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Introduction

Dyslipidemia contributes to the development of atherosclerosis,1-3 
and there is accumulating evidence that atherosclerosis is promot-

ed by remnant lipoproteins (RLPs).4-13 These are products of par-
tially catabolized chylomicrons and very-low-density lipopro-
teins, from which some triglycerides (TGs) have been removed 
by the action of lipoprotein lipase and, to a lesser extent, by he-
patic lipase. These particles have reduced TGs, but are enriched 
with cholesterol and apolipoprotein (apo)E; they are smaller and 
denser than the parent particles, and are believed to be more strong-
ly atherogenic than larger TG-rich lipoproteins.4-9

Elevated RLP cholesterol (RLP-C) levels were reported to be 
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Background and PurposezzRemnant lipoproteins (RLPs) are products of partially catabolized 
chylomicrons and very-low-density lipoprotein, from which some triglycerides have been removed. 
These particles are smaller and denser than the parent particles and are believed to be strongly ath-
erogenic. We explored the association between RLP cholesterol (RLP-C) and ischemic stroke, in-
cluding stroke subtypes.

MethodszzA cohort of 142 ischemic stroke patients (90 men and 52 women; age, 65.2±12.8 years, 
mean±SD) was enrolled; all had acute infarcts confirmed by diffusion-weighted MRI, and had fast-
ing lipograms. A full stroke-related evaluation was conducted on each patient. An outpatient popu-
lation of 88 subjects without a history of cerebrovascular or cardiovascular disease served as a control 
group. Serum RLP fractions were isolated using an immunoaffinity gel containing specific antiapoli-
poprotein (anti-apo)B-100 and anti-apoA-I antibodies. RLP-C values were considered to be high 
when they were in the highest quartile of all values in the study.

ResultszzHigh RLP-C values were more common in stroke patients than in control patients (31.0% 
vs. 14.8%, p=0.01), when 5.6 mg/dL (>75th percentile) was used as the cutoff value. Multivariable 
analyses indicated that RLP-C was a risk factor for stroke, with an odds ratio of 2.54 (p=0.045). The 
RLP-C level was higher in the large artery atherosclerosis subgroup (5.7±3.9 mg/dL) than in any 
other stroke subgroup (small vessel occlusion, 4.9±5.9 mg/dL; cardioembolism, 1.8±2.3 mg/dL; 
stroke of undetermined etiology, 3.1±2.9 mg/dL).

ConclusionszzWe have found an association between high RLP-C levels and ischemic stroke, and 
in particular large artery atherosclerotic stroke.
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associated with endothelial dysfunction, an early marker for ath-
erosclerotic disease.10 The Framingham Heart Study found that 
an increase in RLP-C levels was a significant risk factor for cor-
onary artery disease in women.11 In another study with a 3-year 
follow-up period, the incidence of cardiovascular events in the 
high RLP-C group (RLP-C >5.1 mg/dL) was higher than that 
in the low RLP-C group (RLP-C ≤3.3 mg/dL).12 As a result, in 
2000 the United States Food and Drug Administration recognized 
that an increase of RLP-C was a risk factor for coronary heart 
disease.13

Nakamura et al.14 recently reported that high levels of RLPs 
predict ischemic stroke in patients with metabolic syndrome and 
mild carotid atherosclerosis. However, the patient population in 
that study comprised a selected subgroup of patients who were 
admitted for cardiac catheterization for chest pain or electrocardio-
graphic ischemic changes. In the present study of consecutive pa-
tients with ischemic stroke, we aimed to add new information re-
garding the association between RLP-C and ischemic stroke and, 
given that stroke is a heterogeneous disease with more than 150 
known causes,15 to identify the correlations of RLP-C levels with 
various stroke subtypes.

Methods

Study patients
This study was approved by the institutional review board of the 
Dongguk University Ilsan Hospital (DUIH), Korea. From Febru-
ary to September 2007, 198 consecutive patients who were ad-
mitted to the DUIH with acute ischemic stroke (≤1 week) were 
prospectively screened for enrollment. Acute ischemic lesions 
were assessed by diffusion-weighted imaging with the apparent 
diffusion coefficient. We excluded three patients with incom-
plete evaluations due to severely impaired consciousness or ear-
ly discharge, four patients with transient ischemic attack with-
out visible lesions on diffusion-weighted imaging, and six pa-
tients with cerebral infarction due to venous thrombosis, arterial 
dissection, or moyamoya disease. Sixteen patients were exclud-
ed because their lipid profiles included only total cholesterol. 
We excluded a further 27 patients who did not fast for at least 
9-12 hours before the measurement of lipid or RLP-C levels. Thus, 
a total of 142 patients (90 men and 52 women; age, 65.2±12.8 
years, mean±SD) were entered into the study. All patients un-
derwent systemic investigations including assessment of medi-
cation history, magnetic resonance imaging (MRI) with MR an-
giography, carotid duplex ultrasonography, transthoracic 
echocardiography, 24-h Holter monitoring, and other routine ad-
mission laboratory tests. We prospectively collected demographic 
data, prior medication history, and the presence of vascular risk 
factors including hypertension, diabetes mellitus, heart disease, 
previous stroke, and smoking.

Assessment of stroke risk factors
Hypertension was considered to be present if a subject had one 
of the following conditions: repeated blood pressure readings 
above 140/90 mm Hg at 1-2 weeks after stroke onset, a history 
of hypertension, or use of antihypertensives. Diabetes mellitus 
was defined as a glycated hemoglobin (HbA1C) level of ≥6.5%, 
a history of diabetes mellitus, or use of diabetic medication. Smok-
ers included current smokers, who smoked daily or only occasion-
ally. Heart disease as a potential source of cerebral embolism16 was 
considered to be present if a subject had a left atrial or ventricular 
thrombus, atrial fibrillation or sick sinus syndrome, recent myo-
cardial infarction within 1 month, rheumatoid mitral or aortic valve 
disease, bioprosthetic or mechanical heart valves, chronic myo-
cardial infarction with a low ejection fraction of <28%, symptom-
atic congestive heart failure with an ejection fraction of <30%, 
dilated cardiomyopathy, aneurysms or akinetic segments of the 
left ventricular wall, or nonbacterial thrombotic endocarditis. 
Electrocardiography, transthoracic echocardiography, and 24-h 
Holter monitoring were performed to identify these cardioem-
bolic sources. Transesophageal echocardiography or a transcra-
nial Doppler bubble study was also performed in selected pa-
tients.

Blood samples were taken in the morning after an overnight 
fast of 9-12 h (12.0±3.2 h in the stroke group and 12.0±0.1 h in 
the control group). In the stroke subjects, the median sampling 
time from stroke onset was 39.8 h. Total cholesterol, TG, high-
density lipoprotein cholesterol, and low-density lipoprotein cho-
lesterol levels were assayed by enzymatic techniques. RLP-C 
was measured in triplicate after isolation, as reported previous-
ly,17 by using an immunoaffinity gel containing monoclonal anti-
bodies to human apoB-100 and apoA-I (Jimro-II RLP-C kit, 
Otsuka, Japan). Mean values were used for the analysis. Serum 
RLP-C levels were considered to be high when they were within 
the highest quartile (>75th percentile)18 of the values of all of the 
study participants.

Stroke subtype analysis
Subtypes of index stroke were determined by the consensus of 
three neurologists (M.G.J., S.W.J., and D.E.K.) as follows: large ar-
tery atherosclerosis (LAA), small vessel occlusion, cardioembolism 
(CE), and ischemic stroke of undetermined etiology, as describ-
ed in the Trial of Org 10172 in Acute Stroke Treatment study.16

Control subjects
As a control group, we chose 88 consecutive subjects (34 men 
and 54 women; age, 54.4±9.3 years) 1) who visited the DUIH 
Healthcare Center for health screening during the same study pe-
riod, 2) who did not have a history of stroke, transient ischemic 
attack, myocardial infarction, or angina, and 3) whose lipid pro-
files and RLP-C were measured after 9-12 h of fasting.
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Statistical analyses
Data are presented as mean±SD values. Comparisons of con-
tinuous variables between groups were performed using Stu-
dent’s t-test, one-way analysis of variance (ANOVA) with Dun-
nett’s post hoc test, or Kruskal-Wallis ANOVA with post hoc 
Mann-Whitney test. The chi-square test or Fisher’s exact test 
was used to compare proportions between groups. Bivariate 
correlations were calculated to quantify the relationships between 
pairs of variables. Multivariable regression analyses were con-
ducted to determine if high RLP-C level was an independent 
risk factor for ischemic stroke or an independent predictor for 
LAA stroke after adjustment for known vascular risk factors. All 
statistical analyses were conducted using the SPSS software 
package (SPSS 18.0, Chicago, IL, USA). A value of p<0.05 was 
considered statistically significant.

Results

Univariable analysis showed that RLP-C 
is a risk factor for ischemic stroke
Table 1 summarizes the demographic and clinical features of the 
study subjects. Compared with the control group, the stroke group 
had higher mean values or prevalences of the vascular risk fac-
tors including age, male sex, hypertension, diabetes, heart dis-
ease, previous stroke, smoking, and TG level (all p<0.05). How-
ever, the serum levels of total cholesterol, low-density lipoprotein 
cholesterol, and high-density lipoprotein cholesterol were high-
er in the control group than in the stroke group (all p<0.05). In 
line with our hypothesis, the univariable analysis showed that 
RLP-C levels were higher in the stroke group than in the con-

trol group (p=0.043). Similarly, when RLP-C levels were dichot-
omized at 5.56 mg/dL (which was the 75th percentile boundary), 
a significantly higher proportion of the stroke group had high 
RLP-C levels (31.0% vs. 14.8%, p=0.006).

Multivariable analyses showed that 
a high RLP-C may be an independent 
risk factor for ischemic stroke
The association between RLP-C and stroke could be due to var-
ious confounding factors; therefore, logistic regression analy-
ses were conducted, where those variables with p<0.15 in the 
univariable analyses were included. The continuous variable 
“RLP-C” did not satisfy the linearity assumption of logistic re-
gression; therefore, the dichotomized variable “high RLP-C” was 
entered into the model. After adjusting for age, sex, hyperten-
sion, diabetes mellitus, smoking, heart disease, previous stroke, 
total cholesterol, and statin medication, the odds ratio for the as-
sociation of high RLP-C with stroke was 2.54 (p=0.045). When 
TG was also entered into the model, a high RLP-C was not sig-
nificantly associated with stroke (p=0.24). TG was also not sig-
nificantly associated with stroke (p=0.21). The scatterplot and 
Pearson correlation analysis (Fig. 1) revealed that there was a 
linear relationship between RLP-C and TG (p<0.01, r=0.67).

RLP-C is an independent predictor 
for LAA stroke versus the other stroke subtypes
As indicated in Table 3, which presents the risk factors in the stroke 
subgroups based on the Trial of Org 10172 in Acute Stroke Treat-
ment classification, the RLP-C level was highest in the LAA sub-
group (5.73±3.94 mg/dL) and lowest in the CE subgroup (1.76 

Table 1. Univariable analyses: factors associated with stroke vs. control

Variable Control (n=88) Stroke (n=142) p†

Age, years 54.4±9.3 65.2±12.8 <0.001
Male sex 34 (38.6) 90 (63.4) <0.001
Hypertension 16 (18.2) 85 (59.9) <0.001
Diabetes mellitus 3 (3.4) 53 (37.3) <0.001
Heart disease* 1 (1.1) 21 (14.8) 00.001
Previous stroke 0 (0)0. 22 (15.5) <0.001
Smoking 29 (33.0) 68 (47.9) 00.026
Statin medication 3 (3.4) 12 (8.5)0 00.132
Total cholesterol, mg/dL 192.4±36.8 173.1±37.30 <0.001

LDL-C, mg/dL 127.5±30.7 97.7±34.3 <0.001
HDL-C, mg/dL 059.8±19.1 48.6±13.4 <0.001
TG, mg/dL 111.8±46.1 138.2±75.70 00.001

RLP-C, mg/dL 03.62±1.86 4.53±4.71 00.043
RLP-C, highest quartile (>5.56 mg/dL) 13 (14.8) 44 (31.0) 00.006

Data are number (percentage) or mean±SD of patients.
*Atrial fibrillation (n=18) or left-ventricular akinesia (n=3), †p for Student’s t-test or chi-square test.
LDL-C: low-density lipoprotein cholesterol, TG: triglyceride, HDL-C: high-density lipoprotein cholesterol, RLP-C: remnant lipoprotein 
cholesterol.
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±2.23 mg/dL). As illustrated in the box plots and demonstrated 
by the Kruskal-Wallis ANOVA with Mann-Whitney post hoc 
tests (Fig. 2), the RLP-C level was significantly higher in the LAA 
subgroup than in the subgroups (all p<0.05). Similarly, the RLP-
C level was more frequently in the highest quartile in the LAA 
subgroup than in the other groups (43.8% vs. 10.5-31.5%). Other 
stroke risk factors and traditional lipid profiles, with the excep-
tion of TG levels, did not differ significantly among the subtypes. 
Unlike for the RLP-C levels, the serum TG levels of the LAA sub-
group were not higher than those of the other subgroups except the 
CE subgroup. Table 4 presents the independent factors associated 
with LAA vs. other stroke subtypes. After adjusting for TG as well 
as age, sex, hypertension, diabetes mellitus, smoking, heart dis-
ease, previous stroke, total cholesterol, and statin medication, a 
high RLP-C was the only significant predictor that was positively 
associated with the LAA stroke vs. the other stroke subtypes (p= 
0.045). Heart disease and diabetes were negatively associated 
with LAA stroke (p=0.005 and 0.049, respectively).

Discussion

In this study we observed a significant association between high-
er RLC-C levels and ischemic stroke in general, with a particu-
lar association between RLP-C and LAA stroke. A high RLP-
C was four times more prevalent in patients with LAA stroke 
(44%) than in the CE subgroup (11%). In multivariable analy-
sis, a high RLP-C was linked with ischemic stroke after adjust-
ing for prior statin medication and known vascular risk factors. 
TG levels were correlated with RLP-C levels, and after adjust-
ing for TG as well as other risk factors, a high RLP-C was the 
only significant predictor that was positively associated with 
LAA stroke. This suggests a separate significance for RLP-C 
levels independent of TG levels. Together these findings indi-
cate the potential utility of examining RLP-C levels for stroke 
risk assessment.

RLP-C has not been widely studied due to a lack of routine 
laboratory assays; until the recent development of a simple and 
reliable technique for measurements based on an immunosep-
aration method,17 it has been difficult to assay levels of RLP-C. 
In the field of stroke, only one recent study14 has demonstrated 
that high RLP-C levels (≥5.8 mg/dL) were related to echolu-
cent carotid plaques and shown to be an independent risk factor 
for future ischemic strokes in a subgroup of patients admitted 
for cardiac catheterization, who had metabolic syndrome and 
evidence of carotid plaques producing stenosis of less than 50%. 
The present cross-sectional study found that an ischemic 
stroke was about 2.5 times more likely in subjects with RLP-C 
levels higher than 5.56 mg/dL than in the controls. This sup-
ports the notion that RLP-C may be related to the genesis of ce-
rebral vascular events,14 which could be mediated by the pro-
inflammatory and proatherothrombogenic effects of RLP-C:18-21 
inhibition of nitric-oxide-mediated arterial dilation, and up-reg-

Table 2. Multivariable analysis: factors associated with stroke vs. control

Variable OR (95% CI) for stroke p
Age 1.06 (1.03-1.10)0 0.001
Male sex 4.73 (1.70-13.13) 0.003
Hypertension 3.59 (1.52-8.49)0 0.004
Diabetes mellitus 5.57 (1.36-22.79) 0.017
Smoking 1.09 (0.40-2.93)0 0.868
Heart disease* 11.12 (1.04-119.35) 0.047
Previous stroke 0.00 (0.00-0.00)0 0.998
Statin medication 4.42 (0.77-25.22) 0.095
Total cholesterol, per 1 mg/dL increase 00.99 (0.977-0.997) 0.014
RLP-C, highest quartile (>5.56 mg/dL) 2.54 (1.02-6.31)0 0.045

Variables were selected for inclusion in the model based on the results of univariate analyses (p<0.15). The Hosmer-Lemeshow good-
ness-of-fit test showed χ2=7.97 and p=0.44, demonstrating a good model fit.
*Atrial fibrillation (n=18) or left-ventricular akinesia (n=3).
OR: odds ratio, CI: confidence interval, RLP-C: remnant lipoprotein cholesterol.

Fig. 1. Correlation between remnant lipoprotein cholesterol (RLP-
C) and triglyceride levels.
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ulation of endothelial expression of intracellular adhesion mol-
ecule-1 and vascular cell adhesion molecule-1.

The finding that high RLP-C levels were more frequently 
encountered in patients with LAA stroke supports a role for 
RLP-C in proatherosclerotic endothelial dysfunction,18-20 which 
would be expected to play a larger role in this group than in pa-
tients with embolic vascular occlusions. It is possible that future 
studies will allow RLP-C levels to be used for determining the 
contribution of endothelial dysfunction to stroke, particularly 
when it is not clear if in situ atherosclerosis or embolism was re-
sponsible for a lesion. This may have important clinical implica-

tions because the management and prognosis of stroke patients 
are influenced by the ischemic stroke subtype.

The mean RLP-C level of our control group was 3.62 mg/dL, 
which is similar to the values reported for Japanese control sub-
jects (3.3 or 3.7 mg/dL).19-23 The mean RLP-C level of the stroke 
group was 4.5 mg/dL, while the LAA subgroup had the highest 
mean value, at 5.73 mg/dL. These findings are in line with previ-
ous reports that patients with RLP-C levels higher than 4.7-5.1 mg/
dL are at increased risk of cardiovascular events.12 The stroke pa-
tients in our CE subgroup had the lowest mean RLP-C level, 1.84 
mg/dL, which was lower than the mean value for the control group. 
The patients in the CE subgroup had atrial fibrillation or ventricu-
lar akinesia as a cause of the index stroke; they did not have sig-
nificant atherosclerotic narrowing of the large artery supplying 
the infarct territory. These data indicate that high RLP-C levels 
are associated with atherosclerotic stroke, not cardioembolic 
stroke.

There are several mechanisms by which RLPs can lead to en-
dothelial dysfunction and stroke. The findings of a previous in 
vitro experiment suggested that macrophage foam cells in ath-
erosclerotic plaques, which could secrete inflammatory prote-
ases in or around the complicated areas of the human atheroma-
ta,24 are derived from the cellular uptake of chylomicron rem-
nants.25 In addition, high levels of RLPs were reported to cause 
endothelial vasomotor dysfunction in human coronary arteries.18 
RLP-C was also shown to up-regulate the expressions of both 
intracellular adhesion molecule-1 and vascular cell adhesion 
molecule-1 in cultured human endothelial cells,19 which could 

Table 3. Risk-factor analysis according to the stroke subtype

LAA (n=48) SVO (n=54) CE (n=19) SUE (n=21) p†

Age, years 66.0±12.5 61.4±11.9 71.5±13.2 67.8±12.8 0.013
Male sex 33 (68.8) 37 (68.5) 9 (47.4) 11 (52.4) 0.221
Hypertension 31 (64.6) 30 (55.6) 10 (52.6)0 14 (66.7) 0.641
Diabetes mellitus 14 (29.2) 23 (42.6) 6 (31.6) 10 (47.6) 0.358
Heart disease* 1 (2.1) 0 (0) 18 (94.7)0 2 (9.5) <0.0010
Previous stroke 06 (12.5) 08 (14.8) 4 (21.1) 04 (19.0) 0.790
Smoking 23 (47.9) 31 (57.4) 7 (36.8) 07 (33.3) 0.197
Statin medication 4 (8.3) 4 (7.4) 2 (10.5) 2 (9.5) 1.000
Total cholesterol, mg/dL 168.8±31.90 183.2±40.20 160.2±39.60 168.3±34.70 0.064

LDL-C, mg/dL 93.6±28.6 104.5±37.10 88.8±40.4 97.2±31.1 0.263
TG, mg/dL 143.2±66.7§ 154.8±92.30 98.3±43.7 121.0±52.50 .0.021‡

HDL-C, mg/dL 48.1±13.2 48.7±13.9 51.7±14.2 46.9±12.1 0.710
RLP-C, mg/dL .5.73±3.94ǁ 4.97±5.96 1.76±2.23 3.15±2.88 <0.001‡.
RLP-C (>5.56 mg/dL) 21 (43.8) 17 (31.5) 2 (10.5) 04 (19.0) 0.032

Data are number (percentage) or mean±SD of patients. The Trial of Org 10172 in Acute Stroke Treatment classification was used for 
the determination of stroke etiology: LAA, SVO, CE, SUE.
*Atrial fibrillation (n=18) or left-ventricular akinesia (n=3), †p for ANOVA, ‡Kruskal-Wallis ANOVA, chi-square, or Fisher’s exact test, §p=0.005 
vs. CE (post hoc Mann-Whitney test), ǁp=0.023, 0.000, and 0.005 vs. SVO, CE, and SUE, respectively (post hoc Mann-Whitney test).
LAA: large-artery atherosclerosis, SVO: small-vessel occlusion, CE: cardioembolism, SUE: stroke of undetermined etiology, LDL-C: low-
density lipoprotein-cholesterol, TG: triglyceride, HDL-C: high-density lipoprotein-cholesterol, RLP-C: remnant lipoprotein cholesterol, 
ANOVA: analysis of variance.
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Fig. 2. Box plots of remnant lipoprotein cholesterol (RLP-C) levels 
of the control group and stroke subgroups. *p<0.05 for large-artery 
atherosclerotic (LAA) stroke vs. control by Mann-Whitney test, and 
LAA stroke vs. small-vessel occlusion (SVO), cardioembolism (CE), 
or stroke of undetermined etiology (SUE) by Kruskal-Wallis ANO-
VA with Mann-Whitney post hoc tests. TOAST: Trial of Org 10172 
in Acute Stroke Treatment.
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promote atherosclerosis.20,21 Moreover, high levels of RLP-C 
may contribute to the development and thrombotic complica-
tions of atherosclerosis via the combined effects of up-regula-
tion of endothelium-derived proatherothrombogenic molecules 
and enhanced platelet reactivity.22 Our finding that high RLP-C 
levels were associated with LAA stroke is consistent with and 
provides a potential explanation for the findings of the aforemen-
tioned studies.

Our study was subject to some limitations. First, the study had 
a cross-sectional design and therefore did not allow us to make 
causal inferences. Second, the control group was not fully rep-
resentative of the source population from which the stroke pa-
tients were selected, although all the subjects were consecutive-
ly enrolled from the same hospital during the same study period, 
and multivariable analyses were used to adjust for potential con-
founders.

In conclusion, we have demonstrated an association between 
elevated levels of RLP-C and LAA stroke.
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