019 for global and 21 GBD regions was demonstrated by our study.

Our study has limitations. Firstly, our results depended on the quality and quantity of data used in the modeling. The paucity of rigorous epidemiological data and unusable data in several countries could affect the produced estimates. Secondly, we did not further assess the burden and trends of cancer subtypes due to the lack of histopathologic data. Thirdly, it will be more convincing if we get a comparative assessment on other risk factors. Unfortunately, the data about other risk factors were not available on the online dataset. Lastly, SDI is not a metric agreed by governments, and never subjected to global consultations, and somewhat affected by assumptions for the lack of good country-level data. therefore, the results should be interpreted with caution.

In conclusion, breast cancer remained a major public health burden globally. Over the past three decades, the numbers of incidence, death and DALY increased globally, but the ASMR and age-standardized DALY rates decreased in the high SDI and the high-middle SDI quintiles. Meanwhile, the burden rapidly increased in lower SDI quintiles. Besides, the proportion of the 70+ years age group increased globally. With more countries facing an aging population, it is important to be aware of the potentially increased burden of breast cancer. Moreover, the risk factors varied between different regions. These considerations should provide guidance for the development of control strategies of breast cancer, and more appropriate interventions are targeted based on local characteristics.
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Southeast Asia 211.08% 1.12 130.04% -0.01 115.03% -0.10
(152.90-275.65%) (1.06-1.17) (89.56-172.54%) (-0.07-0.06) (74.06-159.67 %) (-0.16-0.03)
Central Sub- 233.35% 1.08 199.41% 0.81 190.21% 0.55
Saharan Africa (139.58-356.02%) (0.94-1.21) (116.41-305.69%) (0.70-0.92) (104.78-293.04%) (0.44-0.66)
Eastern Sub- 189.78% 0.81 150.82% 0.45 144.41% 0.20
Saharan Africa (129.53-257.34%) (0.69-0.93) (104.97-204.86%) (0.35-0.55) (95.64-208.19%) (0.09-0.32)
Southern Sub- 166.03% 1.35 141.63% 1.03 119.82% 0.84
Saharan Africa (131.94-205.61%) (1.17-1.52) (110.39-177.66%) (0.79-1.27) (91.65-153.34%) (0.61-1.08)
Western Sub- 268.32% 1.75 208.82% 1.20 216.89% 1.19
Saharan Africa (164.80-392.70%) (1.62-1.88) (126.26-307.16%) (1.08-1.31) (131.00-320.71%) (1.07-1.31)

ASIR, age-standardized incident rates. ASMR, age-standardized mortality rates. Cl, confidential interval. DALY, disability adjusted life-year. EAPC, estimated annual percentage change.
SDI, socio-demographic index. Ul, uncertain interval.
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