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Stroke subtypes and risk factors of ischemic stroke
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Abstract

Background and Objectives: This study aimed to describe the ischemic stroke subtypes and risk
factors in young Korean adults, focusing mainly on traditional risk factors and management of
ischemic stroke. Methods: The study patients were the first-ever acute cerebral ischemic infarction
age 49 years or below admitted to the Kyung Hee University Medical Centre from September 2003 to
June 2009, with ischaemic stroke patients >50 years as control. The stroke subtypes was categorized
according to Trial of Org 10172 in Acute Stroke Treatment classification. The traditional risk factors
of ischemic stroke were examined. For those known to have hypertension and diabetes prior to onset
of stroke, their adherence to treatment of hypertension and diabetes was also assessed. Results: Close
to half of the patients <49 years were due to premature atherosclerosis from small vessel occlusion
and large artery atherosclerosis. The most common risk factor in declining order was hypertension,
smoking, dyslipidemia and obesity. On logistic regression analysis, hypertension, dyslipidemia, and
obesity were strongly associated with small vessel occlusion. In patients who were known to have
hypertension and diabetes prior to the onset of stroke, the younger patients were less adherent to the
treatment as primary prevention than the older stroke patients. Conclusion: This study suggests that
premature atherosclerosis from small vessel occulusion is the most common cause of ischaemic stroke
among young adults in Korea. Non-adherence to primary preventive treatment of hypertension and
diabetes is common.
INTRODUCTION This study aimed to describe the subtypes of
ischemic stroke in Korean young adults, focusing
mainly on the traditional risk factors and the
management of ischemic stroke. An understanding
of these risk factors and the best management
practices may help in developing a better-focused
preventative strategies.

Ischemic stroke in young adults is uncommon,
accounting for 2-12% of all ischemic strokes.'*
Although the treatment and management of stroke
has improved in recent years, only a small number
of stroke patients can return to work.’ Sequelae
such as hemiplegia or dysphasia in young adult
stroke survivors constitute serious problems,
both for the survivors, and socio-economically
for their community, because young adults are
in their most active stage of social life.

METHODS

Study populations

In young adults, causes of ischemic stroke are
more diverse than in the elderly stroke population.
Nevertheless, studies have shown hypertension,
diabetes, dyslipidemia, heart disease, obesity, and
smoking are the major risk factors of ischemic
stroke in young adults as well as in older
populations 265 It is important to identify stroke’s
etiologies and risk factors in young Korean adults,
because racial/ethnic differences have a marked
effect on stroke subtypes and risk factors in young
adults 1316

From September 2003 to June 2009, patients with
first-ever acute cerebral ischemic stroke, whom the
Department of Neurology admitted within 7 days
of the onset of symptoms were enrolled in this
study. We collected the data from a prospective
clinical registry of patients with acute ischemic
stroke. We performed this study at the Kyung
Hee University Medical Center, located in the
northeastern area of Seoul, Korea. We excluded
patients with transient ischemic attack (TTA),
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cerebral venous thrombosis, stroke attributable to
direct head trauma or strangulation, and ischemic
lesion attributable to immediate complications
originating from subarachnoid hemorrhage.

Participants were patients with first-ever
acute cerebral ischemic infarction who were <
49 years, and controls were patients > 50 years.
We subdivided the participants < 49 years into 4
age groups (15-24, 25-34, 35-44, and 45-49), to
estimate the trends of prevalence of risk factors
and stroke subtype associated with aging in young
adult.

This study was approved by the institutional
review board at Kyung Hee University Medical
Center (KMC IRB 1020-04).

Stroke subtypes

We investigated the etiologies of ischemic stroke,
using the Trial of Org 10172 in Acute Stroke
Treatment (TOAST) classification'”, and analyzed
ischemic stroke risk factors and management data.
We divided ischemic stroke into the following
subtypes: large artery atherosclerosis (LAA),
small vessel occlusion (SVO), cardioembolism
(CE), stroke of other determined etiology (SOE),
and stroke of undetermined etiology (SUE).
SUE was further subdivided into 3 subtypes:
negative (though evaluation was adequate, cause
of stroke could not be found), 2 or more (2 or
more possible cause of the stroke was found),
and incomplete (if we could not fully complete
the patient’s evaluation). LAA was defined as
a stroke patient who had a significant stenosis
(>50%) or an occlusion of major brain artery or
cortical branch of relevant vascular territory for 1
or more acute ischemic lesion and 1 or more acute
brainstem/subcortical hemispheric lesion larger
than 1.5cm on the brain imaging. SVO was defined
as a stroke patient who had a classical lacunar
syndrome and a brain stem, deep or subcortical
hemispheric lesion, less than 1.5cm on the brain
imaging. Patients of above two subtypes must
have no potential cardioembolic risk factors. CE
was defined as an acute ischemic stroke patient
who had 1 or more defined cardioembolic sources
without other possible etiology within brain and
cerebrovascular imaging. SOE includes stroke
caused by non-atherosclerotic vasculopathy such
as a vasculitis and other connective tissue disorder,
intra or extra-cranial vascular dissections,
Moyamoya disease, hypercoagulable states, and
hematologic disorders.
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Vascular risk factors

We evaluated the patients’ traditional ischemic
stroke risk factors: gender, age, hypertension,
diabetes, dyslipidemia, smoking, obesity, and
heart disease. We defined hypertension as patient
who had already been diagnosed hypertension on
admission, or who had a systolic blood pressure
(BP) > 140 mmHg or diastolic BP > 90 mmHg
at discharge.'® We defined diabetes mellitus
as patients who are known to be diabetic on
admission, or patients with a fasting glucose>7.0
mmol/L (126 mg/dl) or a two-hour postprandial
serum glucose > 11.1 mmol/L (200 mg/dl), as per
the 1999 World Health Organization criteria."
Dyslipidemia was defined as either a prior
diagnosis of hypercholesterolemia, a fasting serum
low-density lipoprotein (LDL) cholesterol = 4.1
mmol/L (160 mg/dl), or a total cholesterol > 6.3
mmol/L (240 mg/dl). Obesity was defined as a
body mass index (BMI) = 25kg/m?, per the Asia-
Pacific criterion of obesity?, and being overweight
was defined as a BMI > 23kg/m?.

Among the patients who were previously
diagnosed and knew that they had hypertension,
diabetes and dyslipidemia on admission, we
divided these patients into two groups according
to whether or not each participant took appropriate
steps to manage their illness or risk factors. We
defined “regularly managed” as patient who
met a physician at least 4 times per year and
took a medication as prescribed. Patient who
did not fulfill this was classified as “irregularly
managed”. With regard to smoking, we divided
the participants into three groups: current
smokers, smokers attempting to quit smoking
(“past smoker”), and non-smokers (patients who
never smoke a cigarette). We performed a young-
stroke battery on all patients, which consisted
of antinuclear antibodies, anti-neutrophilic
cytoplasmic antibodies, lupus anticoagulant, anti-
cardiolipin antibodies, anti-ds-DNA antibodies,
anti-phospholipid antibodies, D-dimer, fibrinogen,
antithrombin III, Protein C, S, and Factor V
Leiden mutation. We performed transthoracic
echocardiography (TTE) on all patients. Those
patients suspected to have cardioembolic ischemic
stroke, but failed to identify the cardioembolic
source by TTE, had 24 hours Holter monitoring
and transesophageal echocardiography (TEE)
with air bubble test. As required by TOAST
classification, we categorized patients’ heart
diseases into either high or moderate risk of
cardioembolism."”



Statistical analysis

To perform statistical comparisons on risk factor
prevalence, management of risk factors, and the
stroke etiologies between study subjects (49 years
or below) and control (50 years or above), we
used the Pearson chi-square test and Fisher’s exact
test. We analyzed the trends along with aging in
young adult group (49 years or below), via linear
by linear association tests of the 4 participant-age
subdivision groups. In all tests, a p value < 0.05
was considered significant. All statistical analyses
were conducted using the SPSS 16.0 package for
Windows (SPSS Inc., Chicago, IL, USA).

RESULTS

During the 6-year study period, we had 1,701
patients with first-ever acute ischemic stroke
on our registry. Of these, 196 patient were < 49
years (11.5%). They consisted of 129 men and
67 women, mean age of 42.9 + 6.4 years. There
were 1,505 patients of > 50 years (Control). They
consisted of 886 men and 619 women; mean
age 67.0 £ 9.2 years. In the < 49 years group,
there were 93 patients (5.5%) with age 15 to 44
years (62 men and 31 women), and 103 patients
(6.1%) with age 45 to 49 years (67 men and 36
women).

Table 1 shows the distribution of the
stroke etiology. The stroke etiologies differed
significantly between the < 49 years and > 50
years groups. The most common etiologies in
patients < 49 years were SVO (35.2%), SOE
(16.8%), and SUE-negative (14.3%). In patients
> 50 years, the most common etiologies were
LAA (33.1%), SVO (31.9%), and CE (10.8%).
Overall, premature atherosclerosis (SVO +
LAA) accounted for 49.9 of ischaemic stroke in
those < 49 years. Among younger patients with
SOE, 10 (30.3%) had primary anti-phospholipid
antibody syndrome, 6 patients (18.2%) had arterial
dissection, 4 (12.1%) had Moyamoya disease,
3 (9.1%) had systemic lupus erythematosus
(SLE)-related ischemic stroke, and 2 (6.1%) had
fibromuscular dysplasia. The proportion of SVO
patients increased with advancing age, 15-24 years
(0%), 25-34 years (12.5%), 35-44 years (36.1%),
and 45-49 years (39.8%); p =0.017 (Table 1). In
contrast, the number of SOE patients decreased
with advancing age, 15-24 years (80.0%), 25-34
years (50.0%), 35-44 years (15.3%), and 45-49
years (9.7%); p < 0.001 (Table 1)

The most common traditional risk factor in
patients < 49 years was hypertension (51.5%),
followed by smoking (48.5%), dyslipidemia

(39.8%), and obesity (39.3%). (Table 1) We found
smoking occurred at significantly higher rates in
patients <49 years than in those > 50 years (48.0%
versus 39.6%, p = 0.02). Hypertension, diabetes,
and cardioembolic risks were more frequent in
those > 50 years. There was no difference in
the distribution of dyslipidemia between the 2
groups. Obesity was more common in patients
< 49 years than in those > 50 years, though the
difference was not statistically significant (39.3%
vs.32.7%,p =0.076). Overweight subjects (BMI
> 23) were also more common in those < 49
years than those > 50 years. Among patients <
49 years, prevalence of hypertension, smoking,
and dyslipidemia increased with advancing age
(p=0.006,p=0.041,and p=0.005, respectively,
Table 1).

We performed a binary logistic regression
analysis to clarify the association between
traditional risk factors and SVO proportion
of young stroke patients (Table 2). There was
significant association between traditional risk
factors (except cardioembolic risk factor) and
SVO proportion in unadjusted model. Even
after other traditional risk factors were adjusted,
hypertension, dyslipidemia and obesity remained
statistically significant, with Odd ratio of 3.353,
3.102, and 2.483 respectively (Table 2).

Table 3 shows the adherence to treatment of
the known risk factors. Of the 101 patients with
hypertension (51.5% of 196 young adult stroke
patients), 78 patients were previously diagnosed
and were aware that they had hypertension. Among
the 78 patients, 41 (52.6%) patients regularly
visited a physician and took antihypertensive
medication. In the control patients of > 50
years, 1,027 patients had hypertension, of whom
858 patients had a diagnosis of hypertension
before their stroke. Among them, 706 (82.3%)
patients regularly visited a physician and took
antihypertensive medication. Thus, the younger
patients were significantly less adherent than older
patients in treatment of hypertension as primary
prevention (52.6% vs. 82.3%, p < 0.001, Table
3). The younger patients were also significantly
less adherent to treatment of diabetes mellitus
when compared to the older patients (57.1% vs.
86.7%, p = 0.001, Table 3). However, there was
no significant difference in the adherence to the
dyslipidemia treatment between younger and
older patients. With regard to smoking, there was
significantly more current smokers among the
younger as compared to the older patients (44.9%
vs. 30.6%, p < 0.001, Table 3). Only 3.6% of the
young adult stroke patients were non-smokers,
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which was significantly less than the older patients
(3.6% vs. 9.0%, p = 0.009, Table 3).

DISCUSSION

In our study on young Korean adults with stroke,
we found that the most common etiology in
patients < 49 years was SVO, and the number
of SVO patients increased significantly with
advancing age. As for risk factors, the most
common traditional risk factor in our young
adult patients was hypertension, smoking,
dyslipidemia, and obesity. Among patients < 49
years, advancing age was associated with more
hypertension, smoking, and dyslipidemia. Also,
our younger patients were significantly less
adherent to treatment of hypertension and diabetes
as primary prevention of stroke than the older
patients. In addition, there were significantly more
current smokers among the young as compared
to the older stroke patients, and abstainers from
smoking were rare among our young adult patients
with stroke.

Of strokes occurring in young Korean adult,
SVO and LAA from premature atherosclerosis
accounted for close to half of the patients.
Moreover, SVO (35.2%) was most frequent in our
series, which is similar to the results of studies
in most of Asian studies.'®!? Stroke subtypes
vary considerably across different racial/ethnic
populations, such that CE, LAA and SOE make
up a larger proportion of strokes in the white
population®”1221:22 while SVO is more common
in Asian and black populations.?%!%152 (Table 4)

As compared to the older patients with stroke,
there have been fewer studies of the risk factors
among the young adults. The racial/ethnic stroke
subtype differences in young adults mentioned
above may be due to differences in vascular
risk factors.'>!*1624 With regards to risk factor
prevalence and distribution of stroke subtype,
Asian and Black population showed quite
distinct characteristics as compared to other
populations.>¢-121421-23 Previous studies among
the Asians and Black population showed high
prevalence of hypertension and high proportion
of SVO and LAA, similar to the results in this
study, except in reports from India and Thailand.>*
12142123 Lipska et al. from India showed risk
factor prevalence similar to that of other Asians
but stroke subtype distribution was similar to
that of the Western countries.” Luijckx et al.
from Thailand showed high proportion of CE
but has small sample size and high prevalence
of rheumatic heart disease.” (Table 4) We have
also demonstrated the significant association
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of hypertension, dyslipidemia and obesity with
SVO using logistic regression analysis among
our patients (Table 2).

Cigarette smoking is said to independently
increases the relative risk of stroke about three-
fold.” The relative risk of stroke is maximal in
middle age, declining with advancing years.” In
this study, smoking was the 2 most common
risk factor (48%) in those < 49 years old. The
prevalence of smoking among young adult with
ischaemic stroke in the recent Western studies is
44-47%"7, which is similar to our study and those
from the other East Asian countries, but higher
than South West Asian, Indian, and Malaysian
studies.>8:10-13

Prevalence of Diabetes in young Asian and
Black stroke patients is generally higher than
white population. In our study, 16.8% of young
stroke patients had diabetes, a rate similar to
Saudi Arabian and Indian studies.!®!> Prevalence
of diabetes was highest in the Malaysian study,
up to 52.2%.'2 With regards to dyslipidemia, this
was seen in 39.8% of our young stroke patients,
a rate similar to Malaysian'? and Qatari' studies,
but slightly higher than other Asian studies'®!5,
and slightly lower than Taiwan'' and Western
studies."¢

The Korean national health and nutrition
survey (KNHANES IV-1) conducted in 2008,
revealed prevalence of hypertension, diabetes,
dyslipidemia, and smoking of 39 to 49 year old
population to be 15.15%, 4.78%, 7.16% and
30.12%, respectively. In our study, these risk
factor prevalence were much higher at 51.5%,
16.8%, 39.8%, and 48.5% respectively among our
young stroke patients, supporting their etiologic
role in the development of stroke.

It is worrisome that despite the high prevalence
of traditional vascular risk factors demonstrated
in the KNHANES IV-I survey, our young Korean
stroke patients showed less adherence to their
treatment as primary prevention. This was true
for hypertension and diabetes. Similarly, there
were significantly more current smokers and less
past smoker among those <49 years than those in
older age group (Table 3). This may be reflective
of the less concerned attitude of the young adult
Korean to these risk factors.

The strong points of this study are, firstly, we
belief our data on stroke etiologies and risk factor
profiles are relatively reliable, as we created this
series based on a stroke registry, the data acquired
by two stroke physicians whose diagnostic workup
was in accordance with a standardized protocol.
Secondly, other than the traditional risk factors,
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we also studied that risk factor management of
the young adult patients prior to their stroke.

Our study has limitation of a single center
study with a small sample size. In our series, the
proportion of adults < 49 years was 11.5 % of
all ischemic strokes patients, and those under 44
years was 5.5%, which is lower than some other
Asian series.?!! The low proportion of age under
44 years adult stroke patients in this series could
be due to less referral bias. In some young adult
stroke, the upper age cut-off has been 44 years
or less. We used age 49 as the upper cut-off for
a “young adult.” We believe it is reasonable to
have a higher upper age cut-off, due to aging
trend worldwide.”

This study shows that SVO is the most common
ischemic stroke subtype in Korean young adult,
and close to half of the young stroke patients were
due to premature atherosclerosis from SVO and
LAA. Hypertension, dyslipidemia, and obesity
were strongly associated with SVO. These risk
factors often precede or accompany young adults
with stroke, with many of them ignoring the need
to manage these risk factors. Therefore, greater
attention to primary prevention of ischemic stroke,
with better control of traditional vascular risk
factors among the young Korean adult is of high
priority.
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