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Effect of ezetimibe/simvastatin compared with atorvastatin on
lipoprotein subclasses in patients with type 2 diabetes and
hypercholesterolaemia
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Aim: To evaluate the effects of the usual starting and next higher doses of ezetimibe/simvastatin and atorvastatin on
the cholesterol content of lipoprotein subclasses in patients with type 2 diabetes and hypercholesterolaemia.
Methods: This post hoc analysis compared the effects of treatment with ezetimibe/simvastatin 10/20 mg vs.
atorvastatin 10 and 20 mg/day and ezetimibe/simvastatin 10/40 mg/day vs. atorvastatin 40 mg/day on the
cholesterol content of lipoprotein subclasses in the modified intent-to-treat (mITT) population (n = 1013) and in
subgroups of patients with triglyceride (TG) levels <200 mg/dl (n = 600) and >200 mg/dl (2.6 mmol/l) (n = 413).
Results: Ezetimibe/simvastatin significantly reduced low-density lipoprotein cholesterol (LDL-C) subclasses LDL;-C,
LDL,-C and LDL;-G; real LDL-C (LDL-C"); intermediate-density lipoprotein cholesterol (IDL-C), IDL;-C, IDL,-C; very
low-density lipoprotein cholesterol (VLDL-C), VLDL;-C; and remnant-like lipoprotein cholesterol (RLP-C) from base-
line more than atorvastatin at all dose comparisons (p < 0.01) in the mITT population. Significant improvements were
also observed in high-density lipoprotein cholesterol (HDL-C) subclass HDL;-C at the ezetimibe/simvastatin 10/20 mg
vs. atorvastatin 20 mg and highest dose comparisons (p < 0.001) and in VLDL, , »-C at the lowest and highest dose
comparisons (p < 0.001). Changes in LDL,-C and LDL-C subclass patterns (A, B and I) were comparable for both treat-
ments. Generally, similar results were observed for patients with TG levels <200 and >200 mg/dl (2.3 mmol). For both
treatments, notable differences between TG subgroups were that patients with elevated TGs had smaller reductions in
LDL,-C, slightly smaller decreases in all IDL subclasses and greater decreases in all VLDL-C subclasses than those with
lower TG levels. Frequency of pattern B was also reduced more in patients with higher TGs for both treatments.
Conclusions: Ezetimibe/simvastatin reduced the cholesterol content of most lipoprotein subclasses from baseline
with generally similar efficacy in patients with low and high TGs. Despite the different mechanism of action of
ezetimibe, the response to ezetimibe/simvastatin and atorvastatin treatment related to these lipoprotein subclasses was
generally consistent with the overall effects of these therapies on the major lipid/lipoprotein classes. The clinical
significance of these results awaits further study.
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Introduction

Patients with type 2 diabetes mellitus are at increased risk
for cardiovascular disease [1,2]. This elevated risk has
been attributed in part to lipid abnormalities (athero-
genic or diabetic dyslipidaemia) commonly associated
with type 2 diabetes and metabolic syndrome including
high levels of triglycerides (TGs) and TG-rich lip-
oproteins [e.g. very low-density lipoprotein (VLDL),
intermediate-density lipoprotein (IDL) and remnant-like
lipoprotein (RLP)], low levels of high-density lipopro-
tein (HDL) and a preponderance of small dense low-
density lipoprotein (LDL) particles [3].

Guidelines from the American Diabetes Association
(ADA) and National Cholesterol Education Program
(NCEP) Adult Treatment Program (ATP) III continue to
identify elevated LDL cholesterol (LDL-C) as the primary
target for lipid-modifying therapy [1,3]. Statin treatment
is recommended as an adjunct to lifestyle modification
in patients with type 2 diabetes to reduce LDL-C. In addi-
tion, combination drug therapy may be needed to
achieve more aggressive LDL-C lowering and to improve
the lipid abnormalities in patients with dyslipidaemia [3].

Standard lipid measurements may underestimate car-
diovascular risk in type 2 diabetes patients because of the
complexity of the lipoprotein profile. Evaluation of lipo-
protein subclass profiles may provide additional informa-
tion in guiding the assessment of cardiovascular risk in
type 2 diabetes and lipid-modifying therapy. The major
lipoprotein classes are composed of heterogeneous mix-
tures of lipoprotein subspecies that differ in particle size,
density and lipid content. On the basis of density, LDL
lipoproteins can be distributed into four subclasses rang-
ing from large buoyant LDL; and LDL, to small dense
LDL; and LDL,. Studies have indicated that the pres-
ence of higher levels of smaller, more dense LDL sub-
classes (referred to as LDL pattern B) may confer greater
cardiovascular risk in patients with dyslipidaemia than
larger more buoyant subclasses (pattern A) for any given
level of LDL-C [4-7]. TG-rich lipoproteins can also be
distributed by density into subclasses, and high levels
of all IDL and VLDL subfractions are associated with an
increased atherogenic potential [5,8]. In contrast, HDL
lipoprotein levels are inversely associated with cardio-
vascular risk, and both HDL, and HDL; subclasses may
have cardioprotective effects [9,10].

The present analysis compares the effects of the usual,
recommended starting doses and the next higher doses of
ezetimibe/simvastatin and atorvastatin on the cholesterol
content of lipoprotein subclasses in patients with type 2
diabetes and hypercholesterolaemia who participated in
the previously reported Vytorin vs. Atorvastatin in
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Patients With Type 2 Diabetes Mellitus and Hyper-
cholesterolaemia (VYTAL) study [11]. These compar-
isons were also made in patient subgroups with TG
levels <200 and >200 mg/dl (2.3 mmol/l).

Methods

This post hoc analysis used data from a previously
reported multicenter, randomized, double-blind, 6-week
trial that assessed the efficacy and safety of the usual
starting doses of ezetimibe/simvastatin (10/20 mg/day)
and atorvastatin (10 and 20 mg/day) and the next dose
levels of these agents (ezetimibe/simvastatin 10/40 mg
and atorvastatin 40 mg) in 1229 type 2 diabetes patients
with hypercholesterolaemia [11]. Eligible patients, 18-80
years of age with haemoglobin A1C (HbA1C) levels
<8.5%, were enrolled at 147 centres in the USA.

Patients discontinued their current lipid-modifying
therapy during a 3- to 5-week washout period and then
maintained their ADA-compatible diets during a 4-week
placebo run-in phase. Patients who were not at the NCEP
ATP II LDL-C goal of <100 mg/dl (2.6 mmol/l) and had
TG levels <400 mg/dl (4.5 mmol/l) during the third week
of the run-in period were then randomly assigned to one
of five treatment arms: ezetimibe/simvastatin 10/20 or
10/40 mg or atorvastatin 10, 20 or 40 mg, each once daily
for 6 weeks.

For the present analysis, the Vertical Auto Profile II
method (Atherotech, Birmingham, AL, USA) was used
to quantify the amount of cholesterol associated with
the following lipoprotein subclasses: LDL,_4, real LDL-C
(LDL-C") [real index of cholesterol associated with true
LDL particle and excludes IDL and lipoprotein (a)], total
IDL, IDL, anq 2, total VLDL, VLDL, , ,, VLDLs, HDL, and
HDL; and RLP in plasma samples collected at baseline
and at week 6 following a >12-h fast. The cholesterol
content of these lipoprotein subclasses was also com-
pared in subgroups of patients with TGs <200 or
>200 mg/dl (2.3 mmol/l). LDL subclass pattern was
assessed by segmented gradient gel electrophoresis
(S3GGE) (Berkeley HeartLab, Inc., Burlingame, CA,
USA).

The lipoprotein subclass analysis was performed in the
modified intent-to-treat (mITT)
included all randomized patients with a valid baseline

population, which

and at least one valid postbaseline measurement. Per cent
change from baseline in the lipoprotein subclasses was
not expected to satisfy the assumption of a parametric
analysis of covariance (ANCOVA). Therefore, the primary
analysis was based on the per cent change from baseline
in all lipoprotein subclasses (except LDL pattern) using
a non-parametric ANCOVA model that included terms for
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treatment (ezetimibe/simvastatin 10/20 or 10/40 mg and
atorvastatin 10, 20 or 40 mg), pretreatment LDL-C stra-
tum [>100 to <130 mg/dl (2.6-3.4 mmol/l), >130 to
<160 mg/dl (3.4—4.1 mmol/l), >160 to <190 mg/dl (4.1—
4.9 mmol/l) and >190 mg/dl (4.9 mmol/l)] and baseline
value of the dependent variable. Differences between
ezetimibe/simvastatin 10/20 mg and atorvastatin 10 mg,
ezetimibe/simvastatin 10/20 mg and atorvastatin 20 mg
and ezetimibe/simvastatin 10/40 mg and atorvastatin
40 mg were compared by ANCOVA using ranks based on
normal scores. For the treatment group comparisons
within the TG subgroups, no formal statistical testing
was performed. Differences in medians and their cor-
responding 95% confidence intervals were evaluated
to identify possible trends or to support previous
findings.

Differences among treatment groups in post-treatment
LDL-C" were compared using the Cochran—Mantel—
Haenszel chi-squared statistic. To control inflation of
the type I error rate, multiplicity adjustment using the
false discovery rate procedure was applied to these lipo-
protein subclass variables [12].

Results

Baseline Characteristics

Ofthe 1229 patients randomized in the original study, 1013
patients in the mITT population had baseline and postba-
seline measurements for lipoprotein subclasses [11].
Baseline characteristics as previously reported were simi-
larly distributed among treatment groups. Mean baseline
levels were 145 mg/dl (3.8 mmol/l) for LDL-C and 45 mg/
dl (1.2 mmol/l) for HDL cholesterol (HDL-C), and the
median baseline level for TGs was 178 mg/dl (2.0 mmol/
1). Median baseline values for the various LDL, IDL,
VLDL and HDL subclasses and for RLP at baseline were
comparable across treatment groups in the mITT pop-
ulation (table 1). Among LDL lipoprotein subclasses,
baseline levels of LDL;-C were highest and LDL,-C levels
were lowest. Within IDL and VLDL lipoprotein sub-
classes, levels of IDL cholesterol (IDL,-C) were greater
than those of IDL,-C and VLDL cholesterol (VLDL;-C)
was slightly higher than VLDL, , ,-C. Baseline HDL;-C
levels were greater than those of HDL,-C.

Within the subgroups of patients with TGs <200 and
>200 mg/dl (2.3 mmol/L), baseline levels of lipoproteins
were also comparable across treatment arms (table 1).
However, the baseline levels of several lipoprotein sub-
classes differed among these two subgroups. Higher lev-
els of LDL3;-C (~1.4-fold), LDL,-C (~4.0-fold), IDL-C
(~1.4-fold), IDL,-C (~1.8-fold) and the VLDL subclasses
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Table 1 Baseline median values of lipoprotein subclasses in the mITT population and TG subgroups
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$Remnant-like lipoprotein (chylomicrons, IDL and VLDL3).
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(~1.5- to 1.7-fold) were observed in patients with TG
levels >200 vs. <200 mg/dl (2.3 mmol/L), while levels
of LDL,-C (~2.0-fold) were higher in patients with TGs
<200 vs. >200 mg/dl (2.3 mmol/L). Levels of LDL;-C,
IDL,-C, HDL,-C and HDL5;-C were more similar in
patients, irrespective of TG levels.

Changes from Baseline in Lipoprotein Subclasses

LDL Subclasses

Treatment with ezetimibe/simvastatin significantly
reduced the cholesterol in LDL subfractions (LDL,-C,
LDL,-C, LDL3-C and LDL-C") compared with atorvasta-
tin at all dose comparisons in the mITT population
(p < 0.01) (figure 1A). Levels of LDL,-C were decreased
from baseline by a smaller percentage than those of the
other LDL subclasses for both treatments, resulting in
non-significant treatment comparisons.

Regardless of baseline TG levels above or below
200 mg/dl (2.3 mmol/l), ezetimibe/simvastatin reduced
LDL;-C, LDL,-C and LDL;-C more than atorvastatin at
all dose comparisons (figure 1B, C), consistent with the
effects observed for these subclasses in the mITT pop-
ulation. For both treatments, reductions from baseline
in LDL;-C and LDL3-C were generally similar among
patients with TGs <200 or >200 mg/dl (2.3 mmol/l),
whereas reductions in LDL,-C were more pronounced
in patients with TG levels <200 mg/dl (2.3 mmol/l)
compared with levels of >200 mg/dl (2.3 mmol/l). Both
treatments lowered LDL,-C from baseline in the ele-
vated TG subgroup and increased this subfraction in the
lower TG subgroup, although as noted above, the base-
line level of LDL,-C was substantially higher in patients
with TGs >200 mg/dl (2.3 mmol/l) and very low for
those with TGs <200 mg/dl (2.3 mmol/l).

IDL and VLDL Subclasses

Ezetimibe/simvastatin treatment significantly reduced
IDL-C, IDL+-C and IDL,-C compared with atorvastatin at
all dose comparisons in the mITT population (p < 0.01)
(figure 2A). Similar to the effects of ezetimibe/simvasta-
tin in the mITT population, ezetimibe/simvastatin
was observed to reduce the cholesterol in all IDL sub-
classes to a greater extent than atorvastatin in patients
with TGs <200 and >200 mg/dl (2.3 mmol/l) (figure 2B,
C). Reductions from baseline in IDL-C and its subclasses
were slightly greater among patients with TGs <200
mg/dl (2.3 mmol/l) compared with >200 mg/dl (2.3
mmol/l) for both treatments.
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Reductions from baseline in VLDL-C and VLDL3-C
were significantly greater upon treatment with ezeti-
mibe/simvastatin compared with atorvastatin at all dose
comparisons (all p < 0.001 except p < 0.01 for VLDL-C
ezetimibe/simvastatin 10/20 mg vs. atorvastatin 20 mg)
(figure 3A). Per cent reductions from baseline in
VLDL, , ,-C were significantly higher for ezetimibe/
simvastatin 10/20 mg vs. atorvastatin 10 mg and ezeti-
mibe/simvastatin  10/40 mg vs. atorvastatin 40 mg
(p < 0.001) and were not found to be different for
ezetimibe/simvastatin 10/20 mg vs. atorvastatin 20 mg
(p = 0.085). Both ezetimibe/simvastatin and atorvasta-
tin treatments lowered cholesterol in VLDL to a smaller
degree than was observed for LDL and IDL lipoproteins
(figure 3).

Among patients with TGs <200 or >200 mg/dl
(2.3 mmol/l), VLDL-C and VLDL;-C were reduced to
a greater extent by ezetimibe/simvastatin compared
with atorvastatin at all dose comparisons (figure 3B, C).
These results were also consistent with the significantly
greater effects of ezetimibe/simvastatin compared with
atorvastatin in the mITT population. Per cent declines
in VLDL, , ,-C also favoured ezetimibe/simvastatin over
atorvastatin at each of the dose comparisons. Within
each treatment group, per cent reductions from baseline
in VLDL-C, VLDL,, ,-C and VLDL5;-C were more
marked among patients with TGs >200 mg/dl (2.3
mmol/l) compared with those with TGs <200 mg/dl
(2.3 mmol/l).

HDL Subclasses

Ezetimibe/simvastatin increased HDL;-C from baseline by
2.7% at the 10/20 mg dose and 2.6% at the 10/40 mg
dose, while atorvastatin had no effect at the 10 or 20 mg
dose and decreased HDL3-C by 2.5% at the 40 mg dose
(p < 0.001 for ezetimibe/simvastatin 10/20 mg vs. ator-
vastatin 20 mg and ezetimibe/simvastatin 10/40 mg vs.
atorvastatin 40 mg and p = 0.078 for ezetimibe/simvasta-
tin 10/20 mg vs. atorvastatin 10 mg) (figure 4). In
patients with TGs <200 or >200 mg/dl (2.3 mmol/l), eze-
timibe/simvastatin treatment increased HDL;-C levels
comparably to those observed in the mITT population
(figure 4). In both TG subgroups, atorvastatin 10 mg had
no effect on HDL3-C levels. Atorvastatin 20 mg reduced
HDL;-C by 2.6% in patients with lower TGs and had no
effect in those with higher TGs. At atorvastatin 40 mg,
HDL;-C was reduced by 3.1% in patients with TGs
<200 mg/dl (2.3 mmol/l) and increased by 2.4% in those
with TGs >200 mg/dl (2.3 mmol/l). Both treatments were
similarly ineffective in raising HDL,-C in the mITT pop-
ulation and in the TG subgroups (data not shown).
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Fig. 1 Per cent change from baseline in LDL cholesterol subclasses in the mITT population (panel A), subgroup with TGs
<200 mg/dl (2.3 mmol/l) (panel B) and subgroup with TGs >200 mg/dl (2.3 mmol/l) (panel C). **p < 0.01 and

***p < 0.001 for the indicated treatment group comparisons: E/S 10/20 mg vs. A 10 mg, E/S 10/20 mg vs. A 20 mg and
E/S 10/40 mg vs. A 40 mg. A, atorvastatin; E/S, ezetimibe/simvastatin; mITT, modified intent-to-treat; TGs, triglycerides.

Remnant-like lipoprotein

Treatment with ezetimibe/simvastatin also lowered RLP cho-
lesterol (RLP-C) from baseline significantly more than ator-
vastatin at all dose comparisons in the mITT population (data
not shown). Treatment with ezetimibe/simvastatin 10/20 mg
reduced RLP-C by 55.3% compared with 40.0% for atorvas-
tatin 10 mg (p < 0.001) and 46.2% for atorvastatin 20 mg

© 2009 Merck & Co., Inc

(p < 0.001) and by 58.3 and 50.9% for ezetimibe/simvastatin
10/40 mg, vs. atorvastatin 40 mg, respectively (p < 0.001).

LDL Subclass Pattern

The proportions of patients having LDL subclass pattern
A, B and I phenotypes at baseline in the mITT population
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Fig. 2 Per cent change from baseline in intermediate-
density lipoprotein cholesterol subclasses in the mITT
population (panel A), subgroup with TGs <200 mg/dl

(2.3 mmol/l) (panel B) and subgroup with TGs >200 mg/dl
(2.3 mmol/l) (panel C). **p < 0.01 and ***p < 0.001 for
the indicated treatment group comparisons: E/S 10/20 mg
vs. A 10 mg, E/S 10/20 mg vs. A 20 mg and E/S 10/40 mg
vs. A 40 mg. A, atorvastatin; E/S, ezetimibe/simvastatin;
mlITT, modified intent-to-treat; TGs, triglycerides.

were generally similar at all doses and across pooled
doses for both ezetimibe/simvastatin and atorvastatin,
with a slightly higher frequency of pattern B (figure 5).
In patients with TG levels <200 mg/dl (2.3 mmol/l), the
frequencies of patterns A and I at baseline were higher
relative to those of pattern B, and in patients with TG
levels >200 mg/dl (2.3 mmol/l), the frequencies of pat-
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lipoprotein cholesterol subclasses in the mITT population
(panel A), subgroup with TGs <200 mg/dl (2.3 mmol/l)
(panel B) and subgroup with TGs >200 mg/dl (2.3 mmol/l)
(panel C). **p < 0.01 and ***p < 0.001 for the indicated
treatment group comparisons: E/S 10/20 mg vs. A 10 mg,
E/S 10/20 mg vs. A 20 mg and E/S 10/40 mg vs. A 40 mg.
A, atorvastatin; E/S, ezetimibe/simvastatin; mITT, modi-
fied intent-to-treat.

terns A and I were substantially lower compared with
those of pattern B at individual doses and across doses
for both treatments (figure 5). Overall, the numbers of
patients with patterns A and I were greatest in patients
with low TGs, and those with pattern B were greatest in
patients with elevated TGs. Both treatments had mini-
mal effect on changes in LDL subclass pattern at the end
of the study in the mITT population and lower TG
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***p < 0.001 for the indicated treatment group compar-
isons: E/S 10/20 mg vs. A 10 mg, E/S 10/20 mg vs. A
20 mg and E/S 10/40 mg vs. A 40 mg. A, atorvastatin;
E/S, ezetimibe/simvastatin; HDL-C, HDL cholesterol.

group. In patients with high TGs, small increases in the
frequencies of A and I patterns and decreases in B pat-
tern were observed following treatment with both ezeti-
mibe/simvastatin and atorvastatin.

Discussion

Previously, the safety and lipid-altering efficacy of ezeti-
mibe/simvastatin were demonstrated in comparison with
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Fig. 5 Frequency of change in LDL subclass pattern at
baseline and study end pooled across doses. All A, Ator-
vastatin 10, 20 and 40 mg; all E/S, ezetimibe/simvastatin
10/20 and 10/40 mg.
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atorvastatin at the recommended usual and next higher
doses in type 2 diabetes patients (VYTAL study) [11]. In
that study, ezetimibe/simvastatin reduced levels of
LDL-C, total cholesterol and non-HDL-C, increased lev-
els of HDL-C and improved patient attainment of LDL-C
levels <70 mg/dl (1.8 mmol/l) significantly more than
atorvastatin at all dose comparisons (p < 0.001) (data
not shown). In view of these results, it was of interest
to further assess the effect of these treatments on lipo-
protein subclasses, which may provide additional cli-
nically relevant information. The present analysis
shows that ezetimibe/simvastatin also significantly
reduces the cholesterol content of most LDL lipoprotein
subclasses including LDL4, LDL,, LDL; and LDL" and
TG-rich IDL, IDL,, IDL,, VLDL, VLDL; and RLP and did
so generally to a greater extent when compared with
corresponding doses of atorvastatin. In addition, ezeti-
mibe/simvastatin significantly reduced VLDL, , ,-C and
increased HDL3;-C at most dose comparisons with
atorvastatin.

Studies have shown that patients with type 2 diabetes
have altered distributions of LDL subclasses with increased
levels of small dense LDL3, reduced levels of larger more
buoyant LDL; and LDL, subclasses and variable levels of
LDL, [13—15]. In this study, baseline levels of small dense
LDL3;-C were also highest among the LDL subclasses,
accounting for ~45% of total LDL-C', while levels of
LDL,-C and LDL,-C and smaller denser LDL,-C comprised
20, 26 and 7%, respectively, of the measured LDL-C"
Therefore, small dense LDL; and LDL, subclasses (pattern
B) that may carry relatively greater atherogenic risk than
larger more buoyant lipoproteins (pattern A) represented
just over half of the total LDL-C" at baseline, consistent
with the elevated cardiovascular risk of patients with type
2 diabetes [1,2]. While both treatments substantially
reduced LDL-C' and LDL,-C, LDL,-C and LDL5-C sub-
classes from baseline at all dose comparisons, declines in
LDL,-C were modest in the full cohort.

TG-rich lipoproteins can contribute to atherogenesis by
entering the arterial intima or indirectly through lipolytic
processing into other highly atherogenic particles. In par-
ticular, large VLDL can serve as a precursor for small
dense LDL particles, whereas smaller VLDL and IDL
may be more likely to enter the arterial intima directly
to promote atherogenesis [8,13]. In type 2 diabetes
patients, decreased hepatic insulin sensitivity results in
enhanced VLDL secretion and reduced clearance of
large VLDL, which in turn leads to increased concen-
trations of smaller denser LDL, IDL and other remnant
lipoprotein particles [16,17]. In the present study, cho-
lesterol levels associated with the smaller more dense
IDL, and VLDL; subclasses were higher at baseline than
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larger more buoyant IDL, and VLDL, , ,, accounting for
about 66 and 55% of the total IDL-C and VLDL-C con-
centrations, respectively. A higher cholesterol content
in these lipoprotein subclasses has been previously
observed in type 2 diabetes patients [18]. Treatment
with ezetimibe/simvastatin was significantly more
effective than corresponding doses of atorvastatin in
reducing the cholesterol associated with all of the TG-
rich lipoprotein subclasses assessed and that of RLP,
which includes remnant chylomicrons, IDL and VLDL;.

Consistent with an increased prevalence of atherogenic
dyslipidaemia among type 2 diabetes patients with ele-
vated TGs, baseline levels were ~1.4- to 2.0-fold higher
for LDL3-C, IDL-C, IDL,-C and all VLDL subclasses and
were substantially higher for LDL,-C (approximately
fourfold) than in those with lower TG levels. Irrespective
of baseline TG levels, ezetimibe/simvastatin treatment
was associated with greater reductions from baseline in
LDL,-C, LDL,-C, LDL;-C, IDL-C, IDL,-C, IDL,-C, VLDL-C
and VLDL3-C compared with corresponding atorvastatin
doses, and these findings were consistent with the sig-
nificant findings observed in the entire mITT cohort.
Reduction in VLDL, , ,-C was also greater with ezeti-
mibe/simvastatin treatment compared with atorvastatin
in the subgroups with normal and elevated TGs.

TG levels appeared to influence the magnitude of the
response to both treatments across certain lipoprotein
subclasses. Compared with patients who had TGs
<200 mg/dl (2.3 mmol/l), those with TGs >200 mg/dl
(2.3 mmol/]) tended to have more modest reductions in
LDL,-C, a somewhat reduced response in all IDL-C sub-
classes and greater declines in all VLDL-C subclasses.
Patients with elevated TGs also experienced decreases
in LDL,-C when treated with ezetimibe/simvastatin or
atorvastatin compared with increases in LDL,-C in those
with normal TG levels. This effect may be related to
a greater reduction of precursors, leading to the genera-
tion and/or increased processing of LDL, particles in the
treated hypertriglyceridemic patients in whom levels of
LDL,4-C at baseline were substantially higher (approxi-
mately fourfold) compared with the very low LDL,-C
levels in those with TGs <200 mg/dl (2.3 mmol/l).

In this study, the number of patients with LDL pattern B
phenotype (S;GGE) at baseline was slightly higher than
that of those with pattern A or I in the mITT population,
consistent with an increased prevalence of the more ath-
erogenic LDL phenotype observed in type 2 diabetes
patients [19]. The presence of pattern B phenotype was
most pronounced in patients with TGs >200 mg/dl
(2.3 mmol/l), whereas the frequencies of patterns A and
I were substantially higher relative to pattern B in
patients with TGs <200 mg/dl (2.3 mmol/l). In the full
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mITT cohort, while both ezetimibe/simvastatin and
atorvastatin had minimal effect on LDL subclass pat-
tern, both treatments effectively reduced the cholesterol
content of most LDL subclasses. These results are simi-
lar to those previously reported for statins and ezeti-
mibe with and without simvastatin, which reduced LDL
subclasses but had a limited role in altering LDL size
and distribution in patients with type 2 diabetes, dysli-
pidaemia or hypercholesterolaemia [20-22]. However,
upon further review of patients with elevated TG levels,
small increases in the frequency of subclass patterns A
and I and decreases in pattern B were observed for both
ezetimibe/simvastatin and atorvastatin treatment by the
end of this 6-week study.

In contrast to other lipoprotein subclasses, HDL, and
HDL; confer cardioprotective effects [13,23,24]. Dimin-
ished levels of HDL-C in type 2 diabetes patients are
attributed to reductions in the HDL, subclass [13,19,24].
In this study, median concentrations of HDL,-C at base-
line were threefold to fourfold lower than those of
HDL3-C regardless of TG level. Treatment with ezeti-
mibe/simvastatin slightly but significantly raised HDL,-C
from baseline but did not affect HDL,-C in the mITT
cohort. In comparison, atorvastatin had no effect and/or
decreased levels of these HDL subclasses. Results in
patients with elevated TGs were consistent with the over-
all population, although increases in HDL;-C were
slightly higher.

While this study evaluated lipoprotein subclass profiles
on the basis of cholesterol content and distribution, these
results may differ from those that have assessed lipopro-
tein size and particle concentrations [13,20]. Additional
studies are needed to fully understand the relationship
of differences in physicochemical properties and parti-
cle concentrations of lipoprotein subclasses to cardio-
vascular risk, particularly in type 2 diabetes patients
who have a wide range of lipid abnormalities. These
results also may not be generalizable to patients with
very poorly controlled diabetes as patients enrolled in
this study were required to have HbA1C levels of
<8.5%. Furthermore, the consequence of these effects
on cardiovascular events has not been yet investigated.

In conclusion, treatment with ezetimibe/simvastatin is
significantly more effective than corresponding doses of
atorvastatin monotherapy in improving the cholesterol
content of most subclasses of LDL and TG-rich lipopro-
teins as well as HDL; in patients with type 2 diabetes.
These improvements were generally consistent regard-
less of baseline TG levels, although reductions in LDL,-C
and LDL subclass pattern B and increases in HDL;-C
were observed to be greater in patients with elevated TG
levels with both treatments. Although the ezetimibe
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mechanism of action in cholesterol lowering differs
from that of a statin, the effect of ezetimibe/simvastatin
on reducing the cholesterol content of apolipoprotein
B-containing lipoprotein subclasses was generally simi-
lar to and greater than that of statin monotherapy. The
changes in these lipoprotein subclasses were also gener-
ally consistent with the overall effect of ezetimibe/sim-
vastatin on the major lipid/lipoprotein classes. Further
research is necessary to determine the clinical signifi-
cance of these effects and the overall benefit of lipopro-
tein subclass measurement beyond that of standard lipid
panel testing in the assessment of cardiovascular risk.

Funding/support

This study was funded by Merck/Schering-Plough Phar-
maceuticals, North Wales, PA, USA. The study sponsor,
Merck & Co., facilitated the design and conduct of the
study and collection and analysis of the study data.

Author Contributions

The authors jointly developed the manuscript content
and were involved in at least one of the following: con-
ception, design, data acquisition, analysis, statistical
analysis, interpretation of data, drafting the manuscript
and/or revising the manuscript for important intellectual
content. All authors provided final approval of the ver-
sion tobe published. Editorial assistance was provided by
Rete Biomedical Communications Corp. (Wyckoff, NJ,
USA) and Kathleen Newcomb and Martha Vollmer,
Merck & Co.

Author Financial Interests

R.B.G.,]. R. G.,T. M. and R. S. W. have received honoraria
from Merck/Schering-Plough Pharmaceuticals. J. R. G. has
also received research grants and honoraria from Merck &
Co., Pfizer and Schering-Plough Corp. R. B. G. has also
received research grants and honoraria from Merck & Co.,
Pfizer and Merck/Schering-Plough Pharmaceuticals and
has served as a consultant for Merck, Merck/Schering-Plough
Pharmaceuticals and Pfizer. A. M. T., J. E. T. and A. P. are
employees, and EJ. is a contract employee of Merck & Co.
and own stock and/or stock options in the company.

References

1 American Diabetes Association. Standards of medical
care in diabetes 2008. Diabetes Care 2008; 31 (Suppl. 1):
S12-S54.

© 2009 Merck & Co., Inc

3

10

11

12

13

14

15

Effect of ezetimibe/simvastatin versus atorvastatin on lipoprotein subclasses

Grundy SM, Cleeman JI, Merz CN et al. Implications of
recent clinical trials for the National Cholesterol Educa-
tion Program Adult Treatment Panel III guidelines.
J Am Coll Cardiol 2004; 44: 720-732.

National Cholesterol Education Program (NCEP). Expert
panel on detection, evaluation, and treatment of high
blood cholesterol in adults (Adult Treatment Panel III)
final report. Circulation 2002; 106: 3143—-3421.

Mack WJ, Krauss RM, Hodis HN. Lipoprotein sub-
classes in the Monitored Atherosclerosis Regression
Study (MARS) — treatment effects and relation to coro-
nary angiographic progression. Arterioscler Thromb
Vasc Biol 1996; 16: 697—704.

Freedman DS, Otvos JD, Jeyarajah EJ et al. Relation of
lipoprotein subclasses as measured by proton nuclear
magnetic resonance spectroscopy to coronary artery dis-
ease. Arterioscler Thromb Vasc Biol 1998; 18: 1046—-1053.
Rosenson RS, Otvos JD, Freedman DS. Relations of
lipoprotein subclass levels and low-density lipoprotein
size to progression of coronary artery disease in the Pra-
vastatin Limitation of Atherosclerosis in the Coronary
Arteries (PLAC-I) trial. Am J Cardiol 2002; 90: 89—94.
Lamarche B, Lemieux I, Despres JP. The small, dense
LDL phenotype and the risk of coronary heart disease:
epidemiology, patho-physiology and therapeutic aspects.
Diabetes Metab 1999; 25: 199-211.

Carmena R, Duriez P, Fruchart JC. Atherogenic lipopro-
tein particles in atherosclerosis. Circulation 2004; 109:
1I1-2-111-7.

Lamarche B, Moorjani S, Cantin B, Dagenais GR,
Lupien PJ, Despres JP. Associations of HDL2 and HDL3
subfractions with ischemic heart disease in men—
prospective results from the Quebec Cardiovascular Study.
Arterioscler Thromb Vasc Biol 1997; 17: 1098—1105.
Rubins HB, Robins SJ, Collins D et al. Gemfibrozil for
the secondary prevention of coronary heart disease in
men with low levels of high-density lipoprotein choles-
terol. N Engl ] Med 1999; 341: 410-418.

Goldberg RB, Guyton JR, Mazzone T et al. Ezetimibe/
simvastatin vs atorvastatin in patients with type 2 dia-
betes mellitus and hypercholesterolemia: the VYTAL
study. Mayo Clin Proc 2006; 81: 1579-1588.

Benjamini Y, Hochberg Y. Controlling the false dis-
covery rate — a practical and powerful approach to
multiple testing. J R Statist Soc B Methodol 1995; 57:
289-300.

Krauss RM. Lipids and lipoproteins in patients with
type 2 diabetes. Diabetes Care 2004; 27: 1496—1504.
Berneis K, Jeanneret C, Muser E, Felix B, Miserez AR.
Low-density lipoprotein size and subclasses are mark-
ers of clinically apparent and non-apparent atheroscle-
rosis in type 2 diabetes. Metabolism 2005; 54: 227-234.
Rizzo M, Pernice V, Frasheri A, Berneis K. Atherogenic
lipoprotein phenotype and LDL size and subclasses in
patients with peripheral arterial disease. Atherosclerosis
2008; 197: 237-241.

Diabetes, Obesity and Metabolism, 11, 2009, 855-864

OA

863



OA

864

16

17

18

19

20

Effect of ezetimibe/simvastatin versus atorvastatin on lipoprotein subclasses

Garvey WT, Kwon S, Zheng D et al. Effects of insulin
resistance and type 2 diabetes on lipoprotein subclass
particle size and concentration determined by nuclear
magnetic resonance. Diabetes 2003; 52: 453—462.

Deeg MA, Buse JB, Goldberg RB et al. Pioglitazone and
rosiglitazone have different effects on serum lipopro-
tein particle concentrations and sizes in patients with
type 2 diabetes and dyslipidemia. Diabetes Care 2007;
30: 2458—-2464.

Hiukka A, Leinonen E, Jauhiainen M et al. Long-term
effects of fenofibrate on VLDL and HDL subspecies in
participants with type 2 diabetes mellitus. Diabetologia
2007; 50: 2611-2613.

Lin M, Superko R, Williams P, Lim P, Pan ], Charles
MA. The atherogenic lipid profile is associated with
type 2 diabetes and some of its treatment modalities.
Diabetes Nutr Metab 2003; 16: 56—64.

Rizzo M, Rini GB, Berneis K. The clinical relevance of
LDL size and subclasses modulation in patients with
type-2 diabetes. Exp Clin Endocrinol Diabetes 2007;
115: 477-482.

Diabetes, Obesity and Metabolism, 11, 2009, 855-864

21

22

23

24

J. E. Tomassini et al.

Tribble DL, Farnier M, Macdonell G et al. Effects of
fenofibrate and ezetimibe, both as monotherapy and in
coadministration, on cholesterol mass within lipopro-
tein subfractions and low-density lipoprotein peak par-
ticle size in patients with mixed hyperlipidemia.
Metabolism 2008; 57: 796-801.

Ose L, Reyes R, Johnson-Levonas AO, Sapre A, Tribble
D, Musline T. Effects of ezetimibe/simvastatin on lipo-
protein subfractions in patients with primary hypercho-
lesterolemia: an exploratory analysis of archived
samples using two commercially available techniques.
Clin Ther 2007; 29: 2419-2432.

Salonen JT, Salonen R, Seppanen K, Rauramaa R,
Tuomilehto J. HDL, HDL2, and HDL3 subfractions, and
the risk of acute myocardial infarction. A prospective
population study in eastern Finnish men. Circulation
1991; 84: 129-139.

Syvanne M, Ahola M, Lahdenpera S et al. High-density-
lipoprotein subfractions in non-insulin-dependent dia-
betes mellitus and coronary artery disease. J Lipid Res
1995; 36: 573-582.

© 2009 Merck & Co., Inc



