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Abstract

Objective To study the relationship between dyslipidemia and outcome in patients with acute
ischemic stroke.

Methods Data about 1 568 patients with acute ischemic stroke were collected from 4 hospitals in
Shandong Province from January 2006 to December 2008. National Institute of Health Stroke Scale
(NIHSS) >10 at discharge or death was defined as the outcome. Effect of dyslipidemia on outcome in
patients with acute ischemic stroke was analyzed by multivariate logistic regression analysis and
propensity score-adjusted analysis, respectively.

Results The serum levels of TC, LDL-C, and HDL-C were significantly associated with the outcome in
patients with acute ischemic stroke. Multivariate logistic regression analysis and propensity
score-adjusted analysis showed that the ORs and 95% Cls were 3.013 (1.259, 7.214)/2.655 (1.298, 5.43),
3.157 (1.306, 7.631)/3.405 (1.621, 7.154), and 0.482 (0.245, 0.946)/0.51 (0.282, 0.921), respectively, for
patients with acute ischemic stroke. Hosmer-Lemeshow goodness-of-fit test showed no significant
difference in observed and predicted risk in patients with acute ischemic stroke (chi-square=8.235,
P=0.411).

Conclusion Serum levels of TC, LDL-C, and HDL-C are positively related with the outcome in patients
with acute ischemic stroke.
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INTRODUCTION accounting for nearly 20% of all deaths in both

rural and urban settingsm. Dyslipidemia is a major

troke is a leading cause of long-term risk factor for cardiovascular diseases®™. Most
Sworldwidem and the second most studies have focused on the relationship between
common cause of death in China, serum level of lipid and incidence of ischemic stroke,
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but their findings are inconsistent®®. Few studies
are available on the relationship between serum
lipid level and outcome in patients with ischemic
stroke.

Considering the low outcome incidence rate,
excessive number of confounding factors and
potential collinearity in this study, multivariable
logistic regression analysis may not be ideal for
estimating the exposure effects’”.  Instead,
propensity score-adjusted analysis can be used in
these situations since propensity score is a
conditional probability which is treated as a
composite confounding factor in multivariate logistic
regression analysis“o'm .

MATERIALS AND METHODS

Study Participants

This study was conducted from January 1 of
2006 to December 31 of 2008 in acute ischemic
stroke patients with their diagnosis established by CT
or MRI. The study was approved by Ethics
Committee of Soochow University Public Health
School.

Data Collection

Baseline data were collected within 24 h after
admission by interview with the patients or their
family members. Demographic data, life-style risk
factors, medical history, clinical laboratory tests, and
CT and MRI data were collected using a standard
guestionnaire. Blood pressure was measured within
30 min after admission, the study participants were
placed in the supine position as previously
described™. The patients with acute ischemic stroke
were assessed at admission and discharge according
to the NIHSS™,

Blood samples were taken from the patients
within 24 h after admission. Plasma glucose levels
were measured as previously described™. Serum
levels of TC, HDL-C, and TG were measured with the
Beckman Synchron CX5 Delta Clinical System

(Beckman Coulter, Inc., Fullerton, California, USA)“S] .

Serum LDL-C level was measured according to the
Friedewald equation[w].

Statistical Analysis

The continuous and categorical variables were
calculated for NIHSS<10 at discharge and NIHSS>10 /
death. P values were calculated by analysis of
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variance for the difference in mean of continuous
variables, and by x” test or Fisher exact test for the
difference in categorical variables.

The cut-points of TC, TG, LDL-C, and HDL-C was
>6.22 mmol/L, 22.26 mmol/L, >4.14 mmol/L, and
<1.04 mmol/L, respectively, in patients with acute
ischemic stroke according to the Chinese guidelines
on prevention and treatment of dyslipidemia in
adults (2007)[17]. The dichotomous variable was used
as the outcome based on NIHSS>10/death or
NIHSS<10 at discharge while the serum levels of TC,
TG, HDL-C, and LDL-C were used as the binary
exposure variables. The covariates including age,
gender, alcohol consumption, cigarette smoking,
systolic and diastolic blood pressure, fasting glucose
level, admission NIHSS, history of stroke,
hypertension, diabetes, coronary and rheumatic
heart disease, atrial fibrillation and lipid levels
depending on the exposure variables were adjusted
in multivariate logistic regression analysis. The effect
of dyslipidemia on outcome in patients with ischemic
stroke was also analyzed by propensity
score-adjusted analysis. The propensity score was
calculated based on the covariates and divided into 5
quintiles. Integration of a propensity score by 5
quintiles into the analysis may provide more
comparability between covariate distributions®.
The significant dyslipidemia components and other
risk factors including age, gender, blood pressure,
fasting glucose level, atrial fibrillation history and
admission nihss were analyzed to predict outcome
incidence rate. Model calibration was assessed by
Hosmer—Lemeshow goodness-of-fit test. P values
were two-tailed and P<0.05 was considered
significantly different. All statistical analyses were
conducted using SAS statistical software (version 9.2)
and R statistical package (version 2.15), respectively.

RESULTS

A total of 1 568 patients with acute ischemic
stroke were included in this study. The demographic
and clinical data are shown in Table 1. The age,
fasting glucose level and incidence of atrial
fibrillation history were higher in patients with their
NIHSS>10 at discharge or death than in those with
their NIHSS<10 at discharge. Marginal significant
difference was observed in systolic blood pressure
between the two groups. Figure 1 shows the
outcome incidence rate in patients with ischemic
stroke according to different lipid levels. The outcome
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was poorer in patients with abnormal TC and LDL-C
than in those with normal TC and LDL-C.

The serum levels of TC, LDL-C, and HDL-C were
significantly related with the outcome in patients
with acute ischemic stroke (Table 2). Multivariate
logistic regression analysis and propensity score-
adjusted analysis showed that the ORs and 95%Cls
were 3.013 (1.259, 7.214)/2.655 (1.298, 5.43), 3.157
(1.306, 7.631)/3.405 (1.621, 7.154), and 0.482 (0.245,
0.946)/0.51 (0.282, 0.921), respectively, for the
patients with acute ischemic stroke. A more precise
parameter was achieved by propensity score-
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Figure 1. Outcome incidence rate in patients
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regression analysis' .

test).

with ischemic stroke according to different
lipid levels (P values were calculated by x*

Table 1. Parameters about 1 568 Patients with Ischemic Stroke According to Their Outcome at Discharge

ltems NIHSS>10 at NIHSS<10 at P Value
Discharge or Death Discharge

No. 86 1482
Age (years) 67.6211.72 63.81+12 0.004
Men, No. (%) 54 (62.8) 949 (64) 0.815
Cigarette smoking, No. (%) 26 (30.2) 404 (27.3) 0.548
Alcohol consumption, No. (%) 21(24.4) 359 (24.2) 0.967
Systolic blood pressure (mmHg) 151.56+28.09 145.69+21.69 0.060
Diastolic blood pressure (mmHg) 90.95+15.93 88.46+13.57 0.101
Total cholesterol (mmol/L) 4.92+1.24 4.99+1.11 0.602
Triglycerides (mmol/L) 1.41+1.08 1.56+1.13 0.228
HDL cholesterol (mmol/L) 1.27+0.35 1.26+0.35 0.879
LDL cholesterol (mmol/L) 2.98+1.05 2.99+0.87 0.981
Fasting glucose (mmol/L) 7.51+3.71 6.39+2.69 0.007
Admission NIHSS 12.86+8.27 3.75+4.91 <0.001
History of hypertension, No. (%) 57 (66.3) 941 (63.5) 0.602
History of diabetes, No. (%) 13(15.1) 237 (16) 0.829
History of coronary heart disease, No. (%) 15(17.4) 211 (14.2) 0.411
History of atrial fibrillation, No. (%) 10 (11.6) 44 (3.0) <0.001
History of stroke, No. (%) 31(36) 521 (35.2) 0.866
History of rheumatic heart disease, No. (%) 1(1.2) 15(1.0) 0.596"

Note. Fisher exact test.

Table 2. ORs and 95% Cls for Outcome in Patients with Acute Ischemic Stroke
According to Different Lipid Levels

Analysis

Coefficient Estimations

Standard Errors

OR (95% Cl)

TC (26.22 mmol/L vs < 6.22 mmol/L)

Multivariate logistic regression analysis 1.1030

Propensity score-adjusted analysis 0.9764
TG (22.26 mmol/L vs <2.26 mmol/L)

Multivariate logistic regression analysis -0.1248

Propensity score-adjusted analysis 0.1094
LDL-C (24.14 mmol/L vs <4.14 mmol/L)

Multivariate logistic regression analysis 1.1495

Propensity score-adjusted analysis 1.2253
HDL-C (<1.04 mmol/L vs 21.04 mmol/L)

Multivariate logistic regression analysis -0.7306

Propensity score-adjusted analysis -0.6738

0.4454
0.3651

0.4153
0.3739

0.4504
0.3787

0.3445
0.3015

3.013 (1.259, 7.214)
2.655 (1.298, 5.43)

0.883 (0.391, 1.992)
1.116 (0.536, 2.322)

3.157 (1.306, 7.631)
3.405 (1.621, 7.154)

0.482 (0.245, 0.946)
0.51(0.282, 0.921)
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A model including serum TC, LDL-C , HDL-C, age,
gender, blood pressure, fasting glucose level, atrial
fibrillation history and admission NIHSS was
established.  Model calibration  using the
Hosmer-Lemeshow goodness-of-fit test yielded a
chi-square of 8.235 (P=0.411), indicating no
significant difference in observed and predicted risk
between the two groups (Figure 2).

DISCUSSION

In this study, the serum levels of TC, LDL-C, and
HDL-C were related with the outcome in patients
with acute ischemic stroke.

Dyslipidemia is a major risk factor for coronary
heart disease (CHD) and its role in the pathogenesis
of ischemic stroke is still unclear™. It was reported
that the serum levels of TC, LDL-C, and HDL-C were
related with the risk factors for ischemic stroke®®.
In this study, the outcome of patients with ischemic
stroke was related with their serum levels of TC and
LDL-C, rather than with their serum TG level, which
is similar with those in previous studies. The low
serum HDL-C level was a protective factor for the
outcome in patients with acute ischemic stroke in
the present study.

HDL-C, an antioxidant, plays an important role in
the pathogenesis of acute ischemic stroke by
inhibiting the oxidation of phospholipid and the
activity of minimally modified LDLP2Y 1t s well
established that augmenting the levels and/or
function of HDL and its apolipo-proteins can protect
major blood vessels against injury. However, HDL
particles can also assume pro-inflammatory and
pro-atherogenic characteristics, especially when an
acute phase or chronic systemic inflammatory
response is presentm]. HDL exerts no effect in
patients with atherosclerosis but increases
formation of lipid peroxide and oxidation of LDL and
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Figure 2. Observed and predicted outcome
incidence rate in patients with acute
ischemic stroke (P=0.411).
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phospholipids in patients with a history of cHD™®,
which is likely a reasonable explanation for the
discrepancy between the findings in this study and
other studies.

Oxidized cholesterol, particularly LDL cholesterol,
initiates inflammation and forms plaques in blood
vessel wall, which inhibits blood flow in arteries. LDL
cholesterol is a stronger oxidation reaction factor®
than TC and HDL-C, and controlling the LDL-C level in
patients with acute ischemic stroke at admission can
improve their prognosis.

In conclusion, the serum levels of TC, LDL-C, and
HDL-C are positively related with the outcome in
patients with acute ischemic stroke.

There are several important strengths of our
study. First, it is the largest study in the Chinese
population to show the relationship between
dyslipidemia and outcome in patients with acute
ischemic stroke with its findings validated by
propensity score-adjusted analysis and multivariate
logistic regression analysis. Second, the severity of
stroke at admission was adjusted as an important
covariate, which reflected that the serum levels of
TC, LDL-C, and HDL-C were the independent risk
factors for the outcome in patients with acute
ischemic stroke.
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