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ABSTRACT

Ischemic stroke is a neurological condition due to the blockage of cerebral arteries or veins, leading to
disrupted blood flow and oxygen supply to the brain. One of the causes of ischemic stroke is abnormalities in
lipid profile levels. This study aims to determine the correlation between lipid profiles with the length of stay and
clinical outcomes in patients with ischemic stroke. This study is cross-sectional research using secondary data
from ischemic stroke patients admitted to Prof. Dr. | Goesti Ngoerah Gde Ngoerah General Hospital between
January 1, 2021, and January 31, 2023, who meet the inclusion and exclusion criteria. Out of 215 study subjects
included in this research, 137 (63.7%) were male, and 78 were female. Additionally, 192 (89.3%) were aged > 45
years, and 23 (10.7%) were <45 years. Spearman's analysis showed a weak negative correlation between the
length of stay and total cholesterol levels (r = 0.174, p = 0.010), LDL (r = 0.152, p = 0.026), and HDL (r = 0.141,
p = 0.039), but no significant correlation was found with triglyceride levels (r = 0.020, p = 0.767). The results of
this study also indicated a correlation between clinical outcomes and total cholesterol (p = 0.029) and LDL (p =
0.039), but not with triglyceride levels (p = 0.090) and HDL (p = 0.115). However, further research with a cohort
method is needed to establish a direct correlation between lipid profiles with length of stay and clinical outcomes

in ischemic stroke patients.
Keywords : Ischemic Stroke., Length of Stay., Outcome

INTRODUCTION

Several non-communicable diseases, such as stroke and
cardiovascular disease, are currently experienced by many
people.t? Stroke itself has become the second most common
cause of death and the third most common cause of disability in
the world, especially in those of productive age and the elderly, so
stroke is still a concern for the world community.® The incidence
of stroke (including ischemic and hemorrhagic stroke) affects
approximately 13.7 million people globally per year and causes
55 million deaths per year.*” Riskesdas data in 2018 recorded
that the prevalence of stroke in Bali reached 10.7%.°

In general, strokes can be hemorrhagic strokes and non-
hemorrhagic strokes. According to the American Heart
Association/American Stroke Association, ischemic stroke or
non-hemorrhagic stroke is a neurological dysfunction caused by
cerebral, focal retinal, or spinal infarction. According to the cause,
ischemic stroke can include thrombosis stroke, embolic stroke,
and systemic hypoperfusion or hypoperfusion stroke.*
Meanwhile, hemorrhagic stroke can occur due to bleeding into
the brain due to a ruptured blood vessel. Hemorrhagic strokes that
occur can include intracerebral hemorrhage and subarachnoid
hemorrhage.” Of all stroke incidents, almost two-thirds are
ischemic strokes.? Ischemic strokes occur around 70-85% of the
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total stroke events.*® Globally, there are more than 7.6 million
new ischemic strokes recorded every year, with an estimated
more than 77 million people alive today having experienced an
ischemic stroke.™

Ischemic stroke occurs acutely with the influence of several
risk factors that trigger the high incidence and clinical outcomes
of ischemic stroke. These factors include modifiable risk factors
and non-modifiable risk factors. One of these factors is lipid
fraction abnormalities in the form of an increase in Low-Density
Lipoprotein Cholesterol (LDL-C), triglycerides, total cholesterol,
and a decrease in high cholesterol. High-Density Lipoprotein
Cholesterol (HDL-C).™*? High levels of LDL, triglycerides, and
total cholesterol can damage the blood vessels as they cause
blockage and narrowing. This condition can worsen if there is a
decrease in HDL, which is crucial in clearing deposits or plaque
caused by total cholesterol, triglycerides, and LDL. Research has
shown that stroke patients with low HDL levels tend to have
worse severity and prognosis. In addition, high LDL levels can
increase the risk of ischemic stroke and affect the outcomes after a
stroke. The risk of stroke will increase by around 25% with an
increase in total cholesterol levels of Immol/L or the equivalent of
38.7 mg/dL. This condition is inversely proportional to the
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condition where there is an increase in HDL levels of 1 mmol/L
will reduce the risk of stroke by up to 47%..%2

Several studies have also discussed the relationship between
lipid profile abnormalities and length of stay and clinical
outcomes in ischemic stroke patients. According to a study by
Saputri & Maulina (2018), the length of stay for ischemic stroke
patients varies based on the description of the lipid fraction,
including total cholesterol, triglycerides, LDL, and HDL. The
study found a correlation between HDL, LDL, and total
cholesterol with the length of stay, whereas triglycerides do not
have a significant effect. The results of the study suggest that high
LDL and total cholesterol levels and low HDL levels result in
longer lengths of stay for ischemic stroke patients.*” Research
from Septianto (2020) states that during an episode of ischemic
stroke, HDL levels have prognostic value regarding length of
treatment, recurrent ischemic stroke, severe neurological
dysfunction, and mortality.™

The purpose of this study is to identify and analyze the
correlation between lipid profiles, length of stay (hospitalization),
and clinical outcomes for individuals with ischemic stroke. The
result of this study is anticipated to offer deeper insight to predict
the prognosis and mitigate the complications of the patient with
ischemic stroke.

MATERIAL AND METHOD

This study is an analytical observational research conducted
with a cross-sectional approach and has been ethically approved
[2023.01.1.0102] by the Research Ethics Commission Unit,
Faculty of Medicine, Udayana University. The data was collected
between January 1st, 2021, and January 31st, 2023. Ischemic
stroke patient data will be filtered with inclusion criteria recorded
by the medical record installation section of Central General
Hospital Prof. Dr.

Table 1. Characteristics of Ischemic Stroke Patients

The inclusion criteria included patients who had been
hospitalized at Prof. Ngoerah Gde Ngoerah General
Hospital for their first ischemic stroke attack, age >18 years
and <80 years, complete medical record data with laboratory
examination results of blood lipid profile and clinical
examination results of the patient starting from the time of
treatment, ischemic stroke is the patient's main diagnosis.
The exclusion criteria included patients who are hospitalized
when there is a recurrent ischemic stroke or a history of
previous strokes, patients with dyslipidemia without an
ischemic stroke, patients are sent home not based on the
doctor's indication but at the request of the patient and
family or the patient is forced to go home, the patient is
discharged from the hospital in a dead condition.

Samples were collected from eligible patients using
purposive sampling, where patients who met the criteria
were included sequentially with a total of 215 patients
involved in this study. The collected data was analyzed
using Statistical Package for the Social Science (SPSS)
software for Windows version 26. The normality of the data
was assessed using the Kolmogorov-Smirnov test, where it
is considered to follow a normal distribution if the p-value is
>0.05. The correlation analysis between lipid profile and
length of stay was conducted using the Spearman
correlation test (with a significance level of a = 0.05). The
correlation analysis between lipid profile and clinical
outcome was conducted using the chi-square test.

RESULTS

The data collected comes from medical records of ischemic
stroke patients hospitalized at Prof. Dr. | Goesti Ngoerah
Gde Ngoerah General Hospital between January 1, 2021 and
January 31, 2023. The characteristic data was analyzed
using univariate analysis and presented in Table 1.

bl n Tahun
Variable (%) 2021 2022 2023

Sex

Male 137 57 75 5
(63.7) (26.5) (34.9) (2.3)

Female 78 31 42 5
(36.3) (14.4) (19.5) (2.3)

Age

< 45 years 23 9 14 0
(10.7) (4.2) (6.5) (0.0

> 45 years 192 79 103 10
(89.3) (36.7) (47.9) (4.7

Length of Stay

<7 days 159 57 95 7
(74.0) (26.5) (44.2) (3.3)

> 7 days 56 31 22 3
(26.0) (14.4) (10.2) (1.4)

Total Cholesterol (mg/dL)

Low (< 200) 140 60 72 8
(65.1) (27.9) (33.5) (3.7

High (> 200) 75 28 45 2
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(34.9) (13.0) (20.9) (0.9)

Triglyceride (mg/dL)

Low (< 150) 156 58 90 8
(72.6) (27.0) (41.9) (3.7

High (= 150) 59 30 27 2
(27.4) (13.9) (12.6) (0.9)

LDL (mg/dL)

Low (< 100) 58 27 25 6
(27.0) (12.6) (11.6) (2.8)

High (= 100) 157 61 92 4
(73.0) (28.4) (42.8) (1.8)

HDL (mg/dL)

Low (< 40) 133 58 70 5
(61.9) (27.0) (32.6) (2.3)

High (= 40) 82 30 47 5
(38.1) (13.9) (21.9) (2.3)

Clinical Outcome

without impaired physical function 66 30 34 2
(30.7) (14.0) (15.8) (0.9)

with impaired physical function 149 58 83 8
(69.3) (27.0) (38.6) (3.7)

Table 1 shows that out of these patients, 137 (63.7%) were
male, and 78 (36.3%) were female. The age distribution of
these patients revealed that 192 (89.3%) were above 45
years old, while only 23 (10.7%) were under 45 years old.
The number of ischemic stroke patients who underwent
hospitalization for less than seven days was 159 people
(74%), while ischemic stroke patients who underwent
hospitalization for seven days or more were 56 people

(26%). This study found that 66 patients (30.7%) had
improved clinical outcomes without impaired physical
function after hospitalization, while 149 patients (69.3%)
had improved clinical outcomes but with physical function
impairments.  Physical function impairments include
hemiparesis (flaccid or spastic), paresis (cranial nerves VII
or XII), hemiplegia, plegia, hemihypesthesis, aphasia, and
several other physical impairments.

Table 2. Distribution of Lipid Profiles in Ischemic Stroke Patients

Lipid Profile (mg/dL) Mean + SD
Total cholesterol 182.52 £ 47.22
Triglyceride 125.68 = 51.90
LDL 128.61 + 43.87
HDL 58.31+8.54

Based on Table 2, the data illustrates that the average total
cholesterol level of patients was 182.52 + 47.22 mg/dL,
triglyceride level was 125.68 + 51.90 mg/dL, LDL level was

Table 3. Normality Test of Ischemic Stroke Patient Data

128.61 + 43.87 md/dL, and HDL level was 58.31 + 8.54
mg/dL.

Variable Kolmogorov-Smirnov* p*
Total cholesterol 0.055 0.200
Triglyceride 0.040 0.200
LDL 0.048 0.200
HDL 0.045 0.200
Length of stay 0.248 <0.001

Note: *Based on Kolmogorov-Smirnov Test

Table 3 presents the results of the normality test conducted
on the data of ischemic stroke patients used in this study.
The test results indicated that the significance value (p-
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value) for total cholesterol levels of 0.200 (p > 0.05),
triglycerides 0.200 (p > 0.05), LDL 0.200 (p > 0.05), HDL
0.200 (p > 0.05) which implies that the data follows a
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follow a normal distribution.

Table 4. Correlation Test of Lipid Profile withLength of Treatment for Ischemic Stroke Patients

Variable r* p*
Total cholesterol -0.174 0.010
Triglyceride -0.020 0.767
LDL -0.152 0.026
HDL -0.141 0.039

Note: *Based on Spearman’s Correlation Test

Based on the statistical tests performed on the lipid profiles
of ischemic stroke patients, as listed in Table 4, there is a
significant correlation between total cholesterol levels, LDL
levels, and HDL levels with the length of stay in the
hospital. The p-values of these correlations are >0.05, so the
null hypothesis (HO) is rejected. On the other hand, the

levels and length of stay in the hospital has a p-value of
0.767 (p>0.05), which means that the null hypothesis (H0)
is accepted, indicating that there is no significant correlation
between triglyceride levels and length of stay for ischemic
stroke patients. The strength of the correlation between lipid
profile and length of care in this study was weak.

statistical test results for the correlation between triglyceride

Table 5. Correlation Test of Lipid Profile with Clinical Outcomes of Ischemic Stroke Patients

without impaired with impaired physical

. . . Total
Lipid Profile (mg/dL) physical function function P value
n n n
(%) (%) (%)
TC
50 90 140
Low (<200) (23.3) (41.9) (65.2) 0,029
High (200) 16 59 75 '
= (7.4) (27.4) (34.8)
TG
53 103 156
Low (<150) 24.7) (47.9) (72.6) 0,090
High (>150) 13 46 59 '
gn = (6.0) (21.4) (27.4)
LDL
24 34 58
Low (<100) (112) (15.8) 27.0) 0,039
High (+100) 42 115 157 :
ghi= (19.5) (53.5 (73.0)
HDL
46 87 133
Low (<40) (21.4) (40.5) (61.9) 0115
High (40) 20 62 82 :
ghi= (9.3) (28.8) (38.1)

Note: *Based on Chi-Square test, TC = Total Cholesterol, TG = Triglyceride

levels and HDL levels in the clinical outcomes of ischemic
stroke patients in this study.

Table 5 shows the results of the statistical tests. The
analysis reveals that the total cholesterol and LDL have a p-
value <0.05, with significance values of 0.029 and 0.039,
respectively. It means that HO is rejected, and there is a
significant relationship between total cholesterol levels and
LDL levels in clinical outcomes in ischemic stroke patients.

DISCUSSION

This study found that ischemic stroke was more common in

On the other hand, the triglyceride levels and HDL levels
have a p-value>0.05, with significance values of 0.090 and
0.115, respectively. Therefore, HO is accepted, implying that
there is no significant relationship between triglyceride
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men than in women, with 137 male subjects (63.7%) and 78
female subjects (36.3%). These results are consistent with a
previous study by Saputri & Maulina (2018), which also reported
a higher incidence of stroke in men (63.3% men and 36.7%
women out of 98 patients).”” Another study by Ayudia & Imran
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(2023) also found more male patients than female patients.** Sex
steroid hormones, especially estrogen, have an impact on
biological processes that explain gender-based variations in the
occurrence of ischemic stroke. Endogenous estrogen functions as
a neuroprotective agent and provides natural protection for
women. Estradiol's primary function is to promote blood flow and
dilatation, whereas testosterone has the opposite effect. Apart
from its effects on blood vessels, estrogen also has a significant
anti-inflammatory function that is influenced by anti-oxidant and
anti-apoptotic properties.? The incidence of ischemic stroke in
men is high in some adults. However, it's important to note that
the incidence of ischemic stroke in middle-aged women also
increases due to the secondary impact of menopause and the
decline in sex hormones. After menopause, the risk of ischemic
stroke doubles compared to before menopause.”

Most of the ischemic stroke patients who were subjects in
this study were aged > 45 years, namely 192 people (89.3%) with
a mean of 5831 + 11.25 years. The results of these age
characteristics are almost the same as several studies, such as
those conducted by Saputri & Maulina (2018), namely that the
average age of ischemic stroke patients in BLUD RSU Cut
Meutia, North Aceh Regency is 59.50 years.? Research by
Nawaz et al. (2019) reported that there were 233 (60.5%)
ischemic stroke patients aged 50 — 60 byears, while there were 152
(39.5%) patients aged 15 — 49 years.'® As a person ages, changes
occur in the structure and function of both micro and macro
circulation. These changes are related to the mediation of
endothelial dysfunction, which causes neuroinflammation,
impaired cerebral autoregulation, leading to microvascular injury,
and neurovascular disorders, causing decreased cortical function.
Therefore, aging is associated with changes in intracranial and
extracranial cerebral arteries that play a role in the risk of ischemic
stroke.”” Ischemic strokes can occur in younger individuals, but
they are less frequent when compared to older people. Numerous
risk factors, including inheritance, congenital conditions,
comorbidities, lifestyle choices, and other factors, can impact the
pathogenesis of ischemic stroke in young individuals.™®

Based on the data in this study, a correlation was sought
between the lipid profile and length of stay and clinical outcomes
of ischemic stroke patients, especially those undergoing inpatient
treatment at Prof. Dr. | Goesti Ngoerah Gde Ngoerah General
Hospital in the period 1 January 2021 — 31 January 2023. Based
on the statistical test results, it was discovered that there is a
significant correlation between total cholesterol levels and the
length of stay for ischemic stroke patients. This was indicated by
the significance value (p-value) of 0.010 (p < 0.05) which means
that the null hypothesis (HO) was rejected. These findings are
consistent with the results of Saputri & Maulina's (2018) research
which also states that there is a significant relationship between
total cholesterol levels and the length of treatment, with a
significance value (p-value) of 0.001 (p < 0.01)."? The statistical
test revealed a weak negative correlation which means lower total
cholesterol levels are associated with longer patient stays in the
hospital, while higher levels of cholesterol are associated with
shorter stays. These findings differ from those of various other
studies, which suggest that a rise in total cholesterol and a
decrease in HDL levels can impede the post-stroke recovery
process, affect the severity of the disease, patient clinical
outcomes, and also increase the incidence of death due to
ischemic stroke.”? Furthermore, based on the results of statistical
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tests in this study, the correlation between total cholesterol and
clinical outcomes of ischemic stroke patients obtained a
significance value (p-value) of 0.029 (p < 0.05), which means that
the null hypothesis (HO) was rejected so that there was a
significant correlation between total cholesterol levels and clinical
outcomes of ischemic stroke patients after undergoing inpatient.
Total cholesterol levels including LDL, HDL, and triglycerides,
are a predictor of clinical outcomes for ischemic stroke patients.
High cholesterol levels contribute to the development of
atherosclerosis, which in turn leads to ischemic stroke.”*? The
severity of cerebral blood vessel blockage in ischemic stroke
patients increases with higher total cholesterol levels, leading to
continuous hypoxia and brain tissue death.” However, research
from Wang et al. (2017) also stated that low total cholesterol
levels also influence on poor prognosis and increased mortality
rates.”® Cholesterol is crucial in the body's metabolism, so low
total cholesterol levels indicate malnutrition or inflammation
related to poor quality of life and functional status after stroke.
Cholesterol also plays a role in the integrity of blood vessels and
preventing ruptures, so adequate total cholesterol levels are
needed. Therefore, high total cholesterol levels pose a risk for
vascular problems, whereas low total cholesterol levels contribute
to poor clinical outcomes in ischemic stroke patients.””* The
healing process, length of treatment, and clinical outcomes of
ischemic stroke patients can be complex and influenced by
various factors, including genetics, therapy, pathophysiology, and
sociodemographic. It is essential to monitor these factors as they
can alter and affect the patient's overall health.**

According to the research findings, there is no significant
relationship between the levels of triglycerides and the length of
stay or clinical outcomes for ischemic stroke patients after
hospitalization. The p-value for the correlation between
triglycerides and length of stay was 0.767 (p > 0.05), which
means that the null hypothesis (HO) is accepted. According to
Saputri & Maulina's (2018) research, there was also no
statistically significant relationship between triglycerides and
length of treatment (p>0.01, significance value=0.096)."? For the
relationship between triglyceride levels and clinical outcomes, the
p-value was 0.090 (p > 0.05), and the null hypothesis was
accepted, indicating no significant relationship. Triglyceride levels
did not show a significant correlation with either length of stay or
clinical outcomes in ischemic stroke patients. This could be due to
the limited sample size or uncontrolled variables in this study,
such as the patient's diet, the likelihood of malnutrition, fasting
before lipid profile measurements, or obesity. Nutrition and the
body's metabolic functions have an impact on triglyceride levels.
Triglyceride levels might rise as a result of unhealthy lifestyle
choices such as excessive alcohol consumption, lack of physical
activity, overeating, and other unhealthy lifestyles.” Studies
examining the association between triglyceride levels and the
severity and incidence of ischemic stroke indicate that triglyceride
levels play a significant part in the development of atherosclerosis
and the depletion of cerebral blood vessel reserve capacity. %
Triglycerides undergo hydrolysis and are then absorbed into the
plasma in two distinct forms including intestine absorption as
chylomicrons and liver-formed Very Low-Density Lipoprotein
(VLDL) absorption. Insulin resistance-induced high triglyceride
levels may affect blood glucose metabolism and lead to
dyslipidemia. Consequently, triglycerides are associated with
insulin resistance and metabolic syndrome, which will generate
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pro-inflammatory cytokines and pro-thrombotic reactions that
induce atherosclerosis. This illness will raise the death rate for
those who have an ischemic stroke and exacerbate the brain
damage that results from the stroke.'**** However, triglycerides
also have a role as a source of energy reserves, so low triglyceride
levels can be an indicator of malnutrition in ischemic stroke
patients. Malnutrition after acute ischemic stroke represents a poor
prognosis and risk of mortality in ischemic stroke. In addition,
triglyceride is a protective factor against lipotoxicity produced ;/
saturated fatty acids and vascular endothelial integrity.”
Therefore, both low and high triglyceride levels are assouated
with poor clinical outcomes after acute ischemic stroke.”®

The study showed that there is a significant correlation
between LDL levels and the length of stay for ischemic stroke
patients, with a p-value of 0.026 (p < 0.05). That means the null
hypothesis (HO) was rejected. Similar results were found in the
research by Saputri & Maulina (2018) with a p-value of 0.006 (p
< 0.01), and Ayudia & Imran (2023) also obtained the same
results with a p-value of 0.042. These studies show a significant
correlation between LDL cholesterol levels and length of stay.***
The study found a weak negative correlation between LDL levels
and the length of stay in ischemic stroke patients. That implies
lower LDL levels can result in longer treatment times, while
higher LDL levels can lead to shorter treatment times. These
findings differ from those of previous studies that suggested low
LDL levels were beneficial as they reduced the risk of coronary
heart disease, stroke severity, and patient mortality rates.
However, research has also shown that extremely low LDL levels
can result in side effects such as hemorrhaglc stroke, dementia,
depression, hematuria, and cancer.® The statistical test results
have shown that there is a significant correlation between LDL
levels and the clinical outcomes of hospitalized ischemic stroke
patients . The obtained significance value (p-value) was 0.039 (p
< 0.05), which means that HO was rejected. The association of
LDL with the incidence of ischemic stroke begins with the
tendency of LDL to stick to the walls of blood vessels and form
plaque that triggers atherosclerosis, which can cause the
narrowing of blood vessels and obstruct blood flow to the brain.*®
The tendency of low-density lipoprotein (LDL) to adhere to blood
vessel walls and form plaque, which promotes atherosclerosis (a
condition that can restrict blood arteries and obstruct blood flow to
the brain), is the first step in the relationship between LDL and the
incidence of ischemic stroke. Elevated low-density lipoprotein
(LDL) levels can harm the endothelium of blood vessels,
promoting the growth and creation of fatty streaks that trigger the
onset of atherosclerosis.”® Atherosclerotic plaques are difficult to
reverse and can cause impaired vasoregulation, leading to worse
patient outcomes. It is crucial to pay attention so that the
treatment strategy for each individual may be adjusted to these
characteristics since there are various aspects in each individual
that have a sgmﬁcant impact on clinical outcomes and the
healing process.

HDL and patient length of stay in this study showed a
significance value (p-value) of 0.039 (p < 0.05), which means that
HO was rejected so there was a significant correlation between
HDL levels and length of stay for ischemic stroke patients. The
results of this study are in line with the results obtained by Saputri
& Maulina (2018) research that states that HDL and length of
treatment have a significant relationship with a significance value
(p-value) of 0.004 (p < 0.01)." The results of the study indicated
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that there is a weak negative correlation between HDL levels and
the length of stay for ischemic stroke patients. So, it means
patients with lower HDL levels tend to have prolonged stays,
while those with higher HDL levels tend to have shorter stays.
Low levels of HDL can increase the risk of ischemic stroke
durlng an acute stroke, WhICh can hinder the recovery process and
raise the mortality rate.' It is because low levels of HDL can
worsen atherosclerosis and promote inflammation.”® HDL is a
I|poprote|n that acts as a vacuum cleaner to clean excess fat
deposits®® HDL causes reverse cholesterol transport, a
mechanism for cleaning and transporting cholesterol from the
peripheral tissues of bIood vessels back to the liver and excreted
through the bile ducts.” In this study, the relationship between
HDL and patient clinical outcomes had a significance value (p
value) of 0.115 (p > 0.05), which means that HO was accepted so
that there was no significant relationship between HDL levels and
clinical outcomes for ischemic stroke patients after undergoing
hospitalization. This result differs from research from Varela et al.
(2020) that shows impaired anti-inflammatory and antioxidant
capacity of HDL associated with poor outcomes in ischemic
stroke patients.®! HDL function can change in several situations
according to the pathophysiology that accompanies it, such as
acute phase responses, obesity conditions, and chronic
inflammatory diseases. So cllnlcal outcome of each patient can
also be influenced by these things.*

CONCLUSION AND SUGGESTION

In conclusion, there was a weak negative correlation
between the length of stay in ischemic stroke patients and total
cholesterol, LDL, and HDL levels, but not triglycerides. After
hospitalization, there is a significant correlation between total
cholesterol and LDL levels and clinical outcomes of ischemic
stroke patients. However, no significant correlation was found
between triglycerides and HDL with clinical outcomes of
ischemic stroke patients. Further research is needed to determine
other variables that correlate with the length of stay and clinical
outcomes of ischemic stroke patients, such as comorbid
(comorbid) diseases, obesity conditions, and patient living habits
that can influence the incidence and severity of ischemic stroke.
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