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Background: The heterogeneity in the health burden and non-infectious risk factors of Burkitt lymphoma (BL) across sex, age, and
geographic distribution remain inadequately understood.

Methods: Based on Global Burden of Disease study 2021, we estimate the health burden of BL from four metrics: incidence,
mortality, prevalence, and disability-adjusted life years. Subgroups were stratified by age, sex, region, and socio-demographic index
(SDI). Joinpoint regression was used to evaluate the average annual percentage change (AAPC) to quantify trends in the health burden.
Predictions were performed using the Bayesian age-period-cohort model. Non-infectious risk factors were identified and analyzed
utilizing summary exposure values (SEVs) to assess their impact on BL incidence and mortality.

Results: The estimated global incident number of BL was 19,073 (95% CI: 9651 to 32,509) in 2021, nearly threefold that of 1990.
The health burden of BL was markedly higher in males than females, especially among individuals aged under 20 years. From 1990 to
2021, the most significant increasing trend in BL health burden was observed in Cabo Verde, while Georgia exhibited the most notable
decline. From 2021 to 2040, the global age-standardized incidence and mortality rates were projected to decline by 14.7% and 24.7%,
respectively. Conversely, the health burden on individuals aged 20 to 54 years was anticipated to rise through 2040. In our study, low
bone mineral density was found to be linked with elevated risk for males aged over 54 years, while childhood sexual abuse exhibited
a paramount positive association with BL risk for females, regardless of age. Notably, tobacco use, particularly secondhand smoking,
were inversely associated with BL risk across all age groups and sexes.

Conclusion: Burkitt lymphoma demonstrated unique distribution patterns in terms of age, sex, and region. Further investigations into
the heterogeneity of the risk factors for BL are essential for the development of more effective health policies and clinical practices.
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Introduction

Burkitt lymphoma (BL), a highly aggressive non-Hodgkin lymphoma (NHL), is derived from B cells and is genetically
characterized by the translocation and dysregulation of the protooncogene MYC.'! The global health burden of BL
demonstrates substantial disparities across sex, age, and geographical regions. This variability reflects a complex inter-
play of incompletely understood risk factors, inconsistent diagnostic approaches, and inequitable treatment access.
Nevertheless, the diverse epidemiological landscape of BL has undergone significant and ongoing evolution, diverging
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from patterns documented in prior regional studies.”* A comprehensive assessment of those is urgently needed for
updating.

BL was considered a multifactorial disease, involving dynamic interactions between infectious exposures and individual
risk profiles. Plasmodium falciparum,’ Epstein-Barr virus (EBV), human immunodeficiency virus (HIV),%’ and hepatitis

8-10

virus were identified as the primary infectious risk factors for BL. While both the pathogen-specific promoting and

1713 and their synergistic interactions in BL pathogenesis'* have been extensively investigated, non-

inhibitory factors
infectious risk factors remain substantially understudied, with limited evidence supporting their associations. Emerging
evidence from case-control studies has identified several categories of non-infectious risk factors associated with BL
development: 1) Heredity and immunity: race,'” height,® allergic history,® a history of eczema,® etc.; 2) Lifestyle: alcohol
consumption,8 smoking,9 etc.; 3) Occupational exposures: cleaner,® hair dyes,8 pesticides,16 etc.; 4) Metabolism: selenium,'’
magnesium,'® etc. However, the existing analyses do not provide a comprehensive global overview of sex- and age-specific
distributions in non-infectious risk factors, nor quantify the relative importance of risk factors for BL.

In this paper, we estimated the global patterns and temporal trends in health burden of BL and attached significance to
its heterogeneity, with projections to 2040. We also identified potential non-infectious risk factors from a global view,
aiming to offer new insights into the associations for BL in non-endemic settings and inform further researches.

Methods

Data Sources
Data on BL and associated risk factors were extracted from the updated Global Burden of Disease (GBD) 2021 Data
Resources (https://ghdx.healthdata.org/gbd-2021). Therefore, ethical approval or consent was not required for participa-

tion in the study as all data were available in the public domain. This study followed the Guidelines for Accurate and
Transparent Health Estimates Reporting (GATHER) recommendations.'® Diagnoses adhere to the ICD-10 coding system
where Burkitt lymphoma correspond to ICD-10 codes C83.7. In accordance with the established protocol, the numbers,
percentages, and rates of incidence, mortality, prevalence, and disability-adjusted life years (DALYs) of BL between
1990 and 2021 were extracted, without any inclusion/exclusion criteria. The population with BL was stratified into
different subgroups based on sex (males, females, and both sexes), age (five-year age groups and selected age groups:
under 20 years, 20 to 54 years, and over 54 years), region (204 countries and territories, 7 GBD super regions, 21 GBD
regions), and socio-demographic index (SDI) (Low SDI, Low-middle SDI, Middle SDI, High-middle SDI, and High SDI
regions). The SDI, serving as an indicator of development, is calculated as the geometric mean of zero-to-one indices of
the total fertility rate among youngsters aged less than 25 years, mean education for those aged 15 and above, and lag-
distributed per-capita income.?* The methodologies of the overall 2021 GBD study and the estimations of disease burden
were performed as described in previous studies.

Statistical Analysis

The average annual percentage change (AAPC) and its corresponding 95% confidence interval (CI) were calculated by
joinpoint regression to quantify the temporal trends in the health burden of BL, using the Joinpoint regression program
(version 5.3.0), accessible through the Surveillance Research Program of the US National Cancer Institute.”’ Monte
Carlo permutation method was used to test significance. An upward trend in ASRs was defined as the corresponding
AAPC value and its 95% CI above zero, and vice versa. An interval that overlaps between 95% CI of AAPC and zero
indicates a stable trend, suggesting no significant increase or decrease.

To quantify the age-related factors contributing to the changes in the DALY's of BL over time within different global
demographic contexts, we employed Dus Gupta’s decomposition analysis by expressing the disease burden as the
product of four factors: (1) population growth, (2) population aging, (3) variations in prevalence rate by age, and (4)
disease severity, which corresponds to the four terms outlined in the following equation:

pop ageay prevaly g, . DALY,

pop size, pop age,, prevalg,

DALY, = ) pop size, *
a,d
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where a represents the 5-year age group of the adult population, d represents BL, and y represents year.”?> We quantified
the additive contribution of these four factors to the total percentage change in BL DALY's from 1990 to 2021 across the
7 GBD super regions and 21 GBD regions.

All rates are reported per 100,000 person-years. The computation of age-standardized rates was based on the GBD
world population standard. Each estimate was followed by a 95% CI. All statistical analyses in this study were conducted
utilizing R program (version 4.4.1). A two-sided P value of less than 0.05 was considered statistically significant.

Estimate Projections

The Bayesian age-period-cohort (BAPC) model is a sophisticated statistical approach used in the prediction to decom-
pose and forecast the impacts of age, period, and cohort effects on the health burden of diseases. Utilizing the BAPC
model, we predicted trends in the health burdens of BL until 2040, stratified by sex and age subgroups, based on
forecasted population estimates.”

Risk Factors Analysis

The summary exposure value (SEV) is a measure of a population’s exposure to a risk factor that takes into account the
extent of exposure by risk level and the severity of that risk’s contribution to disease burden with a scale of 0% to 100%.
We extracted SEVs for 66 non-infectious risk factors in 204 countries and territories from the GBD database stratified by
sex and age. Regions with missing values were excluded from the subgroup analysis. Potential factors were preliminarily
identified through univariate analysis and Spearman correlation analysis (P <0.05). Subsequently, further identification
was via LASSO regression analysis with a variance inflation factor threshold of less than 4. Finally, the relationships
between risk factors and health burden, including incidence and mortality, for BL were assessed using multivariate linear
regression analysis stratified by sex and age. The incidence and mortality data of BL as well as SEVs for risk factors
underwent logarithmic transformation. Regression coefficient, also known as beta coefficient (f), and its corresponding
95% CI was derived from multivariate regression. The [ estimates represent the degree of change in the ASRs of
incidence or mortality for BL per unit increase in the prevalence of the risk factors. Furthermore, standardized beta
coefficient (B¢

factors.

) was calculated with adjusted scales of data to compare the relative importance between the different risk

Results

Health Burden and Its Heterogeneity of Burkitt Lymphoma, in 2021

In 2021, the estimated global incident number of BL was 19,073 (95% CI: 9651 to 32,509), nearly threefold that of 1990. The
estimated global mortality was 6526 (95% CIL: 3955 to 9035), representing a 70% rise over the past three decades. The global age-
standardized incidence rate (ASIR) was 0.24 (95% CI: 0.21 to 0.40), age-standardized mortality rate (ASMR) was 0.07 (95% CI:
0.05 to 0.09), age-standardized prevalence rate (ASPR) was 1.57 (95% CI: 0.84 to 2.55), and age-standardized DALY rate
(ASDR) was 5.30 (95% CI: 3.29 to 6.89) per 100,000 person-years (Figures 1 and S1,Table S2). Compared to 1990, ASIR and
ASPR had significant percentage increases, while ASMR and ASDR showed no significant changes (Tables S1 and S2).

Globally, with the exception of Oceania, there was a consistent pattern where males experienced a greater health
burden from BL in 2021 than females. This is evident in the global male-to-female (M/F) ratios: 2.0 for ASIR, 1.8 for
ASMR, 1.9 for ASPR, and 2.1 for ASDR (Figures 2 and S1). Furthermore, this pattern was more pronounced among
individuals aged under 20 years with higher global M/F ratios across all ASRs, except in South Asia.

The age distribution of the BL health burden typically followed a unimodal or bimodal pattern, with peak values
observed in cases aged under 20 years and/or those aged over 80 years (Figures 2 and S1). For ASDR alone, the main
peak occurred in the age group under 20 years at the global level. Across the SDI strata, the peak within the age group
under 20 years receded as the SDI values increased, regardless of the disease measure.

In 2021, the highest ASIR and ASPR for BL were both reported in Andorra (ASIR = 1.43, 95% CI: 0.46 to 3.14;
ASPR =9.61, 95% CI: 3.21 to 20.63), while the highest ASMR and ASDR were both reported in Uganda (ASMR = 0.86,
95% CI: 0.41 to 1.38; ASDR = 52.60, 95% CI: 28.06 to 78.86). In terms of SDI strata, there were positive correlations
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Figure | Quartiles of age-standardized rates of incidence (A), mortality (B), prevalence (C), and DALYs (D) for Burkitt lymphoma in 2021 and corresponding average
annual percentage changes from 1990 to 2021, both sexes.
Abbreviations: ASR, age-standardized incidence/mortality/prevalence/DALY rate; AAPC, average annual percentage change.

between ASIR and SDI (rho = 0.239, P <0.001) and between ASPR and SDI (rho = 0.216, P =0.002). However, inverse
correlations were found between ASMR and SDI (rho = —0.387, P <0.001) and between ASDR and SDI (rho = —0.438,
P <0.001) (Figure 3).

Temporal Health Burden Trends of Burkitt Lymphoma, 1990-202|
From 1990 to 2021, there was an upward trend in the global health burden of BL among all ASRs (Tables S1 and S2).
Among the 204 countries and territories, Cabo Verde exhibited the most pronounced increasing trend (AAPC for ASIR =
5.90, 95% CI: 5.36 to 6.45; AAPC for ASMR = 3.70, 95% CI: 3.18 to 4.22; AAPC for ASPR = 5.85, 95% CI: 5.31 to
6.40; AAPC for ASDR = 3.55, 95% CI: 2.97 to 4.14), whereas Georgia showed the most significant decreasing trend
across all health measures (AAPC for ASIR =—2.57, 95% CI: —3.95 to —1.17; AAPC for ASMR = —-3.42, 95% CI: —4.82
to —2.00; AAPC for ASPR = —2.65, 95% CI: —4.06 to —1.22; AAPC for ASDR = —3.85, 95% CI: —5.34 to —2.32).

Overall, there was no significant difference in the health burden percentage changes between males and females.
However, for those aged under 5 years, females exhibited a significantly lower percentage increase in mortality and
DALYs compared to males, and even showed a decreasing trend in incidence and prevalence (Figure S2). Globally, the
greatest percentage increases of mortality and DALY's were observed in individuals under 20 years old, while the highest
increase of incidence and prevalence occurred in those over 54 years old (Figure S2).

Across the SDI strata, there were positive correlations between the SDI and AAPCs for ASIR (rho = 0.595,
P <0.001), ASMR (rho = 0.156, P = 0.026), ASPR (rho = 0.591, P <0.001), and ASDR (rho = 0.151, P = 0.031)
(Figure 3). Low SDI regions exhibited significant declining trends in all ASRs from 1990 to 2021, whereas other SDI
regions showed rising trends in ASIR and ASPR (Tables S1 and S2). Notably, there were downward trends in the ASDR
of Middle SDI regions and in the ASMR and ASDR of High-middle SDI regions.
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Figure 2 Global sex- and age-specific distributions in incidence (A), mortality (B), prevalence (C), and DALY (D) rates for Burkitt lymphoma, per 100,000 person-years, in
2021.

Factors Influencing DALY Changes, 1990-2021

Decomposition analysis by region revealed the contributions of the four factors to the aggregate percentage changes in
BL DALYs from 1990 to 2021 (Figure 4 and Table S3). Population growth was the most substantial contributor in Low
SDI regions, sub-Saharan Africa, and Oceania, accounting for an increase exceeding 100%. Positive contributions
attributable to population aging were observed only in High SDI regions and High-income regions. Age-specific
prevalence rate variations dominated the DALY changes among regions with medium to high SDI values, notably in
Centre Europe, High-income regions, and Southern sub-Saharan Africa. Across all GBD regions, the impact of disease

severity was uniformly negative, albeit to varying degrees, but minimal in Low SDI regions.

Health Burden Projections of Burkitt Lymphoma, 2021-2040
At the global level, from 2021 to 2040, ASRs of incidence, mortality, prevalence, and DALYs for BL all tended to
decrease, and no notable gender differences were observed (Figure S3). Among the GBD super regions, Southeast Asia,
East Asia, and Oceania, and South Asia were predicted to bear greater health burdens on BL, while the burdens for other
regions were expected to be alleviated (Figure S4). The most marked increase in ASIR was predicted to occur in
Southeast Asia, East Asia, and Oceania (AAPC = 3.92%, 95% CI: 3.91% to 3.94%, P <(0.001). Furthermore, sub-Saharan
Africa was expected to exhibit the most evident downward trends across all health burden rates.

By age, the age groups under 20 years and over 54 years were expected to experience a considerable declining trend
in all health burden rates per 100,000 person-years (Figure S5 and Table S4). Notably, females under 20 years of age
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Figure 3 The correlations between SDI and ASR of incidence (A), mortality (B), prevalence (C), and DALYs (D) in 2021, and between SDI and AAPC for ASIR (E), ASMR
(F), ASPR (G), and ASDR (H) from 1990 to 2021. The circles represent 204 countries and territories. The size of circle represents the number of Burkitt lymphoma patients
in 1990 (E-H) and 2021 (A-D). The rho indices Spearman correlation coefficient.

Abbreviations: ASR, age-standardized incidence/mortality/prevalence/DALY rate; AAPC, average annual percentage change; SDI, socio-demographic index.
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Figure 4 Contributions of population growth, population aging, age-specific prevalence rate variations, and disease severity to the percentage changes of Burkitt lymphoma
DALYs, 1990-2021.

were predicted to show a more significant declining trend than males across all health burden rates. However, cases aged
20 to 54 years were predicted to suffer from increased health burden during the next two decades.

Potential Non-Infectious Risk Factors for Burkitt Lymphoma, in 2021

Risk Factor-Incidence Correlations in Burkitt Lymphoma

At the global level in 2021, the ASIR of BL for males exhibited a positive association with high consumption of
processed meat (B = 0.21, B5* = 0.11, P =0.047) (Figures 5 and S7A). Conversely, it was negatively associated with high
exposure to smoking (B =—1.13, 54 =-0.49, P <0.001), iron deficiency (§ = —0.48, p*'9 = —0.46, P <0.001), and kidney
dysfunction (B = —1.19, p4 = —0.24, P <0.001). Furthermore, a positive correlation was observed between the ASIR of
BL for females and high exposure to childhood sexual abuse (B = 0.52, 54 = 0.28, P <0.001), while high exposure to
unsafe sanitation (B = —0.19, p¥¢ = —0.26, P <0.001), kidney dysfunction (B = —1.33, p*¥ = —0.28, P <0.001), and
secondhand smoke (B = —0.78, B = —0.31, P <0.001) was associated with a lower risk.

In the age-specific analysis, a high intake of sugar-sweetened beverages emerged as a prominent risk factor for
individuals aged 20 to 54 years (B = 0.26, B5* = 0.21, P <0.001) and those over 54 years (B = 0.62, p>* = 0.25, P <0.001)
(Figures S6 and S7B-D). Among individuals over 54 years old, low bone mineral density (B = 2.86, B = 0.45,
P <0.001) was identified as an additional and more pronounced risk factor, particularly for males, whereas iron
deficiency (B = —1.04, p** = —0.67, P <0.001) was the most significantly inversely associated factor in this age group.
Notably, high exposure to childhood sexual abuse was the most significant risk factor for BL incidence among females
under 20 years and over 54 years. Secondhand smoke (B = —1.27, B = —0.47, P <0.001) was the primary factor
contributing to low BL incidence in both sexes for individuals under 20 years, while kidney dysfunction (p = —1.63, p*
= —0.39, P <0.001) played a similar role in those aged 20 to 54 years, and iron deficiency (B = —1.04, B¢ = —0.67,

P <0.001) for those over 54 years.
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Figure 5 Potential non-infectious risk factors for global incidence and mortality of Burkitt lymphoma by sex in 2021.
Note: *P <0.05, **P <0.01, ***P <0.001.
Abbreviations: p, regression coefficient; B, standardized regression coefficient.

Risk Factor-Mortality Correlations in Burkitt Lymphoma
At the global level in 2021, high ASMRs in males with BL were associated with low bone mineral density (§ = 0.79, p*¢
=0.17, P =0.005) and a low consumption of vegetables (B = 0.21, *'9 = 0.16, P =0.005) (Figures 5 and S7A). However,
there were inverse correlations between ASMR and a high prevalence of high fasting plasma glucose (p = —0.52, p*¢ =
—0.20, P <0.001), kidney dysfunction (B = —1.20, p>¢ = —0.25, P <0.001), and smoking (B = —0.99, B¢ = —0.46,
P <0.001). For females with BL, there was a positive association between ASMR and low consumption of vegetables (B
=0.24, BStd =0.22, P <0.001), as well as childhood sexual abuse (§ = 0.39, BStd =0.21, P <0.001). Nevertheless, kidney
dysfunction (B = —0.84, B¢ = —0.18, P =0.001), secondhand smoke (B = —0.65, P = —0.24, P <0.001), and
occupational exposure to asbestos (B = —0.10, B¢ = —0.31, P <0.001) were inversely associated with mortality risk.
Among cases under 20 years of age, no access to handwashing facilities (B = 0.60, >¢ = 0.52, P <0.001) was the
most prominent risk factor for BL mortality in both sexes (Figures S6 and S7B-D). In terms of the group aged 20 to 54
years, the mortality of BL was considered positively related to low bone mineral density (B = 1.18, B = 0.24,
P <0.001), whereas no statistical significance was detected by sex. A low consumption of vegetables led to elevated
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mortality of BL for the group aged 20 to 54 years (§ = 0.27, B¢ = 0.24, P <0.001) and the group over 54 years (p = 0.24,
B4 =0.21, P <0.001), irrespective of sex. Besides, low bone mineral density (B = 1.74, B4 = 0.40, P <0.001) and high
alcohol use (B = 0.28, B¢ = 0.20, P <0.001) were additional risk factors for males over 54 years. Childhood sexual abuse
remained a significant risk factor for BL mortality among females across all age groups. Of particular concern, tobacco
use, which includes smoking, secondhand smoke, and chewing tobacco, was inversely associated with mortality across
all age groups and sexes, except for males over 54 years, where iron deficiency was of greater significance.

Discussion

Based on the GBD 2021 database, we presented markedly distinct distribution patterns of BL in terms of health burden
by sex, age, and region. The highest burdens on incidence and prevalence were observed in High-income regions, while
the highest ASMR and ASDR were observed in sub-Saharan Africa, highlighting critical focus areas for future
interventions. Our analysis confirmed a consistent global pattern of a marked male predominance in the health burden
of BL. This disparity was most pronounced among individuals under the age of 20. Projections from 2021 to 2040
indicate a stark contrast: a declining global BL burden alongside a significant increase in the 20-54-year-old population.
Breaking from previous regional surveys, our study is the first to utilize the GBD database for a comprehensive global
assessment of potential non-infectious BL risk factors, demonstrating their sex- and age-specific heterogeneity.

In our study of potential BL-related non-infectious risk factors, lack of access to handwashing facilities significantly
increases the risk of infections like EBV and malaria, which in turn correlates with higher mortality rates of BL among
cases under 20 years of age. Low bone mineral density was linked to elevated incidence and mortality rates in males aged
over 54 years. The correlation could be attributed to vitamin D insufficiency, which was prevalent in the elderly** and
malaria infections.”>*® Previous studies reported that a low level of vitamin D led to reduced production of vitamin
D dependent antimicrobial peptide cathelicidin by lymphoma associated macrophages, suppressing selective antitumor
activity against BL.>"2° Although a diet high in sugar-sweetened beverages was associated with increased incidence of
BL among individuals aged over 20 years, this correlation was not statistically significant when analyzed across the
entire population. A high-vegetable diet has been reported to be associated with a reduction in the risk of several B-cell
NHL subtypes, such as diffuse large B-cell lymphoma (DLBCL) and follicular lymphoma.m*32 However, BL was not
classified or discussed in these studies, warranting further investigation. Childhood sexual abuse played a paramount role
in the elevated incidence and mortality of BL for females, regardless of age, which remains insufficient direct evidence.
According to previous studies, childhood maltreatment is associated with heightened HPA-axis activity and inflamma-
tion, which may compromise the acquired immune response to chronic or latent infections and induce latent herpesvirus
reactivation, including EBV.?* > This suggests potential mechanisms connecting female physiological and psychological
health to the pathogenesis of BL. Occupational or daily life exposure to potential chemicals, such as hair dyes, pesticides,
benzene, and trichloroethylene, played a vital role in the risk of NHL.*'® Our findings suggested that occupational
exposure to asbestos was strongly correlated with the incidence of BL among males over 54 years of age in the simple
regression analysis (tho = 0.521, P <0.001). However, this correlation, while indicative, did not achieve statistical
significance in the multivariate regression analysis, which agreed with the results of several studies on NHL without
setting BL apart and thus entailed further investigation.’® Population-wide results that were not confirmed in the
subgroups were thought to result from Simpson’s paradox,’’ requiring more detailed and precise grouping by combina-
tion with age, sex, and region.

Although BL has not been considered to be a smoking-related malignancy,® recent investigations suggest otherwise.
In our analysis, tobacco use, particularly secondhand smoking, emerged as the leading risk factor inversely associated
with the incidence and mortality rates of BL across all age groups and sexes. This result was in accord with a nested case-
control study in the UK, which showed a decreased risk of BL in those who were former smokers (OR = 0.47, 95% CI:
0.29 to 0.76; P = 0.002) and current smokers (OR = 0.24, 95% CI: 0.12 to 0.46; P < 0.0001), particularly for those aged
over 20 years old.” However, there was insufficient molecular biology evidence backing up. Kidney dysfunction was also
one of the most common risk factors inversely associated with BL risk, observed significantly only within the age group
of 20 to 54 years in this study. However, there was insufficient evidence to support this correlation. Iron deficiency was
an additional negative risk factor contributing to the health burden of BL, mainly affecting both males and females over
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the age of 54 years. Although there was insufficient evidence to establish a definitive correlation between BL and iron
deficiency, it has been reported that CYB561A3, a gene exhibiting ferrireductase activity and leading to iron starvation
when knocked out, was essential for the proliferation of EBV" BL cells but not lymphoblastoid cell lines, which
underscored the significance and specificity of iron metabolism in BL.*®

This study has several inherent limitations. First, owing to lagging cancer reporting mechanisms and classification
systems in some developing countries and territories, the health burden of BL might be underestimated. Second,
infectious risk factors for BL, such as EBV infection, malaria, and HIV/AIDS, were not included in this analysis,
primarily because of data deficiencies in many countries. In particular, most cases of EBV infection are asymptomatic
infections without serosurveys. There is no universally accepted, standardized metric to accurately and uniformly
measure the burden of EBV infection across the globe. These gaps inevitably introduced limitations to the statistical
power of our analysis. In addition, genome association studies have revealed a correlation between BL and non-
infectious diseases such as sickle cell disease, offering clues to the exploration of risk factors at a genetic level.'"*’
Third, not all of the aforementioned risk factors could be reasonably explained or reconciled with the outcomes of case-
control studies, which warrants further exploration. Besides, it’s worth stating that the results of the risk factor
association analysis might not be applicable at an individual level. Fourth, the analysis of BL subtypes could not be
performed owing to data constraints, even though heterogeneity in the distribution, temporal trends, and risk factors of
subtypes could indeed make sense.

Conclusions

In conclusion, this study demonstrates distinct age, sex, and geographical distributions and temporal patterns in the health
burden of Burkitt lymphoma from 1990 to 2021. Projections from 2021 to 2040 indicate a critical shift towards
a growing proportion of adult cases, highlighting the need for an age-based hierarchical management strategy. Our
analysis identifies several novel modifiable risk factors for Burkitt lymphoma, such as low bone mineral density, as
actionable targets for future preventive strategies aimed at reducing the disease burden. Moreover, further investigation
into the risk factors for Burkitt lymphoma is indeed meaningful via multicenter, randomized controlled studies.
Preventive measures, early diagnosis, and precision treatment for Burkitt lymphoma warrant global promotion and
tailored adjustments based on the national medical situation.
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