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Introduction: Seven low-density lipoprotein (LDL) subclasses are 
identified, and smaller LDL particles are associated with an increased 
risk for cardiovascular events. However, there is limited data about 
the relationship between the acute ischemic stroke (AIS) subtypes and 
LDL subclasses. The aim of our study is to investigate the relationship 
between AIS subtypes and LDL subclasses.

Methods: This study consisted of 110 AIS patients and 60 healthy controls. 
Stroke patients were classified according to the TOAST classification 
system as cardioembolic infarct (CI), large artery atherosclerosis (LAA), 
and lacunar infarct (LI). LDL subclasses were distributed as seven bands 
(LDL-1 and-2 defined as large, and LDL-3 to-7 defined as small-LDL 
particle), using the LipoPrintª System. Control group and AIS subtypes 
were compared in terms of LDL subclasses; p<0.05 was considered 
statistically significant.

Results: AIS patients had higher LDL-2, LDL-3 and LDL-4 subclasses 

compared to the control groups, while LDL-1 was similar in two groups. 
In addition, LDL-2 and LDL-3 subclasses were significantly higher in each 
AIS subtype when compared to the control group. LDL-4 subclasses 
were significantly higher in LAA and LI subtypes than in the control 
group, but there was no relationship for CI subtypes. Smaller subclasses 
LDL-5 to LDL-7 were undetectable in both AIS patients and controls. 
Using regression analysis; age, LDL-2, LDL-3 and LDL-4 were found to be 
independent predictors of AIS development.

Conclusion: Our study showed that examination of LDL subclasses may 
be important in management of AIS patients. LDL-2, LDL-3, and LDL-4 
are independent predictors of AIS development. These findings should 
be supported by further large studies.
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Acute ischemic stroke (AIS) varies among countries in terms of incidence, 
prevalence, and mortality rates (1, 2). The reason for this variance is that 
stroke is a multifactorial disease occurring due to various genetic and 
environmental factors (3–5). One of the important factors responsible for 
the development of stroke is atherosclerosis.

Atherosclerosis plays a role in the development of both cardiovascular 
and cerebrovascular diseases. Elevated plasma low-density lipoprotein 
(LDL) - cholesterol (LDL-C) concentration is a primary risk factor in the 
development of atherosclerosis (6). In addition to classic atherosclerotic 
risk factors, lipoprotein subclasses are also considered to be risk factors, 
and have increasingly drawn attention in recent years. LDL consists 
of seven subfractions (referred to as LDL-1 to LDL-7) in gradient gel 
electrophoresis (7). LDL-1 and 2 are defined as large LDL, and LDL-3 to 
7 is defined as small dense LDL (sd-LDL). Studies have shown that sd-
LDL is associated with an increased risk of coronary artery disease (CAD) 
and peripheral artery disease (PAD) (8, 9), probably because smaller LDL 

particles are more easily able to penetrate the endothelium (10). For this 
reason, high level of sd-LDL has been accepted as a new risk factor for 
cardiovascular events by the National Cholesterol Education Program 
Adult Treatment Panel III (NCEP III) (6).

Although the association between LDL subclasses and cardiovascular 
events are well known, there are limited data regarding the relationship 
between AIS subtypes and LDL subclasses in the literature (11). The main 
goal of our study is to investigate the relationship between LDL particle 
sizes and AIS subtypes.

METHODS

Patients and Control Group Selection
A total of 110 patients diagnosed with the first onset of AIS were included 
prospectively in our study between February 2013 and November 2013. 
The diagnosis of ischemic stroke was based on current guidelines and all 
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cranial imaging tests were evaluated by two independent physicians. AIS 
subgroups were classified according to the Trial of Org 10172 in Acute 
Stroke Treatment (TOAST) classification system (12). Our study group 
consisted of 40 patients with cardioembolic infarct (CI), 40 patients with 
large artery atherosclerosis (LAA) and 30 patients with lacunar infarct 
(LI). AIS subgroups whose etiology could not be determined according 
to TOAST classification or was related to other causes were excluded 
from this study. Informed consent was obtained from participants in the 
study and/or that the institution’s ethics committee approved the study 
(approval number: 2013/02/10).

On admission patient characteristics, and risk factors were determined: 
age, gender, body mass index, smoking, alcohol use, blood pressure 
and blood glucose. Patients included in this study did not use any 
lipid-lowering drugs. Co-morbidities: hypertension (HT), according to 
a previous diagnosis, current anti-hypertensive treatment or measured 
systolic blood pressure ≥140 mmHg, and/or diastolic blood pressure 
≥90 mmHg; presence of cardiovascular disease (previous myocardial 
infarction, coronary artery disease, valvular heart disease, cardiomyopathy 
or arrhythmia) and diabetes mellitus (DM), according to a previous 
diagnosis or current medication for diabetes were also recorded.

The control group consisted of 60 healthy individuals (30 females, 30 
males). Individuals with an active infection, previous stroke, brain tumor, 
systemic malignancies, diabetes mellitus, cardiovascular disease, or 
who were presently suffering from renal dysfunction or symptomatic 
peripheral arterial disease were excluded from the control group.

Biochemical Analysis
Blood samples were collected in EDTA tubes and serum sample tubes 
after 12 hours overnight fasting period. Plasma and serum were separated 
by immediate centrifugation at 1500 rpm for 10 minutes. Samples were 
stored at -80ºC until analysis and they were thawed immediately before 
analyses. Total cholesterol (TC), triglycerides (TG), and high-density 
lipoprotein (HDL) - cholesterol (HDL-C) were quantified by standard 
enzymatic-colorimetric methods (13, 14). LDL-cholesterol was calculated 
using the Friedewald formula (15).

Low-Density Lipoprotein Analysis
The classification and measurement of LDL subgroups were performed 
with the Lipoprintª System (Quantimetrix Corporation, Redondo Beach, 
CA, USA) using a polyacrylamide disc gel electrophoresis method (16). 
The Lipoprintª System is used for clinical and research purposes and is 

approved by the Food and Drug Administration (FDA). In this system, 
the electrophoresed gels were scanned to determine the relative area 
of each lipoprotein subfraction. After electrophoresis, various stained 
LDL subfractions are identified according to the mobility in the gel (7). 
Accordingly, LDL subgroups are divided into seven subfractions (LDL-
1 to LDL-7). In the analyses of samples included in our study, the first 
four subfractions of LDL (LDL-1, 2, 3, 4) were detected, but rest of the 
subfractions (LDL-5, 6, 7) could not be detected.

Statistical Analysis
Continuous variables were expressed as mean ± standard deviation 
and categorical variables were expressed as percentages. Kolmogorov-
Smirnov and Shapiro-Wilk tests were used to determine whether the 
variables were consistent with normal distribution. Since the variables 
were not found to be normally distributed, nonparametric methods were 
preferred for analysis. Mann-Whitney U test was used for cases involving 
two groups and the Kruskal-Wallis test was used for cases involving 
more than two groups. Mean ranks values were assessed for the reason 
of differences. Correlation analysis was performed using the Spearman 
correlation method. Logistic regression analysis was performed to assess 
independent variables for stroke development. p<0.05 was considered 
statistically significant.

RESULTS
Clinical and laboratory characteristics of the patient and control groups 
are shown in Table 1. In the AIS group, mean age (68.5±12.6 vs 61.2±4.2; 
p<0.001), systolic blood pressure (p<0.001), blood glucose (p<0.001), TG 
(p<0.001), TC (p<0.001), and LDL-C (p<0.001) were significantly higher 
compared with the control group, while HDL-C (p<0.001) was significantly 
lower in AIS patients. There was no significant gender difference between 
patient and control groups (p=0.137) (Table 1).

The distribution of LDL subclasses in both patients and controls are 
presented in Table 2 and Figure 1. As shown in the figure, levels of LDL-2, 
LDL-3 and LDL-4 subclasses were significantly higher in the AIS group 
compared to the control group (p<0.001, p<0.001, p=0.011, respectively). 
But there was no difference between the AIS and control groups in terms 
of LDL-1 (p=0.602) (Table 2, Figure 1).

To gain further insight into associations between LDL subclasses and AIS, 
we evaluated LDL subclasses according to AIS subtypes. In the CI, LAA, 
and LI subgroups, LDL-2 (p<0.001, p<0.001, p=0.001 respectively) and 
LDL-3 (p=0.002, p=0.003, p=0.012 respectively) were significantly higher 
than the control group. In addition, LDL-4 in the LAA and LI groups 

Table 1. Clinical and laboratory characteristics in all subjects

Patients (n=110) Controls (n=60) p
Age (year) 68.5±12.6 61.2±4.2 <0.001

Gender M/F 68/42 30/30 0.137

BMI (kg/m2) 27.3±1.5 27.0±3.0 0.291

Alcohol use (%) 9 (8.2) 5 (8.3) 0.973

Smoking (%) 35 (31.9) 30 (50) 0.020

HT (%) 78 (70.9) 33 (55) 0.037

SBP (mmHg) 146.5±22.1 116.3±10.1 <0.001

DBP (mmHg) 85.7±11.3 74.3±7.3 <0.001

Glucose (mg/dL) 139.3±63.0 90.5±15.6 <0.001

TC (mg/dL) 190.3±46.2 166.5±29.0 <0.001

TG (mg/dL) 155.4±106.8 100.7±43.5 <0.001

VLDL-C (mg/dL) 36.5±16.6 26.1±8.7 <0.001

LDL-C (mg/dL) 115.4±30.8 94.1±20.5 <0.001

HDL-C (mg/dL) 38.4±12.0 47.4±12.3 <0.001
M, male; F, female; BMI, body mass index; HT, hypertension; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglyceride; VLDL-C, very low 
density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol. 
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Table 2. The relationship of AIS and control groups with LDL subclasses 

Patients
 (n=110)

Controls
 (n=60) p

AIS subtypes
CI (n=40) LAA (n=40) LI (n=30)

LDL-1 (mg/dL) 34.6±10.6 33.8±8.1 0.602 32.7±9.8 36.2±10.4 34.8±12.0

LDL-2 (mg/dL) 24.9±10.1 15.6±9.5 <0.001 24.6±11.1* 24.4±9.2* 24.5±13.1*

LDL-3 (mg/dL) 5.5±6.7 2.3±3.3 <0.001 5.1±6.2* 4.8±5.7* 6.9±8.5*

LDL-4 (mg/dL) 0.9±2.9 0.04±0.2 0.011 0.9±3.3 0.9±3.1* 1.0±2.0*
LDL, low density lipoprotein; CI, cardioembolic infarct; LAA, large artery atherosclerosis; LI, lacunar infarct.
*p <0.05 versus control group

Figure 1. Distributions of LDL subclasses in patients with acute ischemic stroke and 
control group.

were significantly higher than in the control group (p=0.006, p=0.006 
respectively), but there was no significant difference in the CI subgroup 
in terms of LDL-4 (p=0.294). There was no relationship between AIS 
subtypes and the control group in terms of LDL-1 (Figure 2). There was 
also no significant difference when AIS subtypes were compared with 
each other in terms of LDL subclasses (Table 3).

We performed spearman correlation analysis to assess the correlations 
between LDL and its subclasses. We found positive correlations between 
LDL-C and LDL-1 (r=0.541, p<0.001) and also between LDL-2 (r=0.682, 
p<0.001), LDL-3 (r=0.484, p<0.001) and LDL-4 (r=0.347, p<0.001). When 
we assessed the correlation among LDL subtypes, we found a positive 
and significant relationship between LDL-2 and LDL-3 (r=0.811, p<0.001) 
and LDL-4 (r=0.399, p<0.001), and between LDL-3 and LDL-4 (r=0.571, 

Table 3. Comparison of AIS subtypes with each other in terms of LDL 
subclasses (p values)

CI-LAA
 (p value)

CI-LI
 (p value)

LAA-LI
 (p value)

LDL-1 0.097 0.556 0.573

LDL-2 0.927 0.873 0.789

LDL-3 0.815 0.971 0.857

LDL-4 0.195 0.183 0.722

LDL, low density lipoprotein; CI, cardioembolic infarct; LAA, large artery 
atherosclerosis; LI, lacunar infarct

Table 4. Correlation analysis of LDL-C and its subclasses
LDL-1 LDL-2 LDL-3 LDL-4

LDL-C
r=0.541
p<0.001

r=0.682
p<0.001

r=0.484
p<0.001

r=0.347
p<0.001

LDL-1
r=0.123
p=0.111

r=_0.186
p=0.015

r=_0.185
p=0.015

LDL-2
r=0.811
p<0.001

r=0.399
p<0.001

LDL-3
r=0.571
p<0.001

LDL, low density lipoprotein. 

Figure 2. Distributions of LDL subclasses 
in acute ischemic stroke subtypes and 
control group.

p<0.001). Conversely, there was a significant negative correlation 
between LDL-1 and LDL-3 (r=_0.186, p=0.015), and between LDL-1 and 
LDL-4 (r=_0.185, p=0.015) (Table 4).
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Table 5. Logistic regression analysis to assess possible clinical and laboratory variables independent associated with the presence of AIS

β SE Wald OR (95% CI) p

LDL-2 0.161 0.049 11.002 1.2 (1.1–1.3) 0.001

LDL-3 -0.356 0.135 6.915 0.7 (0.5–0.9) 0.009

LDL-4 2.175 0.769 7.995 8.8 (1.9–39.8) 0.005

Age 0.119 0.030 15.463 1.1 (1.1–1.2)  <0.001

β, β coefficient; SE, standart error; CI, confidence interval; OR, odds ratio; LDL, low density lipoprotein; VLDL-C, very low density lipoprotein cholesterol; DM, diabetes mellitus
Variables: LDL-C, LDL-1, LDL-2, LDL-3, LDL-4, VLDL-C, TC, TG, Age, BMI, Smoking, Alcohol use, HT, DM, Blood glucose. 

Finally, multivariate logistic regression analysis was performed to assess 
independent variables for developing AIS, including: LDL-C, LDL-1, LDL-
2, LDL-3, LDL-4, VLDL-C, TC, TG, age, BMI, smoking, alcohol use, HT, DM 
and blood glucose. LDL-2 (OR: 1.2, 95% CI: 1.1–1.3, p=0.001), LDL-3 (OR: 
0.7, 95% CI: 0.5–0.9, p=0.009), LDL-4 (OR: 8.8, 95% CI: 1.9–39.8, p=0.005) 
and age (OR: 1.1, 95% CI: 1.1–1.2, p<0.001) were independent predictors 
of AIS (Table 5).

DISCUSSION
AIS is common all over the world and is one of the leading causes of 
mortality (17). Various risk factors have been identified for AIS, and one 
of the most important risk factors is elevated plasma LDL-C. However, 
findings obtained in studies investigating the relationship between 
LDL-C and AIS differ from one other. While a positive relationship 
between LDL-C and AIS risk was detected in the Cardiovascular Health 
Study (18), in the Atherosclerosis Risk in Communities Study (19) and the 
Framingham Study (20) a definite relationship was not established. In 
addition, the relationship between LDL subclasses and AIS subtypes are 
not yet fully elucidated and data in this respect is limited. In this study, we 
found a significant relationship between LDL-C and AIS.

The atherogenic effect of LDL-C on major veins, coronary arteries, and 
peripheral arteries is well known (21). LDL-C is a heterogeneous particle 
and there are 7 different LDL subfractions detected by means of gel 
electrophoresis (22, 23). In several studies it has been stated that LDL 
particles penetrate the endothelium more easily and thus atherogenicity 
increases as particle size decreases (24, 25). Kwon et al. (8) showed that 
sd-LDL is independently associated with increased incidence of CAD, and 
may be a risk factor for CAD and acute coronary syndrome development, 
while Koba et al. (26) demonstrated that both sd-LDL particles and a high 
concentration of sd-LDL-C are potent risk factors for CAD. Rizzo et al. (9) 
also found that patients with PAD had particularly increased levels of sd-
LDL particles. Finally, Landray et al. (27) reported that smaller LDL particles 
are associated with risk for development of carotid atherosclerosis.

Although the relationship of LDL subclasses with CAD and PAD has been 
well studied, the number of studies examining the relationship between 
LDL subclasses and AIS subtypes are limited. LDL-2, LDL-3, and LDL-4 were 
found to be significantly higher in AIS patients than the control group in 
our study. In addition, LDL-2, LDL-3, and LDL-4 were significantly higher 
in LAA and LI subgroups compared to the control group. While LDL-2 
and LDL-3 were higher in the CI group than the control group, there was 
no difference in terms of LDL-4 level. Zeljkovic et al. (11) investigated LDL 
subclasses in AIS and they found that AIS patients had significantly more 
sd-LDL, but less LDL-1 and 2 particles. The most important difference 
between this study and ours is that the LDL-2 subclass was also found to 
be significantly higher in AIS patients. The probable reason may be the 
exclusion of AIS patients with undetermined etiology or with etiologies 
from other causes in our study. On the basis of pathogenesis, we included 
3 main types of AIS since the relationship between AIS subtypes and 
LDL subclasses was shown more clearly. To our knowledge, our study 
is the first prospective study investigating the AIS subtypes and their 
association with atherosclerosis in terms of LDL subclasses, as well as the 
relationships between each subclass and the control group.

While some studies in the literature have shown a significant relationship 
between LDL-C and CI (28, 29), others have not (21, 30), the probable 
reason of this may be atrial fibrillation (AF) being a major cause of 
embolism in the CI subgroup (31). In our study, this relationship was 
examined at the level of LDL subtypes and there was no difference 
between CI and the control group in terms of LDL-1 and LDL-4, but the 
LDL-2 and LDL-3 subtypes were significantly higher in the CI group. These 
contradictory findings may arise since the majority of patients (21 of 40 
patients) included in our study had AF or because the overall number of 
patients in each group was relatively small.

In this study the correlation of LDL subclasses among each other was 
assessed. While there was a negative correlation between LDL-1 and 
LDL-3 and between LDL-1 and LDL-4, there was a positive correlation 
between LDL-2 and LDL-3 and between LDL-2 and LDL-4. These findings 
suggest the atherogenicity of LDL-2 might be also higher. Indeed, the 
fact that we found LDL-2 subclasses significantly higher in AIS patients 
supports that the atherogenicity of LDL-2 might be also higher. When we 
assessed the effect of lipid parameters in AIS development with logistic 
regression analysis similar results were obtained. LDL-2 was shown to be a 
probable independent risk factor in AIS development. Furthermore, LDL-
3 and LDL-4 were significant independent predictor of AIS development. 
Our findings suggest that measuring only plasma LDL level while ignoring 
subclasses may be insufficient for the comprehensive management 
of AIS. Although significant results were obtained in our study, further 
studies with larger sample sizes are needed to elucidate the potential role 
of LDL subclasses, especially LDL-2, in AIS development.

We tried to ensure patient and control groups had similar patient 
characteristics. However, the control and patient groups were not 
similar in terms of age since individuals included in the control group 
were chosen as healthy controls. Nevertheless, constituting an aged-
matched control group could be more appropriate, since incidence of 
AIS increases by age.

In conclusion, LDL-2, LDL-3 and LDL-4 are independent predictors of 
AIS development. Therefore, measurement of LDL subclasses should be 
considered in addition to LDL-C measurement in AIS patients. This may 
provide additional contribution to the assessment and management of 
AIS. These findings should be supported by further large studies. 
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