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Oxidized low-density lipoprotein cholesterol (Ox-LDL) is considered to play a critical 
role in the pathogenesis of atherosclerosis. We investigated the role of malondialdehyde-
modified LDL (MDA-LDL), an indicator of Ox-LDL, in cerebral infarction. We also 
investigated the relationship between MDA-LDL and atherosclerotic change of the 
carotid artery. Subjects were 30 patients with lacunar infarction (LA), 19 patients with 
atherothrombotic infarction (AT) and 48 controls. Carotid arteries were evaluated with 
B-mode Doppler ultrasonography. The intima-media thickness (IMT) was considered to 
be increased if its value was more than 1.1 mm. The level of MDA-LDL concentration was 
significantly (P＜0.05) elevated in AT patients (129.96±27.88 U/l) than in LA patients 
(99.35±34.06 U/l) and controls (97.65±32.61 U/l). Among AT patients, plasma level of 
MDA-LDL concentration was statistically significantly elevated in the group with in-
creased IMT (139.7±24.5 U/l) than in the group without increased IMT (102.7±17.2 U/l). 
No statistically significant difference was found among LA patients. However, there 
was no difference in LDL-C concentration between the patients with and without IMT 
thickening among LA or AT patients. The concentration of MDA-LDL was significantly 
decreased (P＜0.05) after statin administration for 5-6 months. MDA-LDL, namely de-
graded or qualitatively changed LDL-C, appears to be related to atherosclerotic change 
of the carotid artery in AT patients.
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INTRODUCTION

Ox-LDL is considered to play a critical 
role in the pathogenesis of arteriosclerosis [6, 
11-13, 17]. Malondialdehyde-modified LDL 
(MDA-LDL) is measured as an indicator 
of ox-LDL, for which a direct assay system 
was recently established. MDA-LDL has 
been suggested to be a useful indicator for 
the identification of patients with coronary 
artery disease [2, 3, 10, 15, 16], but its role 
in cerebrovascular diseases is not fully 
understood. We examined the level of MDA-
LDL in patients with lacunar infarction (LA) 
and atherothrombotic infarction (AT). We 
also investigated the relationship between 

Tokai J Exp Clin Med., Vol. 30, No. 3, pp. 171-176, 2005

MDA-LDL and atherosclerotic change of the 
carotid artery, using B-mode ultrasonography, 
in patients with cerebral infarction.

MATERIALS AND METHODS

Subjects
Informed consent was obtained before 

starting of this study.
We studied 30 patients with LA (male 17, 

female 13, age 68±11 y/o), 19 patients with 
AT (male 11, female 8, age 74±10 y/o), and 
48 controls without any type of stroke (male 
18, female 30, age 69±12 y/o). All of them 
had visited Tokai University Oiso Hospital 
from 2001 to 2002. 
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Evaluation of Carotid Artery
IMT of the common carot id ar tery 

was  examined with  B -mode Doppler 
ultrasonography (GE Yokokawa, LOGIQ700, 
l inear  7 .5 -M Hz t ransducer) ,  and the 
measurement was taken at the most thickened 
part of the distal wall. IMT of the carotid 
artery increases with aging, but never rises 
above 1.0 mm in normal Japanese adults. 
The presence of increased IMT (thickening) 
in the carotid artery has been defined as a 
thickness of more than 1.1 mm [7].

Measurement of MDA-LDL
MDA-LDL was measured with the enzyme-

linked immunosorbent assay (EL ISA) 
developed by Kotani et al. [8, 9] . Briefly, 
the monoclonal antibody against MDA-
LDL, ML25, recognizes MDA-LDL as well 
as MDA-modified proteins in a solid-phase 
competitive enzyme immunoassay. Therefore, 
to detect MDA-LDL specifically, ML25 was 
combined with apoB-specifi c antibody (AB16) 
as the second antibody. In the sera of healthy 
individuals the concentration of MDA-
LDL ranged from 20 -80 units/l when the 
absorbance obtained with artifi cially prepared 
MDA-LDL at the concentration of 1 mg/l 
was defi ned as 1 unit/l.

Statin treatment
10 mg statin (pravastatin sodium)/day was 

administrated. Durations of administration 
were 5.1±2.0 months for LA patients and 6.6
± 3.1 months for AT patients.

RESULTS

Concerning the concentration of LDL-C, 
there was no statistically signifi cant difference 
among the LA patients (121.4±24.7 U/l), 
AT patients (134.1±25.6 U/l) and controls 
(128 .6±26 .6 U/l) (Fig. 1) . However, the 
concentration of MDA-LDL was signifi cantly 
(P＜0.05) elevated in AT patients (130.0±
27.9 U/l) than in LA patients (99.4±34.1 U/l) 
and controls (97.7±32.6 U/l) (Fig. 2).

Among LA and AT patients, there was 
no difference in LDL-C concentration (Fig. 
3) or MDA-LDL concentration (Fig. 4) 
between those with and without increased 
IMT. Among AT patients, MDA-LDL was 
statistically signifi cantly elevated in the group 
with IMT thickening (139.7±24.5 U/l) versus 
the group without IMT thickening (102.7±
17.2 U/l) (Fig. 5). No statistically significant 

difference was found among LA patients 
(101.8±38.9 U/l vs. 96.2±27.7 U/l) (Fig. 6). 

Plasma level of MDA-LDL concentration 
was statistically significantly decreased (P
＜0 .05) after statin (pravastatin sodium) 
administration. Before administration of 
statin, the concentrations of MDA-LDL were 
98.5±40.4 U/l in LA patients and 141.9±
37.2 U/l in AT patients. After administration 
of statin they were decreased to 80.9±30.1 
U/l and to 112.1±27.1 U/l, respectively (Figs. 
7 and 8).

DISCUSSION

MDA-LDL is considered to play a critical 
role in the pathogenesis of atherosclerosis. 
The relationship between MDA-LDL and 
atherosclerotic disease has mainly been studied 
in relation to coronary artery disease, and 
little work has been done in the case cerebral 
infarction. Oxidized LDL is known to be 
present in atherosclerotic lesions of rabbit and 
man [18]. Holvoet et al. reported that uptake 
of MDA-LDL by macrophages resulted in 
foam cell generation, and that an elevated 
plasma level of MDA-LDL is associated with 
plaque instability [4, 5] . They concluded 
that oxidized LDL is a useful marker for 
identifying patients with coronary artery 
disease [3]. Our results also show that MDA-
LDL is more elevated in AT patients than in 
the LA patients. However, in neither case was 
there any relationship between increased IMT 
of the carotid artery and the concentration of 
LDL-C or MDA-LDL. For patients with AT 
infarction only, the concentration of MDA-
LDL was elevated in patients with increased 
IMT. This may suggest that AT has a stronger 
relationship to atherosclerosis than does 
LA, and MDA-LDL might be available as 
a marker for atherosclerosis of the carotid 
artery in patients with AT infarction. 

Statin decreased the concentration of 
MDA-LDL . Tamura et al . reported that 
in hypercholesterolemic patients, 8 -week 
treatment with atorvastatin or pravastatin 
produced significant reductions in LDL-C 
and MDA-LDL concentrations, with a 
significant increase of HDL-C concentration 
[14]. Bujoh et al. reported that in patients 
with hyperlipidemia who are taking statin, 
IMT and the concentration of plasma MDA-
LDL were correlated (r＝0.41, P＜0.01), so the 
concentration of MDA-LDL may be related to 
the progression of thickening of the carotid 
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Fig. 1   Plasma LDL-C level in the 3 groups of LA (lacunar infarction), 
AT (atherothrombotic infarction) and control

Fig. 2   MDA-LDL level in the 3 groups of LA (lacunar infarction), AT 
(atherothrombotic infarction) and control

Fig. 3Fig. 3   Correlation between IMT and LDL-C (lacunar infarction and 
atherothrombotic infarction)
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Fig. 4   Correlation between IMT and MDA-LDL (lacunar infarction and 
atherothrombotic infarction)

Fig. 5   Correlation between IMT and MDA-LDL (atherothrombotic 
infarction)

Fig. 6Fig. 6  Correlation between IMT and MDA-LDL (lacunar infarction)
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Fig. 7   Plasma level of MDA-LDL after statin treatment (lacunar 
infarction, N＝10)

Fig. 8   Plasma level of MDA-LDL after statin treatment (athero-
thrombotic infarction, N＝17)

artery wall [1]. MDA-LDL, namely degraded 
or qualitatively changed LDL-C, thus appears 
to be related to atherosclerotic change of the 
carotid artery in AT patients. In this study, 
the duration of statin treatment was just 5-6 
months, and in order to evaluate fully the 
relationship between statin treatment and 
MDA-LDL concentration, further studies with 
larger populations and longer administration 
times will be needed.
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