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ABSTRACT
Asian countries are in various stages of epidemiological
transition and therefore exhibit a great diversity in
disease patterns. Collectively, they comprise almost
two-third of the world’s total mortality due to stroke.
The purpose of this review is to explore existing
epidemiological data on stroke, highlight the temporal
trends in stroke epidemiology in various regions of Asia
and predict future patterns based on these observations.
Our search revealed that there is a lack of good
epidemiological data from most Asian countries.
Whatever data exist are not comparable due to lack of
standardised methodology for ascertaining stroke and
its subtypes. For this and other reasons, these estimates
exhibit country-to-country variation and also withincountry variability. We have also reviewed temporal
trends in stroke incidence and prevalence in 12 Asian
countries and the evolution of stroke subtypes over the
past two decades. Important observations include a rise
in stroke incidence in most Asian countries, an earlier
age at onset compared with the West, a relative increase
in the proportion of ischaemic strokes and a decline in
haemorrhagic strokes. Among ischaemic stroke subtypes,
lacunar strokes, which were once the commonest variety,
are now declining. Emerging data suggest that large
artery atherosclerosis and in particular that of intracranial
vessels is the predominant aetiology in most Asian
countries. The review also identiﬁed important gender
differences in terms of stroke risk factors, prevalence and
outcomes. There is need for sound epidemiological data
from most countries to understand the disease better
and plan policy-level interventions to decrease the
burden. We identify a need for standard format or
guidelines for conducting stroke epidemiological studies
especially in developing Asian countries. This region
must be identiﬁed as a priority region for stroke-related
interventions and preventive strategies by global
healthcare authorities and organisations.
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Although the age-standardised mortality due to
stroke has shown a downward trend in the past
two decades, the absolute numbers affected by this
devastating condition are on the rise, particularly in
low-to-middle income countries.1 The Asian continent harbours almost two-thirds of the world’s
population, and in 2002 East Asia alone comprised
60% of the world’s total mortality due to stroke.2
Asia is home to a very diverse population both in
terms of ethnic variability and socioeconomic
differences, with countries in various stages of
development and epidemiological transition. The
burden of cerebrovascular disease, therefore, is also

expected to exhibit geographical variability. This
burden is also expected to go up further as Asian
countries undergo development, their populations
age and there is a change in lifestyle factors.3 South
Asian countries (India, Pakistan, Bangladesh and Sri
Lanka) constitute 22% of world’s population and
40% of the developing world, and are the most
affected regions probably accounting for more than
40% of global stroke deaths.4 Therefore, global
burden of stroke and stroke-related deaths cannot
be substantially reduced without interventions in
Asia. Analysis of existing data is mandatory to identify current and future trends in stroke epidemiology in this part of the world.
Many regional or multinational studies (registries
or cohorts) are in progress or recently completed,
including stroke in young Asian women study (8
Asian countries), Asian cerebral venous thrombosis
(CVT) registry (13 Asian countries) and
INTERSTROKE (a global case–control study with
more than 20 000 cases and controls from Asia).5 6
These studies indicate growing collaboration and
infrastructure development in developing Asian
countries. Current emphasis by United Nations
(UNO) and WHO on non-communicable diseases
including stroke is likely to translate into more epidemiological research in this region. It is high time
we analysed epidemiological data related to stroke
in Asia, identiﬁed areas of research collaboration
among Asian countries and set priorities for future
research and advocacy in this region.
Available stroke data from Asia are largely conﬁned by geographical boundaries of individual
countries. The objective of this review is to explore
the existing data on stroke from selected Asian
countries, summarise the evolution of stroke epidemiology in these countries over the past 20 years
and predict future patterns based on these observations. Four of these countries are from Far East
Asia (China, Japan, Korea and Taiwan), three from
South East Asia (Thailand, Singapore and
Malaysia), three from South Asia (Pakistan, India
and Bangladesh) and two from the Middle East
(Iran and Israel). These 12 countries represent
more than 75% of Asian population. This review
looks at various themes across major parts of Asia
to identify areas for future interventions.

Search strategy
For the purpose of this review, we restricted our
search to 12 Asian countries, ensuring that we get
adequate representation from all regions of Asia. A
detailed search for all articles published since 1990
was conducted using two search engines, PubMed
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Appraisal of current epidemiological data
Online supplementary table S1 provides a review of the most
important stroke studies from these countries with details of
recruitment period, methodology of stroke subtype classiﬁcation, study design (hospital registries or population based) and
deﬁnition of stroke and study shortcomings.7–18 It is evident
that there is lack of robust epidemiological data from most
Asian countries. There are wide variations in study designs, case
ascertainment and stroke deﬁnitions. It is important to know
how this ﬁgure for incidence or prevalence has been standardised. Use of different standard populations can change the
ﬁgures substantially. This table elaborates which standard population has been used. Because of this difference, the incidence
reports are not as easily comparable as these statements sound.
Reader has to understand this limitation of standardisation.
These variations identify a lack of standard format or guidelines
for conducting stroke epidemiological studies.

Incidence and prevalence
Table 1 provides estimates of stroke prevalence and incidence
from these Asian countries7 11–24 No prevalence data are
reported from Malaysia, Japan, Iran and Israel while no incidence data from Thailand, Bangladesh and Israel could be
found. Data from China and India (more than 50% of Asian
population) are most robust and reliable. Reported prevalence
of stroke is comparable from China and India. Very high

Table 1 Stroke prevalence and incidence in selected Asian
countries
Country

Study
period

Prevalence

Incidence

Japan*
China*

2002–2005
1985–1991

Not available
260–719/100 00019

Korea*

2004–5

Taiwan*

1986–1990

Thailand*
Malaysia*
Singapore*
India*
Bangladesh*

2010
2010–2011
2001–2003
2003–2005

Pakistan*

1998

Iran*

2006, 2010

1590/100 000 (age adjusted
>35 years)11
1642/100 000 (age
>36 years)20
1850/100 00013
Not available
3650/100 00021
545/100 00015
300/100 000 (age
>40 years)22
4800/100 000 (age adjusted
>45 years)23
Not available

145/100 000/year7
116–219/100 000/
year19
216/100 000/year11

Israel*

Not
available

Not available

*Latest published estimates are reported here.

329/100 000/year12
Not available
67/100 000/year14
180/100 000/year21
145/100 000/year15
Not available
250/100 000/year24
103–203/100 000/
year17 18
Not available

prevalence in Pakistan and Singapore could be related to methodological issues including case ascertainment and deﬁnition.
These data need conﬁrmation by sound and reliable studies.
Incidence data are comparable from China, Japan, Korea, India
and Singapore ranging from 116 to 219 per 100 000 per year.
Reported incidence data from Pakistan are not based on a
population-based study, but it is an estimate from physician’s
survey. These data are neither accurate nor reliable. Low incidence in Malaysia and high incidence in Taiwan and Iran (one
study) need reconﬁrmation by sound and reliable studies.
These data set again highlight the methodological issues in
conducting and reporting these studies, which could be
addressed by implementation of standardised protocols and
methods throughout the continent.

Stroke types and subtypes
Table 2 shows the frequencies of stroke types (ischaemic vs
haemorrhage) and subtypes of ischaemic stroke (large vessel,
small vessel and cardioembolic).25–41 It is obvious that the frequency of haemorrhagic stroke (labelled as intracerebral haemorrhage in many reports) is still high compared with reports
from the Western countries. Haemorrhagic stroke still accounts
for 20–30% cases of all strokes in these countries, except Israel,
Iran and Thailand. Among ischaemic stroke, China, Taiwan and
Pakistan have a high proportion of small vessel disease, while
Japan, Korea and Malaysia have a higher proportion of large
vessel disease. Israel, Iran and Japan also have a high frequency
of cardioembolic stroke. The major issue with these data is
again lack of standardisation. Only a few studies used TOAST
classiﬁcation. Most of the studies are hospital-based registries.

Temporal trends
It is extremely important to study temporal trends in stroke incidence and stroke types/subtypes to predict future outlook and
future interventions. In this section, we will provide a brief
account of changing trends in these Asian countries. A summary
of these trends is provided in online supplementary table S4.
Japan: One of the best evidence about stroke epidemiology
from Asia comes from Japan. In the 1950s, Japan used to have
the highest mortality due to stroke, but it has since declined
steeply.42 43 Despite this, stroke still remains the third most
common cause of death in Japan.44 The Hisayama stroke registry is one of their most established cohorts.45 They report a
decline in the incidence of ischemic46 as well as haemorrhagic
strokes over time,47 although the decline was steeper before the
1970s and since then has been less sharp. The Miyakojima
study conducted in another area of Japan reports no major
changes in incidence of stroke and all its subtypes from 1988–
1991 to 2002–2005.7 The relative proportion of ischaemic
strokes has increased over time compared with haemorrhagic
strokes, which has shown a steady decline. The Hisayama
cohort suggests that lacunar strokes have shown a signiﬁcant
decrease over time, whereas the incidences of the other two subtypes have not shown much change.48
China and Hong Kong: In 2010, cerebrovascular disease was
ranked as the third highest cause of mortality in urban and the
ﬁrst highest in rural China.49 Jiang et al50 reported temporal
trends, with the incidence of intracranial haemorrhages decreasing through the 1990s and that of ischaemic strokes increasing.
The Sino-MONICA Beijing51 project analysed more than
14 000 strokes in Beijing from 1994 to 2004 and reports a
similar trend in stroke subtypes. The burden of intracranial
atherosclerosis is also substantial in China, with as many as
33–50% of patients with stroke affected by it.52 A recent study
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and Google Scholar. The following keywords were used along
with the name of each country to identify relevant articles:
“stroke”, “cerebrovascular disease”, “incidence of stroke”,
“prevalence of stroke”, “stroke epidemiology”, “temporal trends
in stroke”, “stroke subtypes”, “ischemic strokes”, “intracranial
hemorrhage”, “lacunar strokes”, “large artery strokes” and “cardioembolic strokes”. The search was restricted only to English
language. Abstracts from the search were screened, and all articles on stroke epidemiology were selected. Both longitudinal
and cross-sectional studies were included in this review.

Cerebrovascular disease

Stroke types (proportion of all strokes %)

Ischaemic stroke subtype (proportion of all ischaemic strokes %)

Country

Ischaemic stroke

Haemorrhagic stroke

Large artery

Small vessel

Cardioembolic

Japan25 26
China27 28
Korea11
Taiwan29 30
Malaysia33
Singapore34 35
India16 36
Bangladesh37
Pakistan38
Iran18 39
Israel40 41

65–74
75
76
71
73–80
76–80
74–80
61–80
79
82
90

26–34
25
24
28
18–27
19–24
20–32
20–39
21
17
10

54.1
21.5
36.1
14.6
59
41
41
Not available
26–31
Not available
5–9

21.0
40.6
25.4
39.4
28.3
35
18
Not available
43
Not available
15–28

22.9
7.5
17.1
12
3.4
10
10
Not available
6–8
20–31
21–34

reports this aetiology in 46.6% of the 2864 stroke subjects
studied and concludes that it is the most common vascular
lesion in Chinese patients with cerebrovascular disease.53 There
is also evidence to suggest that cardioembolic strokes have also
increased in China in the past decade.54 Among Hong Kong
Chinese, recent trend suggests a decrease in incidence of ischaemic strokes, whereas there is a reported increase in haemorrhagic strokes among those between 35 and 44 years of age.55
Korea: According to the Korean Stroke Society’s report,11 the
proportion of ischaemic strokes admissions has increased from
64.7% in 2000 to 76.1% in 2009. The proportion of haemorrhagic strokes has gone down steadily. According to these data,
large artery atherosclerosis was and still remains the predominant aetiology found in 36.1% of patients with ischaemic stroke.
Small vessel disease has shown a downward trend, whereas cardioembolism increased during this time. The study also reports
a predominant intracranial atherosclerosis, although extracranial
disease tended to show a rising trend over the study period.
Slightly older data from 1999 to 2007 also show an increase in
intracranial disease burden over time.56
Taiwan: A recently published study has shown a temporal rise
in the burden associated with ischaemic strokes in Taiwan from
2000 to 2005.57 Recent data suggest that the incidence of haemorrhagic strokes is higher in Taiwan compared with the white
and black populations of North America and Europe but lower
than the incidence reported from China and Japan.33 Compared
with data from 1995, lacunar stroke proportion has gone up
from 29% and that of cardioembolism has come down.58
Thailand: Stroke is among the top three leading causes of mortality in Thailand.59 In 1998, a study conducted on elderly Thai
population revealed a prevalence of 1.12%.60 The frequency of
haemorrhagic stroke decreased from 22% (in 2003) to 13% (in
2012).61 31 Among ischaemic stroke subtypes, recent data suggest
a very high percentage of intracranial atherosclerosis (52.6% of
all ischaemic strokes) as the predominant aetiology.32
Malaysia: According to the most recent estimates, stroke is
the ﬁfth leading cause of death in Malaysia.14 The National
Stroke Registry reports ischaemic strokes as the predominant
variety found in 73.3% of all patients with stroke.33 This
proportion has not changed since the late 1990s when a
hospital-based study reported ischaemic strokes in 72%.62 The
proportion of small vessel disease is reported as declining trend
from 62% (2003) to 28% (2012).33
Singapore: Stroke is the fourth leading cause of death in
Singapore.21 When temporal trend was analysed between 2000
1310

and 2005, no signiﬁcant changes were seen in the relative proportions of the stroke subtypes.
India: Data from India report consistent trends in stroke incidence and types/subtypes. The variations in frequencies of
haemorrhagic stroke and small vessel diseases are largely attributed to geographical variations.
Bangladesh: Stroke is the third leading cause of death in
Bangladesh.37 No data are available on ischaemic stroke subtypes so far. No data are reported addressing temporal trends
related to stroke from Bangladesh.
Pakistan: Recently, a multicentre stroke registry was analysed
by our stroke group,63 and large artery atherosclerosis seems to
have taken over as the predominant subtype found in 35.7%
subjects followed by small vessel disease. Cardioembolic strokes
have also gone up in proportion to 11.8% from 6 to 8% previously reported. Wasay et al64 evaluated the temporal trends for
intracerebral haemorrhage from 1988 to 2005 using hospitalbased data. They concluded that the number of hospital admissions went up signiﬁcantly over time, proportion of female
victims increased and age at onset decreased by about 5 years.
Iran: In 2001, the Khorasan Stroke Registry was established
with the view to study stroke incidence and patterns in
Southern Khorasan. This study reported a rise in incidence of
stroke from 84.16 to 103.23/100 000 population per year from
2001 to 2005. No substantial temporal changes in stroke types/
subtypes are reported.65
Israel: The National Acute Stroke Israeli (NASIS) registry has
recently published their results on 6279 patients with stroke
from 28 hospitals across the country.40 There has not been
much change in stroke type/subtype proportions from 2004 to
2010. The authors also report a signiﬁcant decline in the proportion of small vessel strokes in elderly subjects (>85 years of
age) from 2004 to 2010.
Having reviewed the stroke data from individual countries,
the following observations can be made. There is lack of robust
epidemiological data from most Asian countries. There is an
increase in absolute number of stroke cases, although the incidence of stroke has come down in countries such as Japan.
Ischaemic strokes are the predominant subtype in all countries
and increasing in relative proportion. Haemorrhagic strokes
have in the past accounted for more than a third of all strokes
in Asian countries, particularly in East and South Asia.
However, they have decreased in proportion over time. Large
artery atherosclerosis is the predominant aetiology in most East
Asian, South East Asian and South Asian countries.
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Table 2 Stroke subtypes as reported from various Asian studies

Cerebrovascular disease

Gender differences
Differences exist between men and women in terms of risk
factors and stroke prevalence in Asian countries. A recent study
from Korea found more atrial ﬁbrillation in Korean women
with stroke compared with men in all ages, and more diabetes
in women greater than 65 years of age.68 The risk factors in
younger women particularly during pregnancy and puerperium
are different. This region probably represents highest prevalence
area of pregnancy and postpartum stroke.69 A prior study by
our group demonstrated that among pregnancy-related strokes
in women from ﬁve Asian countries, cortical venous thrombosis
accounted for almost half of all cases.69 Gender differences exist
in terms of stroke outcomes also. A recent study from China70
demonstrates many gender differences, the most signiﬁcant of
which was a higher dependency level at 1 year postischaemic
stroke among women compared with men. Stroke in women is
poorly reported in South Asia. Stroke is the leading cause of
death in women above age 60 years in South Asia.71

Mean age at stroke onset and young stroke
The mean age of stroke in some Asian countries (Pakistan
59 years; China 60 years; India 63 years) is less compared with
the Western countries (USA 68 years; Italy 71 years).4 There are
data to suggest that the onset of stroke and ischaemic heart
disease is almost 10 years earlier in this region.4 A populationbased study carried out in Masshad (Iran) in 200618 reported
that ischaemic strokes were occurring one decade earlier than in
the Western countries. Some of the Indian studies have shown
that about 10–15% of strokes occur in population below the
age of 40 years.72 Prasad et al73 have reviewed data from Indian
studies on young stroke, and they conclude that although traditional risk factors are also quite abundant in this age group, cardioembolic, venous and cryptogenic stroke make up a
substantial proportion of all strokes. Wasay et al5 describe
strokes in young women from eight Asian countries and report
cortical venous thrombosis as the predominant cause of stroke
in this group. Large artery atherosclerosis and cardioembolism
were the other important causes identiﬁed in this study. From
Taiwan, Lee et al74 found other determined and undetermined
aetiologies to make up a signiﬁcant proportion of stroke in the
young with small vessel and cardioembolism being other
important causes. Ghandehari reports cardioembolism as the
proximate aetiology in 54% of young Iranian patients with
stroke.75

CONCLUSION
Pattern of stroke in Asia shows geographical diversity and is
evolving with time. The absolute burden of the condition is
rising, and measures need to be taken to address risk factors for
atherosclerosis, which is the predominant mechanism of stroke
in this region. There is need for sound epidemiological data
from most countries to understand the disease better and plan
policy-level interventions to decrease the burden. We identify a
need for standard format or guidelines for conducting stroke
epidemiological studies especially in developing Asian countries.
Future research should focus on better epidemiological studies

to gauge the true burden of the condition. Comparative studies
between various Asian regions may help elucidate mechanisms
of stroke that are speciﬁc to race and ethnicity. Global burden of
stroke and stroke-related deaths cannot be substantially reduced
without interventions in Asia, especially in South Asia and
China. This region must be identiﬁed as a priority region for
stroke-related interventions and preventive strategies by the
WHO, World Stroke Organization (WSO) and other global
healthcare authorities and organisations. We propose that the
WSO or Asia-Paciﬁc Stroke Organization should develop and
publish these guidelines. Standardisation of future stroke epidemiological research across Asian countries should become a
priority area for stroke researchers and organisations in Asia.
This will deﬁnitely lead to a better understanding of stroke epidemiology in this region.
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Table 1: Epidemiological studies from selected Asian Countries
COUNTRY

STUDY

DEFINITION INCIDENCE

PERIOD OF STROKE

Japan
Miyakojima

2002-

Acute

2005

neurological
deficit

Study (7)

confirmed in
hospital by

STUDY
DESIGN

145/100,000/year

Retrospective

CASE

SHORTCOMINGS

ASCERTAINMENT

Hospital based

Those not presenting
to hospital missed

Age adjusted using
standard population
of Japan

CT/MRI in
99%
Age 30 and
above
Japan
Hisayama
Study (8)

2002-

WHO

422/100,000/year

2009

definition with

in men

imaging
Age 40 and
above

212/100,000/year
in women
Age adjusted to
WHO standard

Prospective

Community based
Annual health
examinations

Small cohort but no
loss to follow up

population
China

2004

project

Sino Monica

definition

study (9)

China
(10)

WHO-Monica

248.3/100,000/year

Prospective

3 level network

Beijing only

Age standardized

Hospital as well as

Sample selected by

to Chinese national

community based to

non-random cluster

census

capture all events

sampling

Hospital based

Those not presenting

2005-

Hospital

168.5/100,000/year

Retrospective and

2011

admission

(95% CI 159-178)

prospective

to hospital missed

with stroke

Not age
standardized

Korea

2004

Insurance
claim data

(11)

confirmed
using clinical

216/100,000/year

Retrospective

Registry based data

Based on analysis of
insurance claim

Not age

database and

standardized

national death

and imaging

certificate data

data

Not age
standardized

Taiwan

1986-

WHO
definition plus

329/100,000/year

Prospective

Community based

Imaging done in

(12)

1990

imaging

(95% CI 259-399)

65% only

Age 35 and

Age adjusted to

More recent data not

above

1960 US

available

population
Thailand
(13)

2004-

WHO

No incidence data.

2006

definition

Only prevalence

Cross-sectional

Community based

Selection bias
Non probability
sampling
No neuro-imaging
Age 45-84

Malaysia
(14)

2010-

WHO

2011

definition
All ages

67/100,000/year

Prospective

Standardized to
2010 Malaysian

(15)

2003-

Neurological

145.3/100,000/year

2005

assessment +/imaging

Those not presenting

including hospitals

to physicians not

and private

captured

physicians

population
India

Multiple sources

Community based

Captured both

(95% CI 120.4-

house to house

strokes and stroke

174.4)

Screening

deaths.

Standardized to

Prospective

questionnaire
administered by

Stroke deaths

World Standard

CHW

population

Those testing positive
were examined by
neurologist

however, were
based on family
member’s account
of death
Screening by CHWs

India

2005

(16)

WHO

135/100,000/year

definition with

(123-146)

or without
imaging

Prospective

Diagnosis based on

Community stroke

information from

events not captured

patients, caregivers

Standardized to

and hospital records

World Standard

and fatal event

Population

registers through
active surveillance
Iran

2003

Isfahan

WHO

103/100,000/year

definition/

(95% CI 97.4-

90% imaging

(17)

Prospective

Hospital based

Crude. No age

identification

standardization

109.1)

Excluded 2 hospitals
Included first and
recurrent strokes

Iran

2006

WHO

203/100,000/year

Prospective

Community and

Used multiple
sources for

(18)

definition

(95% CI 175-231)
Age standardized
to World
population

hospital based

identification of
stroke.

Table 4: Temporal Trends in Stroke Epidemiology
COUNTRY

TRENDS IN STROKE

TRENDS IN STROKE

INCIDENCE AND

TYPES/SUBTYPES

PREVALENCE

JAPAN

Decline in both ischemic and

Proportion of ischemic strokes has

hemorrhagic strokes over past

increased compared to hemorrhagic

decades

Incidence of lacunar strokes has
decreased over time, whereas that of
large vessel and cardioembolic has
remained stable

CHINA

Increase in age standardized

Incidence of ischemic strokes has

incidence of total strokes in both men gone up and that of intracranial
and women from 1984-2004

hemorrhages has declined.
Among ischemic stroke subtypes,
there is evidence to suggest a rise in
both intracranial atherosclerosis and
cardio-embolism

KOREA

Annual incidence expected to

Ischemic strokes admissions have

increase rapidly over next decade

increased compared to hemorrhagic
strokes
Among subtypes, large artery
atherosclerosis particularly of
intracranial arteries was and still is
the predominant subtype
Proportion of small vessel disease

shows a downward trend whereas
cardio-embolism has shown a rise
TAIWAN

No temporal trend data available for

Ischemic strokes are the predominant

stroke incidence as a whole

subtype and a rising trend in their
incidence has been reported
Lacunar strokes are the predominant
subtype and have increased in the
recent years. Cardioembolic strokes
have decreased in proportion

THAILAND

Prevalence has shown an increase

Ischemic strokes are the predominant

over time

subtype reported in almost 80%
Intracranial atherosclerosis accounts
for most of ischemic strokes
Temporal trend data for subtypes not
available

MALAYSIA

5th leading cause of mortality
No data on temporal trends

Ischemic strokes were and still are the
predominant type
Large artery atherosclerosis is the
most common subtype from the
National stroke registry. Previously
lacunar strokes were reported as the
most common subtype

SINGAPORE

INDIA

No data on temporal trend in

No change in relative proportion of

prevalence/incidence

stroke type between 2000 and 2005

Temporal trends in

Ischemic strokes have remained the

incidence/prevalence not reported

predominant subtype in the reported

data
Data on subtype temporal trends not
available
BANGLADESH No data available

PAKISTAN

No data available

No data available

Ischemic strokes are the predominant
subtype although some evidence to
show a temporal rise in hemorrhagic
stroke admissions
Large artery atherosclerosis is now
the predominant subtype. Previously
lacunar strokes were more common
Proportion of cardioembolic strokes
have gone up as well

IRAN

ISRAEL

Rise in stroke incidence from 2001 to No substantial change in stroke
2005

type/subtype over time

No data on temporal trend in

Cardioembolism on the rise in elderly

incidence/prevalence

Small vessel strokes decreasing

