
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Zhou et al. Biomarker Research          (2024) 12:101 
https://doi.org/10.1186/s40364-024-00649-y

Biomarker Research

†Yeming Zhou and Guiqin Huang contributed equally to this work.

*Correspondence:
Dengju Li
lidengju@tjh.tjmu.edu.cn

Full list of author information is available at the end of the article

Abstract
Background Acute myeloid leukemia (AML), as the most common subtype of leukemia in adults, is characterised 
by rapid progression and poor prognosis. In the context of the rapid development of medical technology and the 
complexity of social factors, a detailed report describing the latest epidemiological patterns of AML is important for 
decision makers to allocate healthcare resources effectively.

Methods Our research utilized the latest data sourced from the Global Burden of Disease (GBD) 2021. To delineate 
the burden of AML, we comprehensively described the incidence, deaths, disability-adjusted life years (DALYs), and 
the associated age-standardized rates per 100,000 persons (ASR) spanning from 1990 to 2021 stratifies according to 
age, sex, socio-demographic index (SDI), and nationality. Additionally, we extracted and analyzed data about the risk 
factors that contribute to AML-related deaths and DALYs.

Results According to our study, the incidence of AML has continued to rise globally from 79,372 in 1990 to 144,645 
in 2021 and AML affected the male and the elderly populations disproportionately. Furthermore, there was a 
significant positive correlation between the burden of AML and the SDI value. Developed nations generally exhibited 
higher age-standardized incidence rate, age-standardized death rate, and age-standardized disability-adjusted life 
year rate than the developing nations. We also analyzed the prevalence of smoking, high body mass index, and 
occupational benzene and formaldehyde exposure in the AML population in different SDI regions. Moreover, smoking 
and high body mass index were more prevalent in developed countries, whereas occupational exposure to these 
chemicals was the predominant risk factor in developing countries.

Conclusion The global burden of AML has increased over the past 32 years, with rising morbidity and mortality. 
The incidence of AML is differentially distributed across different SDI countries or regions. AML incidence is higher in 
the elderly and in men. The proportions of smoking, high body mass index, and occupational exposure to benzene 
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Introduction
Acute myeloid leukemia (AML) is a genetically hetero-
geneous clonal disease that originates in the bone mar-
row [1], marked by abnormal proliferation and arrested 
differentiation of primitive bone marrow cells, impair-
ing normal hematopoietic function and leading to life-
threatening cytopenia and transfusion dependency [2]. 
AML can affect any age group but is most prevalent 
among adults, with its incidence increasing with age [3]. 
Given the trend of population aging, AML incidence is 
expected to rise annually [4]. With the rapid advances in 
medical diagnostic, treatment technologies, accelerated 
population ageing, and the complex influence of social 
factors such as lifestyle [5, 6] and occupational exposures 
[7, 8], the global disease burden of AML is undergoing a 
rapid and profound change. Thus, the global disease bur-
den of AML merits an updated assessment to understand 
its specific impact on public health better.

AML is notable for its genetic heterogeneity, mani-
fested by a wide range of molecular and cytogenetic 
abnormalities, including changes in chromosome num-
ber and structure, mutations, and the formation of fusion 
genes [9–11]. The diagnosis of AML requires compre-
hensive multilevel testing including cytomorphological, 
cytogenetic and molecular genetic assessment to deter-
mine its genetic heterogeneity for subsequent precise 
medication. For example, AML carrying a PML-RARA 
fusion gene resulting from a t(15;17) translocation is 
diagnosed as acute neutrophilic leukemia, and treat-
ment with all-trans retinoic acid and arsenite may be 
very effective [12]. Other patients may have mutations 
in genes such as FLT3-ITD, TP53, etc., which usually 
portend a poorer prognosis and require the addition of 
appropriate targeted agents or a more aggressive treat-
ment regimen during subsequent therapy [13–15]. Now-
adays, the treatment of AML usually consists of induction 
chemotherapy and consolidation therapy after remission. 
Depending on prognostic stratification and individual 
patient factors, hematopoietic stem cell transplantation 
may be considered to minimize the risk of disease recur-
rence. The advent of novel targeted therapeutic agents 
and strategies has markedly improved the remission rates 
among AML patients [16, 17]. The impact of consolida-
tion therapy and minimal residual disease (MRD) moni-
toring on the recurrence rate is multifaceted [18]. Despite 
the emergence of new treatments, conventional intensive 
chemotherapy remains the predominant modality for 

AML treatment [19], accompanied by significant com-
plications such as severe infections, anaemia, and throm-
bocytopenia due to bone marrow suppression. These 
adverse events are closely associated with patients’ base-
line characteristics and necessitate substantial economic 
resources for supportive care [20–22]. The variability in 
the disease burden of AML across different countries can 
be attributed to factors such as the widespread imple-
mentation of early screening, the sophistication of diag-
nostic testing, the availability of novel targeted drugs, 
chimeric antigen receptor T-cell (CAR-T) therapy, and 
the disparities in medical resource allocation.

The Global burden of disease (GBD) study is a seminal 
resource for comprehending the epidemiological land-
scape of various diseases, encompassing their preva-
lence, incidence, deaths, and disability-adjusted life years 
(DALYs). Compared with previous studies on AML using 
GBD data [23, 24], we gained information from AML-
specific data from the latest 2021 GBD study. In addi-
tion, the present study provides a more comprehensive 
breakdown of AML incidence, deaths, DALYs, and risk 
factors by age, sex, geographic region, and social devel-
opment index (SDI), with a focus on SDI distributions of 
disease burden and temporal trends. The present analysis 
is poised to assist clinicians, epidemiologists, and health 
policymakers in enhancing the distribution of medical 
resources and in formulating more robust public health 
strategies.

Methods
Data source
GBD 2021 study meticulously gathers data on the inci-
dence and mortality rates of 288 causes of death from an 
array of sources. Key data sources encompass vital reg-
istration and verbal autopsy, which furnish comprehen-
sive details on all 288 causes. To enhance this, the study 
also incorporates surveys, censuses, surveillance systems, 
and cancer registries, providing more nuanced informa-
tion. Furthermore, data from police records, open-source 
databases, and minimally invasive tissue sampling are 
used to capture insights on specific diseases and injuries. 
For data processing and estimation, GBD 2021 utilizes 
advanced techniques like the Cause of Death Ensemble 
Model (CODEm), guaranteeing the precision and robust-
ness of the results. In cases where data is limited or the 
epidemiology is unusual, the study employs alternative 
models and approaches. When cancer registry coverage 

and formaldehyde varied by region. The findings highlight the need for region-specific prevention and call for future 
research on preventive strategies and new treatments to lower AML incidence and improve patient outcomes.
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or reliable mortality data is absent, GBD 2021 turns to 
methods such as predictive modeling, data sharing, and 
expert consultation to estimate the missing data [25].

Data specific to AML consisting of incidence, deaths, 
DALYs, and corresponding age-standardized rates, were 
downloaded from the Global Health Data Exchange 
(GHDx) website (https://vizhub.healthdata.org/gbd-
results/) [26]. Furthermore, the GBD study quantifies the 
levels and trends of 88 contributory risk factors linked to 
the disease burden, employing a framework for compara-
tive risk assessment [27].

The incidence and mortality of AML were identified 
using the International Classification of Diseases, Ninth 
Revision (ICD-9) and Tenth Revision (ICD-10). Specifi-
cally, AML incidence was identified through the ICD-9 
codes C92.0-C92.02, C92.3-C92.62, C93.0-C93.02, C94.0-
C94.02, C94.2-C94.22, C94.4-C94.5 or ICD-10 codes 
205.0205.02, 205.2–205.32, 206.0–206.02, 207.0–207.02, 
207.2–207.82. Mortality was identified through the 
ICD-9 codes C92.0, C92.3-C92.6, C93.0, C94.0, C94.2, 
C94.4-C94.5 or ICD-10 codes 205.0, 205.2–205.3, 206.0, 
207.0, 207.2–207.8.

Background information, such as the SDI, was also 
gathered for subsequent correlational analyses. The SDI 
values, ranging from 0 to 1, reflect the level of social 
development in a country. Summary exposure value 
(SEV) is the RR-weighted prevalence of exposure and a 
univariate measure of risk-weighted exposure. A value of 
SEV = 0 indicates the population is not at excess risk and 
SEV = 1 indicates the population is at its highest risk. In 
GBD 2021, final values are multiplied by 100 for a scale 
of 0–100, with 100 indicating the population is at the 
highest prevalence and 0 indicating the population is at 
the lowest prevalence. Furthermore, the GBD 2021 study 
stratified the global countries into five quintiles based on 
the SDI (higher, high-middle, middle, low-middle, and 
lower) and 21 geographical regions.

Statistical analysis
Prior research has extensively detailed the protocols 
and methods for GBD research [28]. In this study, we 
employed annual incidence cases, death cases, DALYs, 
and their respective age-standardized rates per 100,000 
persons (ASR) to illustrate the burden of AML.

The ASR (per 100,000 population) in accordance with 
the direct method is calculated by summing up the prod-
ucts of the age-specific rates (a.i., 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 standard popula-
tion weights. By utilizing age-standardized incidence rate 
(ASIR), age-standardized death rate (ASDR), and age-
standardized DALY rate, it is possible to facilitate com-
parisons across populations of varying age distributions 

and sizes and to enhance the accuracy of comparisons 
between populations. DALYs function as a comprehen-
sive metric, encapsulating the reduction in healthy life 
expectancy due to diseases, encompassing premature 
mortality and disability.

As in previous GBD rounds, cause-specific mortal-
ity rates for most causes were estimated using the Cause 
of Death Ensemble Model, a modeling tool developed 
for the GBD that evaluates the out-of-sample predictive 
validity of different statistical models and covariate per-
mutations and combines these results to produce cause-
specific mortality estimates, with alternative strategies 
to model causes of insufficient data, major changes in 
reporting during the study period, or epidemiological 
anomalies.

To analyze changes in ASR over time, we utilized Esti-
mated Annual Percentage Change (EAPC) values. The 
EAPC was determined using the formula y = α + βx + ε, 
where y represents the natural logarithm of the ASR 
and x corresponds to the calendar year. Subsequently, 
the EAPC was calculated as 100 × (exp(β) − 1). A posi-
tive EAPC and its corresponding 95% confidence inter-
vals (CIs) signifies an increasing trend in ASR, whereas a 
negative EAPC and its corresponding 95% CIs indicate a 
decreasing trend in ASR.

Moreover, this study employed the Pearson correla-
tion coefficient (ρ) to examine the association between 
ASIR, ASDR and SDI, to elucidate the impact of socio-
economic determinants on the AML burden. In the 
meticulous analysis of the GBD 2021 study, the compu-
tation of Pearson correlation coefficients is carefully tai-
lored to navigate the extensive disparities in population 
magnitude and case frequencies across various countries 
and global regions. This sophisticated process incorpo-
rates age-standardization methods and the conversion 
of raw data into age-standardized rates, utilizing popu-
lation-weighted averages to ensure each demographic’s 
equitable contribution. The Pearson correlation coeffi-
cient is derived through the product-moment correlation 
formula, with due consideration to the statistical power 
and precision of the estimates, while also accounting for 
ecological inference to prevent erroneous causal inter-
pretations at the individual level. Furthermore, the deter-
mination of confidence intervals for these coefficients, 
along with comprehensive sensitivity analyses, evaluates 
the stability of the results against potential data biases 
and quality inconsistencies, ultimately yielding robust 
and reliable indicators of association within the nuanced 
domain of international health data.

All statistical procedures and data manipulation were 
conducted by stringent academic protocols, utilizing R 
software version 3.6.3. This approach was instrumental 
in ensuring the academic rigor and dependability of the 
research findings.

https://vizhub.healthdata.org/gbd-results/
https://vizhub.healthdata.org/gbd-results/
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Results
Incidence burden of AML
The global incidence of AML increased from 79,372 in 
1990 to 144,645 in 2021. However, the ASIR decreased 
from 1.77 per 100,000 persons in 1990 to 1.73 per 
100,000 population in 2021. There has been an increase 
in incidence cases across all SDI quintiles, with the 
highest increase observed in the high SDI quintile at 
1.04% (95%CI: -0.93 to 1.11). The high SDI quintile had 
the highest ASIR from 1990 to 2021, reaching 2.88 per 
100,000 persons in 2021 and 2.65 per 100,000 persons 
in 1990. The ASIR exhibited an upward trend in the high 
and low-middle SDI quintiles while showed a decrease in 
the other three quintiles. Specifically, high SDI quintile 
had the most significant increase in ASIR with EAPC at 
0.41 (95%CI: 0.25 to 0.56), whereas middle SDI quintile 
had the most significant decrease in ASIR with EAPC 
at -0.4 (95%CI: -0.46 to 0.34). Geographically, in 2021, 
High-income North America, with 23,676 cases, West-
ern Europe, with 24,638 cases, and East Asia, with 19,156 
cases, were the top 3 regions with the highest incidence 
cases. From 1990 to 2021, most regions showed an 
increasing trend in ASIR. Australasia (0.95 (95%CI: 0.69 
to 1.21)), Central Europe (0.92 (95%CI: 0.78 to 1.07)), 
and Western Europe (0.87 (95%CI: 0.74 to 1.01)) exhib-
ited the most significant increase, while East Asia had 
a noticeable decreasing trend in ASIR (-1.39 (95%CI: 
-1.57 to 1.2)). Furthermore, a significant positive correla-
tion existed between SDI and ASIR (ρ = 0.640, p< 0.001) 
(Table  1). For country and regional observations, USA, 
China and India showed the highest disease burden, with 
21,533, 17,835 and 11,040 incidence cases in 2021 (Table 
S1). Meanwhile, Australia recorded the highest ASIR at 
4.9 per 100,000 persons in the same year (Fig. 1A). From 
1990 to 2021, Mauritius showed the highest increase 
in ASIR with an EAPC of 5.12 (95%CI: 1.91 to 8.43), 
while the Northern Mariana Islands experienced the 
most significant decline with an EAPC of -3.23 (95%CI: 
-3.53 to -2.93) (Fig.  2A). China underwent an apparent 
decrease in ASIR with an EAPC of -1.51 (95%CI: -1.7 to 
-1.32), while USA(EAPC: 0.37 (95%CI: 0.14 to 0.61)) and 
India(EAPC:0.17 (95%CI: 0.07 to 0.27)) had an increase. 
Moreover, ASIR demonstrated an upward trend as the 
regional SDI increased (ρ = 0.624, p< 0.001) (Fig. 3A).

Deaths and DALYs burden of AML
The death cases also showed an upward trend globally, 
with 130,189 cases in 2021 and DALYs increased slightly 
to 4,135,056 in 2021. However, from 1990 to 2021, the 
global ASDR and age-standardized DALY rate showed 
a clear downward trend. At the SDI quintiles level, from 
1990 to 2021, death cases and DALYs in all quintiles 
showed an upward trend, except for a slight decrease on 
DALYs in the high-middle SDI quintile (DALYs in 1990: 

823,157; DALYs in 2021: 785,872). Moreover, except 
for an increase in ASDR in the low-middle SDI quin-
tile (ASDR in 1990:1.09 (95%CI: 0.74 to 1.65); ASDR 
in 2021:1.18 (95%CI: 0.93 to 1.62)), the ASDR and age-
standardized DALY rate of AML is significantly reduced 
in other quintiles. In 2021, the high SDI quintile had 
the highest death cases, ASDR, DALYs and age-stan-
dardized DALY rate, while the high-middle SDI quin-
tile had the highest DALYs and age-standardized DALY 
rate in 1990. The ASDR for the high-middle SDI quintile 
declined significantly, with the EAPC of -0.36 (95%CI: 
-0.44 to -0.27) and the age-standardized DALY rate of 
-1.59 (95%CI: -1.7 to -1.48). As for geographical regions, 
Western Europe and High-income North America were 
the top two regions with the most death cases in 2021 
(Western Europe: 22,485; High-income North American: 
18,371). And the DALYs in East Asia were the highest in 
2021 (586,467). At the same time, there was a statistically 
significant positive correlation between SDI, ASDR and 
age-standardized DALY rate (ASDR: ρ = 0.507, p < 0.001; 
age-standardized DALY rate: ρ = 0.125, p < 0.01) (Tables 2 
and 3).

Regarding the observation of countries and territories, 
USA had the highest death cases in 2021 (16,648 (95%CI: 
15097 to 17423)), while China had the highest DALYs 
(548,555 (95%CI: 373,859 to 778,262)) (Table S2, Table 
S3, Table S4). Meanwhile, Fiji had the highest ASDR 
with 4.3/100,000 persons, and Tokelau had the highest 
age-standardized DALY rate at 204.9/100,000 persons in 
2021 (Fig. 1B, C). From 1990 to 2021, Lithuania (EAPC: 
2.17 (95%CI: 1.94 to 2.4)) and Northern Mariana Islands 
(EAPC: -2.4 (95%CI: -2.7 to 2.09)) had the most increase 
and decline in ASDR, respectively. Mauritius (EAPC: 
3.49 (95%CI: 0.82 to 6.22)) and Ukraine (EAPC: -3.01 
(95%CI: -3.32 to 2.71)) had the most increase and decline 
in age-standardized DALY rate (Fig. 2B, C). In addition, 
correlation analysis found that as the SDI of countries 
and territories increased, their corresponding ASDR and 
age-standardized DALY rate would showed an upward 
trend (ASDR: ρ = 0.552, p< 0.001; age-standardized DALY 
rate: ρ = 0.383, p< 0.001) (Fig. 3B, C).

Sex and age distribution of incidence, deaths and DALYs
Globally, both ASIR and ASDR have shown a fluctuating 
trend of first increasing and then decreasing from 1990 
to 2021. Overall, the ASIR and ASDR of males are sig-
nificantly higher than those of females. Meanwhile, age-
standardized DALY rate showed a significant downward 
trend in both males and females.

For males, ASIR and ASDR were highest in the high 
SDI quintile and lowest in the low SDI quintile between 
1990 and 2021. The difference in age-standardized DALY 
rate between the high SDI quintile and the high-mid-
dle SDI quintile was slight in 1990 but the decline from 
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Table 1 The incidence cases and ASIR of AML in 1990 and 2021, and its temporal trends from 1990 to 2021
Incident cases (95% CI) Case change ASIR (95% CI) 1990–2021 

EAPCs (95% CI)1990 2021 1990 2021
Global 79,372(62805–

99428)
144,645 
(126237–164851)

0.82% (0.46–1.12) 1.77 (1.43–2.16) 1.73 (1.51–1.98) -0.03 (-0.12 to 0.06)

SDI
High SDI 27,830 

(26575–28799)
56,646 
(51611–59717)

1.04% (0.93–1.11) 2.65 (2.54–2.75) 2.88 (2.66–3.02) 0.41 (0.25–0.56)

High-middle SDI 18,663 
(14113–22745)

29,327 
(24601–33129)

0.57% (0.28–0.92) 1.83 (1.39–2.23) 1.69 (1.4–1.92) -0.31 (-0.38 to 
-0.23)

Middle SDI 20,167 
(13539–29687)

33,429 
(27391–41622)

0.66% (0.18–1.19) 1.41 (0.98–2.01) 1.29 (1.06–1.61) -0.4 (-0.46 to -0.34)

Low-middle SDI 9631 
(6241–15986)

19,061 
(14795–25945)

0.98% (0.32–1.62) 1.06 (0.71–1.62) 1.17 (0.92–1.6) 0.34 (0.31–0.38)

Low SDI 2992 (1361–5453) 6027 (3672–7907) 1.01% (0.2–1.84) 0.81 (0.41–1.25) 0.79 (0.5–1.04) -0.1 (-0.17 to -0.04)
Central Europe, eastern Europe, and central Asia
Central Asia 861 (740–999) 1155 (1006–1351) 0.34% (0.15–0.6) 1.33 (1.16–1.54) 1.25 (1.09–1.46) -0.05 (-0.15 to 0.06)
Central Europe 2515 (2348–2711) 4234 (3853–4594) 0.68% (0.55–0.83) 1.78 (1.66–1.91) 2.11 (1.92–2.29) 0.92 (0.78–1.07)
Eastern Europe 3824 (3527–4209) 4278 (3918–4654) 0.12% (-0.03 to 

0.26)
1.54 (1.43–1.69) 1.43 (1.32–1.55) -0.3 (-0.46 to -0.13)

High income region
High-income Asia Pacific 4400 (4143–4754) 8361 (7251–9140) 0.9% (0.64–1.08) 2.28 (2.14–2.46) 2.05 (1.81–2.22) -0.09 (-0.27 to 0.1)
High-income North America 11,533 

(10888–11875)
23,676 
(21534–24730)

1.05% (0.96–1.12) 3.38 (3.21–3.48) 3.77 (3.47–3.92) 0.42 (0.19–0.65)

Western Europe 11,791 
(11278–12196)

24,638 
(22110–26158)

1.09% (0.94–1.2) 2.25 (2.17–2.32) 2.79 (2.57–2.93) 0.87 (0.74–1.01)

Australasia 729 (682–781) 2333 (2074–2583) 2.2% (1.87–2.55) 3.19 (2.98–3.41) 4.53 (4.06–5.02) 0.95 (0.69–1.21)
Latin America and Caribbean
Andean Latin America 452. (325–648) 1067 (744–1343) 1.36% (0.57–2.13) 1.49 (1.12–2.07) 1.72 (1.2–2.17) 0.8 (0.67–0.92)
Caribbean 494 (430–617) 840 (712–991) 0.7% (0.47–0.96) 1.59 (1.41–1.91) 1.65 (1.39–1.99) 0.31 (0.2–0.42)
Southern Latin America 872 (809–943) 1529 (1419–1664) 0.75% (0.58–0.93) 1.82 (1.69–1.97) 1.88 (1.75–2.05) 0.34 (0.12–0.56)
Tropical Latin America 2140 (2068–2218) 4630 (4336–4863) 1.16% (1.04–1.28) 1.76 (1.7–1.82) 1.86 (1.74–1.96) 0.3 (0.17–0.42)
Central Latin America 1779 (1706–1860.) 3946 (3515–4405) 1.22% (0.95–1.48) 1.32 (1.27–1.37) 1.56 (1.39–1.74) 0.4 (0.31–0.49)
North Africa and Middle East
North Africa and Middle East 5642 (3743–8176) 11,358 

(8396–15191)
1.01% (0.58–1.57) 2.37 (1.62–3.26) 2.22 (1.66-3) -0.07 (-0.15 to 0.02)

South Asia
South Asia 7185 

(4451–11929)
14,665 
(11306–20276)

1.04% (0.23–1.97) 0.84 (0.54–1.29) 0.91 (0.68–1.25) 0.15 (0.08–0.23)

Southeast Asia, east Asia, and Oceania
East Asia 15,919 

(8702–24823)
19,156 
(13181–26300)

0.2% (-0.27 to 1.03) 1.47 (0.82–2.23) 1.07 (0.74–1.48) -1.39 (-1.57 to -1.2)

Oceania 96 (47–133) 198 (103–280) 1.06% (0.62–1.53) 2.02 (0.98–2.81) 1.85 (0.95–2.63) -0.28 (-0.35 to 
-0.21)

Southeast Asia 6957 
(4745–10404)

14,234 
(10092–17323)

1.05% (0.45–1.6) 2 (1.35–2.82) 2.13 (1.52–2.59) 0.12 (0.05–0.18)

Sub-Saharan Africa
Central Sub-Saharan Africa 250 (125–431) 541 (297–750) 1.16% (0.26–2.32) 0.69 (0.35–1.01) 0.64 (0.37–0.91) -0.23 (-0.32 to 

-0.13)
Eastern Sub-Saharan Africa 1011 (439–1819) 1882 (1009–2672) 0.86% (-0.11 to 

2.03)
0.68 (0.32–1.05) 0.63 (0.36–0.89) -0.33 (-0.39 to 

-0.26)
Southern Sub-Saharan Africa 440 (280–614) 889 (612–1236) 1.02% (0.68–1.44) 1.25 (0.81–1.75) 1.37 (0.92–1.88) 0.36 (0.2–0.52)
Western Sub-Saharan Africa 473 (227–868) 1026 (577–1352) 1.17% (0.35–1.93) 0.3 (0.16–0.45) 0.3 (0.19–0.38) 0.04 (-0.03 to 0.11)
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Fig. 1 The age-standardized rates of AML in 204 countries or territories in 2021: (A) The ASIR of 204 countries or territories in 2021; (B) the ASDR of 
204 countries or territories in 2021; (C) the age-standardized DALY rate of 204 countries or territories in 2021. AML: acute myeloid leukemia; ASIR: age-
standardized incidence rate; ASDR: age-standardized death rate; DALYs: disability-adjusted life years
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Fig. 2 The global EAPCs of AML in 204 countries or territories in 2021: (A) The EAPCs of incidence in 2021; (B) the EAPCs of deaths in 2021; (C) the EAPCs 
of DALYs in 2021. AML: acute myeloid leukemia; DALYs: disability-adjusted life years; EAPCs: estimated annual percentage changes
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1990 to 2021 was significantly greater in the high-middle 
SDI quintile than in the high SDI quintile. For females, 
the ASIR and ASDR were generally lower than those of 
males, but the trends from 1990 to 2021 were roughly the 
same as for males. In terms of age-standardized DALY 
rate in female, the highest age-standardized DALY rate 
was found in the high-middle quintile in 1990, but by 
2021, the high SDI quintile has become the region with 

the highest age-standardized DALY rate. From 1990 to 
2021, the number of age-standardized DALY rate for 
female declined significantly in all three quintiles except 
for the low SDI quintile and the low-middle quintile 
(Fig. 4).

We categorized AML patients into five groups: 
<5 years, 5–14 years, 15–49 years, 50–69 years, and 
70 + years. From 1990 to 2021, the incidence rates 

Fig. 3 The change trends and correlation analyses of incidence rate and SDI from 1990 to 2021. (A) The change trends and correlation of ASIR and SDI 
from 1990 to 2021 in 18 regions. (B) The change trends and correlation of ASDR and SDI from 1990 to 2021 in 18 regions. (C) The change trends and cor-
relation of age-standardized DALY rate and SDI from 1990 to 2021 in 18 regions. SDI, socio-demographic index. (D) The change trends and correlation 
of ASIR and SDI from 1990 to 2021 in 204 countries. (E) The change trends and correlation of ASDR and SDI from 1990 to 2021 in 204 countries. (F) The 
change trends and correlation of age-standardized DALY rate and SDI from 1990 to 2021 in 204 countries. SDI: socio-demographic index
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Table 2 The death cases and ASDR of AML in 1990 and 2021, and its temporal trends from 1990 to 2021
Death cases (95% CI) Case change ASDR (95% CI) 1990–2021 

EAPCs (95% CI)1990 2021 1990 2021
Global 74,917 

(58730–94714)
130,189 
(113625–149385)

0.74% (0.39–1.03) 1.69 (1.36–2.08) 1.57 (1.37–1.8) -0.15 (-0.2 to 
-0.1)

SDI
High SDI 24,617 

(23487–25533)
47,188 
(42904–49837)

0.92% (0.81–0.99) 2.33 (2.22–2.41) 2.31 (2.13–2.43) 0.05 (-0.03 to 
0.13)

High-middle SDI 17,930 
(13566–21775)

26,275 
(22369–29543)

0.47% (0.2–0.79) 1.77 (1.35–2.15) 1.49 (1.26–1.69) -0.36 (-0.44 to 
-0.27)

Middle SDI 19,742 
(13362–28731)

31,807 
(26106–39669)

0.61% (0.15–1.12) 1.42 (1.01-2) 1.24 (1.02–1.55) -0.36 (-0.42 to 
-0.29)

Low-middle SDI 9555 (6251–15762) 18,801 
(14556–25892)

0.97% (0.33–1.61) 1.09 (0.74–1.65) 1.18 (0.93–1.62) 0.35 (0.32–0.38)

Low SDI 2987 (1371–5392) 5971 (3645–7889) 1% (0.2–1.82) 0.83 (0.43–1.29) 0.81 (0.51–1.08) -0.14 (-0.17 to 
-0.1)

Central Europe, eastern Europe, and central Asia
Central Asia 822 (708–956) 1080 (940–1269) 0.31% (0.12–0.57) 1.28 (1.12–1.48) 1.19 (1.04–1.39) -0.28 (-0.36 to 

-0.2)
Central Europe 2446 (2287–2642) 3939 (3590–4275) 0.61% (0.48–0.75) 1.73 (1.61–1.86) 1.91 (1.74–2.08) 0.57 (0.48–0.65)
Eastern Europe 3586 (3306–3955) 3913 (3587–4265) 0.09% (-0.05 to 

0.23)
1.44 (1.33–1.58) 1.28 (1.18–1.39) -0.26 (-0.36 to 

-0.17)
High income region
High-income Asia Pacific 3861 (3626–4208) 7072 (6112–7719) 0.83% (0.58-1) 2.01 (1.87–2.2) 1.62 (1.42–1.75) -0.58 (-0.7 to 

-0.47)
High-income North America 9677 (9127–9984) 18,371 

(16623–19211)
0.9% (0.81–0.95) 2.8 (2.66–2.89) 2.85 (2.61–2.97) 0.13 (0.02–0.25)

Western Europe 11,122 
(10603–11519)

22,485 
(20222–23904)

1.02% (0.88–1.13) 2.08 (1.99–2.14) 2.43 (2.23–2.56) 0.6 (0.52–0.68)

Australasia 525 (490–561) 1519 (1358–1668) 1.89% (1.62–2.18) 2.29 (2.13–2.43) 2.82 (2.55–3.09) 0.4 (0.23–0.58)
Latin America and Caribbean
Andean Latin America 450 (326–637) 1037 (727–1306) 1.3% (0.55–2.05) 1.53 (1.15–2.09) 1.69 (1.19–2.13) 0.67 (0.59–0.75)
Central Latin America 1732 (1660–1809) 3792 (3378–4222) 1.19% (0.93–1.44) 1.31 (1.27–1.37) 1.51 (1.34–1.68) 0.39 (0.32–0.45)
Southern Latin America 861 (798–931) 1480 (1371–1609) 0.72% (0.55–0.9) 1.81 (1.67–1.96) 1.8 (1.67–1.96) 0.37 (0.22–0.52)
Tropical Latin America 2098 (2026–2175) 4589 (4273–4835) 1.19% (1.06–1.3) 1.78 (1.71–1.84) 1.85 (1.72–1.95) 0.3 (0.22–0.38)
North Africa and Middle East
North Africa and Middle East 5540 (3722–7974) 10,653 

(7890–14414)
0.92% (0.51–1.45) 2.4 (1.68–3.3) 2.15 (1.6–2.94) -0.28 (-0.34 to 

-0.23)
South Asia
South Asia 7145 (4461–11772) 14,565 

(11115–20178)
1.04% (0.24–1.95) 0.87 (0.55–1.32) 0.92 (0.69–1.28) 0.23 (0.17–0.28)

Southeast Asia, east Asia, and Oceania
East Asia 15,429 

(8480–24004)
16,505 
(11574–22715)

0.07% (-0.35 to 
0.82)

1.45 (0.82–2.19) 0.91 (0.64–1.27) -1.41 (-1.6 to 
-1.23)

Oceania 94 (45–132) 195 (101–277) 1.07% (0.63–1.55) 2.09 (1.01–2.93) 1.91 (0.97–2.73) -0.28 (-0.33 to 
-0.24)

Southeast Asia 6870 (4692–10215) 13,883 
(9869–16854)

1.02% (0.46–1.54) 2.05 (1.38–2.9) 2.12 (1.53–2.58) 0.25 (0.18–0.32)

Sub-Saharan Africa
Eastern Sub-Saharan Africa 1007 (439–1805) 1858 (993–2669) 0.84% (-0.12 to 2) 0.7 (0.33–1.07) 0.64 (0.37–0.91) -0.3 (-0.34 to 

-0.26)
Central Sub-Saharan Africa 249 (122–432) 532 (294–749) 1.14% (0.25–2.28) 0.72 (0.36–1.06) 0.65 (0.38–0.95) -0.34 (-0.39 to 

-0.28)
Southern Sub-Saharan Africa 437 (279–612) 880 (602–1214) 1.01% (0.67–1.46) 1.28 (0.83–1.79) 1.39 (0.94–1.92) 0.23 (0.12–0.35)
Western Sub-Saharan Africa 475 (229–862) 1021 (570–1357) 1.15% (0.35–1.9) 0.32 (0.17–0.48) 0.31 (0.2–0.4) 0.06 (0.02–0.1)
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DALYs (95% CI) Age-standardized DALY rate (95% 
CI)

1990–2021 
EAPCs 
(95% CI)1990 2021 Cases change 1990 2021

Global 3,342,913 
(2394171–4709119)

4,135,056 
(3446487–4895237)

0.24% (-0.11 to 0.54) 65.55 (48.34–88.77) 50.79 
(42.16–60.37)

-0.84 (-0.89 
to -0.78)

SDI
High SDI 740,178 

(702920–769154)
1,032,409 
(965057–1079433)

0.39% (0.32–0.45) 76.2 (71.83–79.48) 62.3 (58.11–64.96) -0.51 (-0.62 
to -0.4)

High-middle SDI 823,157 
(577462–1089140)

785,872 
(649177–901219)

-0.05% (-0.28 to 
0.26)

79.8 (55.54–106.6) 51.86 
(41.91–60.89)

-1.59 (-1.7 
to -1.48)

Middle SDI 1,079,811 
(697189–1664662)

1,194,869 
(950401–1478134)

0.11% (-0.27 to 0.52) 63.93 (42.14–95.56) 47.54 
(37.56–58.82)

-1.08 (-1.15 
to -1.01)

Low-middle SDI 525,418 
(334721–947996)

806,026 
(618152–1096894)

0.53% (-0.06 to 1.15) 46.04 (29.78–76.64) 44.66 
(34.15–60.88)

-0.04 (-0.08 
to 0)

Low SDI 170,883 (75214–349811) 311,291 
(182874–415147)

0.82% (0-1.82) 34.03 (15.84–59.9) 31.16 
(18.99–41.21)

-0.31 (-0.37 
to -0.25)

Central Europe, eastern Europe, and central Asia
Central Asia 47,903 (40103–56170) 51,907 (44470–61107) 0.08% (-0.08 to 0.32) 66.45 (56.72–77.35) 54.29 (46.6-63.86) -0.59 (-0.69 

to -0.48)
Central Europe 84,817 (79025–90658) 98,146 (89395–106239) 0.16% (0.06–0.26) 63.42 (59.05–67.78) 57.15 

(52.15–62.16)
-0.01 (-0.15 
to 0.13)

Eastern Europe 154,572 
(143854–170044)

121,067 
(111218–131577)

-0.22% (-0.32 to 
-0.12)

67.73 (62.51–74.96) 46.75 
(43.27–50.48)

-1.36 (-1.51 
to -1.22)

High income region
High-income Asia 
Pacific

141,027 
(127597–154056)

145,958 
(127828–157753)

0.03% (-0.11 to 0.12) 76.85 (68.39–84.42) 47.44 (41.64-51) -1.32 (-1.45 
to -1.18)

High-income 
North America

266,693 
(257924–272157)

402,417 
(377763–415932)

0.51% (0.45–0.55) 84.03 (81.65–85.57) 72.6 (68.88–74.87) -0.45 (-0.62 
to -0.28)

Western Europe 312,772 
(302893–320972)

460,404 
(427277–482067)

0.47% (0.39–0.54) 68.14 (66.39–69.69) 63.6 (60.57–66.12) -0.04 (-0.15 
to 0.07)

Australasia 15,273 (14500–16169) 32,225 (29401–35137) 1.11% (0.92–1.31) 69.63 (66.1-73.65) 70.69 
(65.04–76.97)

-0.07 (-0.29 
to 0.14)

Latin America and Caribbean
Andean Latin 
America

24,723 (16757–36724) 40,588 (27527–50642) 0.64% (-0.02 to 1.25) 65.31 (46.24–93.31) 63.28 
(42.95–79.01)

0.22 
(0.07–0.37)

Southern Latin 
America

35,655 (33452–38325) 45,343 (42345–49082) 0.27% (0.16–0.41) 72.51 (68.03–78.01) 60.8 (56.76–65.99) -0.33 (-0.52 
to -0.13)

Tropical Latin 
America

104,943 
(100363–109959)

152,687 
(145511–159602)

0.45% (0.37–0.55) 73.52 (70.8-76.64) 63.07 
(60.06–66.06)

-0.33 (-0.47 
to -0.18)

Central Latin 
America

99,743 (94311–105474) 148,601 
(131941–167202)

0.49% (0.31–0.68) 60.3 (57.67–63.19) 58.45 
(51.73–65.95)

-0.18 (-0.27 
to -0.08)

North Africa and Middle East
North Africa and 
Middle East

279,114 
(176664–427236)

422,232 
(309214–574872)

0.51% (0.09–0.99) 92.41 (61.58–133.5) 73.97 
(54.53-100.93)

-0.59 (-0.65 
to -0.52)

South Asia
South Asia 396,566 

(237248–733586)
619,341 
(460676–830678)

0.56% (-0.16 to 1.38) 36.76 (22.66–61.95) 35.44 
(26.75–47.89)

-0.15 (-0.23 
to -0.08)

Southeast Asia, east Asia, and Oceania
East Asia 880,700 

(442136–1483910)
586,467 
(412970–820004)

-0.33% (-0.63 to 0.2) 75.01 (38.21-125.58) 38 (26.53–53.49) -2.68 (-2.93 
to -2.44)

Oceania 5480 (2669–7786) 10,743 (5836–14800) 0.96% (0.54–1.45) 86.71 (41.44-121.11) 79.86 
(42.08-111.92)

-0.27 (-0.32 
to -0.21)

Southeast Asia 343,604 
(224321–572036)

537,644 
(379223–664179)

0.56% (0.02–1.08) 80.56 (54.7-123.54) 77.3 (54.85–96.68) -0.18 (-0.26 
to -0.1)

Sub-Saharan Africa
Central Sub-
Saharan Africa

13,743 (6415–28270) 27,158 (14714–37579) 0.98% (0.04–2.29) 27.37 (13.58–45.72) 24.25 (13.5-34.31) -0.3 (-0.39 
to -0.21)

Table 3 The DALYs and age-standardized DALY rate of AML in 1990 and 2021, and its temporal trends from 1990 to 2021



Page 11 of 18Zhou et al. Biomarker Research          (2024) 12:101 

remained basically stable and the 70 + age group had 
the highest incidence rates. Death rates were highest 
among the 70 + age group in the high SDI quintile and 
among 15–49 years old in the low-middle SDI quintile. 
Moreover, death rates were higher among children (< 5 

years, 5–14 years) in the low SDI quintile compared to 
other regions (Fig. 5A, B). Global DALY rates for males 
and females were decreasing, with the most significant 
declines in the high-middle SDI quintile (Fig.  5C). The 
number of incidence cases for both genders was rising, 

Fig. 4 The change trends of age-standardized rates of AML among different SDI quintiles and sex: (A) the ASIR from 1990 to 2021; (B) The ASDR from 
1990 to 2021; (C) The age-standardized DALY rate from 1990 to 2021. AML: acute myeloid leukemia; ASIR: age-standardized incidence rate; ASDR: age-
standardized death rate; DALYs: disability-adjusted life years; SDI, socio-demographic index

 

DALYs (95% CI) Age-standardized DALY rate (95% 
CI)

1990–2021 
EAPCs 
(95% CI)1990 2021 Cases change 1990 2021

Eastern Sub-
Saharan Africa

63,027 (26296–123767) 106,794 (56642–150397) 0.69% (-0.25 to 2.03) 30.72 (13.57–53.21) 26.61 
(14.25–38.29)

-0.48 (-0.57 
to -0.39)

Southern Sub-
Saharan Africa

19,785 (12275–28762) 34,642 (23598–49750) 0.75% (0.41–1.15) 45.82 (28.77–65.49) 47.56 
(32.42–67.27)

0.21 
(0.03–0.38)

Western Sub-
Saharan Africa

29,196 (12936–61930) 60,400 (31373–85648) 1.07% (0.18–1.93) 13.16 (6.48–23.27) 12.32 (7-16.31) -0.08 (-0.17 
to 0.02)

Table 3 (continued) 
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while males experienced a greater increase, especially 
in high-middle SDI countries and in the age group of 70 
years and older (Figure S1). The number of death cases 
was also significantly higher in age groups above 70 years. 
Moreover, the number of deaths is higher in males than 
those in females despite age and SDI groups. As the pop-
ulation ages, the number of DALYs increased in older 
groups (50–69 and 70+).

We evaluated the correlation coefficient between 
the EAPC and ASR in 1990 and the SDI in 2021. We 
found that ASIR (ρ = − 0.20, p< 0.001), ASDR (ρ = − 0.30, 
p<0.001), and age-standardized DALY rate (ρ = − 0.36, 
p< 0.001) correlated negatively with the corresponding 
EAPC in 1990 (Fig.  6A, B, C). Meanwhile, correlations 
between SDI and EAPC of ASIR (ρ = 0.14, p = 0.067), 
ASDR (ρ = 0.029, p = 0.711), and age-standardized DALY 
rate (ρ = − 0.174, p< 0.05) were not significant (Fig. 6D, E, 

F). The results of these studies suggest that ASR in coun-
tries with a larger baseline disease burden in 1990 may 
show a more rapid downward trend. However, in 2021, 
countries with higher SDI will have an upward trend, 
which is consistent with the previous research results in 
different SDI regions.

AML burden attributable to risk factors
From 1990 to 2021, smoking, high body mass index, and 
occupational exposure to benzene or formaldehyde were 
the most common potential risk factors related to AML 
in the GBD study, of which smoking was the most sig-
nificant contributor. In 2021, Among the 21 geographi-
cal regions considered, High-income North America 
had the highest proportion of death cases and DALYs 
attributed to smoking, accounting for 22% and 19.70%. 
Conversely, Western Sub-Saharan Africa had the lowest 

Fig. 5 The incidence rate, death rate and DALY rates of AML of five age groups in different SDI quintiles from 1990 to 2021: (A) The incidence rate of AML 
of five age groups in different SDI quintiles from 1990 to 2021; (B) The death rate of AML of five age groups in different SDI quintiles from 1990 to 2021; 
(C) The DALY rate of AML of five age groups in different SDI quintiles from 1990 to 2021. The five age groups included < 5 years, 5–14 years, 15–49 years, 
50–69 years, and 70 + years; SDI: socio-demographic index. The influential factors for EAPC
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percentages, with only 0.4% of death cases and 0.2% of 
DALYs (Fig. 7A). Meanwhile, High-income North Amer-
ica had the highest proportion of death cases and DALYs 
attributed to high BMI among the geographical regions, 
accounting for 13% and 12.8%. Conversely, Eastern Sub-
Saharan Africa had the lowest percentages, with only 
3.5% of death cases and 2.5% of DALYs associated with 
high BMI (Fig. 7B). Among the countries and territories 
considered, Andean Latin America had the highest pro-
portion of DALYs attributed to occupational exposure 
to benzene, accounting for 1.3%. Central Latin America 
had the highest proportion of deaths attributed to occu-
pational exposure to benzene, accounting for 1.1% and 

Western Europe had the lowest proportion of death 
cases, only 0.3%. Meanwhile, Central Europe had the 
lowest proportion of DALYs attributed to occupational 
exposure to benzene, accounting for 0.5% (Fig.  7C). In 
2021, Among the 21 geographical regions considered, 
East Asia had the highest proportion of death cases and 
DALYs attributed to occupational exposure to formalde-
hyde, accounting for 0.4% and 0.5% (Fig. 7D).

Discussion
AML is a prevalent hematological malignancy char-
acterized by rapid disease progression, acquired treat-
ment resistance, and frequent relapses [29, 30]. It poses 

Fig. 6 The correlation between EAPCs and age-standardized rate in 1990, and SDI in 2021: The correlation between EAPCs and ASIR in 1990 (A), and SDI 
in 2021 (D); The correlation between EAPCs and ASDR in 1990 (B), and SDI in 2021 (E); The correlation between EAPCs and age-standardized DALY rate in 
1990 (C), and SDI in 2021 (F). The circles represent 204 countries or territories and the size of circle represents the number of AML patients
ρ: Pearson’s correlation coefficient; AML: acute myeloid leukemia; ASIR: age-standardized incidence rate; ASDR: age-standardized death rate; DALYs: 
disability-adjusted life years; SDI: socio-demographic index; EAPCs: estimated annual percentage changes
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Fig. 7 The proportions of four risk factors contributing patients with AML deaths and DALYs vary across the 27 global regions. (A) Proportion of high 
body mass index-related risk. (B) Proportion of smoking-associated risk. (C) Proportion of benzene occupational exposure-related risk. (D) Proportion of 
formaldehyde occupational exposure-related risk
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complex challenges to global public health, spurring 
ongoing discussions regarding its worldwide burden 
[23, 31, 32]. In this study, we explore the disease burden 
across various populations and periods using the latest 
GBD database and assess the epidemiological trends in 
AML through EAPC calculations over the past 32 years. 
From 1990 to 2021, the incidence cases of AML surged 
from 79,372 to 144,645, reflecting a significant global 
increase. The result potentially attributed to population 
expansion, aging, and enhanced diagnostic technologies 
[33]. Furthermore, there was a global increase in AML-
related deaths, while the ASDR and age-standardized 
DALYs were decreasing. The rise in fatalities may be 
associated with the growing number of cases, but the 
declining ASDR suggested that there may have been 
improvements in the medical treatment and manage-
ment of AML patients. Similarly, the reduction in age-
standardized DALYs implied a decrease in disease burden 
per unit of the population. In addition, we also examined 
the relationship between the incidence, mortality, and 
DALYs of AML and SDI. We found that the incidence 
increased the most and the ASIR was the highest in 
high-SDI quintile, which may be related to the improve-
ment of diagnostic efficiency. In addition, factors such 
as increased environmental pollution, faster pace of life, 
greater mental stress, and widespread obesity in high-
SDI quintile may also lead to increased incidence [34]. 
In addition, the number of deaths and DALYs in high-
SDI quintile was the highest, and their corresponding 
ASDR and age-standardized DALYs showed an upward 
trend. This result may be related to the aggravation of the 
aging of the population in these regions. The increase in 
ASIR in middle and low SDI quintile may be related to 
lifestyle, genetic factors, and environmental factors. The 
ASDR increased in middle and low SDI quintile, but it 
decreased in other SDI quintiles, this phenomenon may 
reflect the lack of medical resources in middle and low 
SDI quintiles [35]. The decrease of incidence in low SDI 
quintile may be related to low diagnostic efficiency and 
incomplete data collection. Among them, both ASIR and 
ASDR in East Asia have decreased significantly, reflecting 
the continuous improvement of public health measures 
and medical care systems in the region. The occurrence 
and death rates of AML globally show intricate patterns, 
influenced by various factors such as population demo-
graphics, economic advancement, and healthcare quality 
[36]. Tailored prevention and control measures are essen-
tial for different SDI quintiles to lessen the overall impact 
of AML on a global scale.

The escalating global burden of AML attributable to 
population ageing is multifaceted, encompassing not 
only an increase in the incidence rate but also numerous 
challenges associated with its therapeutic management 
[4, 37]. Our findings indicate that across all geographical 

regions, there is a concomitant increase in the incidence 
rate, death, and DALYs for AML with growing age. Nota-
bly, the incidence of AML climbs with age, and the death 
rate for patients diagnosed beyond the age of 65 exceeds 
90% [3]. Ageing is a pivotal factor contributing to the 
pathogenesis of leukemia, with the accumulation of envi-
ronmental exposures over time, the build-up of genetic 
mutations, immune system dysregulation, aberrant bone 
marrow hematopoiesis, and heightened levels of chronic 
inflammation [38–40] all of which incrementing the risk 
of AML. This is intrinsically linked to the association 
between AML incidence and age-related clonal hema-
topoiesis [41, 42]. Current AML treatment guidelines 
recommend the high-dose cytarabine consolidation che-
motherapy or allogeneic stem cell transplantation (Allo-
HSCT) based on the individual’s disease risk profile to 
mitigate the risk of relapse [11]. However, the efficacy of 
this therapeutic approach is limited, with a curative rate 
ranging from approximately 35–45% in patients under 
60, while in those over 60, the cure rate diminishes to less 
than 15% [43]. On one front, the combination of demeth-
ylating agents with the BCL-2 inhibitor Venetoclax has 
demonstrated benefit in the elderly and those unsuitable 
for intensive therapy [44, 45], and a multitude of clinical 
trials are investigating the safety and efficacy of multi-
targeted drug combinations for the treatment of relapsed 
and refractory AML [46, 47]. On the other hand, over the 
past five decades, the pace of progress in AML research 
and treatment has been relatively modest. The intensified 
induction regimen comprising cytarabine and anthracy-
cline drugs, commonly referred to as the “7 + 3 regimen,” 
which was introduced in the 1970s for AML treatment, 
remains the cornerstone of therapy [48]. Nonetheless, 
chemotherapy resistance, disease recurrence, and limited 
therapeutic options for elderly or ineligible patients for 
intensive treatment persist as formidable challenges in 
the management of AML [49, 50].

Our study also investigated potential risk factors for 
AML-related death [51]. Lifestyle, occupational expo-
sure, and carcinogens in the living environment are 
closely related to the risk of AML [52]. Specifically, high 
body mass index (BMI), occupational exposure to ben-
zene, formaldehyde, and smoking are key factors in the 
occurrence of AML [53]. Overweight and obesity signifi-
cantly increase AML risk, with a meta-analysis has dem-
onstrated that individuals with overweight and obesity 
are at a 23% higher risk of developing AML compared to 
normal-weight individuals [54]. However, high BMI does 
not significantly impact the overall survival or disease-
free survival in non-APL AML patients. Occupational 
exposure to formaldehyde and benzene also significantly 
raises AML risk [55, 56]. For instance, a study assessed 
the risk of death from AML and other lymphohemato-
poietic malignancies due to formaldehyde exposure and 
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found an increased risk associated with certain types of 
lymphohematopoietic malignancies. However, there is 
no significant correlation with AML itself [57]. Another 
study evaluated the cancer risk from formaldehyde expo-
sure within anatomical laboratory settings, revealing that 
the assessed cancer risk for the staff exceeded the limits 
recommended by the United States Environmental Pro-
tection Agency (EPA) [58]. Regarding the relationship 
between occupational exposure to benzene and AML, 
current research has not definitively established a direct 
link between benzene exposure and AML. However, 
as a known carcinogen, benzene remains a significant 
consideration in the occupational environment for the 
incidence of AML [23]. Smoking is a well-documented 
risk factor with multiple meta-analyses indicating an 
increased risk of AML [59]. For example, a systematic 
review and meta-analysis included 20 case-control stud-
ies involving 7,538 AML patients and 137,924 healthy 
controls [60]. Another updated meta-analysis covered 
23 studies published from 1993 to 2013, involving 7,746 
cases of AML [61]. Additionally, a pooled analysis of nine 
cohort studies conducted in Japan showed an increased 
risk of AML associated with smoking [62]. In conclu-
sion, high BMI, occupational exposure to formaldehyde 
and benzene, and smoking are pivotal risk factors for the 
incidence and mortality of AML. These factors are par-
ticularly evident in developed regions with high AML 
morbidity and mortality. Consequently, effective inter-
vention strategies targeting these risk factors are impera-
tive for reducing the burden of AML.

Our research also has several limitations. Firstly, clini-
cal processes such as data collection and patient care in 
AML in 2020–2021 may be affected due to the COVID-
19 pandemic. The GBD research process corrects for 
these potential limitations through a variety of methods, 
such as the use of modelling to estimate missing data or 
adjusting analytical strategies to account for the influence 
of the epidemic [63]. However, these adjustments may 
themselves introduce a degree of uncertainty. While the 
GBD database encompasses many countries and regions 
globally, the accuracy and completeness of data may 
differ across regions. Particularly in low- and middle-
income countries, the data may be less detailed or subject 
to bias. The classification and definitions of diseases in 
the GBD database may differ from those in other inter-
national databases or studies, potentially compromising 
the accuracy of disease burden assessments. Further-
more, while data from various periods and regions may 
be influenced by differing medical practices, diagnos-
tic techniques, and reporting systems, leading to biases 
when analyzing long-term trends. Additionally, while 
the GBD database employs various epidemiological indi-
cators to assess disease burden comprehensively, these 
indicators may not fully capture the complete impact of 

AML on patients’ quality of life and socioeconomic sta-
tus. Finally, the GBD database offers population-level 
data, which may not include detailed individual patient 
information, thus limiting in-depth analysis of the epide-
miological characteristics of specific subtypes or patient 
groups in AML.

Conclusion
This study reveals that from 1990 to 2021, there was a 
rising trend in the incidence and deaths of AML glob-
ally, with a more pronounced disease burden observed 
in males and the elderly population. We found a positive 
correlation between the incidence of AML and SDI val-
ues. Smoking, high body mass index (BMI), and occu-
pational exposure to benzene and formaldehyde are the 
main risk factors for AML-related deaths. Smoking and 
high body mass index predominated in developed coun-
tries, while occupational exposure was the predominant 
risk factor in developing countries. These findings under-
score the importance of developing preventive measures 
tailored to different regions and populations. Future 
research should focus on developing effective prevention 
strategies and exploring novel therapeutic approaches 
to reduce the incidence of AML and improve patient 
prognosis.
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