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Abstract:

Ischemia-modified albumin (IMA) is considered to be a novel biochemical marker for ischemic and atherosclerotic conditions. This
study aimed to investigate the influence of ezetimibe monotherapy on circulating IMA levels in hypercholesterolemic patients. A to-
tal of 31 patients (mean age 65.7 years) received 10 mg of ezetimibe daily during a 12-week treatment period. The levels of low-
density lipoprotein cholesterol and IMA were significantly reduced after ezetimibe treatment. The adjusted regression analyses re-
vealed that the changes in the IMA levels were not significantly correlated with those of the other atherosclerotic risk markers, such
as body mass index, blood pressure, glucose and lipid panels. The significant reduction of the IMA levels following ezetimibe treat-
ment, which was independent of the reduction of low-density lipoprotein cholesterol levels, suggests that ezetimibe may improve the

oxidative stress burden in hypercholesterolemic patients.
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Introduction

Atherosclerosis, a chronic pathology involving me-
dium and large arteries, is a serious health issue that
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stems from complex interactions between genetic and
environmental risk factors, including hypercholes-
terolemia [16]. The atherosclerotic process is usually
accompanied by oxidative stress, which results in the
damage of biomolecules by reactive oxygen species
[16]. The capacity of albumin to bind various ligands,
including toxic molecules, acts as a buffering factor to
maintain health [11]. The N-terminal region (the as-
partyl-alanyl-histidyl-lysine sequence) of albumin is
a specific binding site for transitional metals (i.e., co-
balt, copper and nickel), and albumin is converted to
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ischemia-modified albumin (IMA) in the circulation
by a reduction of the metal binding capacity of the al-
bumin N-terminus under certain pathological condi-
tions, such as localized oxidative stress produced in
the environment of an atheroma plaque [11]. Thus,
IMA is currently considered to be a novel biochemical
marker of atherosclerosis-induced ischemia in vivo
[11]. Interestingly, higher IMA levels have not only
been reported in patients with acute coronary syn-
dromes, but they have also been measured in patients
without an acute coronary episode who have athero-
sclerotic risk factors, such as hypercholesterolemia
[6]. In addition, although very few reports exist, IMA
levels have been shown to predict cardiac outcomes
or mortality in patients with myocardial infarction or
renal failure [12, 15].

Ezetimibe, a new-concept agent, is a selective in-
hibitor of intestinal cholesterol transport that sup-
presses the absorption of dietary and biliary choles-
terol via the Niemann-Pick Cl-like 1 enterocyte re-
ceptor, thereby reducing circulating concentrations of
low-density lipoprotein cholesterol (LDL-C) [3, 9].
Although little is known about whether ezetimibe re-
duces oxidative stress, recent studies using oxidative
stress-related markers of lipids, lipoproteins and pro-
teins (i.e., oxidized low-density lipoproteins, protein
carbonyl and 8-isoprostane) have indicated that this
agent may improve oxidative stress environments [13,
14]. Thus, exploring a putative association between
ezetimibe treatment and IMA levels is of interest. The
aim of the present study was to investigate the influ-
ence of ezetimibe treatment on the circulating levels
of IMA and other atherosclerotic risk factors exam-
ined in daily practice in patients with hypercholes-
terolemia.

Subjects and Methods

The study included 31 hypercholesterolemic patients
with serum LDL-C concentrations < 3.64 mmol/l
(male/female = 13/18; mean age = 65.7 + 5.6 years)
who received 10 mg of ezetimibe daily during a 12-
week treatment period. These patients had no history
of cardiovascular, thyroid, kidney or liver diseases,
and they did not receive any other lipid-lowering
agents. Although 15 patients were receiving anti-
hypertensive agents and 13 patients were current
smokers, the prescriptions were unaltered and smok-

ing was continued during the treatment period. The
study was approved by the institutional ethics com-
mittee, and each subject gave informed consent.

After an overnight fast in both the pre- and post-
treatment phases of this study, standard atheroscle-
rotic risk markers were measured, such as body mass
index (BMI), mean blood pressure (MBP, as calcu-
lated according to the following equation: diastolic
blood pressure plus [systolic blood pressure minus
diastolic blood pressure]/3) and plasma glucose and
serum lipid levels (LDL-C, triglycerides [TG] and
high-density lipoprotein cholesterol [HDL-C]). The
glucose and lipid levels were measured by standard
enzymatic methods. In addition, serum IMA levels
were measured by the decrease in cobalt 2” binding,
according to previously published methods [2, 6].
Briefly, we added 100 pl of the whole serum sample
to 25 pul of a solution of 1 g/l cobalt chloride. After
agitation and a 10-min incubation at 25°C, dithio-
threitol (25 pl of a 1.5 g/l solution) was added. The
absorbance of the mixture was read at 470 nm, and
IMA was expressed as the delta absorbance in arbi-
trary units between the individual control (without
dithiothreitol) and reaction samples. The intra-assay
CV was 5.0% at a mean absorbance of 0.51 units.

The data are expressed as the mean =+ standard
deviation or the median plus the interquartile range.
A paired t-test was used to compare the pre- and
post-treatment levels of the respective markers. Sim-
ple (Pearson’s correlation) and multiple linear regres-
sion analyses, controlled for age, gender, smoking and
all of the measured markers, were used to determine
the correlations between the changes in the respective
marker levels (A: post-treatment data minus pre-treat-
ment data). The TG values were log-transformed be-
cause of the skewed distribution. P < 0.05 was consid-
ered significant.

Results

During the treatment period, the levels of IMA and
LDL-C were significantly reduced, and there were
small changes in the other atherosclerotic risk
markers (Tab. 1).

A simple correlation analysis revealed that the
AIMA levels were not significantly correlated with
those of the other atherosclerotic risk markers
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Tab. 1. Comparison of the measured markers pre- and post-treatment

Markers Pre-treatment levels Post-treatment levels p-value
Body mass index, kg/m? 255+34 254+£32 0.688
Mean blood pressure, mmHg 941+114 925+117 0.341
LDL cholesterol, mmol/I 3.98+0.58 3.18+0.56 <0.0001**
HDL cholesterol, mmol/I 1.40+0.38 1.39+0.38 0.616
Triglycerides, mmol/I 1.49 (1.23-1.97) 1.32 (1.16-1.91) 0.087
Fasting plasma glucose, mmol/I 6.3+0.6 63+17 0.995
IMA, units 0.57 £0.52 0.55+0.62 0.036™

LDL: low-density lipoprotein, HDL: high-density lipoprotein, IMA: ischemia-modified albumin. The data are shown as the mean + standard
deviation or the median (interquartile range). A paired-t test was used to measure the changes in the respective markers. Significance level:

*pP <005 " p<0.01

(r-coefficient (p-value)): ABMI 0.001 (0.998), AMBP
0.266 (0.147), ALDL-C —0.104 (0.577), AHDL-C —0.106
(0.572), ATG —0.100 (0.592) and Aglucose 0.147 (0.429).
A multiple linear regression analysis also failed to
show significant correlations between the AIMA
levels and those of the other markers (B-coefficient
(p-value)): ABMI 0.152 (0.484), AMBP 0.213 (0.299),
ALDL-C —0.062 (0.786), AHDL-C —0.178 (0.449),
ATG -0.219 (0.332) and Aglucose —0.039 (0.877).

Discussion

The present study demonstrated, for the first time,
a significant reduction of the IMA levels of hypercho-
lesterolemic patients during ezetimibe treatment. Tak-
ing into account the fact that increased IMA levels are
a surrogate marker for atherosclerosis/ischemia-
mediated damage of biomolecules in vivo [6, 11, 12,
15], the present finding suggesting that ezetimibe may
reduce this oxidative pathway in an atherosclerosis-
prone population is notable. In addition, because in-
tervention studies on ezetimibe ‘mono’ therapy are
limited, and the IMA-ezetimibe association had not
been previously examined, the present data are novel
and deserve further exploration.

Our finding may be in agreement with recent stud-
ies examining other oxidative stress-related markers
that suggest that ezetimibe decreases the impact of
oxidative pathways [13, 14]. Although the precise
mechanisms of this phenomenon remain unclear,
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there are some possible explanations. Remnant lipo-
proteins are associated with oxidative conditions [4,
8, 10], and ezetimibe reduces the generation of rem-
nant lipoproteins by suppressing intestinal lipid trans-
port and/or hepatic production of remnant lipopro-
teins [3, 5, 7, 9]. Furthermore, oxidized low-density
lipoproteins are associated with oxidative stress con-
ditions [10], and ezetimibe can reduce the levels of
oxidized low-density lipoproteins [13, 14]. The mo-
dulation of oxidative environments by ezetimibe may
be a causative link in the observed reduction of IMA
levels; however, this requires further exploration.
A role for high-density lipoproteins in the antioxidant
effect of ezetimibe has also been proposed [1]. In the
present study, ezetimibe treatment significantly re-
duced the LDL-C levels; however, there was only
a weak correlation between the change in the IMA
concentration and the standard atherosclerotic risk
markers, including LDL-C and HDL-C. Because eze-
timibe can have pleiotropic effects, further investiga-
tions are required to ascertain which biological
mechanisms are affected by the present findings.

The effects of ezetimibe in clinical scenarios of
cardiovascular disease remain to be sufficiently estab-
lished, as compared to other lipid-lowering agents,
such as statins. Similar studies observing IMA
changes under statin treatment may provide relevant
information; therefore, future research in this area is
required. In addition, there are some limitations to this
study. Even though this was a prospective study,
a randomized-controlled design was not employed,
and there were no control subjects who did not re-
ceive ezetimibe. The number of patients enrolled in
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this study was relatively small, and the treatment pe-
riod was relatively short. Unfortunately, we did not
measure the patients’ total serum albumin concentra-
tions; however, our patients did not have any nutri-
tional deficiencies or thyroid, kidney, liver or renal
diseases. Therefore, large shifts in albumin concentra-
tions were not expected, and in previous studies, bar-
ring the aforementioned conditions, IMA has been
shown to be a biomarker of ischemia irrespective of
the total albumin concentrations [6, 11, 15].

Conclusions

In summary, there was a significant reduction of cir-
culating IMA levels in hypercholesterolemic patients
after ezetimibe treatment. While the present study
provides insight into daily lipid management in hy-
percholesterolemic patients, more studies are neces-
sary to confirm the clinical relevance of the present
findings and to verify the mechanisms underlying the
relationship between ezetimibe and circulating IMA
levels.
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