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ABSTRACT

Background: Stroke in children is a global epidemic.

Methods: Data on stroke, including incidence, DALYs, mortality, and associated risk factors from 1990 to 2021, were obtained
from the Global Burden of Disease (GBD) study, 2021. Estimated annual percentage changes were calculated to evaluate changes
in the age-standardized rates of incidence (ASIR), DALYs (ASDR), and mortality (ASMR), as well as trends by age, sex, and so-
ciodemographic index (SDI). Projections of DALYs to 2050 were made.

Results: In 2021, there were 310,133 incident stroke cases, accounting for 24,807 deaths and 2,414,655 DALYs among children
and adolescents. The global ASIR, ASDR, and ASMR for stroke were 11.8, 93.9, and 1.0 per 100,000 population, respectively.
Middle-to-low-SDI regions accounted for 81.6% of incident cases, 90.2% of DALYs, and 92.7% of deaths. A reversed V-shaped
association was observed between SDI and ASRs. Children <1year had the highest ASRs, with rates generally decreasing with
age, and the highest incidence of hemorrhagic stroke. Adolescents aged 15-19years had the highest incidence of ischemic stroke.
Non-optimal temperature contributed the most to the DALYs and death rates for stroke. By 2050, it is projected that 282,404
DALYs will be lost due to stroke.

Conclusions: Stroke burden varies by the GBD region, country, age, sex, and SDI. Despite declines in ASRs, stroke remains a
significant burden, especially in middle-to-low-SDI regions, among children <1year, and among those with intracerebral hem-
orrhage. Non-optimal temperature emerges as the leading modifiable risk factor for children stroke; targeted interventions can
prevent this.

Jing-Jie Li, Xiao-Peng Wang, Qian-Nan Wang and Zi-Qing Kong contributed equally to this article.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2025 The Author(s). European Journal of Neurology published by John Wiley & Sons Ltd on behalf of European Academy of Neurology.

European Journal of Neurology, 2025; 32:¢70180 1of 16
https://doi.org/10.1111/ene.70180


https://doi.org/10.1111/ene.70180
https://doi.org/10.1111/ene.70180
https://orcid.org/0000-0002-5244-2586
https://orcid.org/0000-0002-6389-2347
https://orcid.org/0000-0001-6538-375X
mailto:
https://orcid.org/0000-0003-1204-7386
mailto:
mailto:duanlian307@sina.com
mailto:bzy123@163.com
http://creativecommons.org/licenses/by-nc-nd/4.0/

1 | Introduction

Stroke remains a leading cause of death and disability world-
wide. In 2021, stroke was the third leading cause of death at
Global Burden of Disease (GBD) level 3, following ischemic
heart disease and coronavirus 2019, and the fourth leading
cause of disability-adjusted life years (DALYs). In 2021, 11.9
million strokes occurred globally, resulting in 7.3 million deaths
and 160.5 million DALYs [1-3].

Stroke causes significant neurological morbidity in children,
often resulting in permanent life-long neurological deficits
[4-7]. Notably, the incidence of stroke in children is compara-
ble to that of brain tumors [8]. However, stroke is slightly more
common in this population, with an occurrence rate of 2-13
cases per 100,000 person-years [5, 9-11]. The severity of pedi-
atric stroke and the substantial burden it imposes have been re-
ported [12]. Despite continued efforts to raise awareness about
pediatric stroke, it is still often overlooked as a possible cause of
symptoms by both healthcare providers and families.

Current prevention and treatment strategies are adult-focused,
leading to delayed detection and intervention for stroke in chil-
dren and adolescents, making stroke a life-threatening event
in this population. Despite global stroke epidemiology studies,
updated data specific to children and adolescents remain lim-
ited [13].

GBD 2021 provides a unique framework for evaluating dis-
ease burden, integrating multiple factors for a comprehensive
view of health challenges worldwide [14]. This study exam-
ined stroke incidence, mortality, DALYs, and risk factors in
children and adolescents at global, regional, and national lev-
els from 1990 to 2021, with analyses by social development
level, age, and sex. Furthermore, we forecast DALYs through
2050. These findings aim to support effective prevention and
control policies, enhance public healthcare, reduce stroke
burden in young populations, and promote overall health and
well-being.

2 | Methods
2.1 | Study Population and Data Collection

Childhood stroke data were sourced from GBD 2021 via the
Global Health Data Exchange query tool (http://ghdx.healt
hdata.org/gbd-results-tool). The study adheres to the Guidelines
for Accurate and Transparent Health Estimates Reporting. GBD
2021 systematically estimates publicly available, published, and
contributed data with enhanced method performance and stan-
dardization of the prevalence, incidence, mortality, and DALYs
of 370 injuries and diseases across 204 countries and territories
from 1990 to 2021, stratified by age, sex, and country. Detailed
methods for GBD 2021 have been documented previously [14].
Data on stroke incidence, mortality, and DALYs were extracted,
focusing on ischemic stroke (IS), intracerebral hemorrhage
(ICH), and subarachnoid hemorrhage (SAH) in children and
adolescents (<20years). Six age groups were analyzed: <1, 1,
2-4,5-9,10-14, and 15-19years. For DALYs projection, four age
groups were used: <5, 5-9, 10-14, and 15-19years.

2.2 | Estimation Framework of the Disease Burden
of Stroke in Children and Adolescents

In GBD 2021, a Bayesian meta-regression tool estimated stroke
incidence from population surveys, cohorts, registries, health
system administrative data, and microdata from registry and
cohort studies. Mortality rates were primarily estimated using
the cause-of-death ensemble model. Disability weight measures
health loss severity or the extent of nonfatal disability. Years
lived with disability (YLD) were calculated by multiplying pa-
tient count by duration until remission or death, adjusted for
disability weight. Years of life lost (YLL) were determined by
multiplying death count by standard life expectancy from a ref-
erence life table. DALYs represent the total healthy years lost
from disease onset to death, calculated as the sum of YLL and
YLD. DALYs serve as a crucial parameter for assessing disease
burden.

2.3 | Definition of Stroke

In GBD 2021, IS was defined according to International
Classification of Diseases (ICD)-10 (codes 163.0—163.9) and
ICD-9 (codes 434.0-434.9 and 436). ICH was defined according
to ICD-10 (codes 161.0—161.9) and ICD-9 (code 431). SAH was de-
fined according to the ICD-10 (codes 160.0—160.9, 162.0, 167.0—
167.1, and 169.0) and ICD-9 (430.0-430.9).

2.4 | Sociodemographic Index

The sociodemographic index (SDI) is a composite indicator of a
country or region's level of development, based on lag-distributed
income per capita and average educational attainment for indi-
viduals under 20years. SDI strongly correlates with health out-
comes including disease incidence, mortality, and DALY rates.
SDI ranges from 0 (lowest development) to 1 (highest). We clas-
sified 204 countries and 21 regions into five groups: low, low-
middle, middle, high-middle, and high based on their SDI values
to examine the relationship between stroke burden and SDI.

2.5 | Risk-Attributable Burden

GBD 2021 yields 87 risk factors, with two (high and low tem-
perature) contributing to childhood stroke DALYs. We assessed
their percentage contributions to childhood stroke DALYs in
2021. These risk factors were previously defined [1].

2.6 | Cross-Country Social Inequalities Analysis

The study assessed the distributive inequality of stroke burden
across countries using the slope index of inequality (SII) and
health inequality concentration index, representing absolute
and relative gradients, respectively. The SII was calculated by
regressing the age-standardized DALY rate (ASDR) for stroke
among individuals under 20years on an income-related relative
social position scale based on the cumulative class interval mid-
point of populations ranked by gross domestic product per cap-
ita. A weighted regression model addressed heteroskedasticity,
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and a logarithmic transformation was applied for non-linearity
due to marginal utility.

The health inequality concentration index was determined by
fitting a Lorenz concentration curve to the cumulative relative
distributions of income-ranked populations and DALY burden
of disease. This index was calculated by numerically integrat-
ing the area under the Lorenz curve. The SII and concentra-
tion index were calculated to quantify the absolute and relative
cross-country inequalities in the burden of stroke, with negative
and positive values indicating a higher burden in lower SDI and
higher SDI countries, respectively.

2.7 | Statistical Analysis

The age-standardized rate (ASR) was computed per 100,000 in-
dividuals as follows:

A
Zizl a;;
A

@;

ASR = X 100,000

i=1

(a;: the age-specific rate in the ith age group; w: the number of
people in the corresponding ith age group among the standard
population; A: the number of age groups).

The estimated annual percentage changes (EAPCs)in ASRs were
calculated to evaluate trends over time. The natural logarithm of
the ASR follows the linear regression model y=a + fx +¢, where
y represents the natural logarithm of ASR and x denotes the cal-
endar year. EAPCs were calculated as 100 x (e"3-1), with 95%
confidence intervals (CIs) derived from the same model.

Smoothing spline models evaluated the relationship between
stroke burden in individuals under 20years and SDI across 21
regions and 204 countries and territories. The expected val-
ues were based on SDI and disease rates. We applied locally
weighted scatterplot smoothing, which automatically adjusts
the degree, number, and placement of knots based on the data
and span parameters.

We used forecasted SDI as a predictor in a regression model to
estimate stroke-related DALYs through 2050, broken down by
age, sex, year, and location. For each location (1), age (@), sex (s),
and year (y), we logit-transformed the GBD 2021 stroke DALYs
estimates logit (Yl,a,s,y) and applied a fixed coefficient (1) on SDI
over time for stroke, with a random intercept ().

E[10git(Y 1 45y))] = B1SDI + a4

We calculated the difference between the GBD estimates in
rate space and the forecasted estimates for 2021, adjusting the
trend through 2050 to align with GBD data. To estimate case
numbers, we multiplied the forecasted population by the pre-
dicted DALYs.

A descriptive analysis characterized the global stroke burden in
individuals under 20years. We calculated the age-standardized
incidence rate (ASIR), ASDR, and age-standardized mortal-
ity rate (ASMR) per 100,000 population with 95% uncertainty

intervals (UIs) from 1990 to 2021 across age groups, sexes, SDI
scores, regions, and countries. Age standardization eliminated
population age composition effects, enhancing comparability.
All analyses and mapping were performed using R software
(version 4.4.1), with two-sided hypothesis tests and significance
set at p<0.05.

3 | Results
3.1 | Global Trends

In 2021, the global burden of stroke in individuals under 20 years
remained significant, with 310,133 (95% UI: 227,648 to 438,746)
new cases. The ASIR decreased from 14.6/100,000 (95% UI: 9.8
to 21.5)in 1990 to 11.8/100,000 (95% UI: 7.7 to 17.9) in 2021, with
an EAPC of —0.91% (95% CI: —1.00% to —0.81%), indicating a
consistent global incidence decline from 1990 to 2021 (Table 1;
Figure 1A; Figure S1). Among females, the stroke incidence in
2021 was 163,459 (95% UI: 117,414 to 236,489), with an ASIR of
13.5/100,000 population (95% UI: 9.0 to 20.0) and an EAPC of
—0.90% (95% UIL: —=1.00% to —0.79%). Among males, there were
146,673 cases (95% UI: 109,400 to 201,455), with an ASIR of
10.8/100,000 (95% UTI: 7.1 to 16.3), and a slightly higher decline
with an EAPC of —0.91% (95% CI: —1.00% to 0.82%) (Tables S1
and S2).

In 2021, global stroke DALYs reached 2,414,655 (95% UL
2,077,840 to 2,772,840), with an ASDR of 93.9/100,000 (95% UTI:
76.9 to 113.5) and an EAPC of —3.14% (95% CI: —3.21 to —3.07)
from 1990 to 2021 (Table 1; Figure 1B; Figure S2). The ASDR for
females was 88.9/100,000 (95% UT: 72.6 to 109.6), lower than that
for males at 98.6/100,000 (95% UT: 79.4 to 119.8). ASDR declined
more for females from 1990 to 2021, with a reduction of —3.28%
(95% CI: —3.34 to —3.22) versus —3.02% (95% CI: —3.09 to —2.94)
for males (Tables S1 and S2).

Globally, stroke mortality in 2021 was estimated at 248,075
deaths (95% UTI: 20,858 to 28,757), with an ASMR of 1.0/100,000
(95% UI: 0.8 to 1.2) and an EAPC of —3.31% (95% CI: —3.39% to
—3.22%) (Table 1; Figure 1C; Figure S3). Overall, stroke ASRs
decreased significantly from 1990 to 2021. Females had a
higher ASIR but slower decrease than males, while males had
higher ASDR and ASMR but slower decreases than females
(Supplemental Results in Data S1; Tables S2 and S3). The de-
crease in female deaths showed a significantly higher EAPC
(—3.54 [95% CI: —3.62 to —3.46]) compared to males (-3.12 [95%
CI: —3.21 to —3.03]) (Tables S1 and S2).

3.2 | Geographical and SDI Regional Trends

The global stroke burden exhibited significant regional varia-
tions closely tied to SDI levels. In 2021, middle-to-low-SDI re-
gions accounted for 81.6% of cases, 90.2% of DALYs, and 92.7%
of childhood stroke deaths (Figure 2). Regions with the highest
stroke incidence in 2021 included Western Sub-Saharan Africa,
North Africa and the Middle East, Oceania, the Caribbean, and
Southeast Asia, with Western Sub-Saharan Africa having the
highest ASIR for stroke at 18.9/100,000 (95% UI: 13.2 to 27.2).
All regions showed ASIR declines (EAPC <0), with the greatest
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FIGURE1 | Legend on nextpage.
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FIGURE1 | Age-standardized point incidence, DALYs, and death of stroke per 100,000 population in 2021 by country. DALY, disability-adjusted

life years.
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FIGURE 2 | Epidemiologic trends of incidence, disability-adjusted
life years (DALYs), and mortality rates in five sociodemographic index
(SDI) regions for childhood stroke from 1990 to 2021.

reductions in Tropical Latin America (EAPC: —1.58%; 95% CI:
—1.74 to 1.42), followed by East Asia (EAPC: —1.48%; 95% CI:
—1.60 to —1.36) and Central Latin America (EAPC: —1.29%; 95%
CI: —1.39 to —1.20) (Table 1; Figure 3).

3.3 | Stroke Burden Based on SDI

Regionally, a reversed V-shaped association was observed be-
tween SDI and stroke ASDR from 1990 to 2021, with ASDR rising
exponentially with SDI up to 0.45, then declining. North Africa,
the Middle East, Central Asia, and High-income North America
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FIGURE3 | ASRsand EAPCs of the ASRs for stroke globally and in
21 regions. (A) ASIR and EAPCs of the ASIR for stroke in 21 regions. (B)
ASDR and EAPCs of the ASDR for stroke in 21 regions. (C) ASMR and
EAPCs of the ASMR for stroke in 21 regions. ASDR, age-standardized
disability-adjusted life-year rate; ASIR, age-standardized incidence
rate; ASMR, age-standardized mortality rate; ASR, age-standardized
rate; EAPC, estimated annual percentage change.

Regions

showed higher-than-expected DALY rates, while Central, Tropical,
and Southern Latin Americas, Central Asia, and Australasia had
lower-than-expected burdens from 1990 to 2019 (Figure 4A).
Nationally, in 2021, stroke burden generally decreased with socio-
economic development. Countries including Haiti, Libya, Sierra
Leone, Niue, Tokelau, Nauru, Papua New Guinea, Guinea, Chad,
Myanmar, and Lao People’s Democratic Republic had higher-than-
expected burdens. Contrastingly, Nepal, Ethiopia, Mozambique,
Burundi, the Democratic Republic of Congo, Malawi, and Rwanda
had lower-than-expected burdens (Figure 4B). Stroke ASIR and
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ASMR also exhibited a reversed V-shaped association with SDI,
peaking at 0.45 (Figures S10-S18).

3.4 | Cross-Country Social Inequalities

Significant absolute and relative income-related inequality
existed in DALY burden due to stroke, disproportionately

A

affecting poorer countries. Over time, these inequalities re-
duced alongside a global decrease from 264.4 DALYs/100,000
(95% UI: 209.7 to 360.7) in 1990 to 93.9 DALYs/100,000
(95% UI: 76.9 to 113.5) in 2021. The SII showed an excess of
345.65 DALYs/100,000 (95% UI: 390.70 to 300.60) between
the lowest and highest income countries in 1990, decreasing
to 136.42 DALYs/100,000 (95% UI: 153.86 to 118.99) in 2021
(Figure 5A).
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FIGURE 5 | Absolute and relative cross-country inequality in ASDR and rankings of total stroke, 1990-2021. (A) Health inequality regression
curves for ASDR of total stroke. (B) Concentration curves for ASDR of total stroke. ASDR, age-standardized disability-adjusted life-year rate.
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Relative inequality, per the health inequality concentration
index, dropped from 0.37 (95% UT: 0.30 to 0.44) in 1990 to 0.32
(95% UI: 0.25 to 0.39) in 2021, reflecting reduced inequality
across SDI regions (Figure 5B).

By 2021, DALYs were more evenly distributed across SDI re-
gions, with decreases in both the concentration index and SII,
indicating progress in reducing health inequality. However,
childhood stroke burden remains persistently higher in low-SDI
regions.

3.5 | Stroke Type Burden Based on Age

In 2021, stroke incidents (IS, ICH, and SAH) were predom-
inantly observed in children > 5years, accounting for 71.4%
of all stroke cases in children and adolescents, although the
ASIR was higher in children <S5years. Furthermore, ASIR
decreased most in children <5years across all stroke types
from 1990 to 2021, with the largest reduction in those < 1year:
EAPC -1.40% (95% CI: —1.52 to —1.28) for stroke, —0.90%
(95% CI: —1.00 to —0.80) for IS, —1.94% (95% CI: —2.10 to
—1.78) for ICH, and —1.31% (95% CI: —1.42 to —1.20) for SAH.
Hemorrhagic stroke was most common in children <1year,
while IS was highest among adolescents aged 15-19years.
Both groups showed higher DALYs and death counts, as well
as ASDR and ASMR, across all stroke types than other age
groups. From 1990 to 2021, children <5years experienced
a more significant decrease in ASDR and ASMR across all
stroke types, with the largest reduction in 1-year-old children.
Overall, stroke burden was highest in children <1year and
adolescents 15-19 years (Tables S6-S8; Figure 6).

3.6 | Attributable Risk Factors for Stroke in
Children and Adolescents

In 2021, high temperature accounted for 1.99% (95% UI: 0.69
to 3.8) of global stroke-related DALYs, while low temperature
accounted for 2.31% (1.63 to 3.11). DALYs associated with high
and low temperatures were higher in males (2.02% vs. 1.94%
in females and 2.41% vs. 2.23% in females, respectively). High-
temperature stroke burden ranged from 3.59% (95% UI: 0.66 to
7.76) in North Africa and the Middle East to —0.04% (95% UI:
—0.3t00.19) in Eastern Europe. Low-temperature stroke burden
ranged from 6.29% (95% UI: 5.38 to 7.72) in Central Europe to
0.27% (95% UI: 0.14 to 0.4) in the Caribbean (Tables S9 and S10;
Figures S19-S27).

In 2021, high temperatures accounted for 2.50% (95% UT: 0.86
to 4.72) of global stroke-related deaths, while low temperatures
accounted for 2.76% (95% UI: 1.94 to 3.73). Deaths attributed to
high temperatures were higher in females at 2.59% (vs. males
at 2.41%), while males had a slightly higher risk for low tem-
perature at 2.79% (vs. 2.76% in females). High-temperature
stroke burden ranged from 4.27% (95% UI: 0.79 to 9.03) in
North Africa and the Middle East to —0.09% (95% UI: —0.62
to 0.4) in Eastern Europe. Low-temperature stroke burden
ranged from 9.6% (95% UI: 8.59 to 11.34) in Central Europe to
0.30% (95% UTI: 0.17 to 0.45) in the Caribbean (Tables S9 and
S10; Figures S19-S27).

3.7 | Stroke Over Time DALYs: 1990-2021, and 2050
Forecasts

Between 2021 and 2050, the global ASDR of stroke in chil-
dren and adolescents under 20years is expected to decrease
by 89.9%, from 93.9 (95% UI: 76.9 to 113.5) to 10.0 (95% UI: 0.6
to 19.5) per 100,000, resulting in 2,824,404 (95% UI: 16,994 to
550,688) people living with disability by 2050. Compared to
other stroke types, ICH will have the highest ASDR, with rates
of 56.3/100,000 (95% UI: 44.4 to 71.5) in 2021 and 6.0/100,000
(95% UI: 0.7 to 11.3) in 2050. Children under 1 year and adoles-
cents aged 15-19years will still bear the highest stroke burden
in 2050 (Figure 7).

In 2050, Oceania (123.0/100,000; 95% UI: 11.8 to 234.2) is esti-
mated to have the highest ASDR, while East Asia (0.4/100,000
95% UI: —0.3 to 1.2) will have the lowest (Table S11; Figures S28
and S33). Oceania and the Caribbean will have a higher SAH-
related stroke burden, while Southern and Western Sub-Saharan
Africa will have a higher IS-related burden (Tables S11-S17;
Figures S34-S38).

4 | Discussion

Globally, the ASRs of stroke declined significantly from 1990 to
2021 among children and adolescents under 20years; however,
the stroke burden remains high. This study provided an in-depth
analysis of stroke in individuals under 20years using the latest
2021 data, expanding our understanding and highlighting the
urgent need to prevent stroke, reduce stroke-related mortality,
and improve clinical outcomes in this age group.

This study revealed disparities in stroke burden by the GBD re-
gion, country, and SDI quintiles, alongside an overall decline
in ASIR, DALYs, and death rates from 1990 to 2021 in children
and adolescents under 20years. The global ASIR for stroke de-
creased from 14.6 in 1990 to 12.4 in 2021. The incidence in this
study aligns with previous reports (1.3-13/100,000) [4]. This de-
cline occurred across all SDI regions, with the highest ASIR in
2021 in the low-SDI region and the lowest in the high-SDI re-
gion, highlighting disparities between regions of different socio-
economic development. Similarly, deaths and DALYs attributed
to stroke declined, with the low-SDI region showing the highest
ASDR and ASMR and the high-SDI region the lowest. Improved
socioeconomic conditions and better access to and quality of
healthcare likely contributed to lower stroke burden in high-
SDI regions. Advancements in medical technology, imaging,
genetic screening, and family history assessments also played
a role. For instance, early screening in high-income countries
coupled with timely intervention were key factors contributing
to the early detection of stroke-related diseases and improved
stroke outcomes. The high incidence of stroke in children with
sickle cell disease (SCD) contributed to global health disparities.
SCD, which primarily affects individuals of African descent, in-
creases childhood stroke risk by over 200 times. Primary stroke
prevention strategies—such as transcranial Doppler ultra-
sound (TCD) screening and chronic blood transfusion therapy
for high-risk patients—have successfully reduced stroke rates
in Western populations; however, stroke rates remain elevated
in resource-limited regions like Sub-Saharan Africa [15-17].
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FIGURE 6 | Age-specific rates of stroke and stroke numbers by age subgroups and sex in 1990 and 2021. (A) Age-specific incidence rates of stroke

and incident numbers by age subgroups and sex in 1990. (B) Age-specific incidence rates of stroke and incident numbers by age subgroups and sex
in 2021. (C) Age-specific DALY rates of stroke and incident numbers by age subgroups and sex in 1990. (D) Age-specific DALY rates of stroke and
incident numbers by age subgroups and sex in 2021. (E) Age-specific death rates of stroke and incident numbers by age subgroups and sex in 1990.
(F) Age-specific death rates of stroke and incident numbers by age subgroups and sex in 2021 DALY disability-adjusted life year.
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disability-adjusted life years.

Certain populations, such as children of East Asian descent
(Japanese, Korean, Chinese), are at higher risk of moyamoya
disease, a common cause of stroke in this population. Genetic
screening for moyamoya disease, combined with imaging tech-
niques such as TCD and angiography, for children with early
symptoms such as headache and transient ischemic attack, en-
ables prompt surgical intervention. These timely approaches are
crucial for reducing stroke risk, improving prognosis, and reduc-
ing DALYs and mortality.

Regionally, stroke incidence, DALYs, and deaths varied sig-
nificantly. Tropical Latin America experienced the largest
decrease, while Australasia showed a slight decline. Oceania

had the highest ASDR and ASMR, with the lowest decrease in
both, while Australasia had the lowest ASDR and ASMR with
a larger decrease. These disparities underscore the complex in-
teraction of genetic, environmental, and healthcare factors af-
fecting stroke incidence. Age pattern analysis revealed a decline
in ASIR across all age groups under 20years since 1990, with a
slower reduction with increasing age. The highest global stroke
incidence, DALYs, and death rates were in children under 1year,
generally declining with age. Stroke types followed this trend,
with IS affecting more children and adolescents under 20years
and hemorrhagic stroke occurring more frequently than in
adults, leading to more severe outcomes [18, 19]. These trends
across different age groups offer valuable insights for tailoring
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screening and prevention strategies. Therefore, regions and
countries with varying social development levels must imple-
ment evidence-based and context-specific interventions to re-
duce stroke incidence, DALYs, and deaths. Preventive measures
for children under 1year should be more comprehensive, given
their limited ability to express discomfort and frequent crying;
therefore, it is essential to develop appropriate assessment scales
to better evaluate symptoms and facilitate timely interventions.

This GBD study identified temperature as the primary attribut-
able risk factor for stroke. According to previous studies, in the
framework of climate change, most regions of the world are af-
fected by strokes attributed to high temperatures [20, 21]. This
emphasizes the urgent need for increased attention and strat-
egies to protect human health from the effects of non-optimal
temperatures. In 2021, approximately 2,414,655 children were
living with stroke-related disability [2], a number projected to
decrease by 89.9% to 282,404 people by 2050, with Oceania hav-
ing the highest and East Asia having the lowest ASDR. ICH had
the highest ASDR in 2021 and is expected to remain the leading
cause of disability by 2050.

Unlike adults whose stroke risk often centers on modifiable
risk factors such as high blood pressure and diabetes, child-
hood stroke primarily revolves around hereditary factors that
increase susceptibility and acquired factors that trigger stroke
events [22, 23]. Hence, public policies should focus on prevent-
ing childhood stroke and improving the management of ICH-
related disabilities in children and adolescents.

This study provided the most comprehensive analysis to date of
stroke burden trends in children and adolescents under 20years.
For children and adolescents with stroke and their families, the
decreasing mortality and DALYs associated with this disease
are encouraging. For policymakers, stroke still imposes a sub-
stantial burden due to its high disability and mortality rates de-
spite a declining incidence, particularly in low and lower-middle
SDI regions. Therefore, it is essential to strengthen healthcare
resource preparedness. For clinicians, further studies are
needed to uncover the potential mechanisms of stroke to take
proactive measures to prevent stroke in children and adoles-
cents. However, our study has certain limitations. First, the es-
timates were based on available data sources, and the precision
of the GBD data is influenced by the quality of the existing epi-
demiological data. The reporting and forecasting of stroke data
for 204 countries may be insufficient, potentially affecting the
accuracy of the results. Second, no system has been established
to classify types of childhood stroke; future studies on childhood
stroke should include information that could aid in developing
such a classification. Therefore, further high-quality, real-world
research is needed to validate our findings.

In conclusion, the stroke burden among children and adoles-
cents (<20years) decreased considerably from 1990 to 2021.
Both were higher in those living in middle-to-low-SDI regions,
those younger than 1lyear, and those with ICH. Management
of non-optimal temperature remains a key challenge for chil-
dren and adolescents, and targeted clinical assessment meth-
ods among pediatricians are needed. Numbers are expected
to decrease until the year 2050 for all stroke types; thus, fur-
ther efforts are needed in the future to strengthen the primary

prevention of stroke in children and adolescents. Additionally,
stroke prevention strategies tailored to specific national contexts
are needed to reduce regional disparities in stroke burden.
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