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ABSTRACT

PURPOSE AML accounts for 80% of acute leukemia in adults. While progress has been
made in treating younger patients in the past 2 decades, there has been limited
improvement for older patients until recently. This study examines the global
and European Union (EU) 151 trends in AML between 1990 and 2019.

METHODS We extracted age-standardized incidence rates (ASIRs), age-standardized
death rates (ASMRs), and disability-adjusted life years, stratified by sex from
the Global Burden of Disease Study database, and mortality-to-incidence ratio
(MIR) were computed. Trends were compared using Joinpoint regression.

RESULTS The findings show a global increase in AML incidence for both sexes from 1990
to 2019. In the EU151 countries,most countries exhibited an increase in ASIR for
both sexes. Joinpoint revealed that globally for male patients, ASIR steadily
increased until 2010, remained stable until 2015 followed by a decline till 2019.
Similar trends were observed in female patients. For ASMR, although there was
an increase globally and in most EU151 countries, there was a statistically
significant decrease in mortality rates globally and in the majority of EU151
countries in recent years. MIR improved in both sexes globally. On age strat-
ification, AML burden was highest among older groups (55 years and older),
while the lowest rates were observed in younger than 20 years.

CONCLUSION The findings from our study indicate a global rise in AML incidence and
mortality in both sexes and decrease in MIR from 1990 to 2019 suggesting a
better survival. However, on Joinpoint analysis, there is no change in MIR in
women in the past decade and past 4 years inmen indicating plateau in survival
trends despite recent advances.

INTRODUCTION

AML is the most common acute leukemia in adults and is
responsible for approximately 80% of all patients of acute
leukemias.1 In adults, AML is a disease of the aged, with a
median age at diagnosis of 68 years.2 Globally, the annual
number of newly diagnosed patients of all leukemias has in-
creased by 46% in the past 3 decades. The major responsible
factors are aging, as well as an increase in secondary leukemias
due to the widespread use of cytotoxic chemotherapy.3 Inci-
dence for all leukemiashas consistently decreasedby0.93%per
year in the past 3 decades. However, incidence for AML has
increased by 15%, and the proportion of AML accounting for
total patients with leukemia has increased by 27%.1 With the
highest percentage of deaths (60%), it is one of the deadliest
leukemias.Outcomesareworst in the subset ofpatientswhoare
aged 65 years, in which only 30% survive at 1-year intervals.4-6

The management approach of AML remained relatively
stagnant for decades. However, in the past 5 years, consid-
erable therapeutic progress has been made in understanding
molecular and genetic pathogenesis and testing, along with
the development of novel targeted therapies.7 These advances
in diagnostics, therapeutics, risk stratification, and sup-
portive care of AML are expected to improve AML-associated
disability andmortality.8,9 However, these advances are yet to
be implemented in low- or middle-income countries.

The main objective of this study was to compare the trends in
age-standardized incidence rates (ASIRs), age-standardized
death rates (ASMRs), mortality-to-incidence ratios (MIRs),
and disability-adjusted life years (DALYs) because of AML
globally and European Union (EU) 151 countries from 1990 to
2019. EU151 comprises Austria, Belgium, Canada, Denmark,
Finland, France, Germany, Greece, Ireland, Italy, Luxembourg,
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Netherlands, Norway, Portugal, Spain, and Sweden. With
Australia, the United Kingdom, and the United States, this
group represents a readily comparable group of 19 countries
because of similar health infrastructure10,11 and completeness of
critical registration reporting.12,13 Regions were divided into
Africa, Americas, South-East Asia, European, Eastern Medi-
terranean, and Western Pacific, as described by the WHO.14 To
our knowledge, no such recent analysis comparing trends in
this cohort of countries has been performed.

METHODS

Characteristics of the Data Source

This observational analysis of AML among EU151 countries
was performed using data from the Global Burden of Disease
(GBD) database.We have used thismethod to describe trends
in intracerebral hemorrhage (ICH),15 thyroid cancer,16 and
kidney cancer.17 For AML data, the GBD maps data related to
the International Classification of Diseases (ICD) codes (code
C92 and its descendants from ICD, 10th Revision [ICD-10]
and code 205 and its descendants from ICD, Ninth Revision
[ICD-9]). These data are then combined by Bayesian met-
aregression with the DisMod-MR 2.19 tool that analyzes,
adjusts for bias, and produces disease estimates with un-
certainty intervals.

The data from vital registration sources, verbal autopsy re-
ports, and surveillance data are used as input to arrive at
mortality estimates using the cause-of-death ensemble
model and are entered into the GBD cause-of-death database.
The quality of mortality data from each country are rated by
the GBD in a 5-star system by location year to assist in the
reader’s comprehension of the reliability of the cause of death
data. The EU151 countries have been previously analyzed this
way,with 10of 19 scoringfive stars (85%-100%completeness

of mortality data), and the remaining nine countries scoring
four stars (65%-84% completeness of mortality data).17

Handling of the GBD Data

We used the GBD study results tool to extract ASIR, ASMRs,
and DALYs data for AML between 1990 and 2019.18 GBD
calculates a standard population from the United Nations
Population Division’s World Population Prospects.19 Sub-
sequently, absolute and relative changeswere calculated for
each sex in each country. The MIR was calculated by di-
viding ASMR by ASIR. DALYs incorporate morbidity and
mortalityfigures to calculate the number of years lived with
and lost from a disability. The WHO uses them to indicate
the overall disease burden on a health system.20 Mean
trends of global and different WHO region were also re-
ported for comparison.

Statistical Analysis

Joinpoint Command Line version 4.5.0.1 was used to apply a
Joinpoint regression analysis (provided by the US National
Cancer Institute Surveillance Research Program).21 The
software observes trends in the data over the study period
and connects these trends with the simplest model possible
on a logarithmic scale. It will identify specific inflection
points in the overall trends and provide a robust estimate of
changing trends. It computes estimated annual percentage
change (EAPC) for each trend and tests for significance using
a Monte Carlo permutation method.

Subgroup Analysis

Age-stratified analysis was performed by dividing the entire
population on the basis of available age groups in the GBD
database: younger than 20 years, 20-54, and 55 and older.

CONTEXT

Key Objective
This study investigates global and European Union (EU) 151 trends in AML between 1990 and 2019.

Knowledge Generated
This study provides insights into AML epidemiology, including age-standardized incidence rates (ASIRs), age-standardized
death rates (ASMRs), disability-adjusted life years, and mortality-to-incidence ratio (MIR). Globally, AML incidence in-
creased for both sexes, with most EU151 countries showing rising ASIR. However, a shift occurred, with ASIR rising until
2010, stabilizing until 2015, and declining from 2015 to 2019 globally. Despite a global ASMR increase, many EU151
countries saw significant mortality rate reductions. MIR improved globally, indicating better survival. AML burden was
highest among older age groups (55 years and older) and lowest among those younger than 20 years.

Relevance
This study provides a comprehensive analysis of AML epidemiology, highlighting a global rise in incidence andmortality but
also improved survival trends, with some recent plateauing. Continued research and advancements in treatment are
warranted.
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RESULTS

Trends in AML Incidence

Globally, ASIR has increased for male patients (134.60%)
and female patients (17.9%; Tables 1 and 2 and Fig 1). In
EU151 countries, 15/19 (79%) countries showed an increase
in ASIR for male patients, and 14/19 (74%) countries showed
an increase for female patients. In 2019, Germany had the
highest ASIR for male patients (5.94/100,000) and female
patients (4.39/100,000), and the lowest ASIRwas observed in
Norway for male patients (2.00/100,000) and female pa-
tients (1.37/100,000).

For male patients, globally, ASIR steadily increased until
2010 (EAPC, 0.7%; 1990-2007 and 1.1%; 2007-2010; Data
Supplement, eTable 1A). It was followed by a flat trend
from 2010 to 2015 (0.2% [0%-0.5%]) and then a decline till
2019 (–0.6%). Among EU151 countries, latest EAPC were
either decreasing 12/19 (63%) or flat in 6/19 (32%) except
Australia (10.5% [2003-2019]). The highest decrease was
seen in Germany from 2015 to 2019 (–1.8%) in male
patients.

For female patients, globally, ASIR increased till 2011, fol-
lowed by a steady decline till 2019 (–0.5%; Data Supplement,
eTable 1B). Among EU151 countries, latest EAPC were

decreasing in 13/19 (68%) or flat in 5/19 (26%) except
Australia (10.5% [2004-2019]). However, the greatest de-
crease was seen in Luxemburg (–1.8% [2010-2019]).

Trends in AML Mortality

Globally, ASMR has increased for male patients (111.74%)
and female patients (11.50%; Tables 1 and 2 and Fig 2). In
EU151 countries, 15/19 countries showed an increase in
ASMR for male patients, and 15/19 countries showed an
increase for female patients. In 2019, the United States had
the highest ASMR for male patients (13.22/100,000), and
Denmark had the highest ASMR for female patients (12.03/
100,000). The lowest ASMR was observed in Finland for
male patients (11.87/100,000) and Norway for female
patients (11.19/100,000).

For male patients, globally, EAPC for ASMR steadily in-
creased till 2011 (0.4% [1990-1997] and 0.7% [1997-2011];
Data Supplement, eTable 2A). Trend remained flat from
2011 to 2015 (0.1%) and then declined till 2019 (–0.5%).
Among EU151 countries, the latest EAPC decreased in
12/19 (63%) countries and steady in 5/19 (26%). Discor-
dant latest trends were observed in the United States
(10.2% [2002-2019]) and Australia (11 [2009-2019]). The
greatest latest decrease was observed in Germany (–1.7%
[–2.7% to 0.7%]) from 2015 to 2019.

TABLE 1. 1990 and 2019 Male ASMRs, ASIRs, MIRs, and DALYs, With Associated Percentage Changes for AML in the European Union 151
Countries

Country DALYs ASIRs ASMRs MIRs

Male Patients 1990 2019 % Change 1990 2019 % Change 1990 2019 % Change 1990 2019 % Change

Global 44.63 45.07 1.00 1.62 1.85 34.60 1.29 1.45 11.74 0.94 0.78 –16.98

Australia 82.08 72.41 –11.78 3.30 3.21 –2.88 3.12 3.05 –2.17 0.94 0.95 0.74

Austria 53.25 66.38 24.66 1.99 3.10 55.89 1.75 2.66 51.98 0.88 0.86 –2.51

Belgium 56.43 63.84 13.13 2.28 3.03 32.72 2.01 2.62 30.39 0.88 0.86 –1.76

Canada 54.98 60.60 10.23 2.22 2.86 29.08 1.94 2.43 25.06 0.88 0.85 –3.11

Denmark 122.03 70.85 –41.94 4.35 2.98 –31.44 4.02 2.90 –27.89 0.92 0.97 5.18

Finland 64.36 47.53 –26.15 2.76 2.23 –19.10 2.24 1.87 –16.68 0.81 0.84 2.99

France 57.05 58.47 2.51 2.19 2.78 27.25 1.90 2.38 25.33 0.87 0.85 –1.51

Germany 62.63 65.95 5.30 4.73 5.94 25.65 1.87 2.52 34.83 0.40 0.42 7.31

Greece 53.49 75.47 41.07 2.12 3.43 61.71 1.88 2.97 57.82 0.89 0.86 –2.41

Ireland 54.42 60.20 10.63 2.27 2.85 25.20 2.02 2.45 21.03 0.89 0.86 –3.33

Italy 57.42 66.90 16.52 2.03 3.00 47.43 1.74 2.55 46.70 0.85 0.85 –0.50

Luxembourg 68.22 62.70 –8.09 2.59 2.68 3.68 2.26 2.33 3.09 0.87 0.87 –0.57

The Netherlands 63.00 62.09 –1.44 2.42 2.98 23.17 2.11 2.58 22.23 0.87 0.86 –0.76

Norway 68.61 49.74 –27.51 2.68 2.00 –25.45 2.22 1.92 –13.68 0.83 0.96 15.78

Portugal 63.45 64.56 1.74 2.08 2.73 31.01 1.71 2.29 33.78 0.82 0.84 2.12

Spain 44.47 55.31 24.39 1.53 2.45 60.21 1.28 2.06 61.31 0.84 0.84 0.69

Sweden 58.09 56.31 –3.07 2.31 2.57 10.99 2.01 2.19 8.90 0.87 0.85 –1.89

The United Kingdom 79.01 75.06 –5.00 3.23 3.46 7.26 2.84 3.17 11.72 0.88 0.92 4.15

The United States 76.78 77.51 0.95 3.39 4.01 18.40 2.75 3.22 16.87 0.81 0.80 –1.30

Abbreviations: ASIR, age-standardized incidence rate; ASMR, age-standardized death rate; DALY, disability-adjusted life year; MIR, mortality-to-
incidence ratio.
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For female patients, globally, EAPC for ASMR steadily
increased till 2011. ASMR declined from 2011 to 2019
(–0.5%; Data Supplement, eTable 2B). Among EU151
countries, latest EAPC were decreasing in 14/19 (74%) and
flat in 3/19 (16%). Worsening latest mortality trends were
observed in Norway (10.5 [2004-2019]) and Australia
(10.5 [2004-2019]). The greatest decrease was observed
in Germany (–1.7% [2010-2019]).

Trends in AML MIR

Globally, MIR has decreased for male patients (–16.98%) and
female patients (–5.99%; Tables 1 and 2). In EU151 countries,
11/19 countries showed a decrease in MIR for male patients,
and 14/19 countries showed a decrease for female patients. In
2019, the MIR was the highest in Denmark for male patients
(10.97/100,000) and female patients (10.94/100,000). Ger-
many had the lowest MIR for male patients (10.42/100,000)
and female patients (10.41/100,000).

For male patients, globally, EAPC for MIR had four trends
with a steady decline from 1990 to 1999 and 2005 to 2015
(–0.2%and–0.1%), respectively (DataSupplement, eTable 3A).
However, the recent trend from 2015 to 2019 remained flat
(10.1%). Among EU151 countries, latest EAPCs were flat in
14/19 (74%). The highest increase was seen in Norway
(10.4% [2006-2019]).

For female patients, globally, MIR steadily decreased till 2010
and has not changed since (0% [2010-2019]; Data Supple-
ment, eTable 3B). Among EU151 countries, the latest EAPC
wereflat in 11/19 (58%) and increasing in 8/19 (42%). Highest
increases were seen in Luxemburg (10.8% [2011-2019]) and
in Norway (10.8% [1998-2019]).

Trends in AML DALYs

DALYs have increased for male patients (11.00%) but de-
creased for female patients globally (–6.90%; Tables 1 and 2;
Fig 3). In EU151 countries, 11/19 countries showed an increase
in DALYs for male patients, and 9/19 countries showed an
increase for female patients. TheUnited Stateshad thehighest
DALYs for male patients (177.51/100,000), and Greece had
the highest DALYs for female patients (155.59/100,000). In
2019, the lowest DALYs were observed in Finland for male
patients (147.53/100,000) and Norway for female patients
(135.64/100,000).

For male patients, globally, EAPC for DALYs was observed to
have a flat trend from 1990 to 2004, a steady increase till
2011, followed by a decline since (–0.2 [2011-2019]; Data
Supplement, eTable 4A). Among EU151 countries, the latest
EAPC decreased in 12/19 (63%) and was statistically un-
changed in 6/16 (31%). In recent years, an increase in DALYs
in men was observed in Australia only (10.6%). The highest

TABLE 2. 1990 and 2019 Female ASMRs, ASIRs, MIRs, and DALYs, With Associated Percentage Changes for AML in the European Union
151 Countries

Country DALYs ASIRs ASMRs MIRs

Female Patients 1990 2019 % Change 1990 2019 % Change 1990 2019 % Change 1990 2019 % Change

Global 35.92 33.44 –6.90 1.27 1.37 7.96 0.96 0.98 1.50 0.76 0.71 –5.99

Australia 63.69 53.65 –15.77 2.54 2.54 –0.08 2.12 2.03 –4.22 0.83 0.80 –4.14

Austria 41.95 47.90 14.19 1.53 2.21 44.82 1.27 1.78 40.46 0.83 0.80 –3.01

Belgium 43.19 48.87 13.14 1.66 2.31 38.90 1.37 1.81 31.72 0.82 0.78 –5.17

Canada 44.95 47.08 4.73 1.70 2.15 26.43 1.42 1.65 16.19 0.83 0.77 –8.10

Denmark 95.41 53.24 –44.20 3.46 2.17 –37.27 3.09 2.03 –34.27 0.89 0.94 4.79

Finland 60.47 44.82 –25.88 2.66 2.15 –19.14 1.92 1.59 –17.21 0.72 0.74 2.38

France 39.80 42.56 6.94 1.48 2.01 35.70 1.22 1.58 29.06 0.83 0.79 –4.90

Germany 49.20 51.13 3.93 3.60 4.39 22.08 1.38 1.81 30.82 0.38 0.41 7.16

Greece 42.02 55.59 32.30 1.55 2.52 62.64 1.29 1.96 51.92 0.83 0.78 –6.59

Ireland 47.31 42.40 –10.38 1.78 1.98 11.18 1.49 1.56 4.93 0.83 0.79 –5.62

Italy 43.28 47.88 10.61 1.50 2.15 42.97 1.22 1.67 36.92 0.81 0.78 –4.23

Luxembourg 48.10 48.30 0.42 1.74 1.99 13.91 1.43 1.61 12.17 0.82 0.81 –1.53

The Netherlands 49.61 47.33 –4.59 1.79 2.23 24.74 1.49 1.76 18.39 0.83 0.79 –5.09

Norway 48.98 35.64 –27.24 1.61 1.37 –14.61 1.28 1.19 –6.39 0.79 0.87 9.63

Portugal 54.04 49.80 –7.85 1.73 2.11 21.91 1.32 1.60 20.73 0.77 0.76 –0.97

Spain 33.26 39.02 17.33 1.12 1.71 53.54 0.88 1.33 49.97 0.79 0.77 –2.32

Sweden 52.94 49.77 –6.00 2.02 2.33 15.17 1.66 1.83 9.82 0.82 0.78 –4.65

The United Kingdom 61.95 52.75 –14.84 2.52 2.37 –5.64 2.01 2.02 0.71 0.80 0.85 6.73

The United States 56.72 54.38 –4.12 2.29 2.60 13.44 1.82 2.00 9.62 0.79 0.77 –3.37

Abbreviations: ASIR, age-standardized incidence rate; ASMR, age-standardized death rate; DALY, disability-adjusted life year; MIR, mortality-to-
incidence ratio.
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FIG 1. Trends in ASIRs per 100,000 for AML Globally, in WHO regions and European Union 151 countries between 1990 and 2019. Open
squares indicate male patients, and filled circles indicate female patients. ASIR, age-standardized incidence rate.
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FIG 2. Trends in ASMRs per 100,000 for AML Globally, in WHO regions and European Union 151 countries between 1990 and 2019. Open
squares indicate male patients, and filled circles indicate female patients. ASMR, age-standardized mortality rate.
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FIG 3. Trends in DALYs per 100,000 for AML Globally, in WHO regions and European Union 151 countries between 1990 and 2019. Open
squares indicate male patients, and filled circles indicate female patients. DALY, disability-adjusted life year.
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decreases were seen in Sweden and Norway with the same
rate (–1.3% [2009-2019]) for male patients.

For female patients, globally, EAPC for DALYs was ob-
served to have four Joinpoint trends during the study
period with a decrease in the past decade (–0.4% [2009-
2019]; Data Supplement, eTable 4B). Among EU151
countries, the latest EAPC decreased in 12/19 (63%) and
remained steady in 7/19 (37%) for female patients. The
highest decrease was seen in Ireland for female patients
(–1.4% [2007-2019]).

Subgroup Analysis With Age Stratification

Age Group Younger than 20

The lowest ASIR, ASMR, and DALYs were observed in this
age group (Data Supplement, eTables 4 and 7). Globally,
therewas a decrease in all parameters for both sexes. ASMR,
ASIR, and DALYs decreased for all EU151 countries except
Greece. Greece saw an increase in DALYs for female patients
(12.18%), an increase in ASIR for male patients (12.37%),
and female patients (115.95%), as well as ASMR for female
patients (12.30%). MIR decreased for 15/19 countries for
male patients and female patients.

Age Group 20-54 Years

The secondhighest ASIR, ASMR, andDALYswere observed in
20-54 years (Data Supplement, eTables 5 and 8). Globally,
except for a decrease in DALYs (–1.47%) and MIR (–7.00)
for female patients, there was an increase in DALYs and
MIR for male patients and ASIR and ASMR for both sexes.
For EU151 countries, ASIR was increasing in 11/19 coun-
tries for male patients and 9/19 for female patients, and
ASMR was increasing for 8/19 countries for male patients
and 9/19 for female patients. However, MIR was found to
increase in 5/19 countries for male patients and 8/19 for
female patients. A similar trend was found for DALYs,
increasing in 8/19 countries for male patients and 7/19
for female patients.

Age Group 55 Years and Older

The highest burden of ASIR, ASMR, and DALYs was ob-
served in this age group (Data Supplement, eTables 6 and
9). Globally, there was an increase in ASIR, ASMR, and
DALYs. However, MIR decreased in male patients (–8.97%)
and female patients (–7.05%). Among EU151 countries,
ASIR and ASMR increased for all countries except Norway
and Denmark for male patients and Finland and Denmark
for female patients. DALYs increased in 14/19 countries
for male patients and 16/19 countries for female patients.
Although there was a rising burden in this age group,
MIR decreased in all countries for female patients and 15/19
for male patients.

DISCUSSION

The findings from our study indicate a global rise in AML
incidence in both sexes from 1990 to 2019. Similarly, in EU151
countries, most of the countries had an overall increase in
the incidence. At the same time, ASMR in most EU151
countries have decreased in the past decade except in the
United States and Australia, which have discordant trends
with EAPC of 0.2% and 1%, respectively. In 2019, we noted
that the United States had the highest mortality rate as
measured by ASMR for male patients while Denmark had the
highest for female patients (2.03/100,000), followed by Aus-
tralia (2.031/100,000), the United Kingdom (2.02/100,000),
and the United States (2.00/100,000). All these countries had
higher ASIR aswell. Among all countries, the Unites States had
the second-highestmale ASIR (4.01/100,000), followed by the
United Kingdom (3.46/100,000) and Australia (3.21/100,000).
These higher incidences can be one of the contributory factors
to higher ASMR in these countries. This finding is interesting
as early disease detection is critical for improved survival.

In contrast to overall trends, there has been no change in
MIR in women in the past decade and past 4 years in men.
Similarly, MIR trends have remained unchanged in most
EU151 countries in recent years.Many patients with AML are
idiopathic, with genetic predisposition, ionization radiation,
cytotoxic chemotherapy/drugs, herbicides, and pesticides all
having been linked to AML.22,23 A better understanding of the
molecular pathogenesis of AML led to a more precise se-
lection ofmanagement strategies. Considerable therapeutic
progress has been made in novel target therapies that in-
teract with the AML responsible gene changes. Despite this
promising progress, unchanged MIR in the past decade in
EU151 countries indicates that the mortality outcomes in
AML remain stagnant despite recent advances. This is likely
due—at least in part—to the relatively recent rollout of
some of these therapies and the inevitable lag in clinical
adoption after regulatory approvals are granted. For ex-
ample, although venetoclax was approved by the US Food
and Drug Administration (FDA) and European Medicines
Agency (EMA) in 2016, it did not acquire an AML label by
FDA until 2018 (accelerated approval) and did not receive
full FDA approval for AML until 2020.24 It is also observed
that EMA tends to approve cancer therapy later than FDA,
with a median delay of 241 days.25

The higher incidence, mortality, DALYs, and MIR are
observed in men in all the EU151 countries indicat-
ing higher disease burden and lower survival rates in
men. Disproportionate disease burden in men has been
reported for most cancer types, including hematological
malignancies.26,27 Previous studies have shown that
higher AML disease burden is not consistent over all age
groups, and the sex gap narrows in the older population.28

However, our study revealed consistent sex disparities
across different age groups: younger than 20 years,
20-54 years, and 55 years and older, emphasizing the
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persistent impact on men. The increased disease burden
in men can likely be attributed to factors such as higher
rates of smoking, alcohol consumption, and greater ex-
posure to environmental and occupational hazards.29-32

Like other cancers, smoking has been identified as con-
tributors to both the incidence and mortality of AML.22 In
most EU151 countries, the prevalence of smoking has either
stabilized or decreased. A similar trend is observed in the
United States, where smoking prevalence has declined by 6%
over the past 15 years.33 The stabilization of ASIR in recent
years across most EU151 countries, despite an increase in
the proportion of older adults and a rising prevalence of
obesity worldwide (especially in EU151 countries), might be
explained by changes in smoking prevalence.34,35 Trends of
ASIR in the United States from the SEER database and Ca-
nadian studies mirror our results.36,37 However, another US
study reported a 1.5-2 times increase in the ASIR from AML
from 2011 to 2018.38

Apart from smoking, the aging population and obesity are
significant risk factors contributing to the development of
AML, with amarked increase in risk associated with higher
BMI levels, especially class II and III obesity.39 Genetic
alterations (TET2, JAK2, and ASXL1) have been linked to
age-related clonal hematopoiesis, a condition commonly
found in healthy individuals that becomes more prevalent
with advancing age and is considered a precursor to AML.1,40

Studies have also indicated a connection between AML
development in individuals aged 60 and older and a history
of smoking. Researchers estimated that 40% of patients with
AML with maturation had developed smoking-induced leu-
kemia.41 In our age-stratified analysis, we found that ASIR,
ASMR, and DALYs were highest in the age group of 55 and
older. Conversely, incidence and mortality decreased in
the younger population (younger than 20). However, there
was a global and widespread increase in older age groups
(55 years and older), indicating an overall rise in disease
burden among the elderly population. When examining
these results in EU151 countries, the United Kingdom
displayed the highest ASMR in male patients aged 55 and
older (16.92/100,000), followed by Australia (15.95/100,000)
and the United States (15.66/100,000). However, when
assessing their mortality rates in younger age groups, all

three countries reported ASMR values that were either
lower than or equal to the median ASMR values in their
respective age groups. These findings indicate that these
countries carry a heavier burden of AML within their older
population.

The GBD study collaborators are transparent regarding the
limitations of using the GBD database, and we have pre-
viously discussed them.15,16 Notable limitations include
alterations in data coding systems and country-specific
practice, including a transition from ICD-9 to ICD-10 over
the study period. By mapping mortalities to causes of
death lists, the GBD authors adjust to the different coding
systems. Second, variability exists within and across
countries in the accuracy of death certification with errors in
death certification ranging from 39% to 61%worldwide.11,42,43

However, the top-performing continents in relation to civil
registration and vital statistics were Europe, the Americas,
and Australasia,10 which augments the reliability of the
data presented fromEU151 countries in this study. The GBD
uses under-registration corrections and garbage-code
distribution algorithms to adjust for under-registration.44,45

Garbage codes relate to deaths resulting from poorly defined
diagnoses or those that cannot be the single underlying cause
of death. For the subgroup analysis, the age division is not
uniform because of data availability. In addition, our
analysis mainly represents high-income countries, and
therefore, the external validity is low when applying to
other countries belonging to lower income and developing
world. In addition, as with all observational analyses, there
are likely contributory confounders that are not fully
accounted for. Finally, we stress that this is an observational
analysis from which causal inferences should not be
concluded.

In conclusion, this study provides population-based trends
in AML epidemiology inclusive of all ages and age-stratified
subgroup analysis. The findings from our study indicate a
global rise in AML incidence andmortality in both sexes and
decrease in MIR from 1990 to 2019 suggesting a better
survival. However, on Joinpoint analysis, there is no change
in MIR in the past decade in women and in past 4 years in
men, indicating a plateau in survival trends despite recent
advances.
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