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Abstract

Background Intracerebral hemorrhage (ICH) results from the rupture of blood vessels causing bleeding within

the brain and is one of the major causes of death and long-term disability globally, particularly in low- and middle-
income countries. Despite having a lower incidence than ischemic stroke, ICH imposes a greater social and economic
burden. To our knowledge, since the release of the 2021 Global Burden of Disease (GBD) report, there has been no
comprehensive update on the epidemiology and trends of ICH. This study aims to analyze the impact of gender, age,
and the Sociodemographic Index (SDI) on the burden of ICH at global, regional, and national levels.

Methods Data on the incidence, deaths, and disability-adjusted life years (DALYs) of ICH and its related risk factors
from 1990 to 2021 were extracted from the GBD 2021 project, encompassing 203 countries and regions. Furthermore,
temporal trends of the global intracerebral hemorrhage burden were assessed through Joinpoint analysis.

Results In 2021, there were 3.444 million new cases of ICH worldwide, with an age-standardized prevalence rate of
40.8 per 100,000 people, representing a 31.4% decrease compared to 1990. In 2021, ICH caused 3.308 million deaths,
with an age-standardized mortality rate of 39.1 per 100,000 people, a reduction of 36.6% since 1990. Globally, ICH
accounted for 79.457 million DALYs, with an age-standardized DALY rate of 92.4 per 100,000 people, representing a
39.1% decrease since 1990. Regionally, Central Asia, Oceania, and Southeast Asia had the highest age-standardized
prevalence rates of ICH, whereas Australasia, high-income North America, and Western Europe had the lowest rates.
Nationally, the Solomon Islands, Mongolia, and Kiribati had the highest age-standardized prevalence rates, whereas
Switzerland, New Zealand, and Australia had the lowest. Hypertension, smoking, and environmental pollution were
identified as the primary risk factors for ICH. This study also validated the significant association between SDI and the
burden of ICH, with the age-standardized DALY rate of ICH decreasing significantly as SDI increased.
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Conclusion Despite the decreasing burden of intracerebral hemorrhage, it remains a significant public health
issue in countries with a lower SDI. Prevention strategies should prioritize hypertension management, air quality
improvement, and smoking control to further mitigate the impact of intracerebral hemorrhage.

Keywords Intracerebral hemorrhage, Global Burden of Disease, Sociodemographic index, Risk factor analysis,

Joinpoint

Introduction

Intracerebral hemorrhage (ICH) is a leading cause of
death and long-term disability among adults globally,
particularly in low- and middle-income countries, mak-
ing it a major public health issue [1-3]. Studies show that
although the incidence of hemorrhagic stroke is lower
than that of ischemic stroke, ICH imposes a greater social
and economic burden [4, 5].

The Global Burden of Disease (GBD) study provides
detailed epidemiological data, offering critical insights
for public health decision-making through systematic
analysis of various diseases and risk factors [6, 7]. The
GBD database includes comprehensive data from 1990
to 2021, covering incidence, mortality, and disability-
adjusted life years (DALYs), invaluable for assessing
global trends and influencing factors of ICH [8, 9].

Using data from GBD 2021, we conducted a compre-
hensive assessment of the global, regional, and national
burden of ICH and its associated risk factors. This study
aims to analyze the impact of gender, age, and the SDI on
the burden of ICH at global, regional, and national lev-
els. Although previous research has provided data up to
2019, the rapidly evolving field of stroke research neces-
sitates the latest two years of data to remain relevant for
public health policymakers. Additionally, since the onset
of the COVID-19 pandemic in late 2019, healthcare
resources have been predominantly allocated to control-
ling and treating the pandemic. This period from 2019
to 2021 underscores the critical importance of providing
updated data. Therefore, this study updates the data to
2021, offering the latest epidemiological trends and risk
factor analysis to support timely prevention and inter-
vention measures.

Methods

Overview

This study analyzes the epidemiology of ICH using
annual incidence, mortality, and DALY data from the
GBD database. This study strictly adheres to the Guide-
lines for Accurate Health Estimates Reporting recom-
mendation [10].

Estimation framework

The incidence of ICH is estimated using DisMod-MR, a
Bayesian meta-regression modeling tool [11]. Adjusted
available mortality data are used to estimate the mortality
rate of ICH, employing a cause-of-death ensemble model.

Data availability

The data for this study were obtained from the GBD 2021
database, covering data from 1990 to 2021. The defini-
tion of ICH is based on the International Classification of
Diseases, 10th Revision (ICD-10) standards. All research
data can be accessed publicly via the Global Health Data
Exchange (GHDx) query tool (https://vizhub.healthdata.
org/gbd-results/).

Patient and public involvement

Since the study utilized publicly available aggregate data,
no patients were involved in setting the research ques-
tion, determining the outcome measures, or participating
in the design or implementation of the study.

Statistical analyses

To estimate the years of life lost, the number of deaths
in each age group was multiplied by the remaining life
expectancy for that age group according to the Global
Burden of Disease standard life table. The DALYs for
intracerebral hemorrhage were calculated by summing
the years lived with disability (YLD) and the years of life
lost (YLL) [11, 12]. The level of uncertainty was assessed
by performing 1,000 iterations at each step and integrat-
ing uncertainties from multiple sources, including input
data, measurement error corrections, and residual non-
sampling error estimates. The uncertainty interval was
defined as the range between the 25th and 975th values
of the ordered samples. A smoothed spline model was
employed to analyze the relationship between the bur-
den of ICH and the SDI across 21 regions and 203 coun-
tries and territories. The Sociodemographic Index ranges
from O (least developed) to 1 (most developed) and is a
composite measure including GDP per capita (smoothed
over the past decade), average years of education for
those aged 15 and older, and total fertility rate for those
under 25 years old [13, 14]. The temporal trends in the
global burden of intracerebral hemorrhage were esti-
mated using the Joinpoint regression model, a statistical
linear model set previously detailed in the literature [15].
Annual percentage changes (APCs) and their 95% confi-
dence intervals (Cls) were calculated. Age-standardized
incidence rates, mortality rates, and DALY rates were
plotted using R software (version 4.3.1).
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Results

Global level

In 2021, 3.444 million new cases of ICH were reported
globally, with an age-standardized prevalence rate of 40.8
per 100,000 people, reflecting a 31.4% decrease from
1990. ICH resulted in 3.308 million deaths in 2021, with
an age-standardized mortality rate of 39.1 per 100,000
people, marking a 36.6% decrease since 1990. In 2021, the
global DALYs attributable to ICH totaled 79.457 million,
with an age-standardized DALY rate of 92.4 per 100,000
people, indicating a 39.1% decrease since 1990 (Table 1).
Over the past 32 years, the global age-standardized inci-
dence rate (ASIR), death rate, and disability-adjusted
life year (DALY) rate of intracerebral hemorrhage have
significantly decreased. Specifically, as shown in Fig. 1,
the global ASIR markedly declined from 1990 to 2014,
increased from 2014 to 2019 (APC=0.72%, 95% CI: 0.50—
0.94%, p<0.05), and then decreased again. Similarly, the
age-standardized death rate (ASDR) and DALY rate of
intracerebral hemorrhage also significantly decreased,
with the most notable declines occurring between 2004
and 2007 (ASDR: APC = -3.75%, 95%Cl: -4.52% to -2.97%,
p<0.05; DALY rate: APC = -3.40%, 95% CIL: -3.97% to
-2.82%, p<0.05) (Table 1; Fig. 1).

Regional level

In 2021, Central Asia (74.7), Oceania (74.4), and South-
east Asia (69.8) had the highest age-standardized preva-
lence rates of ICH per 100,000 people, while Australasia

Table 1 The results of estimating the temporal trends in the
global burden of intracerebral hemorrhage using the Joinpoint
regression model

Segment Seg- Seg- APC(95%UI) P
ment ment
Start End

Incidence 0 1990 1997 -0.17(-0.28 t0-0.06)  0.005
1 1997 2005 -1.29(-139to0-1.18) <0.001
2 2005 2014 -287(-295t0-2.79)  <0.001
3 2014 2019  0.72(0.50 to 0.94) <0.001
4 2019 2021  -239(-3.13to-1.64) <0.001

Death 0 1990 1999  -066(-0.75t0-0.56) <0.001
1 1999 2004 -0.15(-042t00.12)  0.247
2 2004 2007 -3.75(-4.52t0-297) <0.001
3 2007 2010 -1.87(-2.70t0-1.04)  <0.001
4 2010 2014 -3.06(-3.54t0-257) <0.001
5 2014 2021 -137(-153to-1.21) <0.001

DALY 0 1990 1995 -0.65(-0.82t0-049) <0.001
1 1995 1998  -1.29(-1.92t0-0.66) <0.001
2 1998 2004 -0.54(-0.67 to-040) <0.001
3 2004 2007 -3.40(-397t0-2.82) <0.001
4 2007 2010 -2.12(-2.73to-155) <0.001
5 2010 2014 -2.90(-3.25t0-2.55) <0.001
6 2014 2021 -1.50(-1.62t0 1.39)  <0.001

Abbreviations APC: annual percentage change; DALY: disability-adjusted life year
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(10.8), high-income North America (13.1), and West-
ern Europe (13.2) had the lowest rates. Oceania (110.4),
Southeast Asia (80.7), and Central Sub-Saharan Africa
(77.1) had the highest age-standardized mortality rates
of ICH, while Australasia (6.5), Western Europe (8.1),
and high-income North America (9.3) had the low-
est. In 2021, the highest age-standardized DALY rates
per 100,000 people were reported in Oceania (2582.5),
Southeast Asia (1976.8), and Central Sub-Saharan Africa
(1772.6), while the lowest rates were seen in Australasia
(126.2), Western Europe (161.2), and high-income North
America (221.2) (Supplementary Table 1).

From 1990 to 2021, age-standardized incident rates of
ICH decreased across all 21 global regions, with the larg-
est declines in Tropical Latin America (-59.9%), high-
income Asia Pacific (-55.7%), and the Caribbean (-52.8%).
In terms of age-standardized mortality rates, only Sub-
Saharan Africa showed an increase of 2.8%. From 1990
to 2021, age-standardized DALY rates for ICH decreased
across all regions, with the largest reductions in high-
income Asia Pacific (-67.0%), Tropical Latin America
(-66.0%), and Southern Latin America (-65.9%) (Supple-
mentary Table 1).

National level

In 2021, age-standardized incidence rates of ICH across
countries ranged from 9.9 to 198.1 per 100,000 people.
The highest rates were observed in the Solomon Islands
(198.1), Mongolia (153.3), and Kiribati (140.6), while
the lowest rates were in Switzerland (9.9), New Zealand
(10.1), and Australia (10.9) (Fig. 2A, Supplementary Table
2). In 2021, age-standardized mortality rates of ICH
across countries ranged from 4.3 to 160.7 per 100,000
people. The highest mortality rates were in the Solomon
Islands (160.7), Montenegro (159.3), and Nauru (147.2),
while the lowest rates were in Switzerland (4.3), Andorra
(5.1), and Ireland (5.1) (Fig. 2B and Supplementary Table
3). In 2021, age-standardized DALY rates of ICH across
countries ranged from 103.4 to 3998.5 per 100,000 peo-
ple. The highest rates were in Nauru (3998.5), the Solo-
mon Islands (3737.7), and the Marshall Islands (3450.4),
while the lowest rates were in Ireland (103.4), Andorra
(108.2), and Iceland (115.8) (Fig. 2C and Supplementary
Table 4).

From 1990 to 2021, the largest increases in age-stan-
dardized incidence rates of ICH were in Lesotho (32.5%),
the Philippines (29.8%), and Uzbekistan (7.2%), while
the largest decreases were seen in South Korea (-77.1%),
Portugal (-69.6%), and Estonia (-68.7%) (Supplementary
Table 2). During the same period, the largest increases
in age-standardized mortality rates of ICH were in Cuba
(42.7%), Lesotho (35.7%), and Turkmenistan (24.1%),
while the largest decreases were in South Korea (-88.2%),
Singapore (-80.2%), and Taiwan province of China
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Fig. 1 Global trends for age-standardized rates (per 100,000 population) of intracerebral hemorrhage from 1990 to 2021. (A) Age-standardized incidence
rate; (B) Age-standardized death rate; (C) Age-standardized DALY rate. Abbreviations DALY disability-adjusted life-year

(-79.2%) (Supplementary Table 3). The largest increases
in age-standardized DALY rates of ICH were in Zimba-
bwe (56.2%), Lesotho (46.3%), and Turkmenistan (22.3%),
while the largest decreases were in South Korea (-87.4%),
Singapore (-79.3%), and Hungary (-77.7%) (Supplemen-
tary Table 4).

Age and sex patterns

In 2021, the global incidence rate of ICH began to sig-
nificantly increase in the 40-44 age group and peaked
in the 295 age group. The highest number of new cases
worldwide in 2021 was in the 70-74 age group, followed
by a decline with increasing age. In 2021, the number of
new ICH cases among men was higher up to the age of
75-79, but it was more common in women aged 80 and
above (Fig. 3A). In 2021, the global mortality rate of ICH
reached its highest level in the 90-95 age group, with
mortality rates higher in men than in women across all
age groups. The highest number of deaths occurred in the
70-74 age group, followed by a decline with increasing

age (Fig. 3B). The global DALY rates for ICH in both men
and women peaked in the 85-89 age group and then
declined with increasing age, with DALY rates higher in
men than in women across all age groups (Fig. 3C)

Association with socio-demographic index
At the regional level, from 1990 to 2021, we observed
a significant decrease in the age-standardized DALY
rate for intracerebral hemorrhage with increasing SDI
(P<0.001). During this period, age-standardized DALY
rates in Oceania, East Asia, Southeast Asia, Central Asia,
and high-income Asia Pacific were higher than expected.
In contrast, the burden in Andean Latin America, Tropi-
cal Latin America, the Caribbean, South Asia, Western
Sub-Saharan Africa, Australasia, Southern Latin Amer-
ica, and Central Latin America was lower than expected
(Fig. 4)

At the national level in 2021, the age-standardized
DALY rate for intracerebral hemorrhage decreased
gradually with increasing SDI up to approximately 0.35.
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represent a higher than expected burden

Beyond an SDI of approximately 0.35, the age-standard-
ized DALY rate for intracerebral hemorrhage decreased
rapidly with further increases in SDI (P<0.001). Coun-
tries and regions such as the Solomon Islands, Nauru,
the Marshall Islands, Vanuatu, and Palau had a signifi-
cantly higher burden of intracerebral hemorrhage than
expected, whereas Niger, Yemen, Cuba, Palestine, and
Spain had a significantly lower burden than expected
(Supplementary Fig. 1).

Risk factors

The proportion of DALYs attributed to individual risk
factors for ICH varies across different GBD regions.
Globally, hypertension, particulate matter air pollution,
and smoking are the primary contributors to intrace-
rebral hemorrhage-related DALYs. Hypertension is the
leading contributor to DALYs, followed by particulate
matter air pollution and smoking (Fig. 5).

The charts display the proportion of DALYs due to indi-
vidual risk factors for ICH across genders. The contribu-
tion of risk factors differs between males and females. For
example, smoking, sodium intake, and alcohol consump-
tion contribute more to intracerebral hemorrhage-related
DALYs in males. However, hypertension and particulate
matter air pollution are major risk factors for both sexes.
Identifying and managing these key risk factors can lead

to more effective prevention strategies to reduce the bur-
den of ICH (Supplementary Figs. 2 and 3).

Discussion
This study comprehensively examines the global,
regional, and national burden of ICH by analyzing data
from the GBD database spanning 1990 to 2021. The
results indicate that although the global ASIR, ASDR,
and age-standardized DALY rate of ICH have declined
over the past decades, significant regional and national
differences persist. The results of this study are largely
consistent with previous research, showing a decline in
the global burden of intracerebral hemorrhage. How-
ever, by updating the data to 2021, this study provides
the latest epidemiological trends and risk factor analy-
sis, filling the data gap from 2019 to 2021. This update is
particularly important given that, since the onset of the
COVID-19 pandemic in late 2019, healthcare resources
have been primarily allocated to controlling and treating
the pandemic, making the update of epidemiological data
for other diseases crucial. The latest two years of data can
help policymakers identify the most recent risk factors
and trends, thereby enabling more effective prevention
and intervention strategies.

First, the global ASIR for ICH has significantly
decreased since 1990, with 3.444 million new cases
reported worldwide in 2021 and an age-standardized
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prevalence rate of 40.8 per 100,000, representing a 31.4%
decrease from 1990. This trend is particularly evident in
high-income and upper-middle-income regions, which
benefit from developed healthcare systems and early
intervention measures. However, during the period from
2014 to 2019, the age-standardized incidence rate slightly
increased, likely due to the global aging trend, which
resulted in an increase in the elderly population and
consequently more cases of intracerebral hemorrhage.
Additionally, in some regions, enhanced diagnosis and
reporting of intracerebral hemorrhage during this period
contributed to the rise in incidence rates. In contrast, in
low- and middle-income regions such as Sub-Saharan
Africa, the decline in ASIR and ASDR has been less pro-
nounced. This is primarily related to the scarcity of medi-
cal resources, insufficient public health service coverage,
and lower levels of socioeconomic development [16,
17]. Additionally, regarding the global mortality of ICH,
in 2021, ICH caused 3.308 million deaths worldwide,
accounting for 96% of the total new cases. This high mor-
tality rate is significantly higher than the 85% (2.89 mil-
lion deaths out of 3.41 million new cases) reported in the
previous GBD stroke report. One possible reason for this
discrepancy is that different data sources and reporting
methods may lead to variations in mortality rates. The

GBD 2021 database has a broader data collection scope,
including more low- and middle-income countries, where
medical resources are relatively scarce and the treat-
ment and rehabilitation conditions for ICH patients are
poor, resulting in higher mortality rates. Secondly, dur-
ing the COVID-19 pandemic, healthcare resources were
primarily allocated to combating the pandemic, impact-
ing the diagnosis and treatment of other diseases, which
may have also contributed to the increased mortality rate
of ICH patients. During the pandemic, many countries’
healthcare systems were under tremendous pressure, and
ICH patients might not have received timely and effective
treatment, thereby increasing mortality.

At the regional level, in 2021, Central Asia, Oceania,
and Southeast Asia had the highest age-standardized
incidence rates of ICH at 74.7, 74.4, and 69.8 per 100,000,
respectively, while Australasia, high-income North
America, and Western Europe had the lowest rates. This
reflects disparities in ICH prevention and treatment
across regions. High-incidence regions commonly have
high prevalence of hypertension, relative scarcity of med-
ical resources, and insufficient health education [18]. For
example, Central Asia and Southeast Asia have higher
rates of hypertension combined with unhealthy lifestyles,
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such as high-salt diets and smoking, which further exac-
erbate the burden of ICH [19].

At the national level in 2021, the Solomon Islands,
Mongolia, and Kiribati had the highest age-standardized
incidence rates of ICH, while Switzerland, New Zealand,
and Australia had the lowest. These differences reflect
not only variations in health services and disease preven-
tion but also the impact of socioeconomic development
on disease burden [20]. High-incidence countries often
face challenges such as scarce medical resources, insuf-
ficient health service coverage, and prevalent high-risk
behaviors (e.g., smoking and high-salt diets).

Although the global ASDR for ICH generally declined
from 1990 to 2021, regions such as Southern, East-
ern, and Southeastern Sub-Saharan Africa experienced
increases in ASDR and DALY rates. This indicates sig-
nificant deficiencies in ICH prevention and management
in these regions, likely due to limited medical resources,
poor accessibility to health services, and suboptimal
socioeconomic conditions [21]. Future efforts should
focus on fostering regional cooperation to integrate
medical advancements from high-income countries into
middle- and low-income countries, thereby enhancing
their healthcare capabilities [22, 23]. Additionally, the
global aging population has contributed to the increased
burden of ICH in these regions. Strengthening health-
care infrastructure and public health services, improving
hypertension management, reducing smoking rates, and
enhancing dietary habits are crucial to reducing the bur-
den of ICH in these regions.

Regarding risk factors, this study confirms that hyper-
tension, particulate matter pollution, and smoking are
primary contributors to ICH. As the most important
controllable risk factor, effective hypertension manage-
ment is crucial for ICH prevention. Additionally, smok-
ing and particulate matter pollution significantly increase
ICH risk. Compared to the risk factors identified in GBD
2019, high systolic blood pressure remains the most
significant risk factor, highlighting the importance of
continuous hypertension management. The impact of
particulate matter pollution remained significant in 2021,
indicating the ongoing necessity of environmental gover-
nance. Additionally, the influence of smoking increased
in 2021, further underscoring the need for enhanced
tobacco control measures. We have also investigated the
differences in risk factors across genders, offering valu-
able references for future prevention strategies tailored to
different groups.

The significant association between the SDI and ICH
burden was also confirmed in this study. Our research
shows that as SDI increases, the age-standardized DALY
rate of ICH significantly decreases. Countries and regions
with higher SDI tend to have better medical resources
and higher health awareness, enabling more effective
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prevention and treatment, thereby reducing the disease
burden. Conversely, countries and regions with lower SDI
face greater ICH burdens due to insufficient resources
and services. This finding underscores the importance of
improving socioeconomic conditions to alleviate the bur-
den of ICH.

In summary, this study provides a comprehensive
understanding of the current status and trends of the
global ICH burden through a systematic analysis of the
GBD database. Although the global ASIR and ASDR
for ICH are generally declining, significant regional and
national differences still warrant attention. Future pub-
lic health policies should focus on high-risk regions and
populations by implementing comprehensive measures
such as improving hypertension management, smoking
control, environmental quality, and healthcare service
coverage to reduce ICH incidence and mortality and alle-
viate the global disease burden. Particularly in low- and
middle-income countries and regions, increasing medi-
cal resource investment, healthcare service coverage,
hypertension control rates, reducing smoking rates, and
enhancing environmental quality are essential to improv-
ing public health. International cooperation and policy
support can more effectively address the global chal-
lenges of ICH, ultimately leading to a comprehensive
improvement in global health levels.

The strengths of this study lie in the use of large-scale
global data, covering long-term trend analysis from
1990 to 2021, providing a comprehensive picture of the
ICH burden. However, the study also has limitations,
such as possible inadequacies in data quality and cover-
age in some low-income countries, and the assumptions
of statistical models may not fully reflect the complexity
of real-world situations. Future research should aim to
improve data collection and analysis methods to more
accurately assess the global and regional ICH burden and
develop more effective prevention and control strategies.
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