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It is known that the predilection sites of cerebral atherosclerosis differ among races.
In Asian patients, intracranial (IC) atherosclerosis is most frequently found, while in
Caucasian patients, extracranial (EC) atherosclerosis is more common.1-3 Individual
risk factors for atherosclerosis may have differential impacts on the location as well
as the development of atherosclerosis.2,4-6 In addition, the development of athero-
sclerotic risk factors is greatly influenced by lifestyle. Korean and other Asian
populations have been undergoing rapid lifestyle changes as they become
industrialized and experience economic growth. As a result, recent epidemiologic
studies show that Koreans are more obese and hypertensive than in the past, and that
both body mass index (BMI) and diabetes mellitus have also increased.7,8 These
changes in lifestyle and risk factor profiles may affect the burden of EC and IC
atherosclerosis.9

Stroke is one of the leading causes of death in many Asian countries, and the
incidence of atherothrombotic diseases has been rapidly increased. For example,
the proportion of ischemic stroke in China increased from 30.2% to 61.9% over
10 years.10 Korea also showed a similar pattern of change.11 The incidence of ische-
mic heart disease is also increasing and the mortality from acute myocardial infarc-
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INTRODUCTION



tion in Asian men aged 35-44 increased from 3.9/100,000
to 10.3/100,000.12 Accumulating evidence of rapidly inc-
reasing vascular events in the brain and heart in Koreans as
well as Asians suggests that atherosclerotic diseases may
also be increasing in this population. Although several
studies have investigated cerebral atherosclerosis in Korean
and Asian patients with ischemic stroke,3,13-16 information is
fragmentary, obtained from a small group of patients, or
performed long ago, such that it may not adequately reflect
the recent status of Korean and Asian stroke patients.
Therefore, the present study investigated the frequency,
distribution, and temporal changes in atherosclerosis of the
EC and IC cerebral arteries in Korean stroke patients by
using stroke registry data obtained consecutively for an
eight-year period. 

Study population 
We reviewed the records of 2,977 consecutive patients
registered in the Yonsei Stroke Registry (YSR) between
April 1999 and March 2007. The YSR is a prospective
hospital-based registry for patients with an acute cerebral
infarction or transient ischemic attack (TIA).17 The study
hospital is located in Seoul, which is the capital of Korea.
About 69% of patients enrolled for this study were residents
of Seoul, and this proportion has not been changed during
the study period. The diagnosis requires brain computed
tomography (CT) or magnetic resonance imaging (MRI)
to exclude hemorrhages and other causes. Systematic
investigations were performed in every patient, including
12 lead-electrocardiography, chest X-rays, lipid profiles,
and standard blood tests. Additional tests were performed
in patients younger than 45 years or in those with no deter-
minable etiology. These included measures of serum
homocysteine levels and hemostatic markers such as
protein C, protein S, antithrombin III, and antiphospholipid
antibodies (lupus anticoagulant, anticardiolipin IgG and
IgM). Transesophageal echocardiography (TEE) was part
of the standard evaluation except in patients with decreased
consciousness, poor systemic conditions, tracheal intubation,
an inability to accept an esophageal transducer, or lack of
informed consent. Transthoracic echocardiography was
performed in patients who could not undergo TEE and
were suspected of having a cardiac disease. The accuracy
and quality of the registry are ensured by reviewing the
data of each case at weekly stroke conferences. This study
was approved by institutional review board. 

Risk factors for atherosclerosis 
The presence of hypertension was defined when patients

had resting blood pressure recordings of systolic ≥ 140
mmHg or diastolic ≥ 90 mmHg on repeated measure-
ments after clinical stabilization (usually 24-48 hours after
admission) during hospitalization or a past medical history
for antihypertensive treatment. Diabetes mellitus was
diagnosed when a patient had a fasting plasma glucose
value ≥ 7 mmol/L or had been treated with an oral hypo-
glycemic agent or insulin. Hypercholesterolemia was
defined as a fasting serum total cholesterol level ≥ 6.2
mmol/L, LDL-cholesterol > 4.1 mmol/L or a past medical
history significant for a lipid-lowering drug. Patients were
regarded as smokers if they smoked within the three-
month period prior to admission. History of previous
stroke included old symptomatic cerebral infarctions and
TIAs, which were clinically diagnosed demonstrated with
brain imaging studies before admission .

Patients enrolled for analysis
Among the 2,977 registered patients, 2,779 (91.8%) had an
angiography performed [digital subtraction angiography
(DSA) in 498 (17.9%), MRA in 1,699 (61.1%), and both
DSA and MRA in 582 (20.9%) patients]. MRA was con-
ducted using either a 1.5-Tesla system (Signa Horizon, GE
Medical System, Milwaukee, WI or Intera or Achieva,
Philips Medical System, Best, Netherlands) or a 3.0-T sys-
tem (Achieva, Philips Medical System, Best, Netherlands)
and almost all patients had underwent contrast enhanced
MRA. Echocardiography was performed in 1,508 patients
(TEE in 1,192, Transthoracic echocardiography in 182 and
both in 134). For the purpose of this study, a total of 1,955
patients were finally enrolled after excluding those who
had not undergone an angiographic study, non-Korean,
those with potential cardiac sources of embolism (PCSE)
or other determined etiologies, such as arterial dissection,
Moyamoya disease, coagulation disorders, etc., and those
who had been treated with stent insertion/angioplasty or
carotid endarterectomy before the admission at our hospital.
In patients with both DSA and MRA performed, the results
of DSA were used for analysis, and in patients with MRA
studies performed at different times due to re-admission or
recurrent attacks, the most recent results were used for
analysis. Therefore, data of only one angiographic study
from each patient was used. Finally, data from 725 DSA
(37.1%) and 1,230 MRA (62.9%) were analyzed for this
study (Fig. 1).  

Definition of atherosclerosis and degree of stenosis 
Any abnormalities on angiographic studies were deter-
mined at a weekly stroke conference based on a neurora-
diologist’s report and the consensus of stroke specialists.
Angiographic findings were defined as normal, stenotic, or
occluded in each arterial segment and branch arteries of
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the EC and IC cerebral arteries. The degree of stenosis was
measured using the North American Symptomatic Carotid
Endarterectomy Trial18 or Warfarin vs. Aspirin for Sympto-
matic intracranial disease method.19 When multiple stenotic
lesions were present in one artery, data of the most severe
degree was used. The stenotic lesions were divided into EC,
IC, or combined EC and IC atherosclerosis, and were also
classified as mild (< 50%) or severe (≥ 50% or occluded).
The number of atherosclerotic lesions was the sum of the
number of stenotic lesions in the predetermined portion at
each side; the common carotid artery, extracranial internal
carotid artery (ICA), intracranial ICA, branch arteries of
the ICA, anterior cerebral artery, middle cerebral artery,
extracranial vertebral artery, intracranial vertebral artery,
basilar artery, posterior inferior cerebellar artery, anterior
inferior cerebellar artery, superior cerebellar artery, and
posterior cerebral artery.

Statistical analysis
Statistical analysis were performed using the Windows
SPSS package (version 15.0) (SPSS Inc, Chicago, IL,
USA). The independent sample t-test, the Pearson chi-
square test, or ANOVA test was used to compare means
and proportions. The temporal changes of atherosclerosis
were compared by the Mantel-Haenszel test. Multivariate
logistic analysis was used to compute odds ratios of vas-
cular risk factors. The correlation between the number of

lesions and other factors was determined by Spearman’s
rank test. Predicted changes in the number of lesions were
analyzed by a Poisson regression analysis. 

Demographic characteristics of the study group
Enrolled for the final analysis were 1,955 patients with a
mean age of 63.7 ± 10.9 years (range, 24-93), 1,230 (62.9%)
of which were men. These demographic data were not
different from those of the entire 2,977 patients registered
during the study period in that the mean age of the 2,977
patients was 63.7 ± 11.8 years (range 6-95) and men
comprised 62.1% (1,850 patients). 

During the eight-year study period, there was an increas-
ing tendency in performing angiographic studies, either
MRA or DSA, from 83.4% in 1999 to 94.1% in 2007 among
the entire 2,977 patients. In 1,957 patients, the proportion
of angiographic study with MRA increased from 53.9% in
1999 to 66.2% in 2007.

Frequency and distribution of atherosclerosis
Among 1,955 patients, 1,517 patients (77.6%) were found to
have atherosclerosis in one or more arteries of the EC or IC
artery. Isolated EC atherosclerosis was found in 239 (12.2%),
isolated IC atherosclerosis in 516 (26.4%), and combined
EC and IC atherosclerosis in 762 (39.0%) patients. 

Among the arteries involved, the MCA was most com-
mon (44.2%), followed by the extracranial ICA (37.4%),
and the extracranial vertebral artery (27.0%). The same
pattern of distribution was noted among cases with severe
atherosclerosis (Table 1). However, in a subgroup having
had DSA performed, involvement of the extracranial ICA
was most common (52.3%) (Table 1).

Temporal changes in the presence and burden of 
atherosclerosis

After excluding patients with PCSE
The prevalence of atherosclerosis in 1,955 ischemic stroke
patients during the past eight-year period was compared
annually using the Mantel-Haenszel test. There was a
significant increase in atherosclerosis in this study popula-
tion (p < 0.001) (Table 2). An increasing tendency of athero-
sclerosis was also observed in the analysis of the DSA
subgroup findings (p = 0.010). These increases appear to be
ascribable to the increased frequency of combined EC and
IC atherosclerosis (p < 0.001) (Fig. 2A). Likewise, the pro-
portion of severe atherosclerosis showed a similar increasing
trend (p = 0.043), although it did not reach statistical signi-
ficance in the analysis using the DSA findings (p = 0.075). 
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Fig. 1. Flow chart of patient selection and grouping. EC, extracranial; IC,
intracranial.



The relationship between the number of arterial lesions
involved and the year was investigated using Spearman’s
rank test. There was a significant trend toward an increase
in the number of arterial lesions (r = 0.244, p < 0.001). How-
ever, there was no relationship between the number of
severe arterial lesions and the year (r = 0.045, p = 0.044).

After including patients with PCSE
We excluded the patients with PCSE for the analysis
because occlusive lesions of the cerebral arteries caused by
embolism from the heart are often indistinguishable from
those by atherosclerosis. However, the exclusion of patients
with PCSE may also result in bias of patient selection and
data interpretation since those with PCSE may have con-

comitant cerebral atherosclerotic lesions. In addition, exclu-
sion of one subtype of stroke group (cardioembolism) may
prevent uncovering the features in entire stroke patients.
Therefore, we further analyzed the data after including 702
patients with PCSE (total 2,657 patients), and the increas-
ing tendency of atherosclerosis was also observed (p <
0.001) (Fig. 2B).

Burden of atherosclerosis
A total of 5,151 atherosclerotic lesions were found in 1,517
patients with atherosclerosis, 1,763 of which were severe.
There were 1,868 lesions in EC portions and 3,283 lesions
in IC portions. Of 1,517 patients, 374 (24.7%) patients sho-
wed a lesion in only one artery, 311 (20.5%) in two arteries,
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Table 1. Distribution of Atherosclerosis

Location
DSA or MRA (n = 1955) DSA (n = 725)

Any Severe Any Severe

CCA 115 (5.9) 17 (0.9) 56 (7.7) 13 (1.8)

Extracranial ICA 732 (37.4) 289 (14.8) 379 (52.3) 171 (23.6)

Intracranial ICA 260 (13.3) 83 (4.2) 115 (15.9) 44 (6.1)

Branch arteries of the 

ICA 19 (1.0) 7 (0.4) 10 (1.4) 5 (0.7)

ACA 331 (16.9) 125 (6.4) 126 (17.4) 64 (8.8)

MCA 865 (44.2) 424 (21.7) 304 (41.9) 193 (26.6)

Extracranial VA 528 (27.0) 234 (12.0) 232 (32.0) 135 (18.6)

Intracranial VA 312 (16.0) 125 (6.4) 111 (15.3) 57 (7.9)

BA 290 (14.8) 80 (4.1) 121 (16.7) 40 (5.5)

PICA 39 (2.0) 17 (0.9) 35 (4.8) 17 (2.3)

AICA 16 (0.8) 8 (0.4) 13 (1.8) 6 (0.8)

SCA 6 (0.3) 2 (0.1) 5 (0.7) 2 (0.3)

PCA 445 (22.8) 151 (7.7) 113 (15.6) 57 (7.9)

Data are given as the number (percentage) of arteries with atherosclerosis. Branch arteries of the ICA include ophthalmic artery, posterior 
communicating artery, and anterior choroidal artery. Abbreviations are defined as follows. ACA, Anterior cerebral artery; AICA, Anterior
inferior cerebellar artery; BA, Basilar artery; CCA, Common carotid artery; DSA, Digital subtraction angiography; ECA, External carotid artery;
ICA, Internal carotid artery; MCA, Middle cerebral artery; MRA, Magnetic resonance angiography; PCA, Posterior cerebral artery; PICA,
Posterior inferior cerebellar artery; SCA, Superior cerebellar artery; VA, Vertebral artery. 

Table 2. Yearly Frequency of Atherosclerosis 

Year
MRA + DSA DSA

Patient number Any* Severe� Patient number Any� Severe§

Apr ’99 - Mar ’00 217 135 (62.2) 105 (48.4) 100 79 (79.0) 60 (60.0)

Apr ’00 - Mar ’01 128 96 (75.0) 76 (59.4) 71 64 (90.1) 57 (80.3)

Apr ’01 - Mar ’02 275 208 (75.6) 139 (50.5) 102 88 (86.3) 70 (68.6)

Apr ’02 - Mar ’03 288 211 (73.3) 131 (45.5) 119 99 (83.2) 81 (68.1)

Apr ’03 - Mar ’04 216 162 (75.0) 90 (41.7) 67 55 (82.1) 40 (59.7)

Apr ’04 - Mar ’05 286 233 (81.5) 136 (47.6) 102 89 (87.3) 63 (61.8)

Apr ’05 - Mar ’06 276 237 (85.9) 147 (53.3) 73 70 (95.9) 61 (83.6)

Apr ’06 - Mar ’07 269 235 (87.4) 167 (62.1) 91 83 (91.2) 70 (76.9)

Data are given as the number (percentage) of patients with atherosclerosis.
*p < 0.001, �p = 0.042, �p = 0.010, §p = 0.077 by Mantel-Haenszel test.



236 (15.6%) in three arteries, 183 (12.1%) in four arteries,
and the remaining 413 (27.2%) in five or more arteries. 

Vascular risk factors and their association with 
atherosclerotic burden
A total of 1,794 patients (91.8 %) had at least one or more

classic risk factors for atherosclerosis. There has been a
significant increase in the presence of risk factors (p =
0.029) during the study period. Among individual risk fac-
tors, the frequencies of hypertension (p < 0.001) and
diabetes mellitus (p = 0.003) have increased whereas history
of previous stroke has decreased (p = 0.003). There was no
difference in the mean age of the patients among the years
(p = 0.162).

The patients with atherosclerosis were older than those
without atherosclerosis and were more likely to have vas-
cular risk factors (p < 0.001). The number of arteries with
atherosclerosis increased as the number of risk factors
increased (r = 0.223, p < 0.001). Among the patients with
atherosclerosis, those with combined EC and IC atheros-
clerosis were older (p < 0.001) and had a higher possibility
(p < 0.001) of having risk factors and increased number (p
< 0.001) of risk factors identified than those with isolated
EC or IC atherosclerosis.

On univariate analysis, age (64.48 ± 10.49 years in a
group with atherosclerosis versus 60.85 ± 11.60 years in a
group without, p < 0.001), hypertension (p < 0.001),
diabetes mellitus (p < 0.001), hyperlipidemia (p = 0.025),
and previous stroke (p = 0.001) were associated with the
presence of atherosclerosis. On multivariate logistic regres-
sion analysis, the year was also significant (Table 3). With
respect to the number of arteries with atherosclerosis, the
year and vascular risk factors including age, hypertension,
diabetes mellitus, hypercholesterolemia, and previous
cerebrovascular attacks were independently associated
(Table 3).

The distribution of atherosclerosis is known to differ among
races in that atherosclerosis of the IC arteries is more
common in non-Caucasians while that of the EC arteries is
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DISCUSSION
Fig. 2. Temporal changes in the frequency of atherosclerosis in the cerebral
arteries in 1,955 patients excluding those with potential cardiac sources of
embolism (PCSE) (A), and in 2,657 patients including those with PCSE (B). The
frequencies of atherosclerosis in both study groups have been increasing
during the eight-year study period. The proportion of involved sites is expressed
as the percentage in each subgroup.

Table 3. Multivariate Analysis on the Presence and the Number of Atherosclerotic Stenosis
Presence of atherosclerotic stenosis             Number of atherosclerotic stenosis

95% 95%

Odds ratio Confidence p value Estimate Confidence p value

interval interval

Year 1.198 1.138 - 1.262 < 0.001 1.101 1.081 - 1.122 < 0.001

Age 1.030 1.020 - 1.041 < 0.001 1.021 1.017 - 1.025 < 0.001

Male sex 1.084 0.836 - 1.405 0.543 1.046 0.955 - 1.146 0.330

Hypertension 1.714 1.343 - 2.187 < 0.001 1.385 1.242 - 1.543 < 0.001

Diabetes mellitus 1.653 1.288 - 2.120 < 0.001 1.242 1.144 - 1.349 < 0.001

Hyperlipidemia 1.469 1.008 - 2.142 0.046 1.214 1.083 - 1.361 < 0.001

Smoking 1.260 0.960 - 1.654 0.096 1.024 0.928 - 1.129 0.639

Previous stroke 1.547 1.137 - 2.105 0.005 1.197 1.087 - 1.318 < 0.001

A

B



more common in Caucasians.2,3,14 However, most of the
recent data from Asian patients has been based upon
findings from a small number of patients or from transcra-
nial Doppler studies, which may result in a selection bias
of patients included or arteries assessed.3,14-16 It is not possi-
ble to perform conventional angiography, which is invasive,
in all stroke patients. Therefore, in addition to a potential
bias in patient selection, it might have been difficult to
discern the pattern of EC or IC atherosclerosis in stroke
patients as a whole. There was virtually no selection bias
in using the angiographic studies in our study cohort by
using MRA as well as DSA. Therefore, we could estimate
global frequency as well as distribution of atherosclerosis.
As a result, we showed that combined EC and IC atheros-
clerosis is most common in Korean stroke patients. 

Among individual arteries, the MCA was the most
commonly involved site, consistent with previous findings
in Asian populations.13,16 Though in a DSA-only subgroup
the involvement of the extracranial ICA was most com-
mon, this result could have been biased as patients who
were found to have severe stenosis of the extracranial ICA
on MRA would have undergone additional DSA before
carotid endarterectomy or stenting. In a recent German
study, the extracranial ICA was the most common symp-
tomatic site of atherosclerosis, followed by the MCA.20

These findings suggest that the ICA in the extracranial
portion and the MCA in the intracranial portion are the
most vulnerable sites for atherosclerosis regardless of race,
though a difference in frequency exists. While the exact
etiology of this pattern of racial difference remains uncer-
tain, environmental as well as genetic factors have been
suggested as contributing causes.21 The difference in risk
factors among races has been also suggested as a cause, as
the frequency of hypertension, diabetes, and obesity is
greater in black, Chinese, Japanese, and Hispanic indivi-
duals compared to Caucasians.22

Because approximately 92% of the consecutive patients
enrolled for this study period had angiographic studies, we
could investigate a temporally changing pattern of atheros-
clerosis. Of note, the frequency and burden of atheroscle-
rosis have been rapidly increasing in our study cohort,
which were coupled to an increase in vascular risk factors.
Korea is a representative country in Asia that is rapidly
developing and has been significantly affected by wester-
nized lifestyles during the last decade. It has been suggested
that westernized lifestyles aggravate risk factors for
atherosclerosis and contribute to the progression of precli-
nical atherosclerosis.23 Accumulating evidence indicates
that there have been rapid changes in the prevalence of
vascular risk factors among the Korean population, most
of which are related to lifestyle changes.7,24,25 The prevalence
of hypertension in Korea has increased from 19.6% in

1990 to 27.0% in 2001.8 Moreover, in the 2001 survey,
only 10.7% of hypertensive patients had their blood
pressures adequately controlled. Thus, a recent and rapid
increase in several vascular risk factors may in part be
responsible for the increasing atherosclerotic burden. In the
present study, a significant increase in the presence of risk
factors was also noted. Among these risk factors, hyperten-
sion and diabetes mellitus have increased, consistent with
observations in the Korean general population.8,26

With the exception of smoking, classic risk factors for
stroke were associated with EC or IC atherosclerosis with
multiple logistic regression analysis. In addition, the num-
ber of risk factors was associated with the burden of atheros-
clerosis, suggesting a cumulative impact of risk factors on
EC and IC atherosclerosis. Previous studies in stroke-free
patients showed that the prevalence of IC atherosclerosis
escalated with an increasing number of vascular risk
factors27 and that combined EC and IC atherosclerosis was
associated with a greater number of risk factors, consistent
with our findings. The incidence of ischemic and total
cerebrovascular events was greater in the combined EC
and IC group when compared to the isolated EC and IC
groups.28 These findings suggest that atherosclerosis in
cerebral arteries could be substantially decreased by
reducing the prevalence of vascular risk factors. Given
their cumulative impacts, it is essential to identify and
reduce the well-known determinants of these risk factors.

Although the findings of this study were based upon a
Korean population, many Asian countries may also undergo
rapid lifestyle changes. Studies in Asian populations,
including Japanese and Chinese, have shown that migration
from traditional to westernized environments is associated
with modification in diet and lifestyle, often leading to
undesirable changes in blood sugar, lipid profile, and BMI
and an increase in the risk of cardiovascular events.12,23,29,30

Likewise, the incidence of hypertension has been increas-
ing in Asian counties, and the proportion of adequately
controlled hypertensives remains low.31 Actually, in a study
comparing the angiographic findings of Japanese stroke
patients between 1963-65 and 1989-93, the proportion of
patients with EC atherosclerosis was found to be higher in
recent years.32 It is therefore likely that other Asian coun-
tries share the issues raised in this study, which further
increases the burden of cerebral artery atherosclerosis. 

Our study has several potential limitations. This is a
single hospital-based study in patients with a symptomatic
ischemic stroke, and the results were obtained from a
certain part of Korea. Therefore, application of our data to
the general population and to other countries should be
cautious. While DSA is the gold standard for evaluating
cerebral arteries, MRA as well as DSA was used in this
study. MRA could erroneously detect false atherosclerotic
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lesions, particularly in intracranial arteries. However, an
increasing trend of atherosclerosis was also observed in a
subgroup using DSA, indicating that the findings and con-
clusions in our study were not impacted by the use of MRA
data. While patients with PCSE were supposed to be
excluded from the analysis, some patients who had PCSE
that are particularly dependent on echocardiographic
studies might be included because TEE was not performed
in many patients. However, it is impossible to perform
TEE in all patients since it requires that a patient is coo-
perating, and most PCSE, which are detected on echocar-
diographic studies in patients with sinus rhythm, are
medium or low risk sources such as patent foramen ovale
or spontaneous echo contrast.33 Furthermore, findings of
increasing frequency and burden of atherosclerosis during
the recent eight year period were not changed whether or
not patients with PCSE were excluded for the analysis in
this study. Finally, although the metabolic syndrome may
be one of the important risk factors for atherosclerosis that
can be affected by lifestyle changes, it was not included in
the present analysis because the presence of the metabolic
syndrome was not added to our registry until 2003. 

Despite these potential limitations, the present large-
scaled study of Korean stroke patients who were enrolled
consecutively for the recent eight-year period demonstrated
that combined EC and IC atherosclerosis is the most
common form and that its presence and burden have been
increasing. The increase of atherosclerotic burden was
coupled to an increase in risk factors for atherosclerosis,
which is presumed to be, in part, related to lifestyle changes.
Urgent concerns and efforts to prevent or reduce atheros-
clerotic burden are necessary in Korea, and possibly in
other Asian countries that may also undergo westernized
lifestyle changes.
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