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Abstract
Background: Asians are commonly known to have more intracranial vascular stenosis and a lower
incidence of carotid stenosis than Caucasians. A pilot retrospective study between 1990-1992 had
demonstrated that Chinese-Canadians have a higher frequency of subcortical infarctions and lower
frequency of carotid stenosis when compared to Caucasians. Methods: This report is a retrospective,
case-mix study over 10 years (1990-1999) on the epidemiological characteristics of cerebrovascular
disease among a cohort of Chinese-Canadians seen in an out-patient consultative neurological practice
in Toronto. Results: There were 110 Chinese-Canadians with diagnosis of strokes and these were
compared to 92 Caucasians with similar diagnosis. Their mean age of onset was 64 years and their
average duration of symptom was 1.8 years. Their stroke severity based on the Modified Rankin Scale
was severe in 14, moderate in 71 and mild in 25 with 4 deaths. Stroke types based on CT scan showed
a statistically significant difference with Caucasians having more cortical infarcts than ChineseCanadians (50% vs. 25.5%, p < 0.05). Only 6.4% of the Chinese-Canadians compared to 32.6% of the
Caucasians had carotid stenosis (p < 0.05). The other significant difference is in stroke risk factors with
higher frequency of smoking (p < 0.025) and hyperlipidemia (p < 0.05) among the Chinese-Canadian
patients.
In conclusions: This retrospective epidemiological study has identified some significant difference in
the stroke characteristics and risk factors among Chinese-Canadian patients.
INTRODUCTION
Racial differences in the pattern of cerebrovascular
disease has long been a subject of interest.1-6
Angiographic studies had shown that Asians tend
to have a higher incidence of intracranial vascular
stenosis and less carotid disease. 7 Further
pathological findings confirm that the extent of
intracranial atherosclerosis is much more severe
in Hong Kong Chinese, whereas atherosclerotic
narrowing of the extracranial carotid artery is less
severe in Hong Kong Chinese than in Caucasians.6
A pilot retrospective case-mix study in Toronto
between 1990 and 1992 had demonstrated that
Chinese-Canadians have a higher frequency of
subcortical infarctions and lower frequency of
carotid stenosis when compared to Caucasians.8
This report is a case-mix, retrospective study
over ten years (1990 to 1999) on the

epidemiological characteristics of cerebrovascular
disease among a cohort of Chinese-Canadian
patients seen in an office-based consultative
neurological practice in Toronto. This study is an
extension of the previous preliminary study on
the pattern of cerebrovascular diseases and clinical
risk factors for stroke which may be unique in
this population. In 1991, ethnic Chinese are among
the largest ethnic groups in Canada numbering
558,600.9 Statistics Canada in 2003 found that
immigrants from China ranked number one and
accounted for 17.18% of all immigrants going to
Toronto.
METHODS
Between 1990 and 1999, patients with a history
of stroke referred to the lead author (JYC) in his
office formed the basis of this retrospective study.
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Since 1984, the lead author (JYC) is the first
Chinese-speaking adult neurologist trained in
Canada who had started his clinical practice in
Toronto. Referrals from general practitioners and
internists are mainly from within Toronto and the
Greater Toronto Area. This was a unique
opportunity to collect epidemiological data on
stroke patterns among this large Chinese-Canadian
population. The diagnosis of stroke was classified
based on the International Classification of
Diseases (ICD) 9th revision. 10 Stroke types
included in this study are: ischemic cerebral
infarction (ICD code 436), lacunar infarction
(ICD code 434.9), embolic cerebral infarction
(ICD code 434.1) and intracerebral hemorrhage
(ICD code 431). The reasons for referral were
suspected stroke or a recent history of stroke.
Patients with transient ischemic attacks were
excluded. All patients were examined by the lead
author (JYC) and had undergone CT scanning
which confirmed the clinical diagnosis. Patients
found to have other lesions such as brain tumor or
abscess on CT scans were excluded. Patients of
Chinese ethnicity were identified based on their
surname and country of birth.11 A group of
Caucasian patients seen during this same period
of time and with similar diagnosis were chosen
for comparison. Two hundred and two patients
who fulfill these criteria were identified, with
110 Chinese-Canadians and 92 Caucasians. Their
charts were systematically reviewed and analyzed
for stroke types, primary stroke risk factors and
results of investigations. All patients had CT
scan, extracranial Doppler ultrasound and if
indicated cerebral angiogram. Significant
extracranial carotid artery stenosis was defined
by either Doppler ultrasound demonstrating
hemodynamically significant stenosis or carotid
angiogram showing >70% diameter stenosis
according to the NASCET criteria. Stroke types
were based on CT findings indicating whether
there was intracerebral hemorrhage, cortical
infarctions, subcortical infarcts, lacunars infarcts
or brainstem/cerebellar infarctions. Information
on stroke risk factors includes hypertension,
diabetes mellitus, hypercholesterolemia, smoking,
coronary heart disease. A diagnosis of
hypertension was established if a patient’s mean
systolic blood pressure was 160 mmHg or higher
or if their diastolic blood pressure was 90 mm Hg
or higher, in accordance with the World Health
Organization criteria.12 Patients were considered
to have hypercholesterolemia if their total
cholesterol levels were 6.0 mmol/L or more.13
Smoking was considered if the patient is a current
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smoker or a recent ex-smoker (stopping within 3
months). Chi square analysis and unpaired student
“t” tests were carried out between these two
groups to determine statistical significance.
RESULTS
The demographics of this cohort are illustrated in
Table 1. Aside from a significantly younger mean
age of onset for the Chinese-Canadians, there
was no significant difference in their age range
and duration of disease. The mean number of
years in Canada for the Chinese-Canadians was
3.3 years indicating they were recent immigrants.
The side of involvement was Chinese Canadians:
right (55%), left (44%), bilateral (6%);
Caucasians: right (42%), left (42%) and bilateral
(15%). Table 2 shows the stroke severity according
to the Modified Rankin Scale. The majority of
Chinese-Canadians (65%) who had suffered a
stroke were in the moderate category while the
frequency of severe strokes and mortality were
significantly lower. Figure 1 shows the stroke
types base on the CT brain scans. There were
significantly more cortical infarctions among the
Caucasians and more subcortical infarcts among
the Chinese-Canadians. Figure 2 shows the stroke
risk factors among both groups of patients. The
Chinese-Canadians had a higher frequency of
hyperlipidemia and being smokers. There was
also a trend towards higher frequency of
hypertension and diabetes. The frequency of
carotid stenosis was significantly lower compared
to the Caucasians (6.4% vs. 32.6%).
DISCUSSION
In this case-mix, retrospective study of a cohort
of Chinese-Canadians with stroke, it primarily
represents first generation Chinese immigrants
with an average time in Canada being 3.3 years.
Their age of stroke onset was slightly younger
than Caucasians although it did not reach statistical
significance. This finding is similar to the stroke
study of Chinese-Americans from the New York
Downtown Hospital.14 The majority of ChineseCanadians (64.5%) were in the moderate category
while the frequency of severe strokes and mortality
were significantly lower. This may be attributable
to many of these patients had subcortical lacunar
infarctions rather than cortical infarctions. The
frequency of intracerebral hemorrhage was not
significantly higher in the Chinese-Canadians
than Caucasians. This is different from a number
of previous reports4,15-17 with incidence of
intracerebral hemorrhage as high as 44% in a

Table 1: Demographic characteristics of the stroke patients by ethnicity
Demographics

Chinese-Canadians

Caucasians

110 (50%)

92 (49%)

64 ± 11

71 ± 9

27-89

45-88

Number (%Male)
Mean age ± SD in years
Age range in years
Disease duration in years

1.8

1.0

Years in Canada

3.3

N/A

N/A: not available

Table 2: Stroke severity according to Modified Rankin Scale and mortality rate
Stroke severity

Chinese-Canadians

Caucasians

25 (23%)

13 (14%)

Moderate

71 (65%)

40 (44%)

Severe *

14 (12.7%)

39 (42.4%)

Deaths *

4 (3.6%)

14 (15.2%)

Mild

Mild: Modified Rankin Scale = 0 to 1
Moderate: Modified Rankin Scale = 2 to 3
Severe: Modified Rankin Scale = 4 to 5
* p < 0.05

50

50

46.3

45
40
35

31.5

35

ChineseCanadians

25.5

25
20

Caucasians
17.4

15
10

9.1
3.6

5

1.1

0
ICH

CI

SCI

BS/Cere.

Figure 1: Stroke types based on CT scans showing significantly more subcortical infarcts (SCI) among the ChineseCanadians (p<0.005), and more cortical infarcts among the Caucasians (p<0.005). There is no significant in
Intracerebral Hemorrhage (ICH) and brainstem/cerebellar infarcts (BS/Cere) between the two groups.
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Figure 2: Illustrates the frequency of stroke risk factors among Chinese-Canadians and Caucasians. ChineseCanadians have a higher frequency of hyperlipidemia and being smokers. There is also a trend towards higher
frequency of hypertension and diabetes but significantly lower frequency of carotid stenosis compared to the
Caucasians. HBP: Hypertension, DM: Diabetes mellitus, CAD: Coronary artery disease, HLP: Hyperlipedemia,
PVD: Peripheral vascular disease.

report from the People’s Republic of China.4 This
could be due to lack of statistical power resulting
from a small number of patients in this study. In
addition, this study is office-based instead of
hospitalized patients and may have inherent bias
of “survivorship”. The high incidence of
intracerebral hemorrhage reported in People’s
Republic of China could be due to poor blood
pressure control in particular within the rural
population.
Based on CT scan findings, cortical infarctions
were more common in Caucasians than among
the Chinese-Canadians while subcortical infarcts
of the lacuna types were more frequent in ChineseCanadians. This may indicate Caucasians have a
higher frequency of carotid disease causing more
cortical infarctions while Chinese-Canadians have
more intracranial vascular stenosis causing more
intracranial occlusive and small vessel diseasse.
This observation is further supported by the
significantly higher frequency of carotid stenosis
among Caucasians (32.6%) than Chinese-
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Canadians (6.4%). This finding is comparable to
the observation made by the Asian Acute Stroke
Registry Panel and studies from Hong Kong.15,18
Recent studies using transcranial Doppler
ultrasound and diffusion weighted MRI for acute
stroke patients of Chinese decent confirms the
mechanism for stroke in this population is
frequently due to the occlusion of a single
penetrating artery producing a small subcortical
lacuna-like infarct.19 Similar findings have been
observed among other ethnic groups such as the
African Americans, who were found to have
more intracranial atherosclerosis compared to
Caucasians.20 Certain primary stroke risk factors
and socioeconomic factors were thought to be
major determinants of the specific stroke pattern
among different ethnic groups such as in African
Americans and Hispanic Americans. 17-23 A
comparative study of stroke subtype between
Malaysians and Australians also showed more
ischemic infarct among the Caucasians, versus
more lacunar infarct among Malaysians. It was

suggested that the older age and higher frequency
of atrial fibrillation among Caucasians in that
study may contribute to this difference in stroke
subtype.24
Among the stroke risk factors analyzed in this
study, the frequency of hypertension and diabetes
were slightly more frequent among the ChineseCanadians although they did not achieve statistical
significance. The frequency of coronary artery
disease was lower among the Chinese-Canadians
(6%) but again it did not reach statistical
significance. Similar observation of lower
frequency of coronary artery disease in ChineseCanadians was recently published based on a
case-mix study from an urban tertiary care
cardiology clinic in Toronto.25 These observations
need to be further studied in a large-scale
prospective case-matched study. Smoking,
hyperlipidemia and lower frequency of carotid
stenosis were factors found to be statistically
significant between the Chinese-Canadians and
the Caucasians. In the New York Downtown
Hospital study from 2000, it was also noted that
Chinese Americans smoked more than Blacks,
Hispanics and Whites.26 These observations may
be important in contributing to different stroke
pattern among Chinese-Canadians. Strategies
aimed at raising the awareness of these stroke
risk factors among this population would be vital
in reducing their stroke incidence and mortality.2732
Future studies into the interactions of genetic
factors such as apolipoprotein gene26-27, lifestyle
and dietary pattern of this population would be
important. In particular, high salt content of the
Chinese diet has been known to be strongly
correlated with the high incidence of hypertension
among Chinese in Asia.16 Reduced meat intake
had been suggested to be associated with lower
incidence of extracranial carotid artery stenosis.16
It has also been postulated that hypertension and
diabetes mellitus are more often noted in patients
with intracranial internal carotid artery and middle
cerebral artery disease.6 Although there are some
intrinsic limitations in this pilot retrospective
study such as small numbers and referral bias, the
information collected could form basis for future
large scale prospective population-based study.
In conclusion, this preliminary case-mix
retrospective study shows that smoking and
hyperlipidemia were more frequent among
Chinese-Canadians. Extracranial carotid stenosis
was six times less frequent in Chinese-Canadians
than Caucasians. Large scale population-based
prospective studies like the Framingham study
would be necessary to assess the full extent of

cerebrovascular disease and its risk factors within
the Chinese-Canadian community. Studies of
stroke pattern of successive generations of
Chinese-Canadians, similar to the Honolulu Heart
Study2, would be essential in the understanding
of how genetic and environmental factors
influence the development of stroke among this
specific ethnic group.
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