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Global, regional, and national
burden of intracerebral
hemorrhage in adolescents and
young adults and its predictions:
a systematic analysis of the
Global Burden of Disease Study
2021

Guangzhi Hao', Yuwei Han', Yong Liang', Bingying Zhang,
Yushu Dong* and Guobiao Liang*

Department of Neurosurgery, General Hospital of Northern Theater Command, Shenyang, Liaoning,
China

Objective: This study analyzes the global, regional, and national burden
of intracerebral hemorrhage (ICH) in adolescents and young adults using
data from the Global Burden of Disease Study 2021. ICH in younger
populations impacts cognitive and physical health, hindering educational
and professional development. This research provides insights into ICH
trends, burden distribution, and future projections to support targeted public
health strategies.

Methods: We extracted age-standardized incidence, mortality, and
disability-adjusted life years (DALYs) data for ICH from 1990 to 2021, stratified by
age, sex, and Socio-demographic Index (SDI). Estimates were generated using
the DisMod-MR 2.1 Bayesian meta-regression framework. Temporal trends
were analyzed, and decomposition analysis was performed to quantify the
contributions of population growth, aging, and epidemiological changes to the
evolving ICH burden. Frontier analysis was used to evaluate the performance
of countries relative to their SDI levels. Forecasts of ICH burden through 2044
were produced using the Nordpred age-period-cohort model, with internal
validation and sensitivity analyses conducted to assess model robustness.
Results: From 1990 to 2021, global age-standardized ICH incidence, DALYs,
and mortality rates declined, though absolute cases, deaths, and DALYs rose
in low- and middle-SDI regions. High-SDI areas showed the most substantial
burden reductions, while Oceania and Sub-Saharan Africa exhibited higher rates
due to limited healthcare resources. Projections suggest further declines in
age-standardized DALYs and mortality, though incidence may rise by 2044.
Conclusion: Despite declining age-standardized rates, absolute ICH burdens
continue to grow in low-SDI regions, underscoring the need for tailored public
health policies and resource allocation to reduce ICH disparities in young
populations, especially in underserved regions. Equitable healthcare resources
and targeted interventions are essential for reducing global ICH disparities and
improving outcomes.
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1 Introduction

Intracerebral hemorrhage (ICH) is a serious neurological event
characterized by bleeding within brain tissue resulting from the
rupture of blood vessels (I, 2). ICH is broadly divided into
spontaneous and traumatic types, with each category involving
complex pathological processes that significantly challenge both
diagnosis and treatment (3). Clinically, ICH presents through
symptoms such as sudden headaches, altered consciousness,
nausea, and hemiplegia, all of which can severely compromise
cognitive and physical functions, dramatically reducing quality of
life (4). Moreover, ICH carries a substantial risk of disability and
mortality, often leaving survivors with long-term impairments that
impact not only personal health but also family and community
structures (5).

In adolescents and young adults, the consequences of ICH
are particularly concerning due to its occurrence at a life stage
crucial for educational, personal, and professional development.
While advancements in medical imaging and surgical techniques
have contributed to improved outcomes in high-income regions,
disparities in access to care and early intervention remain prevalent
in many low- and middle-income countries, where ICH often
leads to severe, unaddressed disabilities (6). Given the impact of
ICH on younger populations, a global perspective on its burden
through the use of epidemiological and burden of disease studies
is essential. Such analyses allow us to identify regional disparities,
observe trends over time, and project future impacts, guiding
the development of targeted public health policies, preventive
strategies, and resources that can mitigate the growing global
burden of ICH in adolescents and young adults.

2 Methods

2.1 Data sources

This investigation utilized data derived from the Global
Burden of Disease Study 2021 (GBD 2021), with a targeted
focus on ICH among adolescents and young adults (ages 15-
39) across a range of countries and regions. The data included
comprehensive information on the incidence, disability-adjusted
life years (DALYs), and mortality rates associated with ICH,
which were further categorized by age, sex, and geographic region.
The primary data source, the Global Health Data Exchange
(available at https://vizhub.healthdata.org/gbd-results/), enabled
access to these extensive global health metrics. Additionally, to
explore the association between ICH burden and socioeconomic
conditions, we employed the Socio-demographic Index (SDI)-
a multidimensional metric combining data on per capita
income, mean educational attainment, and fertility rate. This
index facilitates an analysis of how variations in socioeconomic
development correlate with the global burden of ICH.

2.2 Estimation framework

The GBD framework provides standardized estimates of
ICH incidence, mortality, and DALYs per 100,000 individuals,
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which allows for broad comparisons. DALYs, as a comprehensive
indicator of disease burden, combine years of life lost (YLLs)
due to premature mortality and years lived with disability (YLDs)
caused by non-fatal outcomes of ICH. To ensure consistency
and comparability across diverse data sources and regions,
the GBD study employed DisMod-MR 2.1, a Bayesian meta-
regression tool specifically designed to estimate non-fatal health
outcomes. DisMod-MR 2.1 integrates heterogeneous data from
vital registration, hospital discharge records, and population-based
surveys, while adjusting for biases, underreporting, and data
sparsity. It applies prior distributions, smoothing across age, time,
and location, and propagates uncertainty through Monte Carlo
simulation to produce 95% uncertainty intervals for all estimates.
To enable age-comparable assessments, all incidence, mortality,
and DALY rates were age-standardized using the World Health
Organization’s standard population, which allows the disentangling
of true epidemiologic trends from those driven by demographic
structure. Future projections (2022-2044) of the ICH burden were
generated using the Nordpred model, an age-period-cohort (APC)
forecasting method widely used in global health research. The
model was applied using 5-year age groups and periods. The drift
component—reflecting the linear trend across successive periods—
was attenuated by 25, 50, and 75% for the first, second, and third
forecast intervals, respectively, to avoid over-projection. Model fit
was evaluated through residual analysis and deviance statistics.
To assess the robustness of projections, we conducted an internal
validation procedure: we trained the Nordpred model using data
up to 2010 and compared forecasts for 2011-2019 against actual
GBD estimates. In addition, sensitivity analyses were performed by
varying drift attenuation assumptions (0, 50, and 100%).

2.3 Statistical analysis

In line with the Global Burden of Disease Study 2021,
we calculated the age-standardized incidence, mortality, and
DALY rates for ICH, along with 95% confidence intervals (Cls),
using the world standard population as a baseline (7). This
standardization ensures the estimates are expressed per 100,000
individuals, facilitating consistent comparisons across different
age and demographic groups (8). We conducted comparative
analyses by sex, age groups (divided into 5-year intervals: 15—
19, 20-24, 25-29, 30-34, and 35-39 years), and across the
SDI spectrum (five categories: high, high-middle, middle, low-
middle, and low SDI levels). The results were consistently reported
per 100,000 population to allow for cross-comparison among
different regions, age cohorts, and SDI categories. Furthermore, a
decomposition analysis was carried out to discern the impacts of
factors such as population growth, demographic aging, and shifts
in epidemiological trends on the overall disease burden from 1990
to 2021. Statistical significance was defined as a P-value <0.05.
The Nordpred method, widely recognized in epidemiological
forecasting, was utilized to project disease burden within SDI
categories and across 21 global regions (9). Through age-period-
cohort analysis, this method enables robust future trend predictions
by systematically incorporating historical data and demographic
changes to estimate potential global health scenarios. Statistical
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FIGURE 1
Geographical distribution of age-standardized incidence.

analyses were performed using R software (version 4.4.2), with
results deemed significant at P < 0.05.

3 Results

3.1 Temporal trend of intracerebral
hemorrhage in the adolescents and young
adults from 1990 to 2021

Globally, the age-standardized incidence rate, DALYs, and
mortality rate decreased from 11.85 (95% CI: 7.96-16.69), 271.00
(246.95-293.66), and 4.30 (3.91-4.66) in 1990 to 8.14 (5.65-11.31),
177.45 (159.88-196.14), and 2.79 (2.51-3.10) in 2021, respectively
(Supplementary Table 1). Furthermore, we observed that females
had lower age-standardized incidence, DALYs, and mortality rates
compared to males, with this difference being particularly notable
in the 30-39 age group (Supplementary Table 2).

In 2021, countries with the lowest age-standardized incidence,
DALYs, and mortality rates included high-SDI regions such
as Switzerland, New Zealand, Israel, Australia, and Norway.
Conversely, countries with the highest age-standardized incidence
rates, DALYs, and mortality rates were predominantly in low-
middle and middle-SDI regions, such as Kiribati, Nauru, the
Marshall Islands, Vanuatu, and Micronesia (Federated States of;
Figure 1, and Supplementary Table 3).
illustrate the
smoothed curves for age-standardized incidence rates, DALYs, and

Figure2 and Supplementary Figures1, 2
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mortality rates across 21 regions. Using a smoothed spline model
(R = —0.65, —0.58, —0.59, respectively; all P < 0.001), we found a
clear decreasing trend in age-standardized incidence, DALYs, and
mortality rates with increasing SDI. The highest age-standardized
incidence rates were observed in Southeast Asia, Eastern Sub-
Saharan Africa, Oceania, and Western Sub-Saharan Africa, while
the lowest incidence rates were found in Australasia, Western
Europe, High-income North America, and Central Europe.
Supplementary Figures 3-5 display age-standardized
incidence, DALY, and mortality rates for 204 countries. Through a
smoothed spline model, we observed a decline in age-standardized
incidence, DALYs, and mortality rates as SDI increased (p =
—0.67, —0.74, —0.75; all P < 0.001). The age-standardized
incidence, DALYs, and mortality rates in Kiribati, Nauru, the
Solomon Islands, the Marshall Islands, Vanuatu, Micronesia
(Federated States of), Palau, and Tuvalu were notably higher than

the smoothed curve.

3.2 Decomposition analysis

Figure 3 presents the decomposition of changes in DALYs,
deaths, and incidence of ICH from 1990 to 2021, stratified by
SDI region and sex. At the global level, epidemiological changes
were the dominant driver of burden increase across all three
indicators, accounting for 417.8% of the change in DALYs,
443.1% in deaths, and 738.8% in incidence. In contrast, both
population aging and growth contributed negatively to these
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changes. Notable heterogeneity was observed across SDI regions.
In high and high-middle SDI countries, epidemiological changes
were the primary drivers of the increased disease burden in
both males and females, while the impact of population aging
was limited and even offset the increase in burden. In low-
SDI regions, the influence of population growth was substantial.
However, epidemiological changes showed a slight mitigating effect
on the disease burden. In middle-SDI regions, epidemiological
changes were the primary drivers of increased ICH burden, while
population growth and aging had a mitigating effect. In low-
middle-SDI regions, population growth emerged as the dominant
factor, however, these increases were partially offset by substantial
negative contributions from epidemiological change. For females,
the pattern was reversed—epidemiological changes led to sharp
increases, while aging and population growth had negative or
minor effects.

3.3 Frontier analysis

Figure 4 presents the frontier analysis for age-standardized
DALY rates of ICH among adolescents and young adults across
204 countries and territories from 1990 to 2021. Figure 4A
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illustrates the global frontier curve, highlighting how, at each
SDI level, certain countries have achieved relatively low ICH
burdens. Countries lying closer to the frontier line demonstrate
more efficient management or prevention of ICH among youth,
while those farther away indicate substantial room for burden
reduction. Figure 4B focuses on 2021 and plots all countries
according to their distance from the frontier. Red dots indicate
countries where age-standardized DALY rates declined between
1990 and 2021, while blue dots represent countries with increasing
rates. Countries labeled in red font highlight the five high-SDI
countries with the most ineflicient performance relative to their
development level. These include Japan, Monaco, United States of
America, Republic of Korea and Taiwan (Province of China)—all
of which maintain advanced healthcare infrastructure yet continue
to face high burden in youth ICH, possibly due to behavioral
risks, trauma incidence, or delays in early cerebrovascular
intervention. Conversely, countries labeled in blue font represent
the five low-SDI countries with the smallest gap to the frontier.
These include Somalia, Niger, Burkina Faso, Nepal and Bhutan,
where DALY rates in young populations closely approached
their SDI-based frontier. their
relative efficiency may reflect successful grassroots healthcare
Together, these

Despite limited resources,

initiatives. findings underscore profound
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FIGURE 3
Changes in intracerebral hemorrhage DALYs, deaths and incidence according to population-level determinants of population growth, aging, and
epidemiological change from 1990 to 2021 at the global level and by SDI.

disparities in burden control efficiency across countries and
development levels.

3.4 Attributable risk factors for DALYs in
ICH among adolescents and young adults

The contribution of specific risk factors to DALYs due to ICH
varied markedly across different age groups among adolescents
and young adults, reflecting distinct patterns of environmental,
behavioral, and metabolic exposures during early life stages
(Figure 5). In the 15-19 years age group, climate-related exposures
were the sole attributable contributors. Low temperature accounted
for 2.85%, and high temperature for 1.78% of ICH-related DALYs,
respectively. No behavioral, dietary, or metabolic risk factors
were identifled in this cohort, suggesting a unique vulnerability
of adolescents to extreme ambient environmental conditions.
Among individuals aged 20-24 years, the impact of modifiable
behavioral and metabolic risk factors began to emerge. Low
temperature remained the predominant contributor to ICH-
related DALYs (3.05%) in this age group, followed by elevated
body mass index (2.88%), high ambient temperature (1.79%),
and alcohol use (0.94%). These patterns suggest a transitional
phase in early adulthood during which environmental exposures
begin to converge with emerging behavioral and metabolic risk
factors, reflecting a shift toward modifiable lifestyle determinants
of cerebrovascular health. In the 25-29 years age group, the
attributable burden of ICH exhibited a notably complex and
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multifactorial profile. High systolic blood pressure emerged as
the leading contributor, accounting for 41.42% of total DALYs,
underscoring the early onset of hypertensive disease burden in
young adulthood. Beyond metabolic influences, environmental
and dietary risk factors played a substantial role. Household
air pollution from solid fuels contributed 18.28% of DALYs,
followed closely by insufficient fruit intake (17.45%) and ambient
particulate matter pollution (15.62%). Other modifiable risks such
as low dietary fiber (9.27%), secondhand smoke exposure (8.97%),
and kidney dysfunction (7.21%) also demonstrated considerable
impacts. Among individuals aged 30-34 years, high systolic
blood pressure remained the predominant risk factor and further
increased its attributable share to 45.08% of ICH-related DALYs,
consolidating its status as the most critical modifiable factor in
early middle age. Smoking rose sharply to become the second
most impactful risk, contributing 25.83% of DALYs. Dietary
insufficiencies and environmental exposures remained significant,
with a diet low in fruits accounting for 17.40%, household air
pollution for 16.77%, and ambient particulate matter pollution for
16.32%. In the 35-39 years, the burden of ICH attributable to high
systolic blood pressure continued to rise, reaching 47.41% of total
DALYs, reflecting the cumulative effect of prolonged hypertensive
exposure. Smoking maintained its position as the second leading
risk factor with an attributable fraction of 26.10%, further
emphasizing the need for intensified tobacco control strategies.
Diet-related risks remained substantial, with low fruit intake
(16.92%) and low fiber intake (8.93%) demonstrating continued
relevance. Concurrently, ambient particulate matter pollution
(16.41%) and household air pollution from solid fuels (15.50%)
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frontiersin.org

07

Frontiersin Neurology


https://doi.org/10.3389/fneur.2025.1554952
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Hao et al. 10.3389/fneur.2025.1554952
Deaths DALYs (Disability-Adjusted Life Years)
i ) 1 -12
100000~ ' ~ '
' '
' '
' '
' t
75000~ -200 | 9 & line
-3 26405~ { bl
- | i(; — Observed
8 40406~ | 2 e Predicted
s : e &
_§ 800007 -2 | § group
€ 100 | S B oeatns
z 1e405- | £ 3 =
204064 | & |1 DALYs (Disabilty-Adjusted Life Years)
{ 5 )
25000~ » | 3 B incidence
0- -0 06400~ -0 0es00- | -0
w0 200 20 200 200 200 W0 200 20 200 200 0 2000 0 20 2% 2040
Year
FIGURE 6
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persisted as major environmental hazards. Metabolic dysfunctions
such as kidney impairment (8.96%) and high BMI (7.43%),
along with high sodium intake (7.68%) and alcohol use (6.43%),
also contributed meaningfully to disease burden. Compared with
younger cohorts, the 35-39 years group exhibited an amplified
accumulation of multiple interacting risk factors, suggesting that
early middle age is a critical window for multifaceted intervention
targeting cardiovascular health, environmental exposure, and
modifiable behaviors.

3.5 Burden of disease projections

Using the Nordpred model, we forecasted the global burden
of ICH among adolescents and young adults from 2022 to 2044
(Figure 6, Supplementary Tables 4-6). The global ASMR for ICH
is projected to decrease steadily from 2.75 per 100,000 in 2022
to 2.37 per 100,000 in 2044. Despite this overall decline, the sex
disparity is expected to remain stable throughout the projection
period. In 2022, the ASMR among males is estimated at 3.62 per
100,000, considerably higher than the 1.94 per 100,000 observed
in females. By 2044, these rates are projected to decline to 3.05
and 1.62 per 100,000, respectively. The ASDR is anticipated to
show a modest downward trend, decreasing from 174.63 per
100,000 in 2022 to 151.51 per 100,000 in 2044. The ASDR for
males is projected to decline from 219.24 per 100,000 in 2022
to 191.66 per 100,000 in 2044, while for females, it is expected
to fall from 129.18 to 110.02 per 100,000. The ASIR is projected
to remain relatively stable, with a slight decrease from 8.25 per
100,000 in 2022 to 8.21 per 100,000 in 2044. Sex-specific trends
show divergent patterns: among males, the ASIR is expected to
decrease from 9.92 to 9.72 per 100,000, whereas among females, it
is projected to rise slightly from 6.54 to 6.69 per 100,000 over the
same period.

4 Discussion

This study provides a comprehensive analysis of global and
regional trends in the burden of ICH among adolescents and
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young adults aged 15-39 years from 1990 to 2021, with projections
to 2044. Our findings reveal a significant and persistent global
burden in this population, with notable heterogeneity across
regions, age groups, and SDI levels. Importantly, this study
highlights the unique vulnerability of the adolescents and young
adults, whose ICH etiology and risk profiles differ substantially
from older adults. Traumatic brain injury—stemming from motor
vehicle accidents, sports, or interpersonal violence—remains a
leading contributor to ICH among younger age groups (10,
11). In addition, the prevalence of substance abuse (including
cocaine and amphetamines) and heavy alcohol consumption,
both of which are independently associated with increased ICH
risk, is disproportionately higher in this demographic (12, 13).
Moreover, congenital and genetic factors—such as arteriovenous
malformations, aneurysms, and cavernous malformations—are
more prevalent causes of ICH in adolescents and young adults
compared to older populations (14-16). Unlike hypertensive
hemorrhages predominant in the elderly, vascular anomalies and
coagulopathies represent key etiological distinctions in younger
individuals. These conditions often present with catastrophic
hemorrhages, underscoring the need for early screening and
tailored preventive strategies in high-risk populations.

From a regional perspective, Sub-Saharan Africa and Oceania
exhibited the highest age-standardized mortality and DALY rates
attributable to non-communicable neurological disorders among
adolescents and young adults. In addition to limited healthcare
infrastructure, these regions face a disproportionate burden due to
a high prevalence of untreated hypertension, endemic infectious
diseases predisposing to vascular injury, and suboptimal trauma
care systems (17). For instance, in resource-limited settings,
delayed access to imaging, lack of neurosurgical services, and
inadequate rehabilitation exacerbates poor neurological outcomes.
Notably, household air pollution from solid fuels remains a major
environmental risk factor in these regions, with Sub-Saharan Africa
having the highest proportion globally, followed by Oceania (18).

Decomposition analysis further revealed that population
growth and epidemiologic changes, rather than aging, were the
main drivers of increased ICH burden in AYAs. This contrasts
with older age groups where demographic aging is dominant, again
highlighting the need for age-specific health policies. Our findings
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from frontier analysis indicate that many low- and middle-SDI
regions continue to underperform in reducing DALY rates relative
to their developmental potential, emphasizing inefficiencies in
health system resource allocation (19). The SDI, a composite
measure reflecting the level of development of a country or
region, encompasses key dimensions including per capita income,
years of education, and total fertility rate. A higher SDI is
typically associated with better healthcare resources, higher health
awareness, and more comprehensive disease prevention strategies.
With increasing SDI, the mortality and DALY rates in most of
the 21 regions have shown a downward trend, with particularly
pronounced declines observed in Southern Latin America, Tropical
Latin America, and Central Europe. This trend may be attributed
to ongoing socioeconomic development in these regions, where
improvements in treatment technology and disease awareness
have enhanced outcomes for ICH patients. According to Xu
et al. (19), regions with higher SDI levels exhibit lower ICH
DALY and mortality rates; in fact, age-standardized DALY rates
in high-SDI regions decreased by as much as 67%, while in
low-SDI regions the reduction was relatively modest, at only
around 20%—30%. However, countries and regions such as Nauru,
Kiribati, the Marshall Islands, and Micronesia (Federated States
of) continue to report high mortality and DALY rates, indicating
gaps in ICH prevention and treatment efforts that warrant
urgent attention.

Age stratification revealed meaningful distinctions in ICH
burden and risk exposure patterns among adolescents and young
adults. Adolescents aged 15-19 years exhibited the lowest age-
standardized DALY rates. In adolescents aged 15-19 years,
exposure to high temperature or low temperature emerged as
notable contributors to ICH-related DALYs. This pattern highlights
the heightened vulnerability of adolescents and young adults to
environmental stressors, such as extreme temperatures. These
findings are particularly relevant in the context of increasing
global climate variability. The observed association underscores
the importance of targeted public health strategies, including
early warning systems for heat and cold waves and infrastructure
improvements to ensure thermal safety in vulnerable populations.
In contrast, individuals aged 25-39 years demonstrated increasing
susceptibility to modifiable lifestyle-related risk factors, such as
high systolic blood pressure, smoking, and diets low in fruit.
Notably, our risk factor analysis identified high systolic blood
pressure as the leading contributor to ICH across the older
segments of the adolescents and young adults, with a rising
prevalence of smoking and inadequate fruit intake among both
males and females aged 30-39 years.

Future projections indicate that, despite anticipated declines
in the global age-standardized DALY and mortality rates for ICH,
the incidence rate is expected to increase by 2044. In conclusion,
this study demonstrates that, although age-standardized rates of
the global ICH burden have decreased, absolute numbers of
cases and deaths continue to rise in low-SDI regions. Thus,
public health policies and resource allocation should focus more
on adolescents and young adults in low-SDI regions. Through
global and regional collaboration, prevention efforts and early
interventions can reduce the ICH burden in this population,
ultimately diminishing disparities and inequities in the global
disease burden (20, 21).

Frontiersin Neurology

10.3389/fneur.2025.1554952

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary material, further inquiries can be
directed to the corresponding authors.

Ethics statement

Ethical review and approval was not required for the study
on human participants in accordance with the local legislation
and institutional requirements. Written informed consent from the
patients/participants or patients/participants’ legal guardian/next
of kin was not required to participate in this study in accordance
with the national legislation and the institutional requirements.

Author contributions

GH: Conceptualization, Data curation, Visualization, Writing -
original draft. YH: Data curation, Visualization, Writing — original
draft. YL: Data curation, Visualization, Writing - original draft.
BZ: Data curation, Writing — original draft. YD: Conceptualization,
Project administration, Writing - review & editing. GL: Project
administration, Writing - review & editing.

Funding

The author(s) declare that financial support was received for
the research and/or publication of this article. This work was
supported by Liaoning Province Science and Technology Plan Joint
Program (2024JH2/102600282)/Military Key Laboratory Program
(HDHY2024020).

Acknowledgments

We appreciate the support of the General Hospital of Northern
Theater Command for this study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Gen Al was used in the creation
of this manuscript.

Any alternative text (alt text) provided alongside figures
in this article has been generated by Frontiers with the
support of artificial intelligence and reasonable efforts have
been made to ensure accuracy, including review by the

frontiersin.org


https://doi.org/10.3389/fneur.2025.1554952
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Hao et al.

authors wherever possible. If you identify any issues, please
contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or

References

1. Magid-Bernstein ], Girard R, Polster S, Srinath A, Romanos S, Awad IA, et al.
Cerebral hemorrhage: pathophysiology, treatment, and future directions. Circ Res.
(2022) 130:1204-29. doi: 10.1161/CIRCRESAHA.121.319949

2. Jolink WMT, Wiegertjes K, Rinkel GJE, Algra A, de Leeuw FE, Klijn CJM.
Location-specific risk factors for intracerebral hemorrhage: systematic review and
meta-analysis. Neurology. (2020) 95:¢1807-18. doi: 10.1212/WNL.0000000000010418

3. Gil-Garcia CA, Flores-Alvarez E, Cebrian-Garcia R, Mendoza-Lopez
AC, Gonzalez-Hermosillo LM, Garcia-Blanco MD, et al. Essential topics
about the imaging diagnosis and treatment of hemorrhagic stroke: a
comprehensive review of the 2022 AHA guidelines. Curr Probl Cardiol. (2022)
47:101328. doi: 10.1016/j.cpcardiol.2022.101328

4. Pinho J, Costa AS, Araujo JM, Amorim JM, Ferreira C. Intracerebral
hemorrhage outcome: a comprehensive update. | Neurol Sci. (2019) 398:54-
66. doi: 10.1016/j.jns.2019.01.013

5. Potter T, Lioutas VA, Tano M, Pan A, Meeks J, Woo D, et al. Cognitive impairment
after intracerebral hemorrhage: a systematic review of current evidence and knowledge
gaps. Front Neurol. (2021) 12:716632. doi: 10.3389/fneur.2021.716632

6. Sun T, Yuan Y, Wu K, Zhou Y, You C, Guan J. Trends and patterns in the global
burden of intracerebral hemorrhage: a comprehensive analysis from 1990 to 2019.
Front Neurol. (2023) 14:1241158. doi: 10.3389/fneur.2023.1241158

7. Collaborators GBDD. Global, regional, and national burden of diabetes from
1990 to 2021, with projections of prevalence to 2050: a systematic analysis
for the Global Burden of Disease Study 2021. Lancet. (2023) 402:203—34.
doi: 10.1016/S0140-6736(23)01301-6

8. Collaborators GBDD. Global age-sex-specific mortality, life expectancy, and
population estimates in 204 countries and territories and 811 subnational locations,
1950-2021, and the impact of the COVID-19 pandemic: a comprehensive demographic
analysis for the Global Burden of Disease Study 2021. Lancet. (2024) 403:1989—2056.
doi: 10.1016/S0140-6736(24)00476-8

9. Huang G, Wang Y, Qin B, Zeng J, Tan H, Zhang D, et al. Global,
regional and national burdens of Nasopharynx cancer in the adolescents and
young adults from 1990 to 2019 and its predictions. BMC Cancer. (2024)
24:720. doi: 10.1186/512885-024-12480-7

10. Grimes CA, Lumpp JK. Control of the permeability loss-peak frequency of
Ni81Fe19 thin films through laser ablation of triangular and square cluster geometries.
J Appl Phys. (2000) 87:5254-6. doi: 10.1063/1.373312

Frontiersin Neurology

10

10.3389/fneur.2025.1554952

claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.2025.
1554952/full#supplementary-material

11. Katz DI, Dwyer B. Stroke: another delayed hazard of traumatic brain injury,
even in young adults. ] Am Heart Assoc. (2024) 13:¢036708. doi: 10.1161/JAHA.124.03
6708

12. Westover AN, McBride S, Haley RW. Stroke in young adults who abuse
amphetamines or cocaine: a population-based study of hospitalized patients. Arch Gen
Psychiatry. (2007) 64:495-502. doi: 10.1001/archpsyc.64.4.495

13. de los Rios F, Kleindorfer DO, Khoury J, Broderick JP, Moomaw CJ, Adeoye
O, et al. Trends in substance abuse preceding stroke among young adults: a
population-based study. Stroke. (2012) 43:3179-83. doi: 10.1161/STROKEAHA.112.66
7808

14. Chen CY, Lin PT, Wang YH, Syu RW, Hsu SL, Chang LH, et al. Etiology and risk
factors of intracranial hemorrhage and ischemic stroke in young adults. J Chin Med
Assoc. (2021) 84:930-6. doi: 10.1097/JCMA.0000000000000598

15. Elmegiri M, Koivunen R], Tatlisumak T, Putaala J, Martola J. MRI
characterization of non-traumatic intracerebral hemorrhage in young adults. Front
Neurol. (2020) 11:558680. doi: 10.3389/fneur.2020.558680

16. Ruiz-Sandoval JL, Cantu C, Barinagarrementeria F. Intracerebral hemorrhage in
young people: analysis of risk factors, location, causes, and prognosis. Stroke. (1999)
30:537-41. doi: 10.1161/01.STR.30.3.537

17. Mehndiratta MM, Khan M, Mehndiratta P, Wasay M. Stroke in Asia:
geographical variations and temporal trends. J Neurol Neurosurg Psychiatry. (2014)
85:1308-12. doi: 10.1136/jnnp-2013-306992

18. Song D, Xu D, Li M, Wang F, Feng M, Badr A, et al. Global, regional, and national
burdens of intracerebral hemorrhage and its risk factors from 1990 to 2021. Eur |
Neurol. (2025) 32:€70031. doi: 10.1111/ene.70031

19. Xu L, Wang Z, Wu W, Li M, Li Q. Global, regional, and national burden
of intracerebral hemorrhage and its attributable risk factors from 1990 to 2021:
results from the 2021 Global Burden of Disease Study. BMC Public Health. (2024)
24:2426. doi: 10.1186/s12889-024-19923-7

20. Rodriguez-Galindo C, Friedrich P, Alcasabas P, Antillon F, Banavali S, Castillo
L, et al. Toward the cure of all children with cancer through collaborative
efforts: pediatric oncology as a global challenge. J Clin Oncol. (2015) 33:3065-
73. doi: 10.1200/JC0O.2014.60.6376

21. Ribeiro RC, Antillon E Pedrosa F, Pui CH. Global pediatric oncology: lessons
from partnerships between high-income countries and low- to mid-income countries.
J Clin Oncol. (2016) 34:53-61. doi: 10.1200/JC0O.2015.61.9148

frontiersin.org


https://doi.org/10.3389/fneur.2025.1554952
https://www.frontiersin.org/articles/10.3389/fneur.2025.1554952/full#supplementary-material
https://doi.org/10.1161/CIRCRESAHA.121.319949
https://doi.org/10.1212/WNL.0000000000010418
https://doi.org/10.1016/j.cpcardiol.2022.101328
https://doi.org/10.1016/j.jns.2019.01.013
https://doi.org/10.3389/fneur.2021.716632
https://doi.org/10.3389/fneur.2023.1241158
https://doi.org/10.1016/S0140-6736(23)01301-6
https://doi.org/10.1016/S0140-6736(24)00476-8
https://doi.org/10.1186/s12885-024-12480-7
https://doi.org/10.1063/1.373312
https://doi.org/10.1161/JAHA.124.036708
https://doi.org/10.1001/archpsyc.64.4.495
https://doi.org/10.1161/STROKEAHA.112.667808
https://doi.org/10.1097/JCMA.0000000000000598
https://doi.org/10.3389/fneur.2020.558680
https://doi.org/10.1161/01.STR.30.3.537
https://doi.org/10.1136/jnnp-2013-306992
https://doi.org/10.1111/ene.70031
https://doi.org/10.1186/s12889-024-19923-7
https://doi.org/10.1200/JCO.2014.60.6376
https://doi.org/10.1200/JCO.2015.61.9148
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Global, regional, and national burden of intracerebral hemorrhage in adolescents and young adults and its predictions: a systematic analysis of the Global Burden of Disease Study 2021
	1 Introduction
	2 Methods
	2.1 Data sources
	2.2 Estimation framework
	2.3 Statistical analysis

	3 Results
	3.1 Temporal trend of intracerebral hemorrhage in the adolescents and young adults from 1990 to 2021
	3.2 Decomposition analysis
	3.3 Frontier analysis
	3.4 Attributable risk factors for DALYs in ICH among adolescents and young adults
	3.5 Burden of disease projections

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


	Figure1: 
	Figure2: 
	Figure3: 
	Figure4: 
	Figure5: 
	Figure6: 


