
Effects of ezetimibe added to statin therapy on markers of
cholesterol absorption and synthesis and LDL-C lowering in
hyperlipidemic patients

Nuntakorn Thongtang, MDa,b, Jianxin Lin, MSc, Ernst J. Schaefer, MDa, Robert S. Lowe,
PhDc, Joanne E. Tomassini, PhDc, Arvind K. Shah, PhDc, and Andrew M. Tershakovec, MDc

aLipid Metabolism Laboratory, Human Nutrition Research Center on Aging at Tufts University,
Boston, MA, USA bFaculty of Medicine, Siriraj Hospital, Mahidol University, Bangkok, Thailand
cMerck Sharp & Dohme Corp., Whitehouse Station, NJ, USA

Abstract
Objective—Statins inhibit cholesterol synthesis but can upregulate cholesterol absorption, with
higher doses producing larger effects. Ezetimibe inhibits cholesterol absorption but also
upregulates synthesis. We tested whether ezetimibe added to ongoing statin therapy would be
most effective in lowering LDL-cholesterol (LDL-C) in subjects on high-potency statins and
whether these effects would be related to alterations in cholesterol absorption (β-sitosterol) and
synthesis (lathosterol) markers.

Methods—Hypercholesterolemic subjects (n=874) on statins received ezetimibe 10 mg/day.
Plasma lipids, lathosterol, and β-sitosterol were measured at baseline and on treatment. Subjects
were divided into low- (n=133), medium- (n=582), and high- (n=159) statin potency groups
defined by predicted LDL-C–lowering effects of each ongoing statin type and dose (reductions of
~20-30%, ~31-45%, or ~46-55%, respectively).

Results—The high-potency group had significantly lower baseline lathosterol (1.93 vs. 2.58 vs.
3.17 μmol/l; p <0.001) and higher baseline β-sitosterol values (6.21 vs. 4.58 vs. 4.51 μmol/l, p
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<0.001) than medium-/low-potency groups. Ezetimibe treatment in the high-potency group
produced significantly greater reductions from baseline in LDL-C than medium-/low-potency
groups (−29.1% vs. −25.0% vs. −22.7%; p <0.001) when evaluating unadjusted data. These effects
and group differences were significantly (p <0.05) related to greater β-sitosterol reductions and
smaller lathosterol increases. However, LDL-C reduction differences between groups were no
longer significant after controlling for placebo effects, due mainly to modest LDL-C lowering by
placebo in the high-potency group.

Conclusion—Patients on high-potency statins have the lowest levels of cholesterol synthesis
markers and the highest levels of cholesterol absorption markers at baseline, and the greatest
reduction in absorption markers and the smallest increases in synthesis markers with ezetimibe
addition. Therefore, such patients may be good candidates for ezetimibe therapy if additional
LDL-C lowering is needed.

Keywords
non-cholesterol sterol; lathosterol; β-sitosterol; statin potency; dyslipidemia

1. Introduction
Statins play a central role in the treatment of atherogenic dyslipidemia and reduction of
cardiovascular disease (CVD) risk. The cholesterol-lowering response to statin therapy,
however, can vary widely between individuals [1, 2] and contributes to the substantial
number of patients with LDL-C levels above guideline-recommended targets [3-6]. Recent
studies suggest that statin efficacy may be determined not only by their direct inhibitory
effect on cholesterol synthesis but also by compensatory downstream changes in cholesterol
metabolism. Statins reduce markers of cholesterol synthesis (e.g., lathosterol, desmosterol),
which can elicit subsequent increases in markers of cholesterol absorption (e.g.,
campesterol, β-sitosterol) [7-11]. The magnitude of change in these sterol markers has been
reported to vary by statin dose, with lower doses having smaller effects [8, 10]. Differences
between statins have also been observed. Atorvastatin was found to reduce serum
lathosterol/cholesterol ratios more than simvastatin, while it increased plant sterol/
cholesterol ratios more than simvastatin in patients with coronary heart disease [12]. We
previously reported that atorvastatin 80 mg/day and rosuvastatin 40 mg/day caused similar
reduction in markers of cholesterol synthesis, but rosuvastatin increased markers of
cholesterol absorption significantly less than atorvastatin [13]. This study also suggested that
the combined effect of statins on cholesterol synthesis and absorption may influence
treatment efficacy, since the greatest reduction in total cholesterol and LDL-C was seen in
subjects with the largest reduction in lathosterol and no compensatory increase in
campesterol while treatment efficacy was the lowest in subjects where the converse was
true.

Ezetimibe is a selective cholesterol absorption inhibitor that blocks the transport of
cholesterol and phytosterols across the intestinal wall and significantly reduces LDL-C
levels by 15-20% [14, 15]. Ezetimibe decreases markers of cholesterol absorption but also
produces a compensatory increase in markers of cholesterol synthesis [16]. Co-
administration of ezetimibe with a statin has been shown to inhibit cholesterol absorption as
well as synthesis [17] and these complementary effects produce significantly greater
reductions in LDL-C than either drug alone [15, 18, 19].

The effects of ezetimibe added to different statins on cholesterol lowering and cholesterol
homeostasis has not been well studied, especially not in a large head-to-head comparison
study. The goals of this post hoc analysis of the EASE (Ezetimibe Add-on to Statin for
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Effectiveness) study were to compare the effects of adding ezetimibe 10 mg to different
statins and doses on plasma lipid-lowering effects and non-cholesterol sterol levels. Subjects
enrolled in the EASE study had LDL-C levels above National Cholesterol Education
Program Adult Treatment Panel III (NCEP ATP III) recommended targets while on statin
therapy, and were randomized to receive either placebo or ezetimibe in addition to their
ongoing statin [20]. We used lipid and non-cholesterol sterol data from the ezetimibe arm of
this study to test the hypothesis that ezetimibe, when added to statin therapy, would be most
effective in LDL-C lowering in subjects on high-potency statins and that these effects would
be related to alterations in markers of cholesterol absorption (β-sitosterol, β-sitosterol/
cholesterol) and synthesis (lathosterol, lathosterol/cholesterol).

2. Methods
2.1 Subjects and study design

This study included subjects from the ezetimibe add-on to statin arm of the EASE study
(http://clinicaltrials.gov identifier NCT00092586; Study Protocol 040). Details of the study
design and outcomes have been published previously [20, 21]. Briefly, the EASE study was
a multicenter, randomized, double-blind, placebo-controlled, 6-week parallel-group study.
Participants with hypercholesterolemia were recruited from community based practices
across the United States. Inclusion criteria were: 1) age ≥18 years, 2) on a stable, approved
dose of any statin, 3) following a cholesterol-lowering diet for ≥ 6 weeks before study entry,
and 4) LDL-C levels above risk-based NCEP ATP III targets. Subjects receiving lipid-
altering agents other than statins during the 6 weeks before screening were excluded.
Patients were randomized to receive ezetimibe 10 mg/day or placebo plus their current statin
therapy and dose for 6 weeks. Statin type and dose were maintained throughout the study.
The research protocol was approved by the investigational review boards at each site, and all
participants provided written informed consent prior to study start.

For this current post hoc analysis, we assessed subjects who were randomized into the
ezetimibe 10 mg plus statin arm of the EASE study (n=1940). Of the 1124 subjects with
samples available for measurement, only those who had complete sterol and lipid data at
baseline and at the end of the 6-week study were included in this analysis (n=874). The
mean age and other baseline characteristics of those included and excluded from this
analysis were similar.

Comparison of subjects was based on statin type or potency (low, medium, high) subgroups.
The low-potency statin group (predicted LDL-C reduction of ~ 20-30%) included subjects
receiving simvastatin ≤ 10 mg/day, lovastatin ≤ 20 mg/day, pravastatin ≤ 20 mg/day, and
fluvastatin ≤ 40 mg/day. The medium-potency statin group (predicted LDL-C reduction of ~
31-45%) included subjects receiving simvastatin > 10 to ≤ 40 mg/day, atorvastatin ≤ 20 mg/
day, lovastatin > 20 to 80 mg/day, pravastatin > 20 to 80 mg/day, and fluvastatin > 40 to 80
mg/day. The high-potency statin group (predicted LDL-C reduction of ~ 46-55%) included
subjects receiving simvastatin > 40 to 80 mg/day, and atorvastatin > 20 to 80 mg/day.

2.2. Measurement of lipoproteins and non-cholesterol sterols
Plasma total cholesterol (total C), high-density lipoprotein cholesterol (HDL-C), and
triglycerides (TG) were analyzed using standardized methods at the central laboratory of the
trial (PPD Global Central Labs, Highland Heights, Kentucky, USA). LDL-C was calculated
using the Friedewald formula [22]. Non-HDL-C was calculated by subtracting HDL-C from
total C. Apolipoprotein (Apo) A-I, Apo B, and high-sensitivity C-reactive protein (hs-CRP)
were measured by automated immunoassays at the central laboratory. Within and between
coefficients for all assays were <10%. Plasma lathosterol and β-sitosterol were quantified by
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gas chromatography mass spectrometry after lipid extraction as previously described [16].
Since these plasma sterols are mainly carried in the LDL fraction [23], it is common practice
to adjust them for total plasma cholesterol by expressing them as a ratio to cholesterol. An
alternative is to express them as a ratio representing both absorption and synthesis (i.e.,
sitosterol/lathosterol). Plasma sterols were therefore expressed either in absolute terms, as a
ratio to cholesterol, or as a ratio of β-sitosterol to lathosterol.

2.3 Statistical analysis
All continuous variables were expressed as means ± standard deviation (SD) for normally
distributed data, or medians ± robust SD if non-normally distributed. Subjects receiving
lovastatin and fluvastatin were grouped together as “other statins” when evaluating statin
types due to the small number of subjects. For samples with sterol levels below the limit of
detection (0.5 μg/ml) either at the time of randomization or at study end, a value of 0.25 μg/
ml was assigned to prevent any bias of excluding subjects with very low sterol levels. All
subjects were receiving statin therapy at study entry and baseline values represent levels
while on treatment. Baseline cholesterol synthesis and absorption markers among the
different statins were compared using an ANOVA model with terms for statin type and
statin dose within statin type. Changes from baseline in plasma lipids, apolipoproteins, and
hs-CRP after ezetimibe treatment were assessed using an ANOVA model with terms for
statin type or statin potency. Data were presented as mean and 95% confidence interval (CI)
or median and 95% CI for non-normally distributed data. Since baseline LDL-C levels can
influence the lipid-lowering effect of hypolipidemic agents, data were also calculated as
percent changes from baseline. Lipid data were also calculated by adjustment for lipid
values from the placebo arm of the original EASE study. ANOVA with term for statin type
or statin potency were used to compare changes from baseline of plasma lipid values among
groups as well as changes in lathosterol and β-sitosterol. Correlation between changes from
baseline of these sterols with changes of plasma lipids values were assessed using Pearson’s
correlation. Multivariate analysis was performed to assess factors associated with changes in
plasma lathosterol and β-sitosterol levels with an add-on ezetimibe treatment.

3. Results
3.1. Effect of statin potency, type, and dose on baseline lipids and sterols

Baseline characteristics, lipid values, and non-cholesterol sterol levels for the overall
population are presented in Table 1. The mean age was 61.3 years old, 54.1% were male,
and the majority of subjects were Caucasian (82.6%, 7.7% were African American and 9.7%
were other ethnic groups). Mean lipid levels were 210.7 mg/dl for total C, 129.5 mg/dl for
LDL-C, and 48.1 mg/dL for HDL-C, while the median TG level was 151.0 mg/dl. Of the
874 subjects studied, 133 (15.2%) were receiving low-potency statins, 582 (66.6%) were
receiving medium-potency statins, and 159 (18.2%) were receiving high-potency statins
(Table 1A). Subjects in the low- and high-potency statin groups had similar baseline lipid
values, while subjects in the medium-potency statin group had lower baseline total C, LDL-
C, non-HDL-C, total C/HDL-C ratio, and Apo B levels based on post hoc Tukey analysis.
Subjects receiving high-potency statins also had lower Apo A-1 levels than those in the
medium-potency statin group. The distribution of subjects by statin type were 345 (39.5%)
for atorvastatin, 233 (26.7%) for simvastatin, 209 (23.9%) for pravastatin, and 87 (9.9%) for
lovastatin or fluvastatin (Table 1B). Subjects on simvastatin had significantly lower baseline
total C, LDL-C, non-HDL-C, and Apo B levels than those receiving other statin types.

Significant differences in baseline cholesterol synthesis and absorption marker levels were
seen when evaluating statin potency, type, and dose. Subjects in the high-potency statin
group had significantly lower baseline lathosterol and lathosterol/cholesterol levels (p
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<0.001) and significantly higher β-sitosterol, β-sitosterol/cholesterol, and sitosterol/
lathosterol levels (p <0.001) than subjects in the low-potency statin group (Table 1A). Mean
values for high- vs. medium- vs. low-potency statin groups were 0.34 vs. 0.47 vs. 0.56
μmol/mmol for baseline lathosterol/cholesterol levels, 1.15 vs. 0.86 vs. 0.83 μmol/mmol for
baseline β-sitosterol/cholesterol levels, and 5.50 vs. 2.77 vs. 2.03 for baseline β-sitosterol/
lathosterol, respectively. In addition, mean lathosterol/cholesterol ratios were significantly
lower (p <0.001) while mean β-sitosterol/cholesterol and β-sitosterol/lathosterol ratios were
significantly higher (p <0.001) in those who used atorvastatin than those who used other
statins (Table 1B). In an ANOVA model, statin type and statin dose used within statin type
were significantly associated with the ratios of lathosterol/cholesterol and β-sitosterol/
cholesterol (p <0.001). These findings were also confirmed when these markers were
assessed in absolute terms. Baseline lathosterol/cholesterol and β-sitosterol/cholesterol ratios
classified by the different statins and their dosage further demonstrate that statin type and
dose are significantly associated with levels of cholesterol synthesis and absorption markers
(Figure 1).

3.2 Effects of ezetimibe add-on therapy: plasma lipids, apolipoproteins, and hs-CRP
Evaluation of data from the ezetimibe add-on to ongoing statin treatment arm of the EASE
study showed significant reductions in total C, LDL-C, TG, non-HDL-C, total C/HDL-C,
and Apo B from baseline across all statin potency groups (Supplementary Table 1). The
high-potency statin group, however, showed significantly greater reductions in total C,
LDL-C, non HDL-C, Apo B, and total C/HDL-C than observed for the other groups. Since
baseline LDL-C levels are known to affect the LDL-C–lowering response of hypolipidemic
agents, percent reduction of these lipid values were also evaluated and found to be
significantly greater in the high potency group (Supplementary Figure 1). The mean percent
LDL-C reduction in the high-, medium-, and low-potency statin groups were 29.1%, 25.0%,
and 22.7%, respectively (p = 0.002). When results were adjusted for lipid values from the
placebo arm of the EASE study, the high-potency statin group had the greatest reductions in
total C, LDL-C, non-HDL-C, Apo B, and total C/HDL-C; however, these differences were
no longer statistically significant from the other groups (Figure 2). This result may be due in
part to modest reductions from baseline in total C, LDL-C, non-HDL-C, Apo B and total C/
HDL-C that were observed with placebo treatment, with the greatest effect seen in the high-
potency statin group (Supplementary Table 2).

The addition of ezetimibe to all statin types resulted in significant reductions from baseline
in total C, LDL-C, non-HDL-C, Apo B, and total C/HDL-C, with no between-type
differences (Supplementary Table 1). The percent LDL-C reductions from baseline for
ezetimibe combinations with atorvastatin, pravastatin, simvastatin, and lovastatin or
fluvastatin were 26.4%, 23.1%, 26.4%, and 24.1% respectively, p = 0.08 (data not shown).

Response to ezetimibe add-on therapy was also evaluated in subgroups of subjects with
statin-treated baseline absorption marker levels above the median (potentially higher
absorbers) or ≤ the median (potentially lower absorbers) in order to determine if absorption
marker status was associated with treatment efficacy. No significant between-group
differences were seen for any of the baseline absorption marker groups (sitosterol, sitosterol/
cholesterol, sitosterol/lathosterol) when evaluating absolute change from baseline in total C,
LDL-C, triglycerides, non-HDL-C, Apo B, and total C/HDL-C (Supplementary Table 4).
Assessment of percent change from baseline, however, showed significantly greater
reductions in LDL-C (−26.7% vs. −24.1%, p=0.020), non-HDL-C (−24.2% vs. −21.6%,
p=0.011) and total C/HDL-C (−19.0% vs. −17.0%, p=0.030) for subjects with baseline
sitosterol/lathosterol levels above the median, while no significant differences were seen
when evaluating subgroups based on baseline sitosterol or sitosterol/cholesterol marker
levels.
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3.3. Effects of ezetimibe add-on therapy: markers of cholesterol absorption and synthesis
Add-on ezetimibe therapy resulted in significant increases in cholesterol synthesis markers
and significant reductions in cholesterol absorption markers from baseline for each statin
type and statin potency level. Mean lathosterol levels in the overall study population
increased by 52% (95% CI; 42.9, 61.0) and the mean lathosterol/cholesterol ratio increased
by 83.8% (95% CI; 73.3, 94.2). Mean β-sitosterol levels decreased by 47.4% (95% CI;
−48.7, −46.2) and the mean β-sitosterol/cholesterol ratio decreased by 36.3% (95% CI;
−37.7, −34.9). Overall percent change in the mean β-sitosterol/lathosterol ratio was −52.4%
(95% CI; −55.8, −49.0). All sterol changes were highly significant (p <0.001). Addition of
ezetimibe to high-potency statins produced significantly lower increases in cholesterol
synthesis markers than seen with medium- and low-potency statins (Figure 3A). In addition,
combination therapy with high-potency statins resulted in significantly greater reductions in
cholesterol absorption markers and β-sitosterol/lathosterol than medium- and low-potency
statins. When changes in plasma non-cholesterol levels from baseline classified by statin
type were compared, there were no significant differences between lathosterol and
lathosterol/cholesterol among the four groups (Figure 3B). Adding ezetimibe to atorvastatin
decreased β-sitosterol, β-sitosterol/cholesterol, and β-sitosterol/lathosterol levels more than
when added to the other statins, but there were no significant differences among other stain
types. Evaluation of percent change from baseline in plasma non-cholesterol levels showed
no significant difference between statin potencies or statin types (Figure 3C and 3D).

3.4. Correlation between lipid-lowering efficacy and changes in cholesterol synthesis and
absorption markers

Table 2 shows the correlations between changes in plasma lipids and sterols overall and
classified by statin potency groups after 6 weeks of ezetimibe-add on therapy. Changes in
lathosterol and β-sitosterol levels were significantly correlated with changes in total C,
LDL-C, non-HDL-C, total C/HDL-C, and Apo B for the overall population (all p <0.001).
Correlations with changes in TG were significant but considerably weaker. Correlations of
changes in lathosterol with these plasma lipid values were strongest in the high-potency
statin group, while correlations of changes in β-sitosterol with plasma lipid values were
strongest in the low potency statin group. Correlations of changes in lathosterol/cholesterol
were also significantly associated with changes in total C, LDL-C, non-HDL-C, total C/
HDL-C, and Apo B overall, but were weaker than the absolute values and remained
significant only for high- and medium- (Apo B only) potency statin groups (Table 2) and
ezetimibe-atorvastatin group (Supplementary Table 3). Changes in β-sitosterol/cholesterol
were negatively and weakly correlated with changes in total C, non-HDL-C, and Apo B
overall. Again, only the high- and medium- (Apo B only) potency statin and ezetimibe-
atorvastatin groups were significant.

3.5. Factors related to changes in cholesterol synthesis and absorption markers
Multivariate analysis was used to assess factors associated with changes in lathosterol and β-
sitosterol after 6 weeks of ezetimibe add-on therapy (Table 3). Factors significantly
associated with changes in lathosterol were baseline total cholesterol, changes in total
cholesterol, baseline lathosterol, and statin potency. Factors significantly associated with
changes in β-sitosterol were baseline LDL-C, changes in total cholesterol, baseline β-
sitosterol, and statin potency. For changes in lathosterol and β-sitosterol, the baseline values
of lathosterol and β-sitosterol, respectively, were the strongest predictors during ezetimibe
add-on treatment. Changes in LDL-C and stain type were not significantly associated with
any sterol change.
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4. Discussion
This post hoc analysis of the EASE study evaluated the effects of ezetimibe on lipid and
sterol markers when added to ongoing statin treatment. To our knowledge, this is the first
head-to-head comparison evaluating the effect of ezetimibe add-on to low-, medium- and
high-potency statins on changes in cholesterol synthesis and absorption markers and LDL-C.
Although it is the second study comparing the addition of ezetimibe to a variety of statins on
markers of cholesterol synthesis and absorption, the previous study evaluated the effects of
statin, ezetimibe, or both in subjects with primary hypercholesterolemia [24] while the
current study assessed the effects of ezetimibe add-on therapy in subjects already on statins
and above NCEP ATP III recommended LDL-C targets.

As expected, our study found that addition of ezetimibe to ongoing atorvastatin, simvastatin,
pravastatin, and lovastatin or fluvastatin resulted in significant LDL-C lowering from treated
baseline and no significant differences between statins were observed, which was consistent
with the primary study results [20]. A pooled analysis from four different statin trials in
patients with primary hypercholesterolemia also found that ezetimibe 10 mg/day co-
administered with lovastatin, simvastatin, pravastatin, or atorvastatin resulted in similar
percentage LDL-C reduction from baseline across statin types and statin doses [25]. We
hypothesized, however, that the addition of ezetimibe to high-potency statins would result in
greater LDL-C reductions than seen with medium- or low-potency statins, and that these
effects should be related to alterations in markers of cholesterol synthesis and absorption.
Statins inhibit cholesterol synthesis, but effects on lowering LDL-C may be moderated by a
compensatory up-regulation of cholesterol absorption, with higher-potency statins having a
greater effect [8, 10]. Ezetimibe add-on therapy might therefore be expected to have the
greatest LDL-C lowering effect in subjects with higher levels of cholesterol absorption
induced by high-potency statins.

In the current study, subjects receiving high-potency statins had significantly higher levels
of cholesterol absorption markers (β-sitosterol and β-sitosterol/cholesterol) and lower levels
of cholesterol synthesis markers (lathosterol, lathosterol/cholesterol) compared with lower-
potency statin groups. These results are consistent with studies comparing different doses of
atorvastatin and rosuvastatin which found that higher doses of statin resulted in greater
reductions in cholesterol synthesis marker levels and greater increases in cholesterol
absorption marker levels than lower doses of the same statin [8, 10]. In addition, the
Scandinavian Simvastatin Survival Study (4S) also showed that the higher the dose, the
longer the treatment period, and the higher the baseline absorption sterol ratios, the higher
was the relative increase of absorption sterol ratios in subjects treated with simvastatin [26].
We found that addition of ezetimibe to high-potency statins resulted in greater reductions in
cholesterol absorption markers and smaller increases in cholesterol synthesis markers than
observed with medium- and low-potency statins. Greater reductions in LDL-C levels were
also observed for this high-potency statin group compared with medium- and low-potency
groups. However, these results did not reach statistical significance when adjusted for LDL-
C changes observed in the placebo arm of the study. The differential effect of placebo on
change from baseline LDL-C in the low- (+0.1%), medium- (−2.0%), and high- (−3.3%)
potency statin groups may have contributed to the lack of significance after adjustment.
Substantial variability in response to both statin and ezetimibe therapy is well known, and
future assessment of individual changes rather than group comparisons may provide
additional insight into the effects of ezetimibe when administered with statins of differing
potencies.

Controversy exists whether baseline non-cholesterol sterol levels predict LDL-C–lowering
response to statin and/or ezetimibe treatment. Miettinen and colleagues have proposed that
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subjects with high cholesterol absorption and low synthesis respond poorly to statins and
may need combination therapy to lower serum cholesterol more effectively and prevent an
increase in the levels of plant sterols [26, 27]. Some studies do not support the benefit of
using baseline cholesterol absorption marker levels in predicting response to statin and
ezetimibe/simvastatin treatment [28, 29]. However, two recent studies suggest that statins
were most effective in subjects who did not upregulate cholesterol absorption during statin
therapy [13, 24]. Subjects enrolled in the EASE study were above NCEP ATP III
recommended LDL-C levels while on statins, and therefore may represent less responsive
patients with increased levels of cholesterol absorption, but other factors cannot be ruled out.
Within this population, comparison of subjects with baseline cholesterol absorption marker
levels either above or ≤ the median found no significant differences in the LDL-C–lowering
response to ezetimibe add-on therapy when evaluating absolute change from statin-treated
baseline and minimally significant differences when assessing percent change (only seen for
sitosterol/lathosterol subgroups). Our post hoc evaluation of EASE was not designed to
evaluate the ability of baseline non-cholesterol levels to predict the therapeutic efficacy of
statins or ezetimibe because we did not measure baseline values of cholesterol synthesis and
absorption markers before statin therapy was initiated, and further studies are needed to
address this issue.

We did find that statin type affected levels of cholesterol synthesis and absorption markers.
Subjects who were on atorvastatin had lower lathosterol/cholesterol and higher β-sitosterol/
cholesterol levels than subjects who were on other statins. In concurrence with our findings,
previous studies have shown that atorvastatin reduced precursor sterols more than
simvastatin (e.g., −50% vs. −42% when comparing sterol/cholesterol ratios), and plant
sterols increased more with atorvastatin than with simvastatin (e.g. 82% vs. 39% when
comparing sterol/cholesterol ratios) [12, 24]. We also found that addition of ezetimibe to
atorvastatin produced significantly greater reduction of β-sitosterol, β-sitosterol/cholesterol,
and β-sitosterol/lathosterol levels than when added to other statins, while increases in
markers of cholesterol synthesis were similar across all statins. Despite these differences,
addition of ezetimibe to any statin lowered LDL-C by 23-26% and no significant differences
between statins were observed. Few other studies have evaluated the influence of statin type
on cholesterol synthesis and absorption marker levels during combination therapy with
ezetimibe, and none have assessed concomitant changes in LDL-C. In one post hoc
evaluation of subjects with primary hypercholesterolemia, ezetimibe plus atorvastatin
reduced lathosterol by 62.4% and β-sitosterol by 49.4% while co-administration of
ezetimibe and simvastatin reduced lathosterol by 47.6% and β-sitosterol by 52.1%,
supporting the current finding that different statins may differentially influence markers of
cholesterol synthesis and absorption [24].

Common factors that were significantly associated with changes in lathosterol and β-
sitosterol included baseline values of those sterols, changes in total cholesterol, and statin
potency. Baseline sterol levels were the strongest predictors of sterol changes during an
ezetimibe add-on treatment, indicating that baseline lathosterol may be related to changes in
cholesterol synthesis and baseline β-sitosterol to reduction of cholesterol absorption. In
addition, changes in sterol levels significantly correlated with changes in LDL-C following
ezetimibe add-on therapy. A previous study also reported correlations of baseline non-
cholesterol sterol levels with changes in these sterols [28] and sterol changes with those of
LDL-C during treatment with ezetimibe and simvastatin [28, 29]. It should be noted that the
baseline sterol levels in this study were obtained during statin treatment prior to the addition
of ezetimibe, while the baseline values in other studies were obtained before initiation of any
therapy.
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While this is one of the few studies to assess the effects of ezetimibe add-on therapy on both
lipids and sterol markers, certain limitations were present. This study was a post hoc
analysis of the EASE trial. Because subjects enrolled in this study had LDL-C levels above
NCEP ATP III recommended targets while on statin therapy, results may not be
generalizable to other patient populations and may potentially include some bias. Non-
cholesterol sterol data was not available for the entire study cohort which could potentially
bias the results; however no significant differences in baseline characteristics were seen
between those included and excluded from the analysis. In addition, non-cholesterol sterols
were not measured in the placebo arm; therefore, we were unable to determine placebo-
adjusted values for non-cholesterol sterols after the addition of ezetimibe. Further
prospective randomized studies are needed to clarify this issue. The treatment duration of
ezetimibe in this study was 6 weeks, and thus longer-term changes in these sterol markers
were not assessed. However, a previous study has reported similar changes of cholesterol
synthesis and absorption markers levels between short-term therapy and two-year treatment
in subjects with familial hypercholesterolemia [28]. Finally, we did not have baseline values
for cholesterol synthesis and absorption markers prior to the initiation of statin therapy and
therefore were not able to determine if baseline levels predict LDL-C– lowering response to
overall treatment. We did, however, have the values of the sterol markers during on-going
statin therapy thus providing responses of the subjects to ezetimibe treatment.

5. Conclusions
Results from this study indicate that statin potency and type can significantly affect
cholesterol synthesis and cholesterol absorption marker levels. Patients on high-potency
statins had the lowest levels of cholesterol synthesis markers and the highest levels of
cholesterol absorption markers at baseline, and the greatest reduction in absorption markers
and the smallest increases in synthesis markers with ezetimibe addition. Compared with
baseline values, ezetimibe was most effective in reducing LDL-C when added to high-
potency statin therapy; however, this finding was no longer significant after adjusting for
placebo effects. Nevertheless, these results highlight the complementary effects that statins
and ezetimibe have on modulating markers of cholesterol synthesis and absorption, and
suggest that patients on high-potency statins may be good candidates for ezetimibe therapy
if additional LDL-C lowering is required to reach LDL-C goals.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Highlights

“Effects of ezetimibe added to statin therapy on markers of cholesterol absorption and
synthesis and LDL-C lowering in hyperlipidemic patients”

To our knowledge, this study is the first head-to-head comparison evaluating the effect of
ezetimibe combined with low-, medium-, and high-potency statins on cholesterol
synthesis and absorption markers and LDL-C lowering. Furthermore, our study included
a relatively large number of subjects as compared with the earlier non-cholesterol sterol
studies. We found that statin type and dosage significantly affect cholesterol synthesis
and cholesterol absorption markers levels, and that statin potency influenced changes in
cholesterol synthesis and absorption marker levels when adding ezetimibe to statin
therapy.
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Figure 1.
Baseline plasma sterol/cholesterol levels during on-going statin therapy

A. baseline lathosterol/cholesterol

B. baseline β-sitosterol/cholesterol
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Figure 2.
Percent change in lipid values from statin-treated baseline after ezetimibe add-on therapy
(adjusted for values from the placebo arm of EASE)
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Figure 3.
Effect of 6-week ezetimibe add-on treatment on plasma non-cholesterol sterol levels –
absolute and percent change by statin potency and type
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Table 1

Baseline characteristics, lipids, and sterols

A. Overall and subgroups by statin potency

Characteristic Overall Statin potency

(n=874) Low
(N=133)

Medium
(N=582)

High
(N=159)

Mean age (yr) 61.3 ±11.2 62.0 ±11.2 61.4 ±11.2 60.5 ±11.0

Male (%) 473 (54.1) 68 (51.1) 312 (53.6) 93 (58.5)

Race

 Caucasian, n (%) 722 (82.6) 97 (72.9) 485 (83.3) 140 (88.1)

 African American, n (%) 67 (7.7) 10 (7.5) 45 (7.7) 12 (7.5)

 Others, n (%) 85 (9.7) 26 (19.5) 52 (8.9) 7 (4.4)

DM, n (%) 361 (41.3) 61 (45.9) 253 (43.5) 47 (29.6)

Body mass index (kg/m2) 30.8 ±6.6 30.1 ±7.5 31.0 ±6.5 30.7 ±6.1

Total C (mg/dl) * 210.7 ±34.2 215.8 ±35.2 208.7 ±32.4 213.6 ±39.1

LDL-C (mg/dl) ** 129.5 ±29.0 135.1 ±30.1 127.0 ±26.4 134.1 ±35.2

Triglyceride (mg/dl) a 151.0 ±83.7 152.0 ±75.3 151.0 ±81.9 150.0 ±91.2

HDL-C (mg/dl) 48.1 ±11.3 47.9 ±11.9 48.6 ±11.3 46.5 ±10.5

Total C/HDL-C ratio ** 4.56 ±1.12 4.74 ±1.29 4.46 ±1.06 4.76 ±1.15

Non-HDL-C (mg/dl) ** 162.5 ±33.1 167.8 ±35.8 160.1 ±31.0 167.1 ±37.0

Apo B (mg/dl) ** 129.2 ±24.8 132.1 ±27.1 127.3 ±23.6 133.8 ±26.7

Apo A1 (mg/dl) * 158.1 ±26.9 157.8 ±27.2 159.7 ±27.1 152.4 ±25.2

hs-CRP (mg/L) a 2.50 ±3.72 2.80 ±3.91 2.50 ±3.53 2.40 ±4.37

Lathosterol (μmol/L) *** 2.55 ±1.70 3.17 ±1.70 2.58 ±1.70 1.93 ±1.63

β-sitosterol (μmol/L) *** 4.86 ±2.62 4.51 ±2.03 4.58 ±2.46 6.21 ±3.14

Lathosterol/Total C (μmol/mmol) *** 0.46 ±0.27 0.56 ±0.27 0.47 ±0.27 0.34 ±0.24

β-sitosterol/Total C (μmol/mmol) *** 0.91 ±0.50 0.83 ±0.39 0.86 ±0.47 1.15 ±0.60

β-sitosterol/Lathosterol *** 3.16 ±3.53 2.03 ±2.22 2.77 ±3.08 5.50 ±4.78

B. Subgroups by statin type

Characteristic Atorvastatin Simvastatin Pravastatin Other statinsa

(n=345) (n=233) (n=209) (n=87)

Mean age (yr) 60.0±11.7 61.6±10.3 61.6±11.4 63.2±10.2

Male (%) 182 (52.8%) 143 (61.4%) 104 (49.8%) 44 (50.6%)

Race

 Caucasian, n (%) 286 (82.9) 195 (83.7) 167 (79.9) 74 (85.1)

 African American, n (%) 29 (8.4) 19 (8.2) 14 (6.7) 5 (5.7)

 Other, n (%) 30 (8.7) 19 (8.2) 28 (13.4) 8 (9.2)

DM, n (%) 136 (39.4) 98 (42.1) 88 (42.1) 39 (44.8)

Body mass index (kg/m2) 31.1 ±6.5 30.8 ±6.5 30.2 ±5.9 30.9 ±8.8
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B. Subgroups by statin type

Characteristic Atorvastatin Simvastatin Pravastatin Other statinsa

(n=345) (n=233) (n=209) (n=87)

Total C (mg/dl) ** 209.7 ±35.4 205.5 ±31.4 215.5 ±34.9 216.4 ±33.2

LDL-C (mg/dl) ** 130.0 ±30.9 124.3 ±26.1 133.1 ±28.3 133.4 ±28.1

Triglyceride (mg/dl) b 149.0± 85.6 149.0 ±88.4 155.0 ±80.0 157.0 ±69.8

HDL-C (mg/dl) 47.8 ±10.7 48.2 ±11.8 48.6 ±12.0 48.4 ±10.3

Total C/HDL-C ratio ** 4.55 ±1.05 4.46 ± 1.10 4.65 ±1.25 4.64 ±1.09

Non-HDL-C (mg/dl) ** 162.0 ±33.6 157.4 ±30.2 166.9 ±34.5 168.0 ±33.1

Apo B (mg/dl) * 129.2 ±25.4 125.8 ±23.2 131.3 ±26.0 133.4 ±23.0

Apo A1 (mg/dl) 156.3 ±26.1 157.7 ±26.3 160.5 ±28.2 160.0 ±28.0

hs-CRP (mg/l) b 2.40 ±3.53 2.50 ± 3.81 2.70 ±4.09 2.50 ± 3.53

Lathosterol (μmol/L) *** 2.20 ±1.70 2.47 ±1.68 3.08 ±1.69 2.91 ±1.42

β-sitosterol (μmol/L) *** 5.40 ±2.93 4.33 ±2.17 4.72 ±2.51 4.48 ±2.25

Lathosterol/Total C (μmol/mmol) *** 0.39 ±0.26 0.46 ±0.28 0.55 ±0.26 0.52 ±0.24

β-sitosterol/Total C (μmol/mmol) *** 1.01 ±0.57 0.82 ±0.40 0.86 ±0.48 0.81 ±0.42

β-sitosterol/Lathosterol *** 4.22 ±4.39 2.86 ±2.96 2.11 ±2.10 2.23 ±2.62

a
Values are expressed as mean ± standard deviation (SD) or median ± robust SD

*
p <0.05;

**
p <0.01;

***
p <0.001 indicate significant differences between statin potency groups by ANOVA

Apo; apolipoprotein; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; LDL-C, low-density lipoprotein
cholesterol; Total C, total cholesterol

a
other statins include lovastatin and fluvastatin

b
Values are expressed as mean ± standard deviation (SD) or median ± robust SD

*
p <0.05;

**
p <0.01;

***
p <0.001 indicate significant differences between statin potency groups by ANOVA

Abbreviations as in Table 1A
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Table 2

Correlation between changes of cholesterol synthesis and absorption markers with changes of plasma lipids
and apolipoprotein B levels after 6 weeks of ezetimibe add-on therapy

Parameter Changes in lathosterol Changes in β-sitosterol

All Low
potency

Medium
potency

High
potency All Low

potency
Medium
potency

High
potency

changes in Total C 0.339 ** 0.203 * 0.291 ** 0.646 ** 0.260 ** 0.364 ** 0.229 ** 0.217 *

changes in LDL-C 0.288 ** 0.146 0.240 ** 0.601 ** 0.245 ** 0.346 ** 0.207 ** 0.208 *

changes in Triglycerides 0.164 ** 0.149 0.161 ** 0.220 * 0.073 * 0.043 0.057 0.144

changes in HDL-C 0.022 −0.068 0.039 0.016 0.061 0.003 0.103 * −0.033

changes in Total C/HDL-C 0.241 ** 0.204 * 0.186 ** 0.485 ** 0.170 ** 0.207 * 0.133 * 0.177 *

changes in Non-HDL-C 0.338 ** 0.216 * 0.288 ** 0.641 ** 0.250 ** 0.359 ** 0.210 ** 0.222 *

changes in Apo B 0.311 ** 0.131 0.274 ** 0.610 ** 0.218 ** 0.258 * 0.189 ** 0.191 *

Parameter Changes in lathosterol/cholesterol Changes in β-sitosterol/cholesterol

All Low
potency

Medium
potency

High
potency All Low

potency
Medium
potency

High
potency

changes in Total C 0.103 * −0.066 0.076 0.382 ** −0.079 * 0.077 −0.071 −0.229 *

changes in LDL-C 0.086 * −0.099 0.065 0.354 ** −0.064 0.085 −0.052 −0.229 *

changes in Triglycerides 0.068 * 0.126 0.058 0.111 −0.043 −0.026 −0.067 0.016

changes in HDL-C −0.024 −0.139 −0.012 −0.005 0.029 0.018 0.059 −0.063

changes in Total C/HDL-C 0.076 * 0.069 0.033 0.290 ** −0.061 0.001 −0.075 −0.107

changes in Non-HDL-C 0.109 * −0.036 0.080 0.381 ** −0.086 * 0.072 −0.086 −0.217 *

changes in Apo B 0.106 ** −0.090 0.088 * 0.374 ** −0.093 * 0.002 −0.085 * −0.231 *

Values are expressed as correlation coefficients

*
p ≤0.05;

**
p <0.001
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Table 3

Multivariate analysis for variables associated with changes in lathosterol and β-sitosterol after 6 weeks of
ezetimibe add-on therapy

Factor Change in lathosterol Change in β-sitosterol

Beta P value Beta P value

- baseline total cholesterol 0.009 0.0350 0.002 0.1936

- baseline LDL-C 0.004 0.4538 0.005 0.0210

- changes in total cholesterol 0.026 <0.0001 0.012 <0.0001

- changes in LDL-C 0.001 0.8297 0.005 0.1015

- baseline lathosterol −0.409 <0.0001

- baseline β-sitosterol −0.540 <0.0001

- statin type 0.5976 0.7147

- statin potency

 high-potency −0.491 0.0065 0.201 0.0215

 medium-potency 0.000 0.000

 low-potency 0.230 0.004
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