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Abstract
Ischaemic stroke at young age is an increasing problem
in both developing and developed countries due to
rising incidence, high morbidity and mortality and long-
term psychological, physical and social consequences.
Compared with stroke in older adults, stroke in young
adults is more heterogeneous due to the wide variety
of possible underlying risk factors and aetiologies. In
this review, we will provide an overview of the global
variation in the epidemiology of stroke in young adults,
with special attention to differences in geography,
ethnicity/race and sex, as well as traditional and novel
risk factors for early-onset ischaemic stroke, such
as air pollution. Understanding global differences is
an important prerequisite for better region-specific
prevention and treatment of this devastating condition.

Introduction

More than 11 million ischaemic strokes occur worldwide each year, of which more than half occurs in
low- and middle-income countries.1 Although the
incidence of ischaemic stroke increases with age,
EB and MSE contributed equally. an estimated 10% to 20% of these events occur in
young people aged 18 to 50 years. This disorder
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is a major cause of long-
term disability and has
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profound
effect
on
quality
of life of patients and
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caregivers.2 In contrast to stroke in older adults, the
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incidence of ischaemic stroke among young adults
is rising globally.3–6
Ischaemic stroke in young adults affects people of
all races and ethnicities, though the incidence and
causes vary considerably among different countries,
sex and ethnic groups. These differences can not
solely be explained by resource-dependent differences in diagnostic work-
up and treatment.1 7 8
Understanding the epidemiology of ischaemic stroke
in young adults in different regions of the world is
important for developing adequate region-specific
preventive and management strategies to reduce
the global burden of young stroke. Furthermore,
an appreciation of geographical differences in the
causes of ischaemic stroke in young adults may also
lead to a specific diagnosis in a previously cryptogenic stroke. Most current reviews of stroke in
young adults provide information about the aeti© Author(s) (or their
ology and diagnostic approach written mainly from
employer(s)) 2020. No
a high-income perspective and do not take global
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and permissions. Published
differences into account.
by BMJ.
This review aims to provide an up-
to-
date
synthesis
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studies
on
the
global
differences
of
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lence) regarding geography, ethnicity/race and sex.

Furthermore, we will review the more traditional
vascular risk factors and geographical and racial/
ethnic differences in their prevalence and strength
of association with stroke.

Methods

For this review, we searched in MEDLINE and
WHO Database for articles published from 1
January 2008 to 1 January 2020. The following
search terms (including MedicalSubject Headings)
were used in multiple combinations: ‘ischemic
stroke, young adults, incidence, global, epidemiology, infection, sex differences, race, ethnicity,
risk factors, diabetes, hypertension, obesity, dyslipidaemia, physical inactivity, smoking, alcohol
consumption, air pollution, causes, dissection,
moyamoya, HIV, Chagas, sickle cell disease, neurocysticercosis’. Other rare causes of ischaemic stroke
in the young were not included in this review as
their global prevalence is low. The reference list
of relevant articles was screened for other useful
content (see online supplementary appendix 1 for
a more extensive overview of the search strategy
and study selection). Over 2000 abstracts were
screened, all relevant studies published in English
or Dutch were included. The final reference list was
generated on the basis of relevance to the topics
covered in this review. Being a narrative review,
in case of multiple studies with the same data, the
most up-to-date article was included.

Epidemiology and stroke aetiology from
a global perspective
Geographical differences

Incidence of young ischaemic stroke differs considerably worldwide and is generally higher in developing countries than in industrialised countries
(figure 1).1 Published incidence of young stroke
varies from 5 to 15 per 100 000 person-years in
many European studies to 20 per 100 000 person-
years in most Northern-American, Australian and
Asian studies and up to 40 per 100 000 person-years
in some African countries and Iran.7 9–11 However,
the exact global incidence of stroke in young adults
remains a knowledge gap, data on incidence and
prevalence are lacking for many African and Asian
countries, as depicted in figure 1. Further methodological differences hinder proper comparisons of
published incidences, which include the heterogeneity in the definition of young stroke regarding
age limits used and the inclusion of other stroke
subtypes. Despite these differences that do not fully
seem to explain the large observed differences, a
few inferences can be made. The higher incidence
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Figure 1 Global differences in incidence of stroke in young
adults.5–7 10–13 84–87 Figure legend: Years of represented incidence rates vary,
as do lower (18 or 20) and upper age limits (45-55) in different countries.
of stroke in young adults in low-income countries compared with
high-income countries can partially be explained by differences
in occurrence of risk factors and causes (see below), including
the presence of rheumatic heart disease, infections such as HIV
and the lesser detection and treatment of vascular risk factors
due to limited resources.3 6 12–14 Aetiological differences by geography have been reported.
Moyamoya disease is a rare, non-
atherosclerotic arteriopathy characterised by progressive stenosis of the internal carotid
arteries, ultimately leading to occlusion.15 The prevalence of
moyamoya disease is higher in children and young adults than
those aged 50 years or over and varies widely worldwide.
However, the prevalence is unknown in many non-Asian countries.15 The highest prevalence is found in Asian countries with
10.5 per 100 000 persons in Japan16 and 16.1 per 100 000
persons in Korea17 to 3.92 per 100 000 persons in China.18
While the prevalence is much lower in Western countries, exact
numbers are unknown. Corresponding with the prevalence, high
incidences were found in Japan (0.94 per 100 000 population),16
South Korea (2.3 per 100 000 population)17 and China (0.43
per 100 000 population),18 while the incidence in Washington
and California (0.086 per 100 000 population) is much lower.19
Exact prevalence and incidence of moyamoya disease in other
regions is lacking.
Sickle cell disease is a genetic haematological disorder,
caused by the sickle mutation on the haemoglobin gene. The
most severe form is homozygous haemoglobin S (HbSS), which
is associated with ischaemic stroke.20 In the USA, the rate of
ischaemic stroke in sickle cell disease increased with age and
was 740 per 100 000 person years in middle-aged (35 to 64
years) category, which is three-fold higher than in peers.21 The
less severe form is the heterozygous sickle cell trait.20 Although
sickle cell disease is considered a monogenic disorder with stroke
as one of the primary manifestations, a recent meta-
analysis
showed that sickle cell trait was not associated with the incidence of ischaemic stroke among African-Americans suggesting
that also other mechanisms may contribute.22 The global distribution of sickle cell disease varies widely.23 Africa accounts for
75%, followed by Southeast Asia with 15% of the global total
of homozygote neonates per year. By comparison, Europe has
1.3% and America has 4.6% of the global total of homozygote
neonates per year.23
Preventable infectious causes of stroke are rare in developed
countries, but are still frequently seen in developing countries. In
addition, in many developed countries due to a more complete
diagnostic workup a reliable cause of stroke may be established.
However, in cryptogenic strokes, a patient’s travel history may
412

not often extensively be examined, although it may be of importance in few cases. Two examples of infectious causes found in
developing countries are rheumatic heart disease and Chagas
disease, which should be considered as a possible cause of cardioembolic stroke in high-
prevalence areas such as Africa, the
Middle East and Southeast Asia.24
Rheumatic heart disease is caused by an abnormal immune
response to untreated group A streptococcal infection causing
valvular damage and consequently an increased risk for cardioembolic stroke. Prevalence of rheumatic heart disease in young
ischaemic patients varies from 1.8% to 2.0% in Europe and
Northern America to 3.4% to 23.2% in Asia.25 Chagas disease
is a parasitic disease caused by a tropical protist and has an estimated prevalence of 6.6 million people, mostly in Central and
South-American countries. The incidence of stroke in patients
with Chagas disease is unknown, due to unawareness of the
infection in many patients. Chagas disease can result in cardiomyopathy, with an associated higher risk of stroke (OR 2.10,
95% CI 1.17 to 3.78).26 It can be effectively treated with benznidazole and nifurtimox.26
Other infections are also associated with a high risk of ischaemic stroke, including HIV, neurocysticercosis and tuberculosis. HIV has a high prevalence in sub-Saharan Africa with over
two-thirds of the world’s population.27 28 In this specific region,
stroke was commonly found to be the first manifestation of HIV
infections. In a systematic review, over 90% of young adults with
stroke in sub-Saharan Africa with HIV were ischaemic strokes
and stroke patients with HIV often had a coagulopathy and more
severe stroke compared with young adults with stroke without
HIV.27 Similarly, these findings may also be found in other
developing countries. After adjusting for vascular risk factors,
an increased risk of stroke in HIV patients has been found in
both men29 and women.30 Possible mechanisms of stroke in HIV-
patients are changes in coagulation state, cardioembolism, HIV-
associated vasculitis, HIV-associated vasculopathies and mycotic
aneurysms.31
Neurocysticercosis is an infectious parasitic disease caused by
cerebral cysts of a tapeworm found in pigs. An inflammatory
reaction surrounding cerebral cysts can induce infarcts due to
narrowing and occlusion of both large and small vessels.32 This
disease is associated with local cultural practices and poor sanitation, and occurs frequently in rural areas of Latin America,
in sub-Saharan Africa and in Asia.32 33 Tuberculosis is associated
with increased risk of ischaemic stroke that results from vasculitis or intimal proliferation causing thrombosis.34 Stroke in
tuberculosis occurs in 15% to 57% of patients with tuberculosis
meningitis, especially in severe cases. In India, in young stroke
patients in up to 8% of patients tuberculosis was the cause.34
The incidence rates of tuberculosis vary among countries with
highest rates in Africa and Asia.28 34
The most frequent solitary rare cause of ischaemic stroke in
young adults is arterial dissection, which causes up to 15% of
all young strokes.35 36 Due to insufficient financial resources
in developing countries, not all young stroke patients receive
adequate imaging to detect an arterial dissection. In Europe,
extracranial artery dissections are more common whereas in Asia
intracranial dissections are more common.37 38

Racial and ethnic differences

Racial and ethnic variation in incidence and prognosis of stroke
in the young are reported.3 39–43 In the USA, the stroke incidence
among blacks and Hispanics (both 11 per 100 000 persons/year)
was found higher than in whites (7 per 100 000 persons/year).39 41
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The disparity in incidence rates between blacks and whites in the
USA is highest between the third and fourth decade of age.40 For
both blacks and whites an increasing incidence of stroke in young
adults is described over time.3 In the USA, the length of hospital
stay was found longest in Hispanics compared with blacks and
whites. In blacks, the hospital stay was longer than in whites.39 42
This can partially be explained by the higher frequency of medical
complications (eg, pneumonia, deep venous thrombosis or
urinary tract infections) among Afro-Americans compared with
Caucasian-Americans.42 Afro-Americans were more likely to be
discharged to a rehabilitation facility, skilled nursing facility or a
long-term-care hospital compared with Caucasian-Americans.42
Also, mortality was found to be higher in blacks compared with
whites. Hispanics have a lower early mortality risk.39 41 An international multicentre study evaluated young stroke patients from
prospective databases of North America, Europe and Asia and
described differences in hospitalisation, functional outcome and
mortality.43 This study found that Asians (median National Institute of Health Stroke Scale (NIHSS) score of 8 (IQR: 5 to 14))
had significantly higher stroke severity at admission than blacks
(median NIHSS score of 7 (IQR: 3 to 12)) and whites (median
NIHSS score of 3 (IQR: 1 to 9) (p<0.001)).43 In addition, early
mortality was found to be lower in Asians compared with blacks
and whites.43 A population study in Australia reported on stroke
differences between the Aboriginal and Torres Strait Islanders
compared with the total Australian population. Aboriginals had
an approximately double ischaemic stroke incidence compared
with non-Aboriginals (incidence rate ratio of 2.4, p=0.06). In
the total group, no differences were found in the crude 1-year
mortality of all cause stroke.44

Sex differences

Conflicting results about incidence in men and women have been
reported. Several studies from Europe and the USA showed a
higher incidence in women under the age of 30 or 44 years.6 35 45 46
In contrast, the incidence rates were similar between both sexes
in France (18 to 55 years),13 and in Spain, the incidence was
higher among men (18 to 54 years).47 In Chinese adults (aged
20 to 49 years), there were no statistically differences in the age-
standardised prevalence of ischaemic stroke between men and
women.48 The (rate of) increasing incidence of stroke at young
age differs between men and women. A higher increase of stroke
in women is found than in men below the age <35 years,45 49
whereas there is a higher increase of stroke incidence in men

>35 years.49 Regarding outcome after stroke, higher mortality-
rates and a higher risk for recurrent vascular events were found
in men compared with women.50
These differences are in part related to the female-specific risk
factors and causes, for example, oral contraceptives, pregnancy
and puerperium and the higher incidence of migraine and autoimmune disorders among women. According to the Trial of ORG
10 172 in Acute Stroke Treatment criteria, male predominance
is mostly found in large artery disease and small vessel disease,
whereas female predominance was found in other determined
aetiology.51 Smoking and diabetes mellitus type 1 were associated with ischaemic stroke in both men and women. The associations with ischaemic stroke and cardiovascular disease (the
presence of coronary heart disease, heart failure or peripheral
arterial disease), diabetes mellitus type 2, hypertension, a positive family history and low high-densitylipoprotein cholesterol
were significant only among men in a recent Finnish study.52
(figure 2). The population attributable risks (PARs) of hypertension, diabetes mellitus, smoking and alcohol consumption were
higher in men than in women. In contrast, the PARs of physical
inactivity and overweight/obesity were higher in women than in
men.53

Vascular risk factors from global perspective

While the prevalence of certain risk factors is declining in the
general population (eg, smoking), the prevalence of the modifiable vascular risk factors (including hypertension, smoking,
dyslipidaemia, diabetes and obesity) is increasing among young
stroke patients (figure 2).3 4 35 54 Young stroke patients have
approximately twice as many risk factors compared with their
peers.54 Furthermore, the prevalence of having multiple risk
factors is increasing.36 54 55 The risk of future vascular events
increases equally with the number of risk factors.56 The increase
in vascular risk factors seems to be more pronounced in the
population aged 35 years and older than in the younger population.3 6 35 57 Table 1 shows the strength of the associations between
stroke and common vascular risk factors based on two different
case-control studies, one based on a population-based prospective control sample52 and the other with controls surveyed over
telephone.53 Both studies are performed in European countries.
There remains a knowledge gap since most PAR studies for
young individuals with stroke specifically lack data from South-
America, Asia, Africa and Australia, leaving another knowledge
gap.52–54 These continents are included in large cohort studies

Figure 2 Prevalence of traditional vascular risk factors in young patients stratified by age and sex. Data adapted from Rolfs et al.
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Table 1

Modifiable risk factors and their risk of ischaemic stroke

Risk factor

OR (95% CI)

Diabetes mellitus type 1*

6.72 (3.15 to 14.33)

PAR (95% CI)
3.9 (3.1 to 4.3)

Diabetes mellitus type 2*

2.31 (1.35 to 3.95)

2.6 (1.2 to 3.4)

Hypertension*

1.43 (1.17 to 1.75)

19.9 (14.8 to 23.9)

Dyslipidaemia†

0.9 (0.8 to 1.1)

−2.1 (-6.7 to 2.6)

Obesity†

1.2 (1.0 to 1.5)

6.9 (0.0 to 13.8)

Physical inactivity†

5.9 (5.1 to 6.7)

59.8 (56.2 to 63.4)

Current smoking*

1.81 (1.50 to 2.17)

15.0 (8.1 to 21.8)

*Data adapted from Kivioja et al52
†Data adapted from Aigner et al53
PAR, population attributable risk.

that have reported on the differences in risk factors from a
global perspective, for example, the Global Burden Study, the
INTERSTROKE study and the PURE study.58–60 These studies
show that modifiable risk factors account for a large proportion of stroke globally, while regional variation in the importance of risk factors was found. For example, in the PURE study,
some modifiable risk factors, such as hypertension, have global
effects, while other risk factors, including air pollution, differ
by the income level of the country. Whether these findings are
also applicable to young ischaemic stroke patients is uncertain,
as these studies did not investigate ischaemic stroke, stratified by
age 18 to 50 years (ie, young stroke), specifically. In the INTERSTROKE study, only 11.8% of patients was under the age of
45 years. The INTERSTROKE study did report on differences
between patients <55 and >55 years of age for some risk factors
(for example, alcohol consumption, diabetes, smoking and
obesity), however this was neither ischaemic stroke nor continent specific.58–60

Hypertension

Approximately 35% of young ischaemic stroke patients were
diagnosed with hypertension.13 35 46 53 In the Global Burden
Study, the PAR for hypertension was highest in Southeast Asia
(54.8%) and lowest in Eastern and central Europe and the Middle
East (40.7%).8 The Stroke in Young Fabry Patients (SIFAP) study
showed that hypertension was the most important individual
risk factor for ischaemic stroke, with a PAR of 25.5% (95%
CI 22.1 to 28.2) and is associated with stroke in young adults
(OR: 2.3; 95% CI 2.0 to 2.6).52 53 Lower risks were found in a
Finnish young stroke study with a PAR of 12.2% (95% CI 5.9
to 17.4) and OR of 1.43 (95% CI 1.17 to 1.75).52 Although not
young stroke specific, the WHO reports the highest prevalence
of hypertension in Africa (46%), whereas the lowest prevalence
was reported in North-America and South-America (35%).61

Diabetes

Diabetes mellitus is found in up to 10% of young stroke
patients.13 35 46 53 The PAR for diabetes mellitus in young adults
is 4.8% (95% CI 2.9 to 6.7) and diabetes mellitus is associated
with higher risk of stroke (OR=1.9; 95% CI 1.5 to 2.3).53 More
disturbingly, the incidence of type 2 diabetes in young adults
is increasing.35 Global differences are seen in the prevalence of
diabetes. The top three countries with the highest prevalence
include India, China and the USA.62 The PAR for diabetes mellitus
was highest in Southeast Asia (28.6%) and lowest in Western
Europe, North-
America and Australia (3.5%).8 In the USA,
racial disparities are seen with higher incidence rate of newly
diagnosed diabetes for blacks and Hispanics compared with
whites. The increase in incidence of newly diagnosed diabetes
414

is highest among non-Hispanic blacks (16.3% to 20.6%) and
Mexican-Americans (17.5% to 20.5%).63 64 The Diabetes Study
of Northern Carolina reported that Pacific Islanders (18.3%),
South Asians (15.9%) and Filipinos (16.1%) have the highest
prevalence of diabetes among all ethnic groups.63 Although there
are no differences in the prevalence of diabetes type 2 between
men and women,65 the risk of stroke is found higher in women
(HR 2.8; 95% CI 2.4 to 3.4) than in men (HR 2.2; 95% CI 1.8
to 2.5).66
There is also geographical variation in the diabetes subtypes
attributed to ischaemic stroke in young adults. Based on data
from the WHO, incidence of type 1 diabetes peaks in Finland
(36.5 per 100 000 person years),67 with a 4.6% prevalence
among young patients with ischaemic stroke,52 and is lowest in
China and Venezuela (0.1 per 100 000 person years).67 Adjusted
OR for type 1 diabetes in Finland was 6.7 (95% CI 3.2 to 14.3),
which was almost three-fold higher than for type 2 diabetes
(OR=2.8, 95% CI 1.7 to 4.6). Notably, the association of type 1
diabetes was stronger for women than for men.52

Dyslipidaemia

About 50% to 60% of young stroke patients have dyslipidaemia,
which is slightly more common in men than in women.35 46 The
prevalence of lipid disorders in young adults increases.54 Dyslipidaemia is more often found in patients with large artery disease
or small vessel disease, and is less common in ischaemic stroke
caused by cardiac embolism.55 Dyslipidaemia in young adults
is not significantly associated with the risk of all-cause stroke
(PAR of −2.1%; 95% CI −6.7 to 2.6 and OR=0.9; 95% CI 0.8
to 1.1).53 This might be explained by the many other causes of
stroke in young adults, for which dyslipidaemia might not be
a risk factor. Contrary, in stroke due to large artery disease or
small vessel disease, dyslipidaemia would probably attribute and
increase the risk of stroke, which is found in older adults who
more often have large artery disease and small vessel disease as
cause of their stroke. Another explanation why dyslipidaemia
is found not to be a significant contributor to the risk of early-
onset ischaemic stroke might be that most studies defined
dyslipidaemia as either a high low-
densitylipoprotein cholesterol or low high-
densitylipoprotein cholesterol, but did not
investigate the association between different lipid variables and
stroke. Large studies among different lipid variables and their
association with stroke in young patients are scarce. A Brazilian
study showed that apolipoprotein B (ApoB)/apolipoprotein A-I
(ApoA-I) (ApoB/ApoA-I) ratio was highly associated with ischaemic stroke (OR=4.03; 95% CI 1.62 to 10.03).68 In contrast,
a Finnish study showed that there was no association between
lipoprotein(a) and early atherosclerosis. However, they did not
investigate the association with stroke.69
The general global prevalence of dyslipidaemia was highest in
Europe (54%), followed by the North-America (48%), Southeast Asia (29%) and Africa (22.6%), which seems related to the
income level of countries.70 Data from Florida, showed a higher
prevalence of dyslipidaemia in whites than in Hispanics and
blacks (21.0% vs 17.1% and 17%, respectively; p<0.0001).39

Smoking

The proportion of smokers among young stroke patients is high,
with up to 50% of them reporting themselves as smokers (defined
as current smoking and smoking in the last 1 to 2 years).35 46
Smoking contributes to stroke in young adults (PAR of 19.9%;
95% CI 14.8 to 23.9 and OR 1.78; 95% CI 1.50 to 2.11).52 In
addition, over the last decade smoking is more frequently seen in
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Table 2

Key global differences and gaps regarding epidemiology, risk factors and aetiology of stroke in young adults
Important findings

Missing evidence

Global

►► Incidence of young stroke is rising
►► Prevalence of the modifiable vascular risk factors among young stroke patients is rising

►► PAR studies specific in young stroke
patients

North-A
 merica

►► Highest prevalence (61.1%) of obesity (not young stroke specific)78 79Higher incidence of stroke among
young blacks and Hispanics (11/100 000 py) compared with whites (7/100 000 py)39 41
►► Higher young stroke mortality in blacks than in whites39 41

►► Uncertain incidence of moyamoya disease

South and Central
America

►► Low prevalence of diabetes type 1 (not young stroke specific)67
►► Infectious causes of stroke including neurocysticercosis prevalent33
►► Lowest prevalence of hypertension globally together with North-America (35%)61

►► Missing information about risk factors
(including PAR studies)

Europe

►► Increasing incidence over the last decade in many countries6
►► Extracranial artery dissections more common than intracranial dissections compared with Asia37 38
►► Highest prevalence of dyslipidaemia (54%)70

►► Prevalence of moyamoya disease
uncertain
►► Few cases of patients with infectious
causes

Africa

►►
►►
►►
►►
►►

Higher percentage of infections, rheumatic heart disease and tuberculosis causing stroke
Highest prevalence of hypertension (46%)61
Highest prevalence (75%) of sickle cell disease23
Young adults with ischaemic stroke often have HIV in sub-Saharan Africa27
Lowest prevalence of dyslipidaemia globally with 22.6%70

►► Unknown incidence in >90% of countries.
►► No information about specific causes like
dissection

Asia

►►
►►
►►
►►

Highest incidence of moyamoya disease (16.1/100 000 py Korea, 10.5/100 000 py Japan)16 17
Intracranial artery dissections more common than extracranial dissections37 38
Higher stroke severity (NIHSS 8) in Asians compared with blacks and whites (NIHSS 7 and 3)43
PAR of hypertension for stroke in general globally highest with 54.8%8

►► Unknown incidence of stroke in young
adults for many Asian countries

Australia

►► Relatively high incidence of stroke in young adults with 20-30/100 000 py compared with other
developed countries7
►► Young Aboriginal people have higher incidence of ischaemic stroke compared with non-Aboriginals44

►► Few specific continent-specific causes

PAR, population attributable risks; py, person-years.

young adults.54 55 A stronger dose-response relationship between
smoking and the risk of ischaemic stroke is found for both men
and women at young age compared with older adults.71 72 In
stroke patients of all ages, the highest prevalence is reported
in Europe (28.7%) and in Southeast Asia (24.8%), whereas the
lowest prevalence was reported in Africa (13.9%). The risk of
stroke ranges with a PAR of 4.5% in Africa to a PAR of 18.0% in
Western Europe, North-America and Australia.59 The prevalence
of daily smoking was higher in men (25%; 95% CI 24.2 to 25.7)
than in women (5.4%; 95% CI 5.1 to 5.7).73 A higher prevalence
of smoking was found in countries located mainly in Central
and Eastern Europe and South Asia.73 For women, significantly
higher prevalence was mainly found in counties in Western and
Central Europe.73 Furthermore, higher prevalence of smoking
(30.6% vs 18.5%) was found in whites compared with blacks.39

95% CI 1.5 to 2.3).53 Together with the increase of stroke in
young adults, the increase of overweight and obesity, seen in
both developing and developed countries over the last 30 years,
is worrisome.76 77 Geographical differences in the prevalence of
obesity in young stroke are lacking, however in general a higher
prevalence is found in the USA (61.1%), Europe (54.8%) and
Eastern Mediterranean (46%) compared with Africa (26.9%),
Western Pacific (25.4%) and Southeast Asia (13.7%),78 79 and
obesity is more often seen in woman than in men.78 80 Hospitalisation rates from Florida showed that blacks were more
likely diagnosed with morbid obesity than whites and Hispanics
(10.9% vs 9.2% vs 7.8%, respectively; p<0.0001).39
Physical inactivity is associated with obesity and worse cardiovascular risk profile, increasing the risk of stroke (PAR 59.8;
95% CI 56.2 to 63.4 and OR 5.9; 95% CI 5.1 to 6.7).53 Among
teenagers, lower physical activity is seen in girls than in boys.78

Obesity and physical inactivity

Obesity and physical inactivity are modifiable vascular risk
factors that contribute to vascular pathology and might be
mutually related. Obesity, often defined as a Body Mass Index
(BMI) of 30 or higher, is seen in more than 10% of young individuals with stroke.35 Other markers for obesity include waist
circumference, waist-hip ratio and waist-height ratio that might
be stronger associated with risk of stroke than BMI.74 A large
prospective European cohort study of Young Stroke patients, the
SIFAP study, found that abdominal obesity was the most prevalent risk factor and more prevalent in women (73%) than in men
(64%).65 Waist circumference predicts the risk of developing
metabolic syndrome, a condition associated with an increased
risk of cardiovascular disease and diabetes mellitus type 2.75
A high childhood BMI was associated with an increased risk
of ischaemic stroke at young age (<55 years). The higher the
BMI, the higher the risk, but an increased risk was already seen
from the 75th percentile of the BMI distribution at childhood
age.76 Obesity in young adults was associated with a higher
risk of stroke (PAR of 6.9% (95% CI 0.0 to 13.8 and OR 1.2;

Heavy episodic alcohol consumption

Heavy episodic alcohol consumption is associated with an
increased risk of stroke in young adults (PAR 17.3; 95% CI 14.2
to 20.5 and OR=2.2; 95% CI 1.9 to 2.5) in European countries.53
In all continents, alcohol consumption was associated with an
increased risk of ischaemic stroke in general (though not assessed
for young adults specifically).59 Multiple studies found regional
differences in the association between alcohol consumption and
stroke or other cardiovascular disease, explained by differences
in drinking pattern and type of alcohol. The prevalence is higher
in high-income countries compared with low-income countries.
Furthermore, episodic heavy alcohol consumption is higher
among men compared with women.59

Air pollution

Air pollution is an emerging global risk factor for stroke. Rapid
economic development leads to major changes to air quality
due increased energy demands, urbanisation, transportation and
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widespread industrialisation.81 The proportion of stroke burden
attributable to air pollution is 29.2% globally, especially in lowand middle-income countries (33·7% vs 10·2% in high-income
countries).8 Geographical differences are also seen in stroke-
related mortality due to air pollution. An explanation for this
disparity is that 97% of cities in low- and middle-income countries with more than 100 000 inhabitants do not meet WHO
air quality guidelines, whereas in high-income countries this is
49%.82 Data among the association of air pollution and stroke in
young adults is scarce. According to one case-crossover analysis
from Israel, air pollution is associated with a higher risk of stroke
in young adults (OR=1.10; 95% CI 1.02 to 1.20) compared with
patients >65 years (OR=1.00; 95% CI 0.96 to 1.03). Higher
risk was found in patients living within 75 m from a main road
(OR=1.26; 95% CI 1.04 to 1.51)).83 Data on young adults from
low-income countries are lacking.

Conclusion

Stroke in young adults is expected to cause an increasing public
health problem in both developed and developing countries
due to increasing incidence and the long-lasting consequences.
Differences in geography, ethnicity and sex, and in the exposure
of vascular risk factors explain in part the wide variation of incidence of ischaemic stroke in young adults observed throughout
the world (table 2) . These differences between low-income,
middle-
income and high-
income countries are among others
related to genetic and cultural variation, availability of diagnostic
and therapeutic strategies and the state of industrial era (ie, industrialisation and urbanisation of a country). With a concomitant
increase of vascular risk factors worldwide, focus on primary
and secondary prevention should ideally start at a young age in
countries of all income types with attention for continent-specific
and country-specific risk factors. The important epidemiological
differences and differences in exposure of risk factors stretch the
need for region-specific programmes for young adults to prevent
stroke and region-specific guidelines to better detect stroke at
young age and to improve the treatment, which in the end will
lead to better prognosis. However, before such programmes can
be developed, more extensive research in a well-defined young
stroke population is needed with larger numbers and well-defined
risk factors. Characterising the regional differences with regard
to epidemiology and aetiology is currently not possible, mainly
due to large differences in registration of strokes and available
resources. Future studies should focus on large prospective
worldwide collaborative studies to assess the specific causes and
the role of vascular risk factors specific in young stroke patients.
One such initiative is the ‘Global Outcome Assessment Life-long
after stroke in young adults’ (http://www.goalinitiative.org/) that
aims to perform an individual patient data meta-analysis. These
types of initiatives should eventually lead to better (region-
specific) treatment and management worldwide to reduce the
impact and burden of ischaemic stroke in young adults.
Contributors EB and MSE drafted the first version of the manuscript with F-EDL
and AMT. EB, MSE, JP, SK, F-EDL and AMT all participated in editing the manuscript.
EB, MSE, JP, SK, F-EDL and AMT all edited the revised version of the manuscript and
approved the final version for submission.
Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.
Competing interests AMT is a junior staff member of the Dutch Heart
Foundation, project title: “life after ischaemic stroke in young adults” (grant
number 2016T044). F-EDL has received the Innovational Research Incentive grant
(016-126-351) and the Clinical established investigator Dutch Heart Foundation
grant (2014T060). JP has received funding for research on stroke in the young
from the Academy of Finland (318075) and Helsinki and Uusimaa Hospital District
416

(TYH2018318). SK effort on this project was partly supported by VA RR&D N1699-R
and NINDS R01NS100178 and R01NS105150.
Patient consent for publication Not required.
Provenance and peer review Not commissioned; externally peer reviewed.
ORCID iDs
Merel Sanne Ekker http://orcid.org/0000-0001-6598-2218
Anil M Tuladhar http://orcid.org/0000-0002-4815-2834

References

1 Krishnamurthi RV, Feigin VL, Forouzanfar MH, et al. Global and regional burden of
first-ever ischaemic and haemorrhagic stroke during 1990-2010: findings from the
global burden of disease study 2010. Lancet Glob Health 2013;1:e259–81.
2	Ekker MS, Boot EM, Singhal AB, et al. Epidemiology, aetiology, and management of
ischaemic stroke in young adults. The Lancet Neurology 2018;17:790–801.
3 Kissela BM, Khoury JC, Alwell K, et al. Age at stroke: temporal trends in stroke
incidence in a large, biracial population. Neurology 2012;79:1781–7.
4 Béjot Y, Delpont B, Giroud M. Rising stroke incidence in young adults: more
epidemiological evidence, more questions to be answered. J Am Heart Assoc 2016;5.
5 Tibæk M, Dehlendorff C, Jørgensen HS, et al. Increasing incidence of hospitalization
for stroke and transient ischemic attack in young adults: a Registry‐Based study. J Am
Heart Assoc 2016;5.
6	Ekker MS, Verhoeven JI, Vaartjes I, et al. Stroke incidence in young adults according to
age, subtype, sex, and time trends. Neurology 2019;92:e2444–54.
7 Marini C, Russo T, Felzani G. Incidence of stroke in young adults: a review. Stroke Res
Treat 2011;2011:1–5.
8 Feigin VL, Roth GA, Naghavi M, et al. Global burden of stroke and risk factors in 188
countries, during 1990–2013: a systematic analysis for the global burden of disease
study 2013. Lancet Neurol 2016;15:913–24.
9 Sarfo FS, Ovbiagele B, Gebregziabher M, et al. Stroke among young West Africans:
evidence from the siren (stroke investigative research and educational network) large
multisite case-control study. Stroke 2018;49:1116–22.
10 Tsai C-F, Thomas B, Sudlow CLM. Epidemiology of stroke and its subtypes in Chinese
vs white populations: a systematic review. Neurology 2013;81:264–72.
11 Lavados PM, Sacks C, Prina L, et al. Incidence, 30-day case-fatality rate, and prognosis
of stroke in Iquique, Chile: a 2-year community-based prospective study (piscis
project). Lancet 2005;365:2206–15.
12 Ferro JM, Massaro AR, Mas J-L. Aetiological diagnosis of ischaemic stroke in young
adults. Lancet Neurol 2010;9:1085–96.
13 Bejot Y, Daubail B, Jacquin A, et al. Trends in the incidence of ischaemic stroke in
young adults between 1985 and 2011: the Dijon stroke Registry. J Neurol Neurosurg
Psychiatry 2014;85:509–13.
14 Cabral NL, Freire AT, Conforto AB, et al. Increase of stroke incidence in young
adults in a middle-income country: a 10-year population-based study. Stroke
2017;48:2925–30.
15 Shang S, Zhou D, Ya J, et al. Progress in moyamoya disease. Neurosurg Rev 2018;9.
16 Baba T, Houkin K, Kuroda S. Novel epidemiological features of moyamoya disease. J
Neurol Neurosurg Psychiatry 2008;79:900–4.
17 Ahn IM, Park D-H, Hann HJ, et al. Incidence, prevalence, and survival of moyamoya
disease in Korea: a nationwide, population-based study. Stroke 2014;45:1090–5.
18 Miao W, Zhao P-L , Zhang Y-S, et al. Epidemiological and clinical features of Moyamoya
disease in Nanjing, China. Clin Neurol Neurosurg 2010;112:199–203.
19 Uchino K, Johnston SC, Becker KJ, et al. Moyamoya disease in Washington State and
California. Neurology 2005;65:956–8.
20 Strouse JJ, Lanzkron S, Urrutia V. The epidemiology, evaluation and treatment of stroke
in adults with sickle cell disease. Expert Rev Hematol 2011;4:597–606.
21 Strouse JJ, Jordan LC, Lanzkron S, et al. The excess burden of stroke in hospitalized
adults with sickle cell disease. Am J Hematol 2009;84:548–52.
22 Hyacinth HI, Carty CL, Seals SR, et al. Association of sickle cell trait with ischemic
stroke among African Americans. JAMA Neurol 2018;75:802–7.
23 Piel FB, Patil AP, Howes RE, et al. Global epidemiology of sickle haemoglobin in
neonates: a contemporary geostatistical model-based map and population estimates.
Lancet 2013;381:142–51.
24 Gupta A, Bhatia R, Sharma G, et al. Predictors of ischemic stroke in rheumatic heart
disease. J Stroke Cerebrovasc Dis 2015;24:2810–5.
25	Wang D, Liu M, Lin S, et al. Stroke and rheumatic heart disease: a systematic review of
observational studies. Clin Neurol Neurosurg 2013;115:1575–82.
26 Cardoso RN, Macedo FYB, Garcia MN, et al. Chagas cardiomyopathy is associated
with higher incidence of stroke: a meta-analysis of observational studies. J Card Fail
2014;20:931–8.
27 Abdallah A, Chang JL, O’Carroll CB, et al. Stroke in human immunodeficiency
virus-infected individuals in Sub-Saharan Africa (SSA): a systematic review. J Stroke
Cerebrovasc Dis 2018;27:1828–36.
28 GBD 2015 Disease and Injury Incidence and Prevalence Collaborators. Global,
regional, and national incidence, prevalence, and years lived with disability for 310

Boot E, et al. J Neurol Neurosurg Psychiatry 2020;91:411–417. doi:10.1136/jnnp-2019-322424

J Neurol Neurosurg Psychiatry: first published as 10.1136/jnnp-2019-322424 on 3 February 2020. Downloaded from http://jnnp.bmj.com/ on September 26, 2020 by guest. Protected by
copyright.

Cerebrovascular disease

diseases and injuries, 1990-2015: a systematic analysis for the global burden of
disease study 2015. Lancet 2016;388:1545–602.
29 Sico JJ, Chang C-CH, So-Armah K, et al. HIV status and the risk of ischemic stroke
among men. Neurology 2015;84:1933–40.
30 Chow FC, Regan S, Zanni MV, et al. Elevated ischemic stroke risk among women living
with HIV infection. AIDS 2018;32:59–67.
31 Benjamin LA, Allain TJ, Mzinganjira H, et al. The role of human immunodeficiency
Virus–Associated vasculopathy in the etiology of stroke. J Infect Dis
2017;216:545–53.
32 Marquez JM, Arauz A. Cerebrovascular complications of neurocysticercosis.
Neurologist 2012;18:17–22.
33 Del Brutto OH, Lama J. The importance of neurocysticercosis in stroke in rural areas of
a developing Latin American country. Am J Trop Med Hyg 2013;89:374–5.
34 Misra UK, Kalita J, Maurya PK. Stroke in tuberculous meningitis. J Neurol Sci
2011;303:22–30.
35 Putaala J, Metso AJ, Metso TM, et al. Analysis of 1008 consecutive patients aged
15 to 49 with first-ever ischemic stroke: the Helsinki young stroke Registry. Stroke
2009;40:1195–203.
36 van Alebeek ME, Arntz RM, Ekker MS, et al. Risk factors and mechanisms of stroke in
young adults: the future study. J Cereb Blood Flow Metab 2018;38:1631–41.
37 Debette S, Compter A, Labeyrie M-A, et al. Epidemiology, pathophysiology, diagnosis,
and management of intracranial artery dissection. Lancet Neurol 2015;14:640–54.
38 Debette S. Pathophysiology and risk factors of cervical artery dissection: what have we
learnt from large hospital-based cohorts? Curr Opin Neurol 2014;27:20–8.
39 Pathak EB, Sloan MA. Recent racial/ethnic disparities in stroke hospitalizations
and outcomes for young adults in Florida, 2001–2006. Neuroepidemiology
2009;32:302–11.
40 Kissela B, Schneider A, Kleindorfer D, et al. Stroke in a biracial population: the excess
burden of stroke among blacks. Stroke 2004;35:426–31.
41 Jacobs BS, Boden-Albala B, Lin I-F, et al. Stroke in the young in the Northern
Manhattan stroke study. Stroke 2002;33:2789–93.
42 Feng W, Nietert PJ, Adams RJ. Influence of age on racial disparities in stroke admission
rates, hospital charges, and outcomes in South Carolina. Stroke 2009;40:3096–101.
43 Tsivgoulis G, Putaala J, Sharma VK, et al. Racial disparities in early mortality in 1,134
young patients with acute stroke. Neurol Sci 2014;35:1041–9.
44 Balabanski AH, Newbury J, Leyden JM, et al. Excess stroke incidence in young
Aboriginal people in South Australia: pooled results from two population-based
studies. Int J Stroke 2018;13:811–4.
45 Reeves MJ, Bushnell CD, Howard G, et al. Sex differences in stroke: epidemiology,
clinical presentation, medical care, and outcomes. Lancet Neurol 2008;7:915–26.
46 Putaala J, Yesilot N, Waje-Andreassen U, et al. Demographic and geographic vascular
risk factor differences in European young adults with ischemic stroke. Stroke
2012;43:2624–30.
47 Díaz-Guzmán J, Egido J-A, Gabriel-Sánchez R, et al. Stroke and transient
ischemic attack incidence rate in Spain: the IBERICTUS study. Cerebrovasc Dis
2012;34:272–81.
48	Wang W, Jiang B, Sun H, et al. Prevalence, Incidence, and Mortality of Stroke in China:
Results from a Nationwide Population-Based Survey of 480 687 Adults. Circulation
2017;135:759–71.
49 Giroud M, Delpont B, Daubail B, et al. Temporal trends in sex differences with regard
to stroke incidence: the Dijon stroke registry (1987-2012). Stroke 2017;48:846–9.
50 Rutten-Jacobs LCA, Arntz RM, Maaijwee NAM, et al. Long-term mortality after stroke
among adults aged 18 to 50 years. JAMA 2013;309:1136–44.
51 Rolfs A, Fazekas F, Grittner U, et al. Acute cerebrovascular disease in the young: the
stroke in young Fabry patients study. Stroke 2013;44:340–9.
52 Kivioja R, Pietilä A, Martinez‐Majander N, et al. Risk factors for Early‐Onset ischemic
stroke: a Case‐Control study. J Am Heart Assoc 2018;7:e009774.
53 Aigner A, Grittner U, Rolfs A, et al. Contribution of established stroke risk factors to
the burden of stroke in young adults. Stroke 2017;48:1744–51.
54 George MG, Tong X, Bowman BA. Prevalence of cardiovascular risk factors and
strokes in younger adults. JAMA Neurol 2017;74:695–703.
55 Hauer AJ, Ruigrok YM, Algra A, et al. Age‐Specific vascular risk factor profiles
according to stroke subtype. J Am Heart Assoc 2017;6.
56 Putaala J, Haapaniemi E, Kaste M, et al. How does number of risk factors affect
prognosis in young patients with ischemic stroke? Stroke 2012;43:356–61.
57 Maaijwee NAMM, Rutten-Jacobs LCA, Schaapsmeerders P, et al. Ischaemic
stroke in young adults: risk factors and long-term consequences. Nat Rev Neurol
2014;10:315–25.
58 Yusuf S, Joseph P, Rangarajan S, et al. Modifiable risk factors, cardiovascular disease,
and mortality in 155 722 individuals from 21 high-income, middle-income, and low-
income countries (PURE): a prospective cohort study. Lancet 2019.
59 O’Donnell MJ, Chin SL, Rangarajan S, et al. Global and regional effects of potentially
modifiable risk factors associated with acute stroke in 32 countries (INTERSTROKE): a
case-c ontrol study. Lancet 2016;388:761–75.

60 GBD 2016 Risk Factors Collaborators. Global, regional, and national comparative risk
assessment of 84 behavioural, environmental and occupational, and metabolic risks
or clusters of risks, 1990-2016: a systematic analysis for the global burden of disease
study 2016. Lancet 2017;390:1345–422.
61 Canaud L, Ziza V, Ozdemir BA, et al. Outcomes of left subclavian artery transposition
for hybrid aortic arch debranching. Ann Vasc Surg 2017;40:94–7.
62 Hensler J, Jensen-Kondering U, Ulmer S, et al. Spontaneous dissections of the
anterior cerebral artery: a meta-analysis of the literature and three recent cases.
Neuroradiology 2016;58:997–1004.
63 Bhupathiraju SN, Hu FB. Epidemiology of obesity and diabetes and their
cardiovascular complications. Circ Res 2016;118:1723–35.
64 Zhang N, Yang X, Zhu X, et al. Type 2 diabetes mellitus unawareness, prevalence,
trends and risk factors: National health and nutrition examination survey (NHANES)
1999-2010. J Int Med Res 2017;45:594–609.
65 von Sarnowski B, Putaala J, Grittner U, et al. Lifestyle risk factors for ischemic stroke
and transient ischemic attack in young adults in the stroke in young Fabry patients
study. Stroke 2013;44:119–25.
66 Luitse MJA, Biessels GJ, Rutten GEHM, et al. Diabetes, hyperglycaemia, and acute
ischaemic stroke. Lancet Neurol 2012;11:261–71.
67 DIAMOND Project Group. Incidence and trends of childhood type 1 diabetes
worldwide 1990-1999. Diabet Med 2006;23:857–66.
68 Sabino AP, De Oliveira Sousa M, Moreira Lima L, et al. ApoB/ApoA-I ratio in young
patients with ischemic cerebral stroke or peripheral arterial disease. Transl Res
2008;152:113–8.
69 Kivimäki M, Magnussen CG, Juonala M, et al. Conventional and Mendelian
randomization analyses suggest no association between lipoprotein(a) and early
atherosclerosis: the Young Finns Study. Int J Epidemiol 2011;40:470–8.
70	Esnault P, Cardinale M, Boret H, et al. Blunt cerebrovascular injuries in severe
traumatic brain injury: incidence, risk factors, and evolution. J Neurosurg
2017;127:16–22.
71 Markidan J, Cole JW, Cronin CA, et al. Smoking and risk of ischemic stroke in young
men. Stroke 2018;49:1276–8.
72 Bhat VM, Cole JW, Sorkin JD, et al. Dose-response relationship between cigarette
smoking and risk of ischemic stroke in young women. Stroke 2008;39:2439–43.
73 Reitsma MB, Fullman N, Ng M, et al. Smoking prevalence and attributable disease
burden in 195 countries and territories, 1990–2015: a systematic analysis from the
global burden of disease study 2015. Lancet 2017;389:1885–906.
74	Winter Y, Rohrmann S, Linseisen J, et al. Contribution of obesity and abdominal fat
mass to risk of stroke and transient ischemic attacks. Stroke 2008;39:3145–51.
75 Bener A, Yousafzai MT, Darwish S, et al. Obesity index that better predict metabolic
syndrome: body mass index, waist circumference, waist hip ratio, or waist height ratio.
J Obes 2013;2013:1–9.
76 Gjærde LK, Gamborg M, Ängquist L, et al. Association of childhood body mass
index and change in body mass index with first adult ischemic stroke. JAMA Neurol
2017;74:1312–8.
77 Ng M, Fleming T, Robinson M, et al. Global, regional, and national prevalence
of overweight and obesity in children and adults during 1980-2013: a
systematic analysis for the global burden of disease study 2013.. Lancet
2014;384:766–81.
78 Yatsuya H, Li Y, Hilawe EH, et al. Global trend in overweight and obesity and its
association with cardiovascular disease incidence. Circ J 2014;78:2807–18.
79 Arai D, Satow T, Komuro T, et al. Evaluation of the arterial wall in vertebrobasilar artery
dissection using high-resolution magnetic resonance vessel wall imaging. J Stroke
Cerebrovasc Dis 2016;25:1444–50.
80 Garawi F, Devries K, Thorogood N, et al. Global differences between women and men
in the prevalence of obesity: is there an association with gender inequality? Eur J Clin
Nutr 2014;68:1101–6.
81 Mateen FJ. Air pollution as an emerging global risk factor for stroke. JAMA
2011;305:1240–1.
82 Mossa-Basha M, Wasserman BA. Low-grade carotid stenosis: implications of Mr
imaging. Neuroimaging Clin N Am 2016;26:129–45.
83 Yitshak Sade M, Novack V, Ifergane G, et al. Air pollution and ischemic stroke among
young adults. Stroke 2015;46:3348–53.
84 Azarpazhooh MR, Etemadi MM, Donnan GA, et al. Excessive incidence of stroke in
Iran: evidence from the Mashhad stroke incidence study (MSIS), a population-based
study of stroke in the middle East. Stroke 2010;41:e3–10.
85 Medin J, Nordlund A, Ekberg K. Increasing stroke incidence in Sweden between 1989
and 2000 among persons aged 30 to 65 years: evidence from the Swedish hospital
discharge register. Stroke 2004;35:1047–51.
86	Vemmos KN, Bots ML, Tsibouris PK, et al. Stroke incidence and case fatality in
southern Greece: the Arcadia stroke Registry. Stroke 1999;30:363–70.
87 Tsiskaridze A, Djibuti M, van Melle G, et al. Stroke incidence and 30-day case-fatality
in a suburb of Tbilisi: results of the first prospective population-based study in
Georgia. Stroke 2004;35:2523–8.

Boot E, et al. J Neurol Neurosurg Psychiatry 2020;91:411–417. doi:10.1136/jnnp-2019-322424

417

J Neurol Neurosurg Psychiatry: first published as 10.1136/jnnp-2019-322424 on 3 February 2020. Downloaded from http://jnnp.bmj.com/ on September 26, 2020 by guest. Protected by
copyright.

Cerebrovascular disease

Supplementary material

J Neurol Neurosurg Psychiatry

Appendix 1: Flowchart of search strategy and study selection
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