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Abstract Ezetimibe effectively reduces low-density lipo-

protein cholesterol (LDL-C). In this study, we tested the

hypothesis that ezetimibe monotherapy may also decrease

markers of oxidative stress in subjects with hypercholester-

olemia. Subjects with hypercholesterolemia and no evidence

of cardiovascular disease were randomly allocated to open-

label ezetimibe monotherapy 10 mg/day (EZT group) or

therapeutic lifestyle changes (TLC group). At baseline and

12 weeks post-treatment serum lipoprotein and apolipo-

protein levels as well as oxidative stress parameters,

including oxidized LDL (ox-LDL), 8-isoprostanes (8-epi-

PGF2a) and reactive oxygen metabolites (d-ROMs) levels,

were blindly determined. A total of 60 patients were inclu-

ded; 30 in each group. Despite a significant decrease in

ox-LDL levels (by 20.8%, p \ 0.001 vs. baseline; p \ 0.001

vs. TLC group) in the EZT group no change in the ratio

ox-LDL to LDL-C was noticed following ezetimibe treat-

ment. No significant change in 8-epiPGF2a and d-ROMs

levels was observed in the EZT group. Of note, a significant

decrease in 8-epiPGF2a and d-ROMs levels (by 20.4% and

18.2%, respectively, p \ 0.01 vs. baseline for both), was

noted among patients in the EZT group who exhibited ‘high

oxidative stress’ at baseline. No change in any of oxidative

stress parameters was noted in the TLC group. Ezetimibe

may decrease markers of oxidative stress in hypercholes-

terolemic subjects. This benefit may be more profound

among patients who exhibit ‘high oxidative stress’ at

baseline.
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Abbreviations

ANCOVA Analysis of covariance

Apo Apolipoprotein

d-ROMs Reactive oxygen metabolites

EZT Ezetimibe

HDL-C High-density lipoprotein cholesterol

HOMA Homeostasis model assessment

LDL-C Low-density lipoprotein cholesterol

NCEP National Cholesterol Education Program

Ox-LDL Oxidized low-density lipoprotein

RISCC Ratio of ingested saturated fat and

cholesterol to calories

TC Total cholesterol

TAG Triacylglycerol

TLC Therapeutic lifestyle changes

8-epiPGF2a 8-Isoprostane

Introduction

Lowering levels of low-density lipoprotein cholesterol

(LDL-C) plays an important role in cardiovascular disease

prevention and comprises the main target of hypolipidemic

therapy [1]. Statins are considered the most effective drugs

in terms of improving serum lipid profile [2]. Treatment

with statins has been associated with improved outcomes
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either in the primary or the secondary prevention of

cardiovascular disease [3]. This benefit has been attrib-

uted not only to the lipid-lowering potency, but also

to various pleiotropic anti-atherosclerotic properties of

these drugs (namely anti-inflammatory, anti-oxidative and

anti-thrombotic) [4].

Ezetimibe potently inhibits the intestinal absorption of

cholesterol from dietary and biliary sources by blocking the

Niemann–Pick C1-like 1 protein for cholesterol transport

[5]. Clinical studies showed that ezetimibe either as

monotherapy or in combination with statins decreases

LDL-C levels and beneficially modifies serum lipid profile

[6, 7]. However, there is a lack of convincing evidence that

ezetimibe may prevent cardiovascular disease [8–11]. It

also remains questionable whether ezetimibe shares some

of the pleiotropic properties of statins [12].

Oxidative stress, mostly by giving rise to endothelial

dysfunction and pro-inflammatory processes, plays a major

role in atherogenesis [13]. Several biomarkers, including

oxidized LDL (ox-LDL), 8-isoprostane (8-epiPGF2a) and

reactive oxygen metabolites (d-ROMs), are useful for the

assessment of oxidative stress in clinical practice [14].

Hyperlipidemia and increased oxidative stress often coexist

and their combined unfavorable effects may result in

increased atherogenicity [13].

To date, limited data suggest that ezetimibe may reduce

various markers of oxidative stress [15–17]. As with other

possible pleiotropic actions, it remains unclear whether these

effects are associated with the LDL-C lowering capacity of

this drug. In the present study, we sought to investigate the

effects of ezetimibe monotherapy on serum markers of oxi-

dative stress in subjects with primary hypercholesterolemia.

Materials and Methods

Study Population

Subjects with mild-to-moderate hypercholesterolemia

consecutively attending the Outpatient Lipid Clinic of the

University Hospital of Ioannina, Ioannina, Greece, were

included in the present study. Exclusion criteria consisted

of: (1) age \18 years, (2) coronary heart disease (unstable

angina, acute myocardial infarction, coronary artery bypass

graft, or percutaneous transluminal coronary angioplasty

within the last 3 months), (3) type 2 diabetes [fasting blood

glucose [126 mg/dL (6.93 mmol/L)], (4) renal function

impairment as defined by serum creatinine levels higher

than 1.8 mg/dL (158.4 lmol/L) and/or total protein urinary

(UTpr) excretion [150 mg/24 h, (5) liver disease (as

defined by alanine and/or aspartate aminotransferase lev-

els [3 times the upper limit of normal in more than two

consecutive measurements), (6) raised thyroid-stimulating

hormone (TSH) levels ([5 IU/mL), (7) childbearing

potential for women, (8) psychiatric disease with defects in

judgement, (9) known allergic reaction to ezetimibe, (10)

heavy alcohol consumption ([3 drinks per day) or (11)

lipid-lowering therapy (including statins, fibric acid

derivatives, nicotinic acid, cholestyramine, or x-3 fatty

acids) or other treatment that could possibly affect lipid

metabolism, renal or hepatic function, as well as parame-

ters examined in this study.

After a 6 week dietary lead-in, eligible patients were

randomly allocated to receive either open-label ezetimibe

10 mg/day (EZT group) or continue therapeutic lifestyle

changes (TLC group). Compliance with study medication

was assessed at week 12 with questionnaires and pill count;

patients were considered compliant if they took 80–100%

of the prescribed number of tablets. All patients gave

written informed consent and the study protocol was

approved by the Institutional Ethics Committee.

In order to validate the measurements of oxidative stress

markers and distinguish patients with ‘high oxidative stress’

at baseline, we evaluated a ‘control group’ of 30 subjects

who were selected among volunteers attending a Primary

Care Family Screening Program. The same exclusion criteria

were applied to the control group.

Clinical Evaluation

At baseline as well as 12 weeks post-treatment body

weight and height measurements were performed in every

individual to calculate body mass index [BMI = body

weight (in kilograms)/height (in m2)]. Waist circumfer-

ence and blood pressure measurements were also

obtained. A food record rating score was calculated from

3-day diaries kept by participants to assess compliance to

dietary intervention throughout the study. The mean total

daily intake of energy, carbohydrates, protein, fat, satu-

rated fat, and cholesterol was calculated from these dia-

ries by a modified Nutritionist V diet analysis (First

Databank, San Bruno, CA, USA), which was amended to

include traditional Greek recipes. From these data, the

dietary RISCC (ratio of ingested saturated fat and cho-

lesterol to calories) rating was determined [18]. The

RISCC rating condenses the saturated fat, cholesterol, and

energy intakes into one value, which summarizes the

serum lipoprotein-raising potential of a diet [18]. For

example, the RISCC rating of a typical diet (fat intake of

35–40% of total energy) is between 24 and 28. All par-

ticipants were instructed to keep a dietary pattern similar

to that of the NCEP (National Cholesterol Education

Program) Step I diet, which is characterized by a reduced

fat intake scoring from 13 to 18[19]. Stability in RISCC

ratings over time provides evidence for stability of

background dietary patterns.
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Laboratory Investigations

Blood samples were obtained at baseline and after

12 weeks following a 12-h overnight fast to determine

serum lipid and non-lipid metabolic parameters as well as

oxidative stress markers. All samples were blindly assessed

with regard to treatment allocation.

Non-Lipid Metabolic Parameters

Serum glucose, insulin, creatinine, creatine kinase, amino-

transferases, and thyroid function tests were performed

shortly after blood sampling by use of conventional methods.

The Homeostasis Model Assessment (HOMA) a marker of

insulin resistance (IR) [HOMAIR = insulin (lU/mL) 9

glucose (mg/dL)/405] was also assessed.

Lipid Determinations

Measurements of serum lipids [total cholesterol (TC),

triacylglycerols (TAG) and high-density lipoprotein cho-

lesterol (HDL-C)] were performed shortly after blood

sampling. The concentrations of TC and TAG were

determined enzymatically on the Olympus AU 600 clinical

chemistry analyzer (Olympus Diagnostica, Hamburg,

Germany). HDL-C was determined by a direct assay

(Olympus Diagnostica, Hamburg, Germany). LDL-C was

calculated using the Friedewald formula.

For the determination of apolipoprotein (apo) variables,

samples were frozen and stored at -80 �C, and all samples

were analyzed in the same run at the end of the study.

ApoA1, apoB, apoE and Lp(a) were measured with a

Behring Nephelometer BN100, and reagents (antibodies

and calibrators) from Dade Behring Holding GmbH

(Liederbach, Germany). The apoA1 and apoB assays were

calibrated according to the International Federation of

Clinical Chemistry (IFCC) standards.

Oxidative Stress Markers

To assess oxidative stress, serum levels of 8-epiPGF2a,

ox-LDL and d-ROMs were measured. Serum levels of

8-epiPGF2a were determined by means of a competitive

ELISA using a commercially available kit (Cayman Chemi-

cals, Ann Arbor, MI, USA), as previously described [20]. This

method has a specificity of 100% for 8-epiPGF2a, while

having minimal cross-reactivity with other compounds,

mostly 8-isoPGF3a. Concentrations of ox-LDL were

assayed with the noncompetitive immunoassay (Mercodia

AB, Uppsala, Sweden), which uses an antibody (4E6) that

was obtained after immunization of mice with copper-

oxidized LDL [21, 22]. As a measure of the equilibrium

between free radical production and antioxidant defense,

serum levels of d-ROMs were determined using a com-

mercial kit (d-ROMs test Diacron International, Grosseto,

Italy) on a Free Radical Analytical System (FRAS 4,

Diacron, Grosseto, Italy) [23–25]. The reactive oxygen

metabolites, primarily hydroperoxides are able to generate

alkoxyl and peroxyl radicals in the presence of iron

released from plasma proteins by an acidic buffer in

accordance to the Fenton’s reaction. Such radicals are, in

turn, able to oxidize an alkyl-substituted aromatic amine

(N,N-diethyl-para-phenylendiamine) to the corresponding

radical cation, which can be quantified spectrophotomet-

rically at 505 nm. The concentration of d-ROMs is posi-

tively directly correlated with color intensity and is

expressed as Carratelli Units (1 CARR U = 0.08 mg

hydrogen peroxide/dL). In normal subjects carr U values

range from 250 to 300 [23, 24].

Statistical Analysis

It was estimated that a sample size of 54 would give a 95%

power to detect a 15% difference in the reduction of

8-epiPGF2a between the 2 groups at an alpha of 0.05. We

included 60 patients allowing for a drop-out rate of *10%.

Preliminary analysis was performed to ensure no vio-

lation of the assumptions of linearity and normality. The

Shapiro–Wilk test was used to evaluate whether each

parameter followed a Gaussian distribution. Values are

expressed as mean ± standard deviation (SD) and median

(range) for normally and non-normally distributed vari-

ables, respectively. In-group comparisons of continuous

variable values prior to and post-treatment were performed

by a paired two-tailed Student’s test for parametric vari-

ables and Wilcoxon’s ranks test for non-parametric dis-

tributed ones.

Relationships between variables were assessed by the

Pearson’s and Spearman correlations coefficients for

parametric and non-parametric variables, respectively.

Analysis of covariance (ANCOVA), adjusted for baseline

values, was used for comparisons between treatment

groups. Logarithmic transformations were performed for

non-parametric variables. All comparisons were also held

into subgroups of hypercholesterolemic patients either

exhibiting ‘high oxidative stress’ or ‘normal oxidative

status’ at baseline. In hypercholesterolemic patients, ‘high

oxidative stress’ was defined as levels of 8-epiPGF2a equal

or greater than the mean value of 8-epiPGF2a plus a

standard deviation in controls.

Differences were considered significant at a value of

p \ 0.05. All analyses were carried out with SPSS 16.0

(SPSS Inc, Chicago, IL, USA).
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Results

Demographics

A total of 60 subjects were enrolled, 30 in the EZT group

and 30 in the TLC group. The demographic, clinical and

laboratory characteristics of the study population are

shown in Table 1. No differences between the EZT and

TLC group were recorded with regard to baseline clinical

and laboratory parameters.

Safety and Compliance

All patients completed the study protocol without any

withdrawals. Small elevations of aminotransferase activi-

ties (\3 times the upper limit of normal) were observed

in two patients in the EZT group and of creatine kinase

(\5 times the upper limit of normal) in one patient in the

same group. Enzyme activities returned to normal with

continuing treatment in all cases. Mean compliance was

above 90% during the study period.

Clinical Evaluation

No alterations in clinical parameters, including BMI, waist

circumference and blood pressure were noted in either

group. Likewise, RISCC scores remained unchanged at the

end of the follow-up in both treatment arms (data not

shown).

Changes in Lipids and Apolipoproteins (Table 1)

TC and LDL-C levels were reduced by 13.2 and 18.1%,

respectively, following ezetimibe treatment (p \ 0.001 vs.

baseline and p \ 0.001 vs. TLC group for both compari-

sons) (Table 1). No significant change with regard to

HDL-C and TAG levels was observed in the EZT group.

A decrease in non-HDL-C levels by 14.5% was recorded

(p \ 0.001 vs. baseline and p \ 0.05 vs. TLC group) in the

EZT group (Table 1). None of these variables was signif-

icantly altered from baseline in the TLC group. Ezetimibe

induced significant reductions in apoB and apoE levels by

16.5% (p \ 0.001 vs. baseline and p \ 0.01 vs. TLC

Table 1 Baseline demographic, clinical and laboratory parameters of the study population as well as changes in these parameters at the end of

the 12-week follow-up

Variable Ezetimibe group (N = 30) TLC group (N = 30) Controls (N = 30)

Baseline Week 12 Change % Baseline Week 12 Change % Baseline

Age (Years) 59 ± 9 – 56 ± 10 – 53 ± 10

Gender, male (%) 13 (43) – 14 (47) – 15 (50)

Current smokers (%) 8 (27) 8 (27) 0.0 9 (30) 9 (30) 0.0 9 (30)

TC (mg/dL) 258 ± 56 224 ± 49 -13.2***,� 247 ± 38 238 ± 22 -4.1 202 ± 32

TAG (mg/dL) 144 (50–373) 139 (48–284) -4.1 137 (74–281) 131 (58–301) -3.9 80 (45–169)

HDL-C (mg/dL) 60 ± 14 58 ± 13 -3.3 59 ± 14 59 ± 10 -0.4 51 ± 9

LDL-C (mg/dL) 169 ± 43 138 ± 36 -18.1***,� 163 ± 32 158 ± 27 -3.1 136 ± 26

Non-HDL-C (mg/dL) 197 ± 46 169 ± 40 -14.5***,� 191 ± 51 187 ± 38 -2.3 147 ± 31

ApoA1 (mg/dL) 167 ± 23 157 ± 18 -6.1 162 ± 19 158 ± 24 -2.1 152 ± 22

ApoB (mg/dL) 125 ± 37 105 ± 41 -16.5***,� 120 ± 28 114 ± 32 -5.5 89 ± 17

ApoE (mg/L) 46 (24–138) 38 (21–115) -15.4*,� 51 (20–112) 43 (32–100) -7.2 24 (10–52)

Ox-LDL (U/L) 108 ± 25} 86 ± 25 -20.8***,� 103 ± 32} 96 ± 27 -5.7 42 ± 15

8-epiPGF2a (pg/mL) 71 (30–273)} 61 (43–195) -15.2 74 (23–302)} 70 (34–159) -4.2 45 ± 19

d-ROMs (carr U) 380 ± 98} 343 ± 45 -10.0 375 ± 85} 358 ± 99 -4.4 281 ± 29

To convert values for TC, LDL-C, non HDL-C and HDL-C levels to mmol/L, multiply by 0.02586; to convert TG levels to mmol/L multiply by

0.01129

TLC therapeutic lifestyle changes, TC total cholesterol, TAG triacylglycerols, HDL-C high-density lipoprotein cholesterol, LDL-C low-density

lipoprotein cholesterol, apo apolipoprotein, ox-LDL oxidized low-density lipoprotein, 8-epiPGF2a 8-isoprostane, d-ROMs reactive oxygen

metabolites

* p \ 0.05 versus baseline, **p \ 0.01 versus baseline, ***p \ 0.001 versus baseline
� p \ 0.05 for the comparison with the TLC group, �p \ 0.001 for the comparison with the TLC group
} p \ 0.01 for the comparison with the control group
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group) and 15.4% (p \ 0.001 vs. baseline and p \ 0.01 vs.

TLC group), respectively, while apoA1 concentration

remained unchanged (Table 1). No change in apolipopro-

tein levels was noted in the TLC group.

Evaluation of Baseline Oxidative Stress

in Hyperlipidemic Patients and Controls

Hyperlipidemic patients exhibited higher levels of ox-LDL,

8-epiPGF2a and d-ROMs as compared with controls

(p \ 0.01 for all comparisons) (Table 1). ‘High oxidative

stress’ as assessed by increased baseline 8-epiPGF2a levels

(i.e., C64 pg/mL) was noted in 17/30 patients of the EZT

group and 18/30 patients of the TLC group (57 vs. 60%,

respectively, p = NS for the comparison between groups).

Changes in Oxidative Stress Markers

A significant reduction of ox-LDL levels by 20.8% was

observed following ezetimibe treatment (p \ 0.001 vs.

baseline and p \ 0.001 vs. TLC group) (Table 1). However,

ezetimibe treatment, by producing comparable decreasing

effects on ox-LDL and LDL-C levels, did not affect the ratio

of ox-LDL to LDL-C (from 0.64 ± 0.23 to 0.62 ± 0.21,

p = NS). No significant alterations in 8-epiPGF2a and

d-ROMs levels were noted in the EZT group after 12 weeks

of treatment (Table 1). No change was observed in the

TLC group in any of the above measured oxidative stress

markers.

Correlations of Oxidative Stress Markers

Baseline ox-LDL levels were correlated with baseline TC

(r = 0.72, p \ 0.001), non-HDL-C (r = 0.74, p \ 0.001),

LDL-C (r = 0.65, p \ 0.001) and apoB (r = 0.77,

p \ 0.001) levels. The post-treatment decrease in ox-LDL

levels observed in the EZT group was positively correlated

with age (r = 0.50, p \ 0.05), baseline levels of ox-LDL

(r = 0.41, p \ 0.05) as well as with the decreases in TC

(r = 0.48, p \ 0.05) and LDL-C levels (r = 0.57,

p \ 0.01). Baseline levels of 8-epiPGF2a were significantly

correlated with baseline TC levels (r = 0.41, p \ 0.05).

Only baseline 8-epiPGF2a levels (r = 0.52, p \ 0.05) were

correlated with the reduction in 8-epiPGF2a concentration

following ezetimibe treatment, which was independent of

any post-treatment changes in lipid and apolipoprotein lev-

els. Baseline d-ROMs concentration was correlated with

baseline TAG (r = 0.43, p \ 0.05), non-HDL-C (r = 0.43,

p \ 0.05) and Lp(a) (r = 0.60, p \ 0.01) levels. The

decrease in d-ROMs levels in the EZT group was positively

correlated with age (r = 0.498, p \ 0.05) and inversely with

baseline TC levels (r = -0.57, p \ 0.01).

Differential Changes of Oxidative Stress Parameters

in Ezetimibe-Treated Patients Exhibiting ‘High’

or ‘Normal’ Oxidative Stress at Baseline (Table 2)

Both groups exhibited similar serum lipid profile at base-

line. No differential effect of ezetimibe on serum lipid and

apolipoprotein levels was observed between groups. In

patients who exhibited ‘high oxidative stress’ at baseline

(n = 17) ezetimibe treatment significantly reduced ox-

LDL levels by 19.1% (p \ 0.01 vs. baseline), whereas the

ratio of ox-LDL to LDL-C did not change (from

0.64 ± 0.31 at baseline to 0.63 ± 0.29 post-treatment,

p = NS). In the same subgroup of patients ezetimibe was

associated with a significant decrease in the levels of

8-epiPGF2a and d-ROMs by 20.4 and 18.2% (p \ 0.01 vs.

baseline for all comparisons), respectively. Spearman’s

correlations coefficients revealed that the post-treatment

decreases in 8-epiPGF2a and d-ROMs levels in the ‘high

oxidative stress’ patients was independent of any change in

lipid and apolipoprotein levels. The decrease in d-ROMs

levels was significantly associated only with baseline

d-ROMs concentration (r = 0.68, p \ 0.05).

In the subgroup of patients with ‘normal oxidative

stress’ at baseline (n = 13) ezetimibe treatment was asso-

ciated with a significant decrease of ox-LDL levels by

18.9% (p \ 0.01 vs. baseline). This decrease was not sig-

nificantly different from that observed in patients with

‘high oxidative stress’. Contrarily to the patients with ‘high

oxidative stress’, no post-treatment changes in 8-epiPGF2a

and d-ROMs levels were observed among hyperlipidemic

patients with ‘normal oxidative stress’ at baseline

(p \ 0.05 for the comparison between groups). Also, TLC

resulted in no significant changes in any of the examined

oxidative stress markers in patients with either ‘normal’

(n = 12) or ‘high’ (n = 18) oxidative stress at baseline.

Discussion

The present study provides evidence that a 12-week eze-

timibe treatment may reduce oxidative stress markers in

subjects with primary hypercholesterolemia. This benefit is

reflected by a decrease in the levels of 8-epiPGF2a and

d-ROMs, which was observed among patients with ‘high

oxidative stress’. Decreases in ox-LDL levels following

ezetimibe treatment were closely related with the degree of

LDL-C lowering. Therefore, the levels of ox-LDL to LDL-

C ratio did not change. No differential effect of ezetimibe

on ox-LDL was detected in patients with either ‘high’ or

‘normal’ oxidative stress at baseline.

Ezetimibe is a potent inhibitor of cholesterol intestinal

absorption and effectively decreases LDL-C levels. How-

ever, it remains uncertain whether this drug may affect
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atherosclerosis progression or improve clinical outcomes

[8–11]. Given the potency of ezetimibe to effectively

reduce LDL-C levels, the possible pleiotropic antiathero-

sclerotic actions of ezetimibe have been posed under

question [12]. Several studies have come with contradic-

tory results with regard to the effect of ezetimibe on

inflammatory markers and endothelial function indices [12,

26, 27]. The anti-oxidative potential of this drug is also

under consideration. In this study, we tested the hypothesis

that ezetimibe treatment may decrease markers of oxidative

stress in subjects with primary hypercholesterolemia.

Markers used for the evaluation of oxidative stress were

ox-LDL, 8-epiPGF2a and d-ROMs.

Ox-LDL, the product of oxidative modification of LDL,

when impedes into the arterial wall induce endothelial

dysfunction and gives rise to a cascade of inflammatory

and proliferative processes leading to atherosclerotic pla-

que formation [14, 28]. High levels of ox-LDL have been

recognized as an independent risk predictor for cardio-

vascular disease [29]. Ezetimibe treatment significantly

decreased ox-LDL levels in our study (by 20.8%,

p \ 0.001) an observation that accords with recently pub-

lished results showing that ezetimibe treatment reduced

ox-LDL levels in 30 hyperlipidemic patients after a

3-month period [30]. Our results further showed that there

is a significant positive correlation of post-treatment

change in ox-LDL levels with the corresponding changes

in LDL-C. Consequently, the ratio of ox-LDL to LDL-C

remained unchanged, implying that the ezetimibe-induced

decrease in ox-LDL levels may be primarily attributed to

its effect on LDL-C levels.

8-epiPGF2a result from free-radical attack of cell

membrane phospholipids or circulating LDLs. 8-epiPGF2a

levels comprise a marker of lipid peroxidation and have

been recognized as one of the most valid markers of in vivo

oxidative stress. Increased levels of 8-epiPGF2a have been

associated with increased risk for cardiovascular disease

[31]. In our study a significant decrease of 8-epiPGF2a

levels was observed in patients with ‘high oxidative stress’

(by 20.4%, p \ 0.01 vs. baseline). This effect of ezetimibe

was independent of the degree of LDL-C lowering. Our

findings are consistent with a decrease in 8-epiPGF2a

levels associated with a 3-month ezetimibe treatment in 30

hyperlipidemic patients in the previously mentioned study

[30].

The d-ROMs test is a novel available test for the

determination of organic peroxides [31]. High concentra-

tions of lipid peroxides may produce an imbalance between

nitric oxide and reactive oxygen species in vascular

endothelium. This process results in endothelial dysfunc-

tion which comprises a critical step in the atherosclerotic

process [32]. In the present study, ezetimibe induced a

small (by 10%) but not significant decrease in d-ROMs

levels. Of note, this decrease was significant in patients

Table 2 Differential changes of laboratory parameters in ezetimibe-treated patients with ‘high’ or ‘normal’ oxidative stress at baseline

Variable High oxidative stress (n = 17) Normal oxidative stress (n = 13)

Baseline Week 12 Change % Baseline Week 12 Change %

Age (Years) 60 ± 9 – – 59 ± 9 – –

Gender, male (%) 7 (41) – – 6 (46) – –

Current smokers (%) 5 (29) 5 (29) – 3 (23) 3 (23) –

TC (mg/dL) 259 ± 27 222 ± 35 –12.9* 245 ± 35 204 ± 36 -14.2*

TAG (mg/dL) 164 (119–212) 146 (129–284) –5.7 126 (50–373) 122 (48–224) -3.0

HDL-C (mg/dL) 61 ± 11 60 ± 13 –2.4 59 ± 12 57 ± 14 -3.4

LDL-C (mg/dL) 172 ± 33 140 ± 25 –17.2** 161 ± 27 128 ± 31 -20.5**

Non-HDL-C (mg/dL) 198 ± 50 169 ± 41 –14.9** 189 ± 53 163 ± 45 -14.1**

ApoA1 (mg/dL) 172 ± 45 162 ± 41 –5.8 170 ± 49 160 ± 52 -6.2

ApoB (mg/dL) 130 ± 32 109 ± 27 –15.5** 128 ± 27 108 ± 19 -15.2**

ApoE (mg/L) 43 (24–138) 38 (21–129) –15.1* 47 (24–135) 37 (30–135) -19.4*

Ox-LDL (U/L) 110 ± 37 88 ± 27 –19.1** 103 ± 25 84 ± 22 -18.9**

8-epiPGF2a (pg/mL) 102 (69–273) 83 (43–288) –20.4**,� 50 (30–58) 56 (48–93) ?5.1

d-ROMs (carr U) 391 ± 86 318 ± 97 –18.2**,� 374 ± 77 352 ± 56 -5.9

To convert values for TC, LDL-C, non HDL-C and HDL-C levels to mmol/L, multiply by 0.02586; to convert TG levels to mmol/L multiply by

0.01129

TC total cholesterol, TAG triacylglycerols, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, apo apo-

lipoprotein, ox-LDL oxidized low-density lipoprotein, 8-epiPGF2a 8-isoprostane, d-ROMs reactive oxygen metabolites

* p \ 0.05 versus baseline, **p \ 0.01 versus baseline
� p \ 0.05 for the comparison between groups
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with ‘high oxidative stress’ at baseline (by 18.2%, p \ 0.01

vs. baseline). This effect was independent of any post-

treatment change in lipid parameters. The ezetimibe-related

reduction of d-ROMs in our study is comparable to that

induced by a 22-week ezetimibe treatment (by 11%) in 14

high-risk patients with hypercholesterolemia who were on

stable treatment with statins [16].

Study Limitations and Strengths

Limitations of the current study include the open-label

design, the absence of a ‘true’ placebo group and the rela-

tively short duration. Also, it should be acknowledged that it

is very difficult to correctly quantify lipid peroxides and is

impossible to quantify reactive oxygen species in vivo, due

to their reactivity. We determined ox-LDL, dROMs and

8-epiPGF2a levels which are only markers of oxidative

stress. In addition, 8-epiPGF2a levels would depend on

the amount of arachidonic acid in the diet. To this regard, the

determination of arachidonic acid would be useful and the

concentration of 8-epiPGF2a should have been expressed

per equivalent of plasma 20:4.

On the other hand, we assessed oxidative stress by the

determination of various parameters, we included a TLC

group and we blindly assessed endpoints.

Conclusion

In patients with primary hypercholesterolemia ezetimibe

may reduce markers of oxidative stress, including ox-LDL,

8-epiPGF2a and d-ROMs levels, especially in those who

exhibit ‘high oxidative stress’ at baseline. This action of

ezetimibe, especially the decrease in ox-LDL levels, could

be at least partially mediated through its lipid-lowering

potency. However, the possibility that ezetimibe may

decrease 8-epiPGF2a and d-ROMs levels independently of

its lipid-lowering capacity cannot be excluded. Further

studies are needed to explore the underlying mechanisms

for the anti-oxidative actions of ezetimibe.

Conflict of interest This study was conducted independently; no

company or institution supported it financially.
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