
RESEARCH ARTICLE

Global Differences in Risk Factors, Etiology, and
Outcome of Ischemic Stroke in Young Adults—A
Worldwide Meta-analysis
The GOAL Initiative

Mina A. Jacob, MD, Merel S. Ekker, MD, Youssra Allach, BsC, Mengfei Cai, MD, Karoliina Aarnio, MD,

Antonio Arauz, MD, Marcel Arnold, MD, Hee-Joon Bae, MD, Lucrecia Bandeo, MD, Miguel A. Barboza, MD,

Manuel Bolognese, MD, Pablo Bonardo, MD, Raf Brouns, MD, Batnairamdal Chuluun, MD,

Enkhzaya Chuluunbatar, MD, Charlotte Cordonnier, MD, Byambasuren Dagvajantsan, MD,

Stephanie Debette, MD, Adi Don, MD, Chris Enzinger, MD, Esme Ekizoglu, MD, Simon Fandler-Höfler, MD,
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Abstract
Background and Objectives
There is a worldwide increase in the incidence of stroke in young adults, with major regional
and ethnic differences. Advancing knowledge of ethnic and regional variation in causes and
outcomes will be beneficial in implementation of regional health care services. We studied
the global distribution of risk factors, causes, and 3-month mortality of young patients with
ischemic stroke, by performing a patient data meta-analysis from different cohorts
worldwide.

Methods
We performed a pooled analysis of individual patient data from cohort studies that included
consecutive patients with ischemic stroke aged 18–50 years.We studied differences in prevalence of
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risk factors and causes of ischemic stroke between different ethnic and racial groups, geographic regions, and countries with different
income levels. We investigated differences in 3-month mortality by mixed-effects multivariable logistic regression.

Results
We included 17,663 patients from 32 cohorts in 29 countries. Hypertension and diabetes were most prevalent in Black
(hypertension, 52.1%; diabetes, 20.7%) and Asian patients (hypertension 46.1%, diabetes, 20.9%). Large vessel atherosclerosis
and small vessel disease were more often the cause of stroke in high-income countries (HICs; both p < 0.001), whereas “other
determined stroke” and “undetermined stroke” were higher in low and middle-income countries (LMICs; both p < 0.001).
Patients in LMICs were younger, had less vascular risk factors, and despite this, more often died within 3 months than those
from HICs (odds ratio 2.49; 95% confidence interval 1.42–4.36).

Discussion
Ethnoracial and regional differences in risk factors and causes of stroke at young age provide an understanding of ethnic and racial
and regional differences in incidence of ischemic stroke. Our results also highlight the dissimilarities in outcome after stroke in
young adults that exist between LMICs and HICs, which should serve as call to action to improve health care facilities in LMICs.

A prominent United Nations Sustainable Development Goal
is to reduce the burden of noncommunicable diseases, in-
cluding stroke, by one-third by 2030.1 However, there has
been a worldwide increase of up to 50% in the incidence of
stroke in young adults over the past decade.2,3 A stroke at
young age, usually defined as age 18–50 years, has a large
personal effect during a demanding period of life. Its in-
creasing incidence also has detrimental socioeconomic con-
sequences worldwide, as these patients have high rates of
poststroke unemployment and a persistent increased long-
term risk of death, resulting in decades of life lost.3-6

There are major, incompletely understood regional differences
in the incidence of stroke in young adults, varying between 7 per
100,000 person-years in Europe to more than 100 per 100,000
person-years in Africa.7-9 Also, ethnic and racial disparity in in-
cidence has been reported, with a 50% higher incidence in
Hispanic Americans and Black Americans than in Europeans.7,10

These differences in stroke incidence at young age might reflect
unidentified regional variation in burden of risk factors and
causes of stroke. Apart from regional, ethnic and racial or genetic
differences, economic inequality may also play a role, which may
influence not only incidence, risk factor profile, and causes of
stroke, but also outcome. Large cohort studies among elderly
patients with stroke have shown a poorer prognosis in those
residing in low and middle-income countries (LMICs) than
those in high-income countries (HICs).11,12 However, it is
largely unknown whether this discrepancy also applies to young
patients with stroke, often with a different etiology.

To address these knowledge gaps, a global approach is
needed, with detailed data from individual patients with

different regional and ethnic backgrounds. We therefore set
up the Global Outcome Assessment Lifelong After Stroke in
Young Adults (GOAL) initiative, combining data from in-
dividual young patients with stroke from different cohorts
worldwide. In this study, we investigated the global distribu-
tion of risk factors and causes as well as 3-month mortality in
an individual patient data meta-analysis among 17,663 young
patients with ischemic stroke from all continents.

Methods
Study Design and Population
The GOAL initiative is an ongoing international multicenter
initiative that collects individual patient data from hospital-
based young stroke cohorts all over the world, with the aim to
investigate the risk factors, etiology, and outcome in young
individuals with stroke. A detailed description of the GOAL
study protocol has been published previously.13

Relevant cohort studies conducted from 1970 onward were
identified through a systematic search of PubMed using the
MeSH major topics “young adult,” “stroke,” “risk factors,”
“stroke/etiology cause/etiology ANDNOT stroke/etiology,”
“prognosis,” and “secondary prevention.” Detailed de-
scription of the search terms strategy is listed in eAppendix 1
(doi.org/10.5061/dryad.1rn8pk0t4).

The principal investigators were contacted and informed
about the GOAL initiative with the request to participate.
Furthermore, when participants indicated they knew of other
cohorts or collaborators who might be interested in

Glossary
AF = atrial fibrillation; CI = confidence interval; GOAL = Global Outcome Assessment Lifelong After Stroke in Young Adults;
HICs = high-income countries; LMICs = low and middle-income countries; OR = odds ratio; PFO = patent foramen ovale;
TOAST = Trial of Org 10172 in Acute Stroke Treatment.
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participating, we contacted these researchers. A website for
potential participants was developed to provide more in-
formation about the aims of the project.14 An overview of the
selection procedure of cohorts is illustrated in eFigure 1 (doi.
org/10.5061/dryad.1rn8pk0t4).

Prospective and retrospective as well as hospital-based cohorts
were considered eligible for enrollment if the patients would
meet our selection criteria. Briefly, cohorts were eligible for in-
clusion if they recruited consecutive patients aged 18–50 years
with a first-ever ischemic stroke. Exclusion criteria included
stroke due to traumatic cerebral injury, intracerebral malignancy,
cerebral venous thrombosis, iatrogenic stroke as a result of any
medical intervention, or retinal infarct. A detailed overview of the
inclusion and exclusion criteria are described in detail in the
study protocol.13 Ischemic stroke was defined according to the
WHO definition.15 We performed an individual patient data
meta-analysis by analyzing data from cohorts who contributed
data to the GOAL initiative until June 1, 2020.

Standard Protocol Approvals, Registrations,
and Patient Consents
Before participating, each individual center had to obtain
written ethical approval form a local ethical committee for
international data sharing. Participating centers were
requested to pseudonymize their data before sending it by
using a standardized and encrypted electronic sheet con-
taining prespecified variables of interest, according to the
current laws and legislation concerning research conduct at
each participating center, to the GOAL research team of the
neurology department of the Radboudumc, Nijmegen. The
key linking anonymized data to individual patients remained
at the participating centers. This study was conducted
according to the principles of the Declaration of Helsinki
(version 60, 19 October 2013) and the Dutch law for human
research (WMO). Written informed consent was obtained
from all participants in the prospectively collected data; no
informed consent was needed for retrospective cohorts of
registered patients. Ethical approval was obtained from the
Medical Review Ethics Committee region Arnhem-Nijmegen.
All data are processed, stored, and will be destroyed after end
of the study according to European Union General Data
Protection Regulation.

Study Data
Study data included demographic characteristics, medical
history including medication used on admission, and in-
formation on causes and risk factors of ischemic stroke based
on diagnostic workup within 1 month after stroke.

Demographics
Date of admission, date of index stroke, age, sex, and ethnic
and racial subgroups including White (i.e., non-Hispanic
White individuals), Black (i.e., non-Hispanic Black indi-
viduals), Hispanic (i.e., individuals who self-identified as
White Hispanic or Black Hispanic), Asian (i.e., individuals
who self-identified as from Asian descendants), multiracial

(i.e., individuals with 2 or more racial identities), other, or
unknown, and geographic residence were registered. Ethnic
and racial identity was assigned to participants via self-
identification.

We included patients with ischemic stroke from 29 countries
covering all continents except Antarctica. Europe was strati-
fied into 3 regions because of previously reported regional
differences in stroke incidence.2 Countries were classified
based on their income level at the start of their particular study
according to the World Bank Classification as LMICs or
HICs.16 We grouped LMICs into one group for statistical
reasons, as India was the only low-income country at the start
of its study. An overview of participating cohorts is available
from Dryad (eTable 1, doi.org/10.5061/dryad.1rn8pk0t4).

Risk Factors, Causes, and Outcome
Detailed definitions of collected risk factors are described in
the study protocol13 and summarized in eTable 2 (doi.org/10.
5061/dryad.1rn8pk0t4). Risk factors included vascular risk
factors, as stated by the 2014 guidelines of the American
Stroke Association,17 including hypertension, diabetes, dysli-
pidemia, ever smoking, atrial fibrillation (AF), patent foramen
ovale (PFO), and obesity. Other risk factors collected (but
not required for participation in the GOAL initiative) in-
cluded migraine, excessive use of alcohol, and illicit drug use.
Cohorts that applied a different definition for a given risk
factor that could not be reclassified according to GOAL def-
initions were excluded from that particular subanalysis.

Cause of stroke was classified according to the Trial of Org
10172 in Acute Stroke Treatment (TOAST) criteria.18 Out-
come was the vital status assessed 3 months after index stroke.

Data Quality Assessment
A database was created from data of all individual patients.
Cohorts were requested to send data regarding risk factors
with their definition of the risk factors to ensure that only
variables matching our prespecified definitions (eTable 2, doi.
org/10.5061/dryad.1rn8pk0t4) were included. All datasets
underwent a standardized quality assessment for complete-
ness and inconsistencies. In case of inconsistencies (for ex-
ample, when small vessel disease was considered as the cause
of stroke in the presence of AF), local principal investigators
were contacted for reevaluation of their data. Patients with AF
were assigned to either the subgroup “cardioembolism,” or to
“stroke due to 2 or more identified causes” in presence of
other causes of stroke according to the TOAST criteria.

Data Analyses
To detect differences between increasing age and prevalence
of risk factors and causes of ischemic stroke, age was cate-
gorized in 6 age groups (18–25, 26–30, 31–35, 36–40, 41–45,
46–50 years). Patients were also grouped based on the
number of concurrent traditional vascular risk factors (0–4)
by adding the following vascular risk factors in each patient:
hypertension, diabetes, dyslipidemia, and ever smoking.19
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First, we explored differences in mean age, sex, risk factors,
causes of stroke (TOAST subtype), and death rates between
subgroups stratified by demographic characteristics (age
group, sex, ethnic and racial groups, geographic region, and
socioeconomic level) with Mann-Whitney test or χ2 test
when appropriate. Linear trends in frequencies of risk factors
and causes according to ordinal scaled age groups were tested
with χ2 test. All univariate group tests were corrected with
Bonferroni method to adjust for multiple comparisons to
ensure 5% overall type I error rate.

Second, we studied variables associated with death within 3
months from index stroke with mixed-effects multivariable lo-
gistic regression, with study cohort set as random intercept
effect to correct for intrinsic cohort heterogeneity. The in-
dependent variables of interest analyzed included demographic
characteristics (sex, age, ethnic and racial groups, and socio-
economic level of country), stroke cause, and the number of
vascular risk factors. Depending on each variable under study,
we constructed different models with appropriate adjustments
for different covariates that are known to affect mortality; that
is, age, sex, ethnic and racial groups, cause of stroke, or vascular
risk factor score. The selection of these confounding variables
was based on availability of confounders, biological plausibility,
and their known associationwithmortality, and theywere often
used in other studies.11

Patients with unreported ethnic and racial identity were
classified as an independent group “unknown” during analy-
ses. Because data of each other variable analyzed were present
in >98% of all cases, we did not impute for missing values.

All analyses were performed using R version 4.1.1 or IBM
SPSS Statistics, version 25.0 (IBM Corp.).

Data Availability
Data from the GOAL study including data supporting the
findings of this study will be available from the corresponding
author on request, after consent of all GOAL participating
centers and approval of local institutional review boards.

Results
A total of 17,663 patients (n = 10,564 men; 61.2%) from 32
cohorts in 29 countries were included in this study (Figure 1;
doi.org/10.5061/dryad.1rn8pk0t4). The overall mean age
was 40.8 (SD 7.5) years, with men being older than women
(41.5 [SD 7.2] vs 39.7 [SD 7.9] years; p < 0.001). There was a
male predominance across all age strata, which increased with
age (Table 1). Of patients included, 6,837 (38.7%) were
Asian, 5,696 (32.2%) White, 1,730 (9.8%) Hispanic, and 507
(2.9%) Black. Most patients came from Europe (n = 7,265%
[41.1%]) or Asia (n = 6,775% [38.7%]). A total of 14,392
(81.5%) patients were residents from HICs (Australia, Aus-
tria, Belgium, Canada, Finland, France, Germany, Israel, Italy,
Korea, the Netherlands, New Zealand, Norway, Portugal,
Sweden, Switzerland, Taiwan, United Arab Emirates, and the
United States); 3,271 (18.5%) patients were from LMICs
(Argentina, Brazil, Costa Rica, Estonia, India, Malaysia,
Mexico, Mongolia, South Africa, and Turkey).

Patients residing in HICs were older than those in LMICs
(41.2 [SD 7.3] vs 38.8 [SD 8.4] years; p < 0.001).

Global Distribution of Risk Factors
Smoking was the most common risk factor (49.2%), followed
by hypertension (36.6%) and dyslipidemia (31.7%; Table 2).
For 16,845 (95.4%) patients, the number of concurrent

Figure 1 Proportions of Patients With Concurrent Vascular Risk Factors Stratified by Age Groups and Sex

(A and B) Prevalence shown for presence of 0, 1, 2, 3, or 4 vascular risk factors (RFs) by age groups. Vascular risk factors included hypertension, dyslipidemia,
diabetes, and smoking.
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vascular risk factors could be calculated: 12,426 (73.8%) pa-
tients had at least 1 vascular risk factor and 6,896 (40.9%)
patients had ≥2 risk factors (eTable 3; doi.org/10.5061/dryad.
1rn8pk0t4). Of patients ≤30 years, 49.6% had at least 1 vascular
risk factor. Traditional vascular risk factors (hypertension, di-
abetes, dyslipidemia, and smoking) weremore common inmen
than in women and showed a higher prevalence with increasing
age (all: ptrend ≤ 0.001; Figure 1). Women, compared to men,
more often hadmigraine (28.1% vs 14.0%; p ≤ 0.001) and PFO
(18.1% vs 12.7%; p < 0.001). Migraine and PFO were also
significantly more prevalent in younger patients (both: ptrend

≤ 0.001). Black and Asian people had the highest prevalence of
≥2 risk factors (eTable 3). They also had the highest prevalence
of hypertension (Black, 52.1%; Asian, 47.1%) and diabetes
(Black, 20.7%; Asian, 20.9%); White people had the highest
prevalence of dyslipidemia (40.4%) and PFO (24.9%). Patients
from Asia, North America, and Oceania showed higher fre-
quencies of most vascular risk factors (especially obesity)
compared to patients from Europe (Figure 2). The majority of
vascular risk factors were significantly more prevalent in HICs
compared to LMICs, particularly dyslipidemia (33.9% vs
21.7%; p ≤ 0.001; Table 2).

Table 1 Demographic Characteristics of Total Study Population

Patients Age, y, mean (SD) Men Women

Total population 17,663 40.8 (7.5) 10,683 (60.5) 6,980 (39.5)

Age group, y

18–25 940 (5.3) 21.9 (2.2) 474 (50.4) 466 (49.6)

26–30 1,140 (6.5) 28.3 (1.4) 576 (50.5) 564 (49.5)

31–35 1,829 (10.4) 33.2 (1.4) 957 (52.3) 872 (47.7)

36–40 2,997 (17.0) 38.2 (1.4) 1,754 (58.5) 1,243 (41.5)

41–45 4,949 (28.0) 43.2 (1.4) 3,075 (62.1) 1,874 (37.9)

46–50 5,808 (32.9) 48.0 (1.4) 3,847 (66.2) 1,961 (33.8)

Ethnic and racial subgroups

White 5,696 (32.2) 39.4 (7.5) 3,144 (55.2) 2,552 (44.8)

Black 507 (2.9) 41.3 (6.7) 275 (54.2) 232 (45.8)

Hispanic 1,730 (9.8) 38.1 (8.8) 864 (49.9) 866 (50.1)

Asian 6,837 (38.7) 42.7 (6.5) 4,779 (69.9) 2,058 (30.1)

Multiracial 23 (0.1) 39.4 (7.2) 10 (43.5) 13 (56.5)

Other 137 (0.8) 38.0 (7.1) 68 (45.0) 83 (55.0)

Unknown 2,733 (15.5) 40.7 (7.9) 1,553 (56.6) 1,189 (43.4)

Geographic region

Oceania 658 (3.7) 40.1 (7.5) 376 (57.1) 282 (42.9)

Asia 6,775 (38.4) 42.7 (6.6) 4,740 (70.0) 2,035 (30.0)

Africa 91 (0.5) 36.1 (8.8) 49 (53.8) 42 (46.2)

Southern Europe 2,988 (16.9) 37.9 (7.4) 1,558 (52.1) 1,430 (47.9)

Central Europe 2,152 (12.2) 40.7 (7.6) 1,178 (54.7) 974 (45.3)

Northern Europe 2,125 (12.0) 41.4 (7.6) 1,275 (60.0) 850 (40.8)

North America 1,007 (5.7) 41.8 (6.0) 578 (57.4) 429 (42.6)

Central and South America 1,867 (10.6) 37.7 (8.8) 929 (49.8) 938 (50.2)

Country income classification

High-income countries 14,392 (81.5) 41.2 (7.3) 8,914 (61.9) 5,478 (38.1)

Low and middle-income countries 3,271 (18.5) 38.8 (8.4) 1,769 (54.1) 1,502 (45.9)

Data are n (%) or mean (SD).
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Table 2 Risk Factors Stratified by Demographic Characteristics

Patients with available data on risk factor

Hypertension
(n = 17,409)

Diabetes
(n = 17,631)

Dyslipidemia
(n = 17,364)

Ever smoking
(n = 17,328)

Coronary artery
disease (n = 16,159)

Atrial
fibrillation
(n = 17,258)

Patent foramen
ovale (n = 12,024)

Obesity
(n = 13,217)

Migraine
(n = 5,138)

Excessive alcohol
use (n = 9,630)

Illicit drug use
(n = 5,891)

Patients with risk factor 6,368 (36.6) 2,432 (13.8) 5,498 (31.7) 8,525 (49.2) 759 (4.7) 691 (4.0) 1,789 (14.9) 1,796 (13.6) 1,056 (20.6) 1,030 (10.5) 254 (4.3)

Mean age (SD) of patients
with risk factor, y

43.6 (5.5) 44.3 (5.3) 42.8 (6.1) 41.7 (7.0) 43.0 (6.3) 43.5 (6.3) 38.0 (8.1) 41.9 (6.4) 37.8 (7.7) 40.6 (7.3) 38.5 (8.0)

Sex

Men 4,294 (40.8) 1,657 (15.5) 3,668 (34.9) 6,198 (59.0) 506 (5.1) 432 (4.1) 922 (12.7) 1,114 (13.4) 383 (14.0) 896 (16.7) 174 (5.2)

Women 2,074 (30.1) 75 (11.1) 1,830 (26.7) 2,327 (34.1) 253 (4.0) 259 (3.8) 867 (18.1) 682 (14.0) 673 (28.1) 187 (4.4) 80 (3.1)

p <0.001 <0.001 <0.001 <0.001 0.002 0.33 <0.001 0.35 <0.001 <0.001 <0.001

Age group, y

18–25 64 (6.9) 24 (2.6) 97 (10.5) 325 (35.3) 18 (2.1) 13 (1.4) 181 (27.2) 38 (6.1) 94 (27.2) 52 (7.8) 26 (6.9)

26–30 137 (12.3) 35 (3.1) 183 (16.3) 435 (39.0) 23 (2.2) 26 (2.3) 164 (20.1) 81 (10.5) 107 (25.2) 68 (8.3) 21 (4.3)

31–35 367 (20.6) 112 (6.1) 415 (23.1) 743 (41.4) 51 (3.1) 38 (2.1) 258 (19.8) 180 (14.6) 162 (24.6) 131 (10.9) 26 (3.8)

36–40 914 (31.3) 307 (10.3) 904 (30.9) 1,396 (47.5) 101 (3.7) 95 (3.3) 372 (17.8) 299 (14.4) 245 (24.0) 185 (10.1) 52 (5.0)

41–45 1,955 (40.1) 693 (14.0) 1,671 (34.2) 2,534 (51.9) 226 (4.9) 177 (3.7) 496 (14.2) 545 (15.7) 306 (18.5) 313 (11.3) 78 (5.2)

46–50 2,931 (50.5) 1,261 (21.8) 2,228 (39.0) 3,092 (54.4) 340 (6.4) 342 (6.0) 318 (8.7) 653 (13.0) 142 (13.7) 334 (14.3) 51 (2.9)

ptrend <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 0.006

Ethnic and racial
subgroups

White 1,709 (30.2) 497 (8.7) 2,254 (40.4) 2,559 (45.8) 174 (3.5) 184 (3.2) 1,045 (24.9) 566 (19.2) 841 (20.9) 505 (9.4) 138 (6.3)

Black 264 (52.1) 105 (20.7) 128 (25.6) 262 (52.0) 55 (11.1) 14 (2.8) 6 (1.4) 221 (44.6) 0/42 15 (4.1) 48 (10.6)

Hispanic 397 (23.1) 190 (11.1) 247 (14.4) 840 (49.2) 52 (3.0) 74 (4.3) 171 (13.9) 157 (9.1) 17 (19.3) 248 (16.0) 38 (2.2)

Asian 3,061 (46.1) 1,426 (20.9) 1,948 (28.8) 3,611 (52.9) 335 (4.9) 324 (4.8) 239 (4.8) 634 (9.5) 48 (18.3) 215 (17.8) 15 (1.3)

p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Geographic location

Oceania 235 (36.3) 106 (16.2) 277 (46.6) 293 (46.1) 48 (7.3) 43 (6.5) 110 (19.4) 153 (27.5) 0/207 79 (14.0) 59 (11.9)

Asia 3,038 (46.2) 1,423 (21.0) 1,937 (28.8) 3,588 (53.1) 330 (4.9) 323 (4.8) 231 (4.7) 637 (9.6) 45 (19.0) 206 (17.9) 17 (1.4)
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Table 2 Risk Factors Stratified by Demographic Characteristics (continued)

Patients with available data on risk factor

Hypertension
(n = 17,409)

Diabetes
(n = 17,631)

Dyslipidemia
(n = 17,364)

Ever smoking
(n = 17,328)

Coronary artery
disease (n = 16,159)

Atrial
fibrillation
(n = 17,258)

Patent foramen
ovale (n = 12,024)

Obesity
(n = 13,217)

Migraine
(n = 5,138)

Excessive alcohol
use (n = 9,630)

Illicit drug use
(n = 5,891)

Africa 20 (22.0) 11 (12.1) 16 (18.0) 29 (32.6) 1 (1.1) 0/89 0/70 8 (10.8) 0/0 13 (14.4) 2 (2.2)

Southern Europe 777 (26.2) 213 (7.1) 880 (29.5) 1,166 (39.1) 35 (1.3) 92 (3.1) 742 (27.2) 59 (10.9) 558 (23.1) 255 (8.6) 13 (4.9)

Central Europe 669 (31.1) 138 (6.4) 849 (41.9) 1,071 (50.7) 92 (6.1) 45 (2.4) 324 (36.2) 99 (23.2) 159 (22.7) 97 (8.4) 6 (3.9)

Northern Europe 775 (36.5) 181 (8.5) 1,012 (48.1) 933 (49.3) 72 (4.6) 85 (4.1) 179 (32.0) 292 (13.9) 252 (18.2) 148 (12.0) 28 (2.8)

North America 427 (42.5) 163 (16.2) 266 (26.6) 578 (57.4) 128 (12.8) 26 (2.6) 25 (2.8) 387 (38.5) 25 (21.2) 20 (2.6) 82 (10.5)

Central and South
America

427 (23.0) 197 (10.6) 261 (14.1) 867 (47.0) 53 (2.9) 77 (4.2) 178 (13.0) 161 (8.7) 17 (20.2) 265 (15.7) 47 (2.5)

p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Country level of income

High-income countries 5,345 (37.2) 2,054 (14.3) 4,806 (33.9) 7,137 (50.6) 588 (4.5) 539 (3.8) 1,594 (15.4) 1,494 (14.5) 987 (20.3) 739 (10.4) 190 (5.7)

Low and middle-
income countries

1,023 (33.5) 378 (11.6) 692 (21.7) 1,388 (42.9) 171 (5.8) 152 (4.7) 195 (11.8) 302 (10.3) 69 (24.9) 344 (13.7) 64 (2.5)

p <0.001 <0.001 <0.001 <0.001 <0.001 0.02 <0.001 <0.001 0.08 <0.001 <0.001

Data are n (%), mean (SD), or p value. Percentages are proportion of patients with the certain risk factor calculated based on the total patients with available data of the risk factor.
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Global Distribution of Causes of Stroke
Data regarding causes of stroke were available for 16,864
(95.4%) patients. Large vessel atherosclerosis was the cause of
stroke in 16.6% of cases, small vessel disease in 14.8%, car-
dioembolism in 19.0%, other determined etiology in 22.7%,
and undetermined etiology in 26.9% (Table 3). Large vessel
atherosclerosis and small vessel disease were significantly
more often the cause of stroke in men than in women (19.2%
vs 12.7%; p ≤ 0.001 for large vessel atherosclerosis: 17.0% vs
11.4%; p ≤ 0.001 for small vessel disease); cardioembolism
and other determined etiology prevailed in women (21.5% vs
17.4%; p ≤ 0.001; respectively, 27.0% vs 20.0%; p ≤ 0.001).
The proportions of large vessel atherosclerosis and small
vessel disease as cause of stroke significantly increased with
age (both: ptrend ≤ 0.001), whereas the proportion of car-
dioembolism and other determined etiology significantly
decreased with age (both: ptrend ≤ 0.001). Asian participants
had at least a 3-fold higher prevalence of large vessel

atherosclerosis (28.6%) compared to other ethnic and racial
groups. Also, small vessel disease was most often the cause of
stroke in Asian participants (22.0%), cardioembolism in
White participants (24.5%), and undetermined etiology
among Black participants (44.0%) (Table 3). Africa, Central
and South America, and Southern Europe showed the highest
prevalence of stroke of other determined etiology (all: >40%).
Large vessel atherosclerosis and small vessel disease were
more than twice as prevalent in HICs compared to LMICs
(both: p < 0.001); other determined and stroke due to an
undetermined etiology were more prevalent in LMICs (both:
p ≤ 0.001; Table 3).

Global Differences in Death at 3 months
After Stroke
Information on vital status at 3 months after index stroke was
available for 13,012 (75.4%) patients, of whom 481 (3.7%)
had died; 331 (68.6%) of those died within the first month

Figure 2 World Maps Illustrating Geographic Distribution of Vascular Risk Factors in Young Patients With Stroke

(A–E) Colors are based on proportion of particular risk factor (%).
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Table 3 Causes of Stroke Stratified by Demographic Characteristics

Total
patients

Large vessel
atherosclerosis

Small
vessel
disease Cardioembolism

Other
determined
etiology

Undetermined
etiology

Cases, n 16,864 2,802 (16.6) 2,496 (14.8) 3,199 (19.0) 3,829 (22.7) 4,538 (26.9)

Age, y, mean (SD) 40.8 (7.6) 43.8 (5.8) 43.2 (6.1) 39.8 (7.9) 37.8 (7.9) 40.8 (7.6)

Sex

Men 10,240
(60.7)

1,963 (19.2) 1,744 (17.0) 1,777 (17.4) 2,043 (20.0) 2,713 (26.5)

Women 6,624 (39.3) 839 (12.7) 752 (11.4) 1,422 (21.5) 1,786 (27.0) 1,825 (27.6)

p <0.001 <0.001 <0.001 <0.001 0.14

Age group, y

18–25 896 (5.3) 55 (6.1) 41 (4.6) 225 (25.1) 344 (38.4) 231 (25.8)

26–30 1,104 (6.5) 86 (7.8) 51 (4.6) 241 (21.8) 411 (37.2) 315 (28.5)

31–35 1,755 (10.4) 174 (9.9) 126 (7.2) 368 (21.0) 608 (34.6) 479 (27.3)

36–40 2,850 (16.9) 412 (14.5) 339 (11.9) 604 (21.2) 761 (26.7) 734 (25.8)

41–45 4,723 (28.0) 815 (17.3) 744 (15.8) 882 (18.7) 1,058 (22.4) 1,224 (25.9)

46–50 5,536 (32.8) 1,260 (22.8) 1,195 (21.6) 879 (15.9) 647 (11.7) 1,555 (28.1)

ptrend <0.001 <0.001 <0.001 <0.001 0.40

Ethnic and racial subgroups

White 5,526 (32.8) 481 (8.7) 614 (11.1) 1,355 (24.5) 1,835 (33.2) 1,241 (22.5)

Black 502 (3.0) 33 (6.6) 93 (18.5) 89 (17.7) 66 (13.1) 221 (44.0)

Hispanic 1,720 (10.2) 157 (9.1) 128 (7.4) 343 (19.9) 605 (35.2) 487 (28.3)

Asian 6,622 (39.3) 1,895 (28.6) 1,455 (22.0) 789 (11.9) 868 (13.1) 1,615 (24.4)

p <0.001 <0.001 <0.001 <0.001 <0.001

Geographic location

Oceania 658 (3.9) 30 (4.6) 76 (11.6) 163 (24.8) 153 (23.3) 236 (35.9)

Asia 6,559 (38.9) 1,889 (28.8) 1,451 (22.1) 776 (11.8) 846 (12.9) 1,597 (24.3)

Africa 91 (0.6) 16 (17.6) 8 (8.8) 9 (9.9) 41 (45.1) 17 (18.7)

Southern Europe 2,897 (17.2) 228 (7.9) 265 (9.1) 834 (28.8) 1,291 (44.6) 279 (9.6)

Central Europe 1,959 (11.6) 250 (12.8) 189 (9.6) 519 (26.5) 355 (18.1) 646 (33.0)

Northern Europe 1,844 (10.9) 154 (8.4) 222 (12.0) 347 (18.8) 417 (22.6) 704 (38.2)

North America 999 (5.9) 70 (7.0) 153 (15.3) 187 (18.7) 83 (8.3) 506 (50.7)

Central and South America 1,857 (11.0) 165 (8.9) 132 (7.1) 364 (19.6) 643 (34.6) 553 (29.8)

p <0.001 <0.001 <0.001 <0.001 <0.001

Country income classes

High-income countries 13,817
(81.9)

2,505 (18.1) 2,260 (16.4) 2,591 (18.8) 3,004 (21.7) 3,457 (25.0)

Low and middle-income
countries

3,047 (18.1) 297 (9.7) 236 (7.7) 608 (20.0) 825 (27.1) 1,081 (35.5)

p <0.001 <0.001 0.13 <0.001 <0.001

Data are n (%), mean (SD), or p value. Percentages are proportion of patients with that specific cause of stroke calculated based on the total patients with
available data on the Trial of Org 10172 In Acute Stroke Treatment (TOAST) classification.
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(HICs: 1.7%; LMICs: 7.7%; p < 0.001). Differences in clinical
characteristics between survivors and patients who died
within 3 months are presented in Table 4.

In multivariable logistic regression analysis, there was no sta-
tistically significant difference in risk of death betweenmen and
women (odds ratio [OR] 1.09 [95% confidence interval (CI)
0.71–1.69]; Figure 3). Age (years) was a significant risk factor
for mortality (OR 1.02 [95% CI 1.01–1.03]). Hispanic patients
had a higher mortality risk than White patients (OR 1.91 [95%
CI 1.40–2.52]) and Asian patients (OR 1.81 [95% CI
1.42–2.34]). Black patients were not included because of lim-
ited cases. Patients in LMICs had almost a 2.5-fold higher risk
for mortality than patients residing in HICs, after adjusting for
cohort heterogeneity, sex, age, and cause of stroke (OR 2.46
[95% CI 1.40–4.28]). Of the deceased patients, 39.7% had a
stroke of undetermined etiology (Table 4), which was strongly
associated with death (OR 3.19 [95% CI 2.10–4.86]), followed
by cardioembolism (OR 2.74 [95% CI 1.76–4.27]) and large

vessel atherosclerosis (OR 1.64 [95% CI 1.03–2.61]). The
number of concurrent vascular risk factors was not significantly
associated with mortality (Figure 3).

Discussion
We found large ethnic and racial, regional, and socioeconomic
differences in the prevalence of risk factors, causes of stroke,
and 3-month mortality among young patients with ischemic
stroke worldwide. Traditional vascular risk factors were already
present in 3 out of 4 young patients, and in 50% of patients ≤30
years of age. Furthermore, young patients with ischemic stroke
living in LMICs had a 2.5 times higher 3-month mortality risk
compared to those residing in HICs, despite the fact that they
were significantly younger and had fewer vascular risk factors.

The regional and ethnic and racial variation in prevalence of
vascular risk factors coincides with the reported regional and

Table 4 Differences in Baseline Characteristics Between Deceased Patients and Survivors at 3 Months of Index Stroke

Total patientsa Dead Survivors p Value

Total reported cases 13.012 481 (3.7) 12.531 (96.3)

Women 4,923 (37.6) 212 (44.1) 4,711 (37.6) 0.004

Age, y, mean (SD) 40.8 (7.6) 41.1 (8.2) 40.8 (7.6) 0.028

Risk factors

Hypertension 4,654 (35.8) 149 (31.0) 4,505 (36.0) 0.025

Diabetes 1813 (13.9) 77 (16.0) 1736 (13.9) 0.172

Dyslipidaemia 4,037 (31.0) 100 (20.8) 3,937 (31.4) <0.001

Ever/current smoking 6,344 (48.8) 214 (44.5) 6,130 (48.9) 0.202

Coronary artery disease 410 (3.2) 38 (7.9) 372 (3.0) <0.001

Atrial fibrillation 525 (4.0) 45 (9.4) 480 (3.8) <0.001

Patent foramen ovale 1,454 (11.2) 18 (3.7) 1,436 (11.5) <0.001

Obesity 887 (6.8) 29 (6.0) 858 (6.8) 0.062

Migraine 935 (7.2) 3 (0.6) 932 (7.4) 0.001

Excessive alcohol use 801 (6.2) 41 (8.5) 760 (6.1) 0.890

Illicit drug use 81 (0.6) 5 (1.0) 76 (0.6) 0.474

TOAST classification

Large vessel atherosclerosis 2,426 (18.8) 60 (13.0) 2,366 (19.1) 0.001

Small vessel disease 1955 (15.2) 28 (6.0) 1927 (15.5) <0.001

Cardioembolism 2,337 (18.2) 111 (24.0) 2,226 (17.9) 0.001

Other determined 3,162 (24.6) 80 (17.3) 3,082 (24.8) <0.001

Undetermined 2,996 (23.3) 184 (39.7) 2,812 (22.7) <0.001

Abbreviation: TOAST = Trial of Org 10172 In Acute Stroke Treatment.
Data are n (%), mean (SD), or p value.
a Total number of patientswith available data onmortality status after 3months. Percentages are proportion of patients among total patients, total survivors,
or total deaths.

e582 Neurology | Volume 98, Number 6 | February 8, 2022 Neurology.org/N

Copyright © 2021 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/n


ethnic and racial disparities in stroke incidence among young
adults.7-9 For example, North America, Asia, and Oceania
showed higher prevalence of most vascular risk factors than
Europe and South America, which might explain their higher
incidence of stroke at young age, compared to Europe.7,20 In
addition, we observed a higher frequency of hypertension,
diabetes mellitus, and smoking among Black and Asian par-
ticipants than in White participants, risk factors typically re-
lated with atherosclerosis of larger and smaller vessels. This is
in accordance with the higher cardiovascular burden in the
general population of these ethnic groups, compared with, for
example, White people.21-23 Indeed, Black participants and
Asian participants had the highest prevalence of large vessel
atherosclerosis or small vessel disease as cause of stroke.
Given the strong association between these traditional vas-
cular risk factors and stroke occurrence, this could also par-
tially explain the higher incidence of stroke in young patients

reported in these ethnic and racial groups.7,24 These differ-
ences in prevalence of risk factors have a multifactorial basis
and involve many factors including racial and ethnic dispar-
ities in health care access and equity, socioeconomic deter-
minants of health,24 and their accompanying lifestyle.23

However, genetic predispositions may also play a role (for
example, Moyamoya disease is more often found in Asian
people).26,27 Further studies are warranted to better elucidate
the link between different susceptibilities to certain vascular
risk factors among individuals with different ethnic and racial
subgroups.

Nontraditional risk factors may also explain additional varia-
tion in incidence and causes of stroke at young age across
different ethnic and racial groups and regions. For example,
we found the highest prevalence of PFO inWhite participants.
We consider it unlikely that ascertainment bias plays a role

Figure 3 Risk of Death Within 3 Months After Index Stroke

Data are presented as n (total patients with available mortality status), n (mortality cases), and odds ratio (OR) (95% confidence interval [CI]). All models were
adjusted for cohort heterogeneity by taking study cohort as random effect in the multivariable logistic regression analysis. In addition, for each variable of
interest, we constructed different models with appropriate adjustments for confounders. aAdjusted for age, ethnicity, and Trial of Org 10172 in Acute Stroke
Treatment (TOAST) category. bAdjusted for sex, ethnicity, and TOAST category. cAdjusted for age, sex, and TOAST category. dAdjusted for age, sex, and TOAST
category. eAdjusted for age, sex, and ethnicity. fAdjusted for age, sex, and ethnicity. CE = cardioembolism; HICs = high-income countries; LMICs = low and
middle-income countries; LVA = large vessel atherosclerosis; OD = other determined etiology; SVD = small vessel disease; UD = undetermined etiology.
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here, as cardiac ultrasound as part of routine examination was
applied to a similar extent in the various regions (Table 2), but
data regarding mode of cardiac ultrasound (transthoracic/
transesophageal, with or without contrast) were not available.
PFO was also more prevalent in women than men. The ethnic
and racial and sex differences in PFO prevalence may con-
tribute to the observed differences in causes of stroke, with
cardioembolism as cause of stroke being mostly prevalent in
White participants and women. These demographic differ-
ences in risk factors and causes of stroke suggest that targeted
interventions to screen and manage (vascular) risk factors
may have different effects on reduction of stroke incidence in
different sex and ethnic groups. We noted a male pre-
ponderance in all age strata. Previous Western studies on
young patients with ischemic stroke reported conflicting re-
sults in incidence between men and women, with higher
preponderance of women in the younger age strata (<35
years).26,27 Possible explanations for overrepresentation of
men in our sample include the accumulation of traditional
vascular risk factors in men and the inclusion of different
cohorts worldwide as several Asian studies reported either no
sex difference or male overrepresentation in stroke incidence
at young age.28,29

Patients in LMICs were younger at stroke onset than those
from HICs. This may be due to exposure to different risk
factors between LMICs and HICs.6 In HICs, the prevalence
of vascular risk factors is higher, whereas in LMICs, envi-
ronmental risks (e.g., air pollution) may play a larger role.
There is growing attention to stroke occurrence attributable
to environmental risk factors, which may contribute to a
younger age at stroke onset in LMICs.6,25 Traditional vascular
risk factors are likely to become more prominent with aging.
Relatively younger age at onset has also been reported in
elderly patients with other cardiovascular events, such as
myocardial infarction, in LMICs.2,12

There is inequality with respect to survival after stroke at
young age, with patients from LMICs having 2.5 times the risk
of dying within the first 3 months after stroke compared to
patients from HICs, even though they were younger and had
lower burden of vascular risk factors. Possible explanations
include access to and affordability of health services (early
diagnosis and treatment), secondary prevention, and pop-
ulation educational level.12 This interpretation is supported
by observations in the INTERSTROKE study showing less
access to and availability of evidence-based acute treatments
(i.e., IV thrombolysis) and health care services (i.e., stroke
units and postdischarge rehabilitation centers) in LMICs.11

However, limited access to health care resources in LMICs
may also result in referral bias: patients who are admitted to
the hospital are likely to have a more severe stroke than those
who are not referred, with the accompanying higher risk of
death. The increased mortality risk among Hispanic patients
may be explained in this way, as 98.6% of them were from
LMICs. Furthermore, the higher proportion of young patients
with classic vascular risk factors in HICs could be explained by

better health education, earlier detection, and better man-
agement strategies from acute treatment to rehabilitation
compared to LMICs.30

In contrast to studies analyzing the long-term mortality of
young patients with stroke, we did not find an association
between number of risk factors and 3-month mortality. A
possible explanation is that these risk factors do not lead to
death within 3 months, but rather increase mortality risk in
the long term.

Strengths of our study include the large number of patients,
making it the largest study on young patients with ischemic
stroke worldwide. It offers a unique opportunity to address
existing knowledge gaps with respect to ethnic and racial and
regional differences in stroke incidence at young age by
comparing for the first time risk factor profiles, causes, and
short-term outcome among young patients with stroke from
different ethnicities and geographic regions, including a con-
siderable proportion of young patients from LMICs, who
have been underrepresented in prior studies. Other strong
elements include the standardized operationalization of data
across the diverse international cohorts, reducing mis-
classification and increasing the power of this study, inclusion
of consecutive patients, and the more accurate estimations at
subgroup level that arise from individual patient data meta-
analyses.

This study also has limitations. First, data were collected at
different time periods, during which primary and secondary
preventive strategies, acute stroke treatment, and etiologic
workup practices may have changed. Second, there were rel-
atively few data from low-income countries and Africa as a
continent to allow for a general conclusion. Third, appointing
individuals into such broad ethnic and racial categories is
accompanied by some limitations. Specifically, the same eth-
nic and racial categories are not applied in the same way across
the different geographic regions, because of differences in
historical and social contexts that define ethnic and racial
categories. Nevertheless, these broad groups, which are widely
used in literature, can be of great clinical importance for
demonstrating differences that can be important for clinical
practice, and for health care interventions aiming preventive
strategies at subgroups at risk. Fourth, as we used data col-
lected according to local protocols with initially different
purposes, information on certain risk factors was missing for
some patients. Fifth, although we harmonized and standard-
ized the definitions for all risk factors, differential mis-
classification may have occurred. For example, dyslipidemia in
Western countries was often based on lipid levels or the use of
statins, while in many LMICs, it was primarily defined based
on blood lipid level, whichmay result in an underestimation of
the true prevalence of dyslipidemia in LMICs. Sixth, adjudi-
cating the exact cause of stroke requires availability and access
to additional investigations such as a cardiac ultrasound or
neuroimaging (MRI). It is possible that these were not equally
available for patients from LMICs and those from HICs,

e584 Neurology | Volume 98, Number 6 | February 8, 2022 Neurology.org/N

Copyright © 2021 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/n


which could also partly explain the higher prevalence of
cryptogenic stroke in LICs compared to HICs. However, we
found no significant difference in prevalence of cardioembolic
stroke betweenHICs and LMICs (18.6% vs 20.0%), suggesting
only minor misclassification of the cause of stroke. Further-
more, due to limited information on potential cardioembolic
sources (e.g., intracardiac thrombus, left ventricular ejection
fraction <30%, cardiac tumors), the extent of luminal stenosis
in the brain-supplying arteries, and detailed topography of is-
chemic lesions, we were not able to distinguish strokes with an
embolic source of undetermined etiology from other strokes
with an undetermined etiology. As collection of these variables
was not needed to answer our initial research question, in-
formation on these variables was not systematically requested
from the participating centers. Seventh, we were not able to
investigate regional differences with respect to lifestyle or am-
bient air pollution that are increasingly recognized to play a role
in stroke etiology.6 Finally, all cohorts included in our study
were hospital-based studies, potentially introducing selection
bias because patients with very mild or rapidly fatal strokes
might not have gone to or reached the hospital and might
therefore not have been included.

We found regional differences in (vascular) risk factors for
ischemic stroke in young adults. This raises the question
whether this also translates to regional differences in outcome
(e.g., recurrent stroke) after stroke and secondary prevention
strategies. The current secondary prevention strategy is a
more or less “one size fits all approach” without taking into
account regional or ethnic background, although it is known
that ethnic differences in efficacy of secondary prevention
exist.31-33 Also, future research should investigate whether
improvement of access and affordability of health care facili-
ties in LMICs will improve outcomes after stroke in younger
patients, and whether this helps in tackling the current
existing inequality. For example, an established evidence-
based approach to improve short-term stroke outcome is the
implementation of stroke units,11 which seems readily cost-
effective with feasible implementation in LMICs. This could
save lives, prevent permanent disability and loss of working
capacity, decrease societal and health care costs, and improve
the quality of life for millions of young individuals worldwide.

Our study has shown significant differences in risk factors and
causes of ischemic stroke at young age between different
ethnic and racial groups and geographic regions that help in
understanding ethnic and regional differences in the incidence
and clustering of risk factors of ischemic stroke among young
adults. These insights may be used to develop region-specific
policies on stroke prevention,1 which could help in achieving
the United Nations Sustainable Development Goals. The
increasing awareness of the presence of vascular risk factors
already at midlife for late life vascular disease, including the
increased recognition of a role of these midlife vascular risk
factors for late life cognitive decline,34 underscores the im-
portance of improving the health status of younger adults by
managing vascular risk factors from as early as the third

decade of life. Our results also visualize the inequalities in
young stroke short-term mortality between LMICs and HICs
and could help raise awareness of the magnitude of the
problem to policy makers.
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