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Abstract

Ezetimibe, a cholesterol absorption inhibitor, can be combined with statins to lower low-density lipoprotein (LDL) cholesterol. We have

previously shown that ezetimibe can decrease LDL cholesterol by 16% even in patients treated by regular LDL apheresis and statins

(Atherosclerosis. 2005;180:107-112). However, it is unclear whether ezetimibe decreases all LDL subfractions equally in patients with

hypercholesterolemia. We therefore evaluated the effect of ezetimibe (5 weeks, 10 mg/d) on LDL subtype distribution in a placebo-

controlled, double-blind randomized crossover study in 20 patients (age, 56 F 9 years; body mass index, 27.5 F 4 kg/m2) with severe

hyperlipoproteinemia and coronary heart disease who are treated by statins and regular LDL apheresis. Both treatment periods (placebo and

ezetimibe) were separated by a 5-week washout period. Low-density lipoprotein subtype distribution was determined at the end of each

treatment period before apheresis by density gradient ultracentrifugation (LDL1, 1.020-1.024; LDL2, 1.025-1.029; LDL3, 1.030-1.034;

LDL4, 1.035-1.040; LDL5, 1.041-1.047; LDL6, 1.048-1.057; LDL7, 1.058-1.066 g/mL). Overall, the LDL subtype distribution did not

change significantly (large-buoyant LDL [LDL1 + LDL2], 17.2% F 6.4% vs 16.3% F 7.1%; intermediate LDL [LDL3 + LDL4], 49.3% F
4.5% vs 48.2% F 5.2%; small-dense LDL [LDL5 + LDL6 + LDL7], 33.5% F 8.0% vs 35.5% F 10% during placebo and ezetimibe

treatments, respectively). With respect to the individual LDL subfractions, cholesterol was significantly (P b .05, Wilcoxon test) reduced by

ezetimibe in LDL1 to LDL5 with a somewhat more pronounced reduction in larger LDL (mean F SD, �20%F 28%, �17%F 32%, �14%

F 25%, �13% F 27%, �11% F 21%, �7% F 21%, �4% F 19%; median, �28%, �12%, �18%, �16%, �4%, �4%, �2% for LDL

subfractions 1-7, respectively). We therefore conclude that ezetimibe decreases cholesterol in nearly all LDL subfractions. Although this was

established in patients concomitantly treated with statins and apheresis, this may also hold true in other clinically relevant situations.

D 2006 Elsevier Inc. All rights reserved.
1. Introduction

Low-density lipoproteins (LDLs) are a heterogeneous

group of particles that can be separated into several subfrac-

tions by density gradient ultracentrifugation [1] or gradient

gel electrophoresis [2]. In general, small-dense LDL can be

separated from intermediate and large-buoyant LDL. In vitro

experiments [3-5] and epidemiologic studies [6-13] have

shown that large-buoyant LDL [13,14] and particularly

small-dense LDL [6-12] are more atherogenic than interme-

diate LDL. Such findings may be partly explained by the
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association of dense LDL with elevated levels of plasma

triglycerides and decreased levels of high-density lipoprotein

cholesterol (HDL-C) [6,15,16], Thus, small-dense LDL may

reflect an abnormal metabolism of triglyceride-rich lip-

oproteins [15,16]. There is also evidence that additional

mechanisms (eg, higher susceptibility to oxidation [3] and

higher capacity to bind to intimal proteoglycans [4])

contribute to the atherogenicity of dense LDL.

The increased atherogenicity of large-buoyant LDL is

less clear-cut and more difficult to explain. This association

was observed in preselected patient groups [16] such as

survivors from myocardial infarction with only moderate

LDL hypercholesterolemia [13], whereas in a recent primary

prevention study [12] it was shown that only the cholesterol

content in dense LDL and not in large-buoyant LDL

subfractions was associated with increased risk of CHD.
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However, independent of this ongoing dispute and of the

known association of individual LDL subfractions with

other lipid abnormalities, it seems that intermediate LDLs

are less atherogenic than other LDL subfractions, and this

may be explained by the fact that they are the optimal

substrate for LDL receptors [6] and are thus more efficiently

internalized than larger or more dense LDL.

As the development and progression of atherosclerosis are

thus influenced by the LDL subfraction profile [6-13,15,16],

it is of interest to evaluate the effect of different lipid-

lowering drugs on the LDL subtype distribution. There is a

number of publications describing the effects of statins,

fibrates, and nicotinic acid [15,16]; however, up to now, there

is only very limited data on the new cholesterol absorption

inhibitor ezetimibe with respect to its influence on individual

LDL subfractions. Results from one recently published study

comparing ezetimibe vs fenofibrate vs ezetimibe combined

with fenofibrate in patients with mixed hyperlipidemia show

that ezetimibe alone vs placebo induced a slight improve-

ment in the LDL size compared with placebo. However, there

was no additional effect on LDL size when ezetimibe was

combined with fibrates [17].

However, for patients with hypercholesterolemia who are

good primary candidates for a combination therapy of

statins with ezetimibe [18-26], there are no data on LDL

subtype distribution available despite the fact that this com-

bination is increasingly used.

We have previously shown in a placebo-controlled,

double-blind, randomized crossover study that ezetimibe

can decrease LDL cholesterol (LDL-C) even in patients with

severe LDL hypercholesterolemia treated by regular LDL

apheresis and statins [27]. In these patients, we observed an

additional 16% reduction of pre- and postapheresis LDL-C.

We now report the effect of ezetimibe on LDL subtype dis-

tribution in the same cohort.
2. Patients and methods

The study design is described in detail elsewhere [27].

Briefly, all patients (n = 20; age, 56 F 9 years; M/F, 10:10;

bodymass index, 27.5F 4.0 kg/m2) were regularly treated by

LDL apheresis for at least 2 years as they failed to reach the

NCEP treatment goal (b100 mg/dL/b2.6 mmol/L) during

maximal dietary and drug therapy because of severe

hypercholesterolemia (n = 18) or severe combined hyper-

lipoproteinemia (n = 2) and documented CHD. Low-density

lipoprotein apheresis was done at weekly intervals in

18 patients and at biweekly intervals in 2 patients to meet

this goal. Homozygous familial hypercholesterolemia was

excluded on a clinical basis [27]. All patients adhered to a

cholesterol-lowering diet (National Cholesterol Education

Program [NCEP] Step I diet), and 19 patients were treated by

statins at the maximal tolerable dose (atorvastatin, 5-80 mg/d,

n = 17; simvastatin, 30-80 mg/d, n = 2). Dietary behavior,

statin dose, and the apheresis technique were not changed

during the study period.
The patients were randomized to receive first ezetimibe

(10 mg/d) or placebo for 5 weeks in a double-blind design.

After a washout period of 5 weeks, the patients were then

switched to the other medication (placebo or ezetimibe) for

another 5 weeks. Pre- and postapheresis cholesterol,

triglycerides, very low-density lipoprotein cholesterol

(VLDL-C), VLDL triglycerides, LDL-C, and HDL-C were

determined at the beginning and at the end of each treat-

ment period.

The LDL subfraction distribution was determined before

apheresis during 5 weeks of placebo and during 5 weeks of

ezetimibe therapy. Preapheresis LDL concentrations were

used for comparison as they reflect the maximum LDL-C

concentrations and thus the treatment goal. Similarly, all

LDL subfractions increase to the maximum concentration

before the next LDL apheresis [28]. The LDL subfractions

were determined from frozen aliquots (�708C frozen for

9 months) using density gradient ultracentrifugation, as

described elsewhere [1,29]. Briefly, dry solid KBr was

added to the plasma to increase its density to 1.21 g/mL. A

discontinuous density gradient was constructed by 2 mL

of a NaCl/KBr solution (d = 1.26 g/mL), 3 mL plasma

(d = 1.21 g/mL), 2 mL of a NaCl/KBr solution (d = 1.063

g/mL), 2.5 mL of another NaCl/KBr solution (d = 1.019

g/mL), and 2 mL of a NaCl solution (d = 1.006 g/mL). All

solutions contained NaN3 (0.1%) and EDTA (0.04%).

Densities were measured by a precision density meter

(Anton Paar DMA 38, Graz, Austria). Ultracentrifugation

was performed in a Beckmann SW 40 Ti rotor (Palo Alto,

CA) at 40000 rpm for 48 hours at 158C. After centrifuga-
tion, total LDL was subfractionated in 7 LDL subfractions

(LDL1, 1.020-1.024; LDL2, 1.025-1.029; LDL3, 1.030-

1.034; LDL4, 1.035-1.040; LDL5, 1.041-1.047; LDL6,

1.048-1.057; LDL7, 1.058-1.066 g/mL), and cholesterol

concentration was determined in each subfraction. Large-

buoyant LDL was defined as LDL1 + LDL2, intermediate

LDL as LDL3 + LDL4, and small-dense LDL as LDL5 +

LDL6 + LDL7.

Intra- and interassay variability was less than 5% [29].

Each run contained the 2 plasma samples analyzed for each

individual patient to exclude interrun differences.

The LDL subfractions were represented by the choles-

terol concentration in each LDL subfraction. Furthermore,

the LDL subfraction profile was expressed in relative terms

by dividing the cholesterol concentration of each individual

LDL subfraction by the total LDL-C (LDL1-LDL7).

Cholesterol and triglyceride levels were measured

enzymatically using an automated clinical chemistry ana-

lyzer (Epos, Eppendorf, Hamburg, Germany). High-density

lipoprotein cholesterol was determined after precipitation of

apolipoprotein B–containing lipoproteins by dextran sulfate

and magnesium acetate. Low-density lipoprotein cholesterol

was determined by preparative ultracentrifugation (18 hours,

d = 1.006 g/mL, 50000 rpm, 48C, Beckmann Ti 50.4 rotor).

In the supernatant, VLDL-C and VLDL triglycerides were

measured. In the infranatant (containing HDL and LDL),



Table 1

Preapheresis concentrations (mg/dL) of lipoproteins during placebo/during ezetimibe treatment and placebo

Preapheresis during placebo treatment Preapheresis during ezetimibe treatment Change (%)a

Total cholesterol 222 (227 F 32) 201 (200 F 38) �10.344 (�11.7 F 12.6)

LDL-C 152 (156 F 30) 132 (133 F 28) �13.544 (�13.5 F 17.8)

Large-buoyant LDL-C 25.5 (27.0 F 12.1) 22.8 (22.1 F 11.1) �17.34 (�18.9 F 28.9)

Intermediate LDL-C 75.4 (77.0 F 16.2) 61.2 (64.8 F 18.5) �17.144 (�14.4 F 22.3)

Small-dense LDL-C 47.2 (52.0 F 15.2) 46.9 (45.8 F 11.0) �6.5 (�9.2 F 18.9), NS

HDL-C 48 (49 F 13) 53 (51 F 12) 2.50 (+2.8 F 11.9), NS

VLDL-C 18 (21 F 14) 15 (16 F 12) �31.44 (�14.5 F 59.3)

Triglycerides 123 (135 F 68) 99 (116 F 61) �14.6 (�8.4 F 34.5), NS

VLDL triglycerides 94 (111 F 75) 63 (90 F 69) �23.24 (�8.1 F 65.4)

All values are given as median (mean F SD). NS indicates nonsignificant.
a Refers to the change (%) of lipoproteins and of cholesterol in LDL subfractions during ezetimibe treatment compared with placebo; Wilcoxon test.

44 P b .01.

4 P b .05.
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cholesterol was measured, then LDL was precipitated. Low-

density lipoprotein cholesterol was calculated by subtraction

of cholesterol in the supernatant (HDL-C) from total

cholesterol in the infranatant.

All variables were tested for gaussian distribution by the

Shapiro-Wilks and Kolmogorov-Smirnov tests. As not all

variables were normally distributed, nonparametric tests

were used for comparison (Wilcoxon matched-pairs test).

Thus, the presented data are preferentially described by the

median (besides mean F SD). Statistical evaluation was

performed using the Statistical Package of Social Sciences

software (SPSS for Windows 11.5, SPSS Chicago, IL).
3. Results

At the beginning of both treatment periods, patients had

similar median preapheresis cholesterol (214 vs 227 mg/dL),

LDL-C (147 vs 155 mg/dL), HDL-C (46 vs 51 mg/dL),

VLDL-C (18 vs 20 mg/dL), triglyceride (112 vs 132 mg/dL),

and VLDL triglyceride (82 vs 110 mg/dL) concentrations

(before placebo vs before ezetimibe: P N .05 for all

variables, Wilcoxon test).

As reported previously, the addition of ezetimibe to

concomitant intensive lipid lowering (LDL apheresis +

statins) resulted in a lower median preapheresis LDL-C
Fig. 1. Cholesterol concentration (mg/dL) in each LDL subfraction during

ezetimibe treatment compared with placebo (medians). *P b .05, **P b

.01; Wilcoxon test. NS indicates nonsignificant.
concentration (132 mg/dL) compared with placebo

(152 mg/dL), which corresponds to a further reduction by

13.5% (P b .01) (Table 1). Additional ezetimibe also further

decreased the median cholesterol (�10.3%), VLDL-C

(-31.4%), and VLDL triglyceride concentration (�23.2%),

whereas there was no significant change of HDL-C and

triglycerides (Table 1).

During ezetimibe treatment compared with placebo, the

median cholesterol concentration was further reduced in

large-buoyant (�17.3%, P b .05), intermediate (�17.1%,

P b .01), and small-dense LDL subfractions (�6.5%,

P = .07) (Table 1). With respect to the individual LDL

subfractions, ezetimibe significantly reduced cholesterol in

subfractions LDL1 to LDL5, whereas in subfractions LDL6

and LDL7, cholesterol concentrations were similar during

active and during placebo treatment (Figs. 1 and 2).

In relative terms, the reduction of cholesterol under

ezetimibe compared with placebo was more pronounced in

larger LDL subfractions (mean F SD: �20% F 28%,

�17% F 32%, �14% F 25%, �13% F 27%, �11% F
21%, �7% F 21%, �4% F 19% for LDL1-LDL7,

respectively; median values are given in Fig. 2). Although

there was a slight increase of the relative amount of LDL6

and LDL7 during ezetimibe treatment compared with

placebo, overall, the LDL subtype profile was not signifi-
ig. 2. Reduction (%) of cholesterol in each LDL subfraction under

zetimibe compared with placebo (medians). *P b .05, ** P b .01;

ilcoxon test.
F
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Fig. 3. Low-density lipoprotein subfraction profile during ezetimibe treat-

ment and during placebo (medians). The LDL subtype profile was obtained

by dividing the cholesterol concentration in each individual LDL subfrac-

tion by the total LDL-C (corresponding to the sum of the cholesterol content

in all 7 LDL subfractions). Thus, the LDL subtypes shown are expressed as

percentage from total LDL-C. *P b .05, Wilcoxon test.
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cantly changed (large-buoyant LDL, 16.3% F 7.2% vs

17.2% F 6.4%; intermediate LDL, 48.2% F 5.2% vs 49.3%

F 4.5%; and small-dense LDL, 35.5% F 10.0% vs 33.5%

F 8.0% during ezetimibe treatment vs placebo) (Fig. 3).

The results described above were unchanged after exclu-

sion of the 2 patients with combined hyperlipidemia (data

not shown). The observed changes in LDL subtype distribu-

tion are not biased by altered dietary behavior, as we found no

differences in body mass index (27.3 vs 27.2 kg/m2) and in

the intake of total energy, fat, carbohydrate, and protein as

well as in the alcohol or cholesterol consumption under

ezetimibe compared with placebo [27].
4. Discussion

Overall, the addition of ezetimibe to statins in patients

treated by regular LDL apheresis because of severe LDL

hypercholesterolemia and coronary heart disease did not

significantly change the LDL subtype profile. However,

with respect to the individual LDL subfractions we observed

a more pronounced reduction of cholesterol in large-buoyant

and intermediate LDL than in small-dense LDL.

As all LDL subfractions contribute to cardiovascular risk

and large-buoyant [13] as well as small-dense LDL [6-12]

are known to be more atherogenic than intermediate LDL

subfractions, this result may be of clinical importance.

A comparison of our results to other studies is limited as

there is only one study that investigated the influence of

ezetimibe on LDL subtypes using a different methodology

(gradient gel electrophoresis) [17]. The authors compared

ezetimibe vs placebo and ezetimibe combined with fenofi-

brate vs fenofibrate in patients with mixed hyperlipoprotei-

nemia and predominant small-dense LDL, thus, in patients

metabolically different from those in our study. In this study,

ezetimibe compared with placebo improved the LDL size in

only 22% of the patients, whereas the majority (69%)

showed no change or even a shift to a more dense LDL

pattern (9%) [17]. Moreover, the addition of ezetimibe to
fenofibrate did not further improve the LDL size compared

with fenofibrate alone. These results suggest that overall

ezetimibe may reduce LDL subtypes rather equally [17].

Thus, the minor differences between our study and the

above-cited study [17] probably relate to differences in

methodology, co-medication, and underlying metabolic

disease. For patients with isolated LDL hypercholesterol-

emia, no data are available.

The finding that the cholesterol reduction during ezeti-

mibe treatment was greater in larger compared with dense

LDL subfractions is difficult to interpret with respect to its

clinical significance. Keeping in mind that large-buoyant

LDLs have been shown to be independently associated with

further cardiovascular events in patients with prior myocar-

dial infarction and moderate LDL hypercholesterolemia

[13,14], our finding might be beneficial for this special

patient group. However, there is ongoing dispute if the

study results of Campos et al can be generalized [12,16] as

there is a large body of evidence from other studies [6-12]

that small-dense LDL are much more important concerning

LDL subtype associated atherogenicity. This is further

substantiated by the long-term follow-up of the Quebec

Cardiovascular Study [12] indicating that small-dense LDL,

and not large-buoyant LDL, is an independent cardiovas-

cular risk factor.

Ezetimibe did not reduce cholesterol in LDL subfractions

LDL6 and LDL7. As it is well known that changes in

triglycerides induced by diet or lipid-lowering drugs are a

major predictor of a reduction of small-dense LDL [16,30],

this result may be related to the lack of a significant

triglyceride reduction in our patients. Thus, in hyper-

triglyceridemic patients or in patients with combined

hyperlipidemia, ezetimibe may have a different effect on

LDL subtypes. The observation of Farnier et al [17] who

showed that only a fraction of patients with mixed

hyperlipidemia (22%) had an improvement in the LDL size

may be related to this predictor. Our patients were divided

according to their change in triglycerides under ezetimibe

(reduction V10% vs N10%) to further evaluate if any

change in triglycerides might have influenced our findings;

however, there was no difference between both groups with

respect to the influence of ezetimibe on the LDL subfraction

profile (data not shown). Moreover, the 2 patients with

severe combined hyperlipoproteinemia also showed a

change of the LDL subfraction profile similar to that seen

in the whole group. On the other hand, the impact of

ezetimibe on triglycerides is rather small (�6% [20,25] to

�15% [17,19,23]), and, thus, a much greater number of

patients would be needed to reveal any association between

the ezetimibe-induced change in triglycerides and its

influence on the LDL subfraction profile.

Overall, ezetimibe seems to show an effect on LDL

subfractions that is similar to that seen under statins if the

comparison is done with a similar patient group [31,32].

However, it was also shown that statins have no uniform

effect on the LDL subfraction profile, which may relate to



H.C. Geiss et al. / Metabolism Clinical and Experimental 55 (2006) 599–604 603
the fact that the studies differed in statin dose, study

population, and underlying metabolic disease including pre-

sence or absence of insulin resistance. The effect of ezet-

imibe on small-dense LDL is also similar to that seen during

bile acid–sequestering resins [33], which were shown only

to reduce blightQ (corresponding to large-buoyant) and not

small-dense LDL subfractions. Thus, it could be assumed

that any LDL-C–lowering approach, which is achieved by

an increased LDL receptor activity, may have a similar effect

on LDL subtype distribution.

It also remains unknown how ezetimibe acts on crucial

elements involved in the production of small-dense LDL such

as VLDL1 precursors, cholesterol ester transfer protein

(CETP), and hepatic lipase activity. Ezetimibe decreases the

hepatic cholesterol pool, resulting in an increase of LDL

receptor activity and thus an increased LDL catabolism.

Intermediate-dense LDL may be reduced in particular

because they show the best binding profile to the LDL

receptor [5]. By this mechanism, the greater reduction of

intermediate compared with small-dense LDL subfractions

may be explained. Large-buoyant LDL on the other handmay

be reduced because there is less production of triglyceride-

rich lipoproteins and/or because larger LDLs are more

efficiently converted to intermediate LDL. The clarification

of the involved pathways would require tracer studies.

In summary, the addition of ezetimibe to intensive lipid

lowering (statins + LDL apheresis) in patients with severe

hypercholesterolemia and coronary heart disease further re-

duced cholesterol in nearly all LDL subfractions, and there

was a more pronounced reduction of larger compared with

more dense LDL subfractions.
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