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INTRODUCTION

Stroke or cerebrovascular diseases (CVD) had been
the first cause of death during 1963-1981, and has been
the second leading cause of death for persons of all ages
and the leading cause of death for those aged 65 years or
over since 1982 in Taiwan except 2004 (the 3rd leading
cause of death), despite a steady decline in standardized
stroke mortality over the past three decades(1). CVD is
also important in physical and mental disability in
adults, particularly in the elderly, and possesses an enor-
mous burden on healthcare expenditure in developed
and developing countries(2).

Epidemiology is the study of the distribution and
determinants of diseases in human population. The dis-
tribution of CVD is dealt with the incidence, prevalence,
mortality and outcome by age, gender and geographic
areas. Studies of the determinants of CVD are mainly
the etiologies, risk factors and implication for preven-
tion of CVD. This review aimed to summarize past epi-
demiological studies of CVD and carotid atherosclerosis
in Taiwan. An electronic relevant papers was searched
through Medline or PubMed (1980 to June 2007).
Electronic search key words included: cerebrovascuar
diseases, stroke, ischemic stroke, intracerebral hemor-
rhage, subarachnoid hemorrhage, transient ischemic
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attack, carotid arteries, and carotid stenosis in combina-
tion with Taiwan or Taiwanese. The references lists of
selected articles were also reviewed.

Stroke mortality
In Taiwan, the most common source of stroke mor-

tality estimation is the vital statistics system. It is obliga-
tory to report any death event with information of under-
lying causes, largely by physicians, and there is nearly
100% coverage of all death events. However, it is unat-
tainable to report death rates of stroke subtypes through
the vital statistics. Of 13,139 reported stroke deaths dur-
ing 2005 in Taiwan(1), 7,976 (60.7%) were uncertain
stroke subtypes, including “acute but ill-defined CVD”
(28.8%, ICD-9: 436), “other and ill-defined CVD” (4%,
437), and “late effects of CVD” (27.9%, 438). The situa-
tion is similar in other countries, such as in the United
States(3). Besides, there is inconsistency for the causes of
death between official coding and physician panel cod-
ing(4). Therefore, it should be cautious in interpretation of
stroke mortality, especially the subtypes of stroke, by
vital statistics. However, we still could observe the
stroke trends across the periods by vital statistics data.

The earliest stroke mortality description in Taiwan
can be traced back to the reports by Ri in 1938(5,6), fol-
lowed by Chang et al. in 1973(7), Ko et al. in 1980(8), and
Hu et al. in 1986(9). The mortality rates for cerebral hem-
orrhage (CH) were always higher than those for cerebral
infarct (CI). The age-adjusted stroke mortality decreased
17.5% for men and 18.5% for women during 1972-83,
and had a geographic difference with more prominent
decrease in the urban areas(9). An age-period-cohort
analysis of stroke mortality during 1974-88 was reported
by Chang and Chen(10). There was a consistent change of
a decline in the CH/CI ratio. Higher CH/CI ratios were
observed among younger age groups. The analysis also
revealed that the decline of mortality rates from CH after
1974 was persistently greater than those from CI(10). A
longer period analysis of stroke mortality in Taiwan dur-
ing 1957-1987 was reported by Hung in 1993(11). The
stroke mortality rates were consistently higher in men
than in women. The age-adjusted stroke mortality
increased from 1957 to 1972, reached the peak in 1972,

and decreased afterward(11). In an analysis of mortality in
the elderly, there was a sharp decline of stroke mortality
for both sexes during 1974-94 in Taiwan(12). In the past
one more decades, there has been lack of systematic
analysis of stroke mortality in Taiwan. To better under-
stand the secular trends of stroke mortality, a detailed
new analysis is warranted.

There are substantial international variations of
stroke mortality(13). Results from the World Health
Organization Multinational Monitoring of Trends and
Determinants in Cardiovascular Disease (WHO MONI-
CA) Project showed 10-year trends in stroke mortality
differed within study populations from several coun-
tries(14). In most of these populations, changes in stroke
mortality rates were mainly attributable to changes in
case fatality rates, rather than incidence rates(15), alike the
situation in Taiwan.

Stroke prevalence
Previous stroke prevalence studies in Taiwan are

shown in Table 1. The earliest prevalence study of stroke
in Taiwan was reported by Tseng(16). In adult residents
aged 40 years or more in Taipei, the prevalence of stroke
was 1.2% in the urban area and 1.7% in the rural area.
Hu et al. conducted an epidemiological study of stroke,
and used a cluster sampling of 4 urban and 4 rural com-
munities in Taiwan(17). Of 8,705 people aged 36 years or
older, the stroke prevalence was 1,642 10-5 and was
higher in the northern Taiwan and in urban communities.
The distribution of stroke subtypes included CI in 67%,
CH in 14%, subarachnoid hemorrhage (SAH) in 4%, and
unclassified in 15%. People with stroke had higher co-
morbidity of hypertension, diabetes mellitus (DM), and
heart disease than people without stroke. 

A cross-sectional survey of old population in 4 com-
munities in Taiwan was carried out by Lee et al(18). Of
2,600 people aged 65 years or more, 155 had stroke
(prevalence, 5.96%; CI, 74%; CH, 14%; unclassified,
12%). Smoking was more important than alcohol drink-
ing for stroke and CI. Lee YT and his study team con-
ducted a longitudinal cohort study in Chin-Shan commu-
nity since 1990 (Chin-Shan Community Cardiovascular
Cohort, CCCC)(19). There were 3,602 residents aged 35
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years or older participated in this cohort. The prevalence
of stroke was 2.2% for overall, 2.5% for men, and 1.9%
for women. Chiou et al. investigated the effect of inor-
ganic arsenic exposure on cardiovascular diseases in Ilan
area(20). Of 8,102 adults aged ≥ 40 years, the stroke preva-
lence was 1.58% for men and 1.32% for women. There
was a significant dose-relationship between arsenic con-
centration in well water and prevalence of CVD. Fuh et
al. conducted an epidemiological survey of neurological
diseases in Kinmen(21). Of residents aged 50 years or
older, the prevalence of stroke was 2.45%. People with
stroke had higher frequencies of hypertension, DM, and
cardiac arrhythmia than people without stroke. 

Findings from the 1994 National Health Interview
Survey in Taiwan showed that the stroke prevalence was
5.95 10-3 and increased steadily with age, from 0.51%
in persons aged 35-44 years to 11.36% in persons aged
85 years and over(22). The ratio of CI to CH was 1.33; and
hypertension, DM, and heart disease increased the risk
of stroke. In an analysis of the data of 200,000 sample of
National Health Insurance in 2000, the prevalence of
stroke was 2.07% for males and 1.98% for females(23). In

a survey of stroke prevalence in type 2 DM patients in
Taiwan, 939 out of 12,531 (7.5%) patients had strokes(24).
The age-standardized stroke prevalence in DM patients
was 2.3% which was higher than that (0.6%) in the gen-
eral population. Based on results from previous preva-
lence studies, the prevalence of stroke in the year 2005
among the general Taiwan population older than 35
years (the population number of 11,272,514) was esti-
mated at 1.5%, yielding a total of around 169,000 stroke
sufferers in Taiwan. 

Stroke incidence
Previous stroke incidence studies in Taiwan were not

many (Table 1). The first reported study was investigated
in 8 communities in Taiwan by Hu et al.(25). During a 4-
year follow-up, there were 104 1st-ever stroke cases out
of 8,562 people aged 36 years or older. The incidence of
stroke was 329 10-5 and it was higher in men, eastern
Taiwan, and rural area. The stroke subtypes were CI in
71%, CH in 22%, SAH in 1%, and unclassified in 6%.
Chang et al. conducted a hospital-based community
study to explore the stroke incidence during 1991 in

Table 1. Prevalence and incidence studies of stroke in Taiwan

Authors Study period Study area Study population
Rate ( 10-3)

Total Male Female

Prevalence

Tseng(16) 1973 Taipei city 1,067 adults aged ≥40 years 12 18 4
1974 San-chi community Adults aged ≥40 years 17 -- --

Hu et al.(17) 1986 4 urban and 4 rural communities 8,705 adults aged ≥36 years 16.4 20.6 11.9

Lee et al.(18) 1989-1991 Taipei, Taichung, Kaoshung, Hualien 2,600 adults aged ≥65 years 59.6 68.8 50.1

Lee et al.(19) 1990 Chin-Shan community 3,602 adults aged ≥35 years 22 25 19

Chiou et al.(20) 1991-1994 Ilan county 8,102 adults aged ≥40 years -- 15.8 13.2

Fuh et al.(21) 1993 Kinmen island 3,915 adults aged ≥50 years 24.5 26.4 22.6

Huang et al.(22) 1994 58 townships in Taiwan 4,972 adults aged ≥35 years 14.3 15.3 13.3

Liao et al.(23) 2000 National Health Insurance databank 200,000 population aged ≥1 year 20.7 18.9

Tseng et al.(24) 2001-2002 A national sample of diabetic patients 12,531 diabetic patients 74.9 83.9 67.6

Incidence

Hu et al.(25) 1986-1990 4 urban and 4 rural communities 8,562 adults aged ≥36 years 3.29 3.48 3.01

Chang et al.(26) 1991 Ilan county 45,152 adults aged ≥45 years 3.38 3.42 3.28

Fuh et al.(27) 1993-1996 Kinmen island 3,081 adults aged ≥50 years 5.27 6.56 3.98

Chien et al.(28) 1990-1998 Chin-Shan community 3,602 adults aged ≥35 years -- 4.67 3.32

Liao et al.(23) 2000 National Health Insurance databank 200,000 population aged ≥1 year 6.64 6.71
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southern Ilan(26). Excluding the referral patients, the inci-
dence of 1st-ever stroke for age 45-79 years was 3.38
10-3 (male, 3.42 10-3; female, 3.28 10-3), including
66% of CI and 34% of CH. By a population-based stroke
survey in Kinmen by Fuh et al.(27), the incidence of 1st-
ever stroke in people aged 50 years or more was 5.27
10-3. The 28-day case fatality was 24.5% for 1st-ever
stroke and 60% for recurrent stroke. The CCCC study
found 97 incident stroke cases during 1990-98 in 3602
adults aged >35 years in the Chin-Shan community(28).
The incidence of stroke was 4.7 10-3 for men and 3.3
10-3 for women. The stroke incidence rates were higher
in men for age <65 years and in women for age ≥65
years. Estimation based on incidence studies revealed an
incidence of 0.33% means that about 37,200 new stroke
patients diagnosed in the year 2005. In the National
Health Insurance databank analysis in 2000, the inci-
dence of stroke was slightly higher in women than in
men (6.71 10-3 vs. 6.64 10-3), and there no significant
difference of stroke risk between urban and rural area in
Taiwan(23).

Stroke registries
Stroke registry or stroke data bank can provide more

thorough understanding of etiologies, clinical manifesta-
tion, risk factors and outcome in different types of stroke
and transient ischemic attack (TIA) patients. The pioneer
well-known stroke registry study was the Harvard
Cooperative Stroke Registry issued in 1978(29). Another
important stroke registry conducted in Europe is the
Lausanne Stroke Registry published in 1988(30). Some
proposed criteria for an optimal stroke data bank suitable
for clinical research, including well-designed diagnostic
criteria, separate analysis of first-ever and recurrent
strokes, high rate of CT (or MRI) investigations, autop-
sies whenever possible, prospective data correction, pilot
phase and interrater studies, consistent screening proce-
dures, collection of a large spectrum of clinical and
investigative data, follow-up investigations, and baseline
papers(31). 

The first stroke registry in Taiwan was Ryu’s “Chang
Gung Stroke Registry” in 1980(32). This registry recruited
854 patients with acute stroke; and consisted of CI in

59%, CH in 30%, SAH in 8%, and unclassified in 3%.
One-month case fatality was higher in CH (43%) and
SAH (33%) than in CI (10%). Lie analyzed changing
pattern of CH during 1981-88 at the Cathay General
Hospital(33). The case-fatality rates for CH decreased
from 23.4% (1981-82) to 18.9% (1987-88). The CI to
CH ratio increased from 1.5 (1981-82) to 2.7 (1987-88).
The second Chang Gang Stroke Registry was carried out
in 1994-95 and a total of 885 hospitalized patients were
recruited(34).

Hung had conducted some large retrospective and
prospective collaborative studies at many hospitals dur-
ing the period of 1984-92(35-37). The registries included
6,790 acute stroke patients from 26 centers in Taiwan
during 1985, 3,982 acute stroke patients from 3 teaching
hospitals in Taipei during 1984-86, and 23,910 acute
stroke patients from the Prospective Survey and Registry
of Stroke in Taiwan Area (PSRST) during 1988-92. The
PSRST has been the largest stroke registry study ever
performed in Taiwan up to now. Of all 23,910 registered
stroke patients, 14,413 (60.3%), 7,250 (30.3%), 892
(3.7%) were categorized as CI, CH, and SAH (including
aneurysm rupture), respectively(37). Hypertension was the
most risk factors associated with stroke patients: 76.1%
in CH, 63.3% in CI, and 51.1% in SAH. Diabetes melli-
tus was found in 27.4% of CI and 13.3% of CH patients.
The 1-month case-fatality rates for CI, CH and SAH
were 8.2%, 27.1%, and 35%, respectively. During a
long-term follow-up, the 1-year survival rates were
81.6% for CI and 74.3% for CH.

Howng et al analyzed SAH and intracranial
aneurysm of 28,763 stroke patients registered from
Taiwan Neurological Society(38). Among 409 patients
with recorded aneurysmal sites, the most common site
was anterior communicating artery (26.7%), followed by
posterior communicating artery (22.0%), internal carotid
artery (20.1%), and middle cerebral artery (19.6%). Lee
et al. also did a similar analysis and the most common
site of aneurysmal rupture was posterior communicating
artery (32%), followed by anterior communicating artery
(30%), and middle cerebral artery (18%)(39). Chang et al.
conducted a stroke registry in 2 hospitals in southern
Ilan during 1991 and a total of 258 patients were regis-
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tered(25). 
The National Taiwan University Hospital (NTUH)

Stroke Registry was launched in 1995 and is an ongoing
registry with study more than 10 years. The NTUH
stroke registry in 1995 analyzed 995 patients (aged 1 to
98 years, 575 men and 420 women)(40,41). Of these
patients, 676 (67.9%), 41 (4.1%), 228 (22.9%), and 50
(5%) were categorized as CI, TIA, CH, and SAH,
respectively(40). Hypertension remained one of the most
important risk factors for CI, CH, and TIA patients.
Severe extracranial carotid artery (ECCA) stenosis
(>50%) was found in 12% of the CI patients and 27% of
the TIA patients. The 30-day case-fatality rates were
higher in SAH (30%) and CH (24.1%) than in CI
(5.6%). Of the CI patients, 17%, 29%, 20%, 6% and
29% were classified as sufferers of large-artery athero-
sclerosis, lacunae, cardioembolism, other determined
causes, and undetermined cause subtypes,
respectively(41).  The Kaohsiung Veterans General
Hospital stroke registry in 1999 was reported by Lin et al
and a total of 578 patients with acute stroke were regis-
tered(42). Table 2 lists previous stroke registries performed
in Taiwan. It shows a trend of increasing CI/CH ratios in
Taiwan from 1980 to 2005.

Since August 2006, more than 30 teaching hospitals
in Taiwan have participated a multi-center stroke reg-
istry, i.e. Taiwan Stroke Registry. This registry was well-

designed and put emphasis on study quality and follow-
up. Up to 25,000 acute stroke patients will be recruited
till the mid-year of 2008. This registry will provide valu-
able information about stroke etiologies, risk factors,
management, and outcome, and enhance stroke research-
es in Taiwan. 

Risk factors of stroke
Table 3 summarizes previous published articles con-

cerning stroke risk factors in Taiwan. In almost papers,
conventional risk factors, particularly hypertension and
diabetes mellitus, were still important risk factors for
stroke and its subtypes. In the study of the relation
between lipids and lipoproteins in CVD, Hwang et al.
showed that serum apoB was more related to CI than
other lipids and lipoproteins(43). Chung et al. revealed that
low-density lipoprotein cholesterol was significantly
related to CI(44). Results from the CCCC, Chien et al.
found that apoA-1, but not apoB, as an effect modifier of
hypertension for the risk of stroke events(28). Chen et al.
showed that apoB polymorphisms with emphasis on A+
allele, were associated with CI(45). Lin et al. analyzed the
association between apoE polymorphisms and CI/vascu-
lar dementia and found apoEε4 was not related to CI, but
ApoEε2 had a protective effect on the development of
CI(46). Pan et al. gave a review of plasma lipid profiles
and epidemiology of atherosclerotic diseases, including

Table 2. Hospital-based stroke registry in Taiwan

Authors, year Study period Study hospitals No of patients CI to CH ratio 

Ryu, 1986(32) 1980 Chang Gang Memorial Hospital 854 1.96

Lee et al., 1989(33) 1981-1982 Cathay General Hospital 817 1.50

Hung et al., 1987(34) 1985 26 teaching hospitals in Taiwan 7,355 1.54

Hung et al., 1987(35) 1984-1987 3 teaching hospitals in northern Taiwan 3,982 1.63

Lee et al., 1989(33) 1987-1988 Cathay General Hospital 901 2.80

Chang et al., 1995(26) 1991 Lotung Poh-Ai Hospital and St Mary’s Hospital 258 2.01

Hung et al., 1992(37) 1988-1992 Prospective Survey and Registry of Stroke in Taiwan 23,910 1.99

Hsu et al., 1995(34) 1994-1995 Chang Gang Memorial Hospital 885 2.58

Jeng et al., 1998(40) 1995 National Taiwan University Hospital 995 2.96

Lin et al., 2005(41) 1999 Kaohsiung Veterans General Hospital 578 2.40

Jeng et al., (unpublished) 2006 National Taiwan University Hospital 1,179 3.70

CI: cerebral infarct; CH: cerebral hemorrhage.
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Table 3. Studies on risk factors of stroke in Taiwan

Author, year Study design Study population Main results

Hwang et al., 1993(43) Case-controls study 367 CI patients and 71 controls ApoB and HDL-C are related to CI

Chung et al, 1994(44) Case-controls study 138 CI patients and 80 controls LDL-cholesterol and hypertension are related to CI 

Pan et al., 1995(47) Vital statistics Vital statistics during 1981-91 A U-shaped relation between temperature and CI mortality

Chen et al., 1995(49) Stroke registry 517 acute stroke patients CH, but not CI, occurs more frequently on cooler days 

Lee et al., 1995(18) Cross-sectional study 2,600 adults aged ≥65 years Smoking as a more important risk factor for stroke and CI 
than alcohol drinking

Chiou et al., 1997(20) Community-based 8,102 residents in community Exposure to inorganic arsenic is associated with an 
cross-sectional study increased stroke prevalence 

Chen et al., 1997(45) Case-control study 159 CI patients and 44 controls ApoB gene polymorphism is associated with CI

Yang et al., 1998(50) Ecological correlation 17,133 fatal stroke cases and Protective effect of magnesium from drinking water on the  
study 17,133 fatal non-stroke cases risk of CVD

Lin et al., 2000(55) Case-control study 306 stroke patients and 300 Angiotensin-I converting enzyme gene deletion 
controls polymorphism is not associated with stroke

Chien et al., 2002(28) Community based  3,602 community residents ApoA-1 but not apoB levels as an effect modifier of 
incidence study hypertension for the risk of stroke events

Tsai et al., 2003(52) Ecological correlation 23,179 stroke admissions Exposure to air pollution is associated with hospital 
study admission for stroke 

Chen et al., 2003(56) Case-control study 100 CI patients and 150 controls PAI-1 4G/5G promoter polymorphism is not associated 
with CI

Lin et al., 2004(46) Case-control study 277 CI patients, 49 vascular No association between ApoEε4 and CI; protective effect 
dementia patients of ApoEε2 on CI 

Chen et al., 2004(57) Case-control study 157 young CI patients and 157 No association of platelet glycoprotein Ia, Ib, and IIIa
controls polymorphisms to CI 

Yeh et al., 2004(58) Case-control study 231 young CI patients and 200 No influence of prothrombotic gene polymorphism on 
controls prognosis of CI

Tan et al., 2004(65) Case-control study 228 first-ever CI patients and Hypertension, atrial fibrillation, left ventricular hypertrophy, 
228 controls ischemic heart disease, and smoking are related to CI

Lin et al., 2005(59) Case-control study 234 CI patients and 223 controls No association of Toll-like receptor 4 gene polymorphism 
with CI

Chien et al., 2005(62) Community based  3,602 community residents Hyperuricemia increases the risk of occurrence of cardio
incidence study vascular events and stroke

Chan et al., 2006(53) Ecological correlation 8,582 emergency admission for Emergency admission for CVD is associated with  
study CVD increasing air pollution levels of O3 and CO

Chen et al., 2006(60) Cohort study 3,453 adults followed-up for a Metabolic syndrome increases the occurrence of CI

10.4 years with 132 incident CI 

patients

Chiu et al., 2006(64) Case-control study 238 CI patients and 238 Electrocardiographic findings of atrial fibrillation, myocardial 
controls ischemia, and left ventricular hypertrophy are related to CI

Lien et al., 2006(63) Case-control study 273 CI patients and 181 controls Elevated anticardiolipin antibody titer is related to CI

Peng et al., 2007(54) Case series study 524 1st-ever acute stroke Male heavy drinkers with mild liver disorder increase risk 
patients of CH

Chien et al., 2007(61) Community based  3,602 community residents Metabolic syndrome is associated with increased risks of 
incidence study coronary heart disease and stroke

CI: cerebral infarct; CH: cerebral hemorrhage; CVD: cerebrovascular disease.
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stroke, in Taiwan(47).
In the study of the influence of environment on

stroke, there were several environmental factors, includ-
ing weather, air pollution and well water, been investi-
gated in Taiwan. Pan et al. showed a temperature mortal-
ity relation in the elderly. Higher or lower temperature
may increase CI mortality, and decreasing temperature
may increase CH mortality(48). Chen et al. also found that
CH, not CI, occurred more frequently on cooler days(49).
Yang approached the relationship between water hard-
ness and CVD mortality and found that magnesium from
drinking water has a protective effect on CVD risk(50). On
the contrast, Chiou et al. found that ingestion of high
arsenic drinking water was associated with an increased
prevalence of CVD(20). Chiu et al. revealed that mortality
due to primary CH mortality declined gradually after the
improvement of drinking water supply system in an arse-
niasis-endemic area in southwestern Taiwan(51). Two
studies have disclosed the association between air pollu-
tion and stroke. Tsai et al. showed an association
between air pollution and stroke admission in
Kaohsiung(52). Chan et al. revealed that emergency
admission for CVD was associated with increasing air
pollution levels of O3 and CO in Taipei(53).

In the studies of smoking and alcohol drinking habits
on the occurrence of stroke, Lee et al. found that ciga-
rette smoking was a more important risk factor than
excessive drinking of alcohol for stroke occurrence(18).
Peng et al. showed that heavy alcohol drinking with mild
liver disorder increased the risk of CH(54).

In the analysis of the association between genetic
factors and CVD, some case-control studies were report-
ed. Lin et al. found there was no association between
angiotensin-I converting enzyme gene deletion polymor-
phism and stroke(55). Coagulation and thrombosis related
gene study showed PAI-1 4G/5G promoter polymor-
phism, platelet glycoprotein Ia, Ib, and IIIa polymor-
phisms, and prothrombotic gene polymorphism had no
significant relation with CVD(56-58). Lin et al. showed that
toll-like receptor 4 gene polymorphism was associated
with CI(59).

Metabolic syndrome was found by two community
studies, the CCCC and the Cardiovascular Diseases Risk

Factor Two-Township Study, to be an important risk for
the occurrence of stroke(60,61). The CCCC study also
showed that hyperuricemia as a risk factor for the devel-
opment of cardiovascular diseases(62).

In addition, Lien et al. investigated the association
between anticardiolipin antibody and stroke and found
elevated titer of anticardiolipin IgG antibody was inde-
pendently associated with 1st-ever ischemic stroke(63).
Chiu et al. studied the correlation of electrocardiographic
findings with stroke and showed atrial fibrillation,
myocardial ischemic changes, and left ventricular hyper-
trophy on electrocardiography were related to CI(64). Tan
et al. found hypertension, atrial fibrillation, ischemic
heart disease, smoking, and left ventricular hypertrophy
as risk factors of ischemic stroke from a case-control
study(65).

Risk factors of carotid atherosclerosis
ECCA atherosclerosis serves as a reliable marker of

systemic atherosclerosis as well as a major risk factor for
ischemic stroke. Increased intima-media thickness (IMT)
of the carotid arteries and the presence of ECCA athero-
sclerotic plaques have been identified as important
indices for prediction of CVD morbidity and mortality.
Previous studies about risk factors of carotid atheroscle-
rosis in Taiwan are listed in Table 4. In an analysis of
carotid stenosis and risk factors in CI patients, severe
ECCA stenosis ≥ 50% was found in 12% of CI
patients(66). Age, male sex, and left ventricular hypertro-
phy on electrocardiogram were related to the severity of
ECCA atherosclerosis. Another study also showed age
and smoking were related to carotid stenosis ≥ 50% in
patients with 1st-ever ischemic stroke(67).

Pan et al. studied the association between vascular
risk factors, particularly coagulation profiles, and carotid
atherosclerosis. The OR of highest tertile to the lowest
tertile of factor VIIIc for carotid atherosclerosis was
3.35. There was a positive correlation between factor
VIIIc and the presence of carotid plaques(68). The results
from the CCCC showed there was a significant dose-
response relationship between hypertension status and
the severity of ECCA atherosclerosis(69). Compared with
the normotensive subjects, the ORs for the hypertensive
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patients to develop ECCA atherosclerosis were 5.0
indexed by maximal IMT of the common carotid artery
≥ 75th percentile, 3.7 by carotid plaque score >6, and 4.8
by carotid stenosis ≥ 50%. In terms of risk stratification,
pulse pressure is more important in hypertensives than in
normotensives which seem to imply that pulsatile hemo-
dynamic component of BP is crucial in association with
carotid atherosclerosis(70).

The results from a physical check-up study showed
the increase in the leukocyte counts was significantly
related to ECCA atherosclerosis in males, but not in
females(71). Males had higher risk of developing carotid
atherosclerosis if presence of hypertension(72). Another
study in physical check-up subjects, the mean IMT was
0.68 0.12 mm for males and 0.66 0.11 mm for
females. Age, systolic BP and fasting blood sugar were
independent risk factors related to ECCA atherosclero-
sis(73). Long-term exposure to ingested arsenic was signif-
icantly associated with prevalence of carotid atheroscle-
rosis in a dose-response relationship in 463 adult resi-

dents from the southwestern area of endemic arseniasis
in Taiwan(74). The multivariate-adjusted OR was 3.1 for
those who had a cumulative arsenic exposure of ≥ 20
mg/L-years compared with those without exposure to
arsenic from drinking artesian well water. In a study of
the effect of long-term vegetarianism on atherosclerosis,
57 healthy postmenopausal vegetarians and 61 age-
matched omnivores were investigated(75). There was no
significant difference in ECCA atherosclerosis between
postmenopausal vegetarians and omnivores. The find-
ings of elevated homocysteine and soluble vascular cell
adhesion molecule-1 in vegetarians indicated highly pos-
sible B12 deficiency.

Studies on the association between genetic factors
and carotid atherosclerosis in Taiwan were few. Li et al.
investigated the association between the G-33A promot-
er mutation of thrombomodulin gene and carotid athero-
sclerosis(76). Multiple regression showed only diabetes
mellitus and G-33A mutation (OR=2.46) were associat-
ed with carotid atherosclerosis in young subjects.

Table 4. Studies on risk factors of carotid atherosclerosis in Taiwan 

Author, year Study design Study population Main results

Jeng et al., 1994(66) Case series study 367 CI patients Age, male sex, and left ventricular hypertrophy are 
related to CA 

Pan et al., 1997(68) Community-based 147 CI patients Factor VIIIc, hypertension and cholesterol is associated 
cross-sectional study with CA 

Li et al., 2001(75) Case-control study 333 CI patients and 257 controls Thrombomodulin G-33A promoter mutation is associated 
with CA

Su et al., 2001(69) Community-based 263 hypertensive patients and Hypertensive status is related to CA
nested case-control 270 normotensive subjects
study

Huang et al., 2001(71) Case-control study 1,185 adult non-smokers Increased leukocyte counts are associated with CA in male 
non-smokers, but not in female nonsmokers 

Sun et al., 2002(73) Case series study 1,781 people free of stroke Age, systolic blood pressure, and blood sugar are related  
to CA 

Wang et al., 2002(74) Community based 463 residents in arsenic A dose-response relationship between exposure to
cohort study endemic village ingested inorganic arsenic and CA 

Chang et al., 2006(67) Case series study 541 CI patients Age and smoking is related to carotid stenosis >50%

Su et al., 2006(75) Case-control study 57 postmenopausal vegetarians No difference of CA between vegetarians and 
and 61 omnivores. omnivores.

Su et al., 2006(70) Case-control study 263 hypertensive patients and Higher pulse pressure is associated with CA in patients
270 normotensive subjects with hypertension

Huang et al., 2007(72) Case-control study 1,554 people Males have higher CA than females in the presence  
of hypertension 

CA: carotid artery atherosclerosis; CI: cerebral infarct.



198

Acta Neurologica Taiwanica Vol 16 No 4 December 2007

Young stroke studies
Chang et al. analyzed 206 young stroke patients

aged 15-45 years, including CH in 44.2% and CI in
55.8%(77). Lu et al. studied 157 young stroke patients
aged 15-45 years in southern Taiwan(78). CI, CH, and
SAH comprised 42%, 67%, and 11% respectively.
Hypertension (60%) was the most common risk factors,
followed by hyperlipidemia (18%), vascular anomaly
(16%), and heart disease (11%). Lee et al. investigated
264 young adults aged 18-45 years with CI(79). Stroke
subtypes included lacune in 21%, large artery atheroscle-
rosis in 7%, cardioembolism in 18%, other determined
etiologies in 22% (including dissection in 9% and
antiphospholipid syndrome in 5%), and undetermined
etiology in 24%.

For nontraumatic hemorrhagic stroke in young
adults in Taiwan, there were four reported studies(80-83).
These studies investigated hospitalized CH patients aged
15-45 years and analyzed the CH etiologies and case-
fatality. Male was predominant and comprised from 62%
to 76%. Hypertension was the major etiology in young
CH patients (30~50%), followed by vascular anomaly
(10~28%), coagulopathy (5~10%), and tumor bleeding
(1~7%). Undetermined etiology was still present in
15~25% of young CH patients. The 1-month case-fatali-
ty was 18~35%.

Previously, there were three studies concerning
stroke complicating pregnancy and the puerperium in
Taiwan(84-86). The incidence rates ranged from 15.2 to 46.2

10-5. Cerebral venous thrombosis and cardioembolism
were the major causes for CI; and vascular anomaly and
preeclampsia/eclampsia were the major causes for CH.
Compared to young female patients with stroke unrelat-
ed to pregnancy, patients with stroke related to pregnan-
cy had higher frequency of cerebral venous thrombosis
(39% vs. 7%, P<0.001), particularly during postpar-
tum(87).

Outcome and survival of stroke
Recognition of the determinants of outcome among

first-ever stroke patients is an important step towards
better secondary prevention. A study among elderly

stroke patients from a nationally representative sample
in Taiwan showed that patients receiving continuous DM
therapy had much lower mortality than those discontinu-
ing DM therapy(88). Besides, patients with both cognitive
and mobility impairments had higher mortality than
those with only one impairment. In a study assessing the
relationship in women between age at first birth, parity
and SAH mortality, the risk of SAH mortality increased
with age at first birth and decreased with multiparity(89).

Stroke severity on admission, measured as National
Institute of Health Stroke Scale (NIHSS), can predict
outcome of CI patients(90). For 1st-ever acute CI patients,
initial NIHSS, heart diseases, and posterior circulation
infarct can predict 3-month mortality(91). The location and
size of infarcts in noncardioembolic patients were prog-
nostic factors of functional outcome(92). For stroke inpa-
tients receiving rehabilitation, admission functional
scale, measures as Functional Independence Measure,
can predict functional outcome at discharge(93). The dis-
charge functional status, measured as Barthel Index, may
predict functional outcome 18 months after stroke(94).

Some studies assessing prognostic factors for acute
CH patients. The results showed 3rd ventricle midline
shift evaluated by transcranial sonography(95), QTc dis-
persion on the electrocardiogram(96), and abnormal hema-
tology parameters (prolonged prothrombin time, low
platelet and high leukocyte counts)(97) had higher short-
term poor outcome. 

Furthermore, an international prospective study
involving 36 hospitals in Asia, including 2 hospitals in
Taiwan identified atrial fibrillation, ischemic heart dis-
ease, DM, and smoking for CI patients and DM for CH
patients as risk factors of early death after stroke(98). 

In a study of 466 noncardioembolic patients, the
annual recurrence rate of stroke was 4.2%(99). The basal
ganglia had higher recurrence rate than other sites of
infarct. Lin et al. followed up 146 TIA and 376 acute CI
patients and assessed 3-month risk of vascular events(100).
Large artery atherosclerosis group had the highest vascu-
lar event rates. Of patients with hypertensive CH, 4.8%
to 5.3% had recurrent CH and the median interval
between events was 1.9 to 2.4 years(101,102).
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CONCLUSIONS

Effective primary and secondary prevention of
stroke would not be possible without a thorough under-
standing of the relevant risk factors. Apart from numer-
ous epidemiological studies that have provided consider-
able amounts of useful data, it is likely that future
research in the areas of molecular biology, vascular
imaging, and genetic epidemiology will further enhance
the ability to evaluate the risk of stroke occurrence and
recurrence. Previous population studies of CVD were
few in Taiwan. A well-designed population study may
provide valuable information for understanding inci-
dence, prevalence, and risk factors of CVD, particularly
long-term cohort studies. Identification of modifiable
risk factors associated with more severe stroke may also
help to reduce the health burden that stroke imposes on
patients.
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