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Introduction

Ezetimibe, an inhibitor of intestinal cholesterol absorption, low-
ers the low density lipoprotein-cholesterol (LDL-C) by 17–18%.1-4) 
However, ezetimibe elevates the activity of 3-hydroxy-3-methylgl-
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utaryl coenzyme A (HMG CoA) reductase resulting in the increase 
of cholesterol synthesis.5-7) When ezetimibe was added to an on-
going statin therapy, LDL-C was reduced by 25–27%.8-10) The differ-
ence in the reduction of LDL-C suggests that the effect of ezetimibe 
on cholesterol levels may be weakened due to increased cholester-
ol synthesis. However, there are no reports that have directly evalu-
ated the extent to which the increased cholesterol synthesis affects 
cholesterol levels. The effect of inhibition of HMG CoA reductase on 
cholesterol absorption is controversial.6)7)11-13) It is unknown whether 
the effect of statin on cholesterol absorption influences cholester-
ol levels. The aim of this study was to directly assess the effect of in-
teractions between statin and ezetimibe on blood cholesterol levels.

Subjects and Methods

The study protocol was approved by the Institutional Review 
Board of Chung-Ang University Hospital {IRB No. C2011168(618)}. 
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Informed consent was waived by the IRB. 
This case-controlled study enrolled 198 patients who did not 

achieve the goal of the Adult Treatment Panel III of the National 
Cholesterol Education Program. The exclusion criteria were as fol-
lows: 1) new onset of diseases that can influence lipid levels, such 
as diabetes mellitus, infectious diseases, or other endocrinologic 
diseases, within the last 3 months; 2) aspartate aminotransferase 
or alanine aminotransferase levels ≥3-fold of the upper normal lim-
it; and 3) starting of new medications within the last 3 months that 
can affect lipid levels.

Ezetimibe (10 mg) was administered to patients without on-going 
statin therapy (n=58) and with on-going statin therapy (n=58). The 
on-going statins were atorvastatin (10 mg, n=21), lovastatin (20 mg, 
n=16), pitavastatin (2 mg, n=10), and simvastatin (20 mg, n=11) 
(Table 1). Simvastatin (20 mg) was administered to patients without 
on-going ezetimibe therapy (n=41) and with on-going ezetimibe 
therapy (10 mg, n=41).

Lipid profiles were measured before and after the management 
for 2 months. The blood samples were obtained after overnight fast-
ing. The concentrations of total cholesterol and triglyceride were de-
termined by the enzymatic method using an automatic analyzer 
(Model 7150, Hitachi, Tokyo, Japan). LDL-C was calculated with the 
Friedewald equation. The concentration of high density lipopro-
tein-cholesterol (HDL-C) was measured by direct method using im-
munoinhibition (Wako Pure Chemical Industries, Ltd., Osaka, Japan).

The data are expressed as mean±SD. The statistical analysis was 
performed using the Social Package for the Social Sciences (version 
9.0, SPSS, Inc., Chicago, IL, USA). The paired t-test was used to com-

pare concentrations before and after the medications, and the Stu-
dent t-test was used to evaluate the differences between the groups. 
For triglyceride, the Wilcoxon signed-rank test was used to compare 
concentrations before and after the therapy, and the Mann-Whitney 
U test was used to evaluate the differences between the groups. The 
distribution of discrete variables was analyzed using the χ2 test. Differ-
ences among the groups were analyzed by the Kruskal-Wallis meth-
od. A two-tailed p<0.05 was considered statistically significant.

Results

The baseline demographic and clinical characteristics were similar 
between the patients with and without on-going statin therapy of 
the ezetimibe-administered group, and between the patients with 
and without on-going ezetimibe of the simvastatin-administered 
group (Table 1). The baseline values of total cholesterol, LDL-C, HDL-
C, and triglyceride levels were also similar between the groups (Ta-
ble 2).

Ezetimibe lowered total cholesterol by 13.3±8.8% (from 231.0± 
18.2 to 199.9±23.1 mg/dL, p<0.001) in patients without on-going 
statin therapy and by 21.1±7.7% (from 229.9±20.7 to 181.0±21.1 
mg/dL, p<0.001) in patients with on-going statin therapy (Table 2). 
This difference was statistically significant (p<0.001) (Fig. 1). 

Ezetimibe lowered LDL-C by 18.7±15.3% (from 145.8±20.8 to 
117.3±21.2 mg/dL, p<0.001) in patients without on-going statin 
therapy and by 29.9±12.6% (from 143.6±19.7 to 100.5±21.7 mg/dL, 
p<0.001) in patients with on-going statin therapy (Table 2). The re-
duction in LDL-C was greater in patients with on-going statin therapy 

Table 1. Comparison of baseline clinical characteristics

Ezetimibe Statin

No statin (n=58) Statin (n=58) p No ezetimibe (n=41) Ezetimibe (n=41) p

Sex (M/F) 33/25 26/32 0.27 16/25 13/28 0.65

Age 58.7±9.5 59.7±11.9 0.60 60.7±9.1 60.3±9.6 0.82

BMI (kg/m2) 24.9±2.9 25.7±3.0 0.80 25.1±3.9 24.6±2.6 0.51

Alcohol (%) 23 (39.7) 17 (29.3) 0.10 11 (26.8) 7 (17.1) 0.42

Smoking (%) 10 (17.2) 7 (12.1) 0.60 7 (17.1) 6 (14.6) 1

Associated disease (%)

Hypertension 46 (79.3) 39 (67.2) 0.21 35 (85.4) 27 (65.9) 0.07

IHD 4 (6.9) 7 (12.1) 0.43 6 (14.6) 1 (2.4) 0.11

DM 7 (12.1) 2 (3.4) 0.16 3 (7.3) 3 (7.3) 1

Medication (%)

Atorvastatin (10 mg) 21 (36.2) -

Lovastatin (20 mg) 16 (27.6)

Pitavastatin (2 mg) 10 (17.2)

Simvastatin (20 mg) 11 (19.0) 41 (100) 41 (100)

Values are presented as mean±SD. BMI: body mass index, IHD: ischemic heart disease, DM: diabetes mellitus
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than in those without on-going statin therapy (p<0.001) (Fig. 1).
In the patients with on-going statin therapy, the effect of ezeti-

mibe on the total cholesterol (p=0.64) and the LDL-C (p=0.63) levels 
was not significantly different among the on-going medication sub-
groups of atorvastatin, lovastatin, pitavastatin, and simvastatin (Fig. 2). 

The patients with on-going lovastatin therapy (n=16) showed sim-
ilar changes in total cholesterol (p=0.84) and LDL-C (p=0.89) levels 
compared to those with on-going atorvastatin, pitavastatin, and 
simvastatin therapy (n=42).

Simvastatin reduced total cholesterol by 28.9±8.7% (from 233.9± 

Table 2. Changes in lipid and lipoprotein profiles in the 4 groups of patients

Ezetimibe Statin

No statin (n=58) Statin (n=58) p No ezetimibe (n=41) Ezetimibe (n=41) p

Cholesterol (mg/dL)

Pre 231.0±18.2 229.9±20.7 0.76 233.9±16.8 233.0±16.9 0.81

Post 199.9±23.1 181.0±21.1 166.5±25.7 157.3±22.9

p  <0.001  <0.001  <0.001  <0.001

LDL-C (mg/dL)

Pre 145.8±20.8 143.6±19.7 0.58 150.1±18.0 148.8±17.3 0.74

Post 117.3±21.2 100.5±21.7 88.4±21.6 80.1±18.3

p  <0.001  <0.001  <0.001  <0.001

HDL-C (mg/dL)

Pre 54.8±9.9 55.4±9.5 0.72 53.5±14.3 53.4±10.2 0.96

Post 54.6±10.0 54.1±9.4 53.6±11.8 53.8±10.7

p  0.87  0.11 0.94 0.71

Triglyceride (mg/dL)

Pre 153.0±63.6 154.7±62.9 0.91 151.0±77.7 153.8±67.6 0.72

Post 143.1±78.1 131.9±63.7 122.4±47.1 117.2±56.5

p  0.11  <0.001 0.006 0.001

AST (IU/L)

Pre 24.0±5.3 24.8±6.6 0.47 23.9±6.1 25.7±7.8 0.26

Post 25.7±7.1 26.5±7.4 24.7±6.2 27.9±5.6

p 0.024  0.067 0.37 0.063

ALT (IU/L)

Pre 21.9±9.6 24.6±8.8 0.11 22.0±9.2 23.8±10.3 0.41

Post 24.5±11.6 29.4±12.7 24.0±9.7 28.6±11.4

p 0.014  <0.001 0.09 0.004

Creatine kinase (IU/L)

Pre 104.8±50.7 105.8±57.9 0.92 98.1±60.2 111.1±66.4 0.35

Post 112.0±52.1 123.4±80.9 98.1±40.4 112.9±58.9

p 0.31  0.018 0.99 0.83

Lipoprotein(a) (mg/dL)

Pre 25.7±22.6 40.7±36.8 0.048 21.4±18.4 34.3±28.6 0.012

Post 24.8±22.1 40.7±34.9 21.3±19.8 33.7±26.4

p 0.37  0.52 0.39 0.63

CRP (mg/L)

Pre 1.23±1.32 0.87±1.27 0.002 1.79±2.69 1.66±3.03 0.17

Post 1.74±2.73 1.31±2.17 1.53±2.68 2.39±6.88

p  0.29 0.62 0.011 0.23

Values are presented as mean±SD. LDL-C: low density lipoprotein-cholesterol, HDL-C: high density lipoprotein-cholesterol, AST: aspartate aminotransfer-
ase, ALT: alanine aminotransferase, CRP: C-reactive protein
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16.8 to 166.5±25.7 mg/dL, p<0.001) in the patient groups that are 
not taking ezetimibe and by 32.6±7.8% (from 233.0±16.9 to 157.3± 
22.9 mg/dL, p<0.001) in the patient groups that are taking ezetimibe 
(Table 2). 

Simvastatin decreased LDL-C by 41.1±12.3% (from 150.1±18.0 
to 88.4±21.6 mg/dL, p<0.001) in patient groups that are not taking 
ezetimibe and by 46.1±11.3% (from 148.8±17.3 to 80.1±18.3 mg/
dL, p<0.001) in the patient groups that are taking ezetimibe. The dif-
ferences in the reductions of total cholesterol and LDL-C were of 
borderline significance (p=0.10 and p=0.055, respectively) (Fig. 1).

There were no changes in the HDL-C and lipoprotein levels (a) in 
all groups. The triglyceride level decreased in all groups, except for 

the only ezetimibe-administered group (p=0.11) (Table 2). The C-re-
active protein level decreased in the only statin-administered group 
(p=0.011).

Discussion

This case-controlled study demonstrated that the inhibition of 
cholesterol absorption by ezetimibe lowered the total cholesterol 
and LDL-C levels more in patients with on-going statin therapy than 
in those without on-going statin therapy. This finding suggests 
that the increase in cholesterol synthesis, due to the inhibition of 
cholesterol absorption, results in a significant elevation of the cho-
lesterol and LDL-C levels. To the best of our knowledge, this is the 
first report that directly evaluated the extent to which the increased 
cholesterol synthesis affects cholesterol levels. 

Several studies have reported that ezetimibe increases cholesterol 
synthesis, which was measured using isotopes or the surrogate 
markers of cholesterol synthesis, such as the ratio of lathosterol, 
desmosterol, or cholestenol to cholesterol.5-7) However, no studies 
have investigated the direct effect of this interaction on cholesterol 
levels. In the present study, a prior inhibition of cholesterol synthe-
sis by statin enhanced the effect of lowering the total cholesterol 
and LDL-C levels with ezetimibe by 7.8% (p<0.001) and 11.2% (p< 
0.001), respectively. This finding suggests that the increase in cho-
lesterol synthesis induced by ezetimibe plays a significant role in 
weakening the cholesterol-lowering effect of ezetimibe, which in 
turn elevates the cholesterol levels. Comparing to 13–109% of in-
crease in cholesterol synthesis with ezetimibe, the effect on cho-
lesterol levels was rather small.5-7)

Statin cannot completely inhibit hydroxymethlyglutaryl-coenzyme 
A (HMG CoA) reductase. In addition, the effect of co-administration 
of ezetimibe and statin on cholesterol synthesis is controversial. Sev-
eral investigations have reported that the co-administration does 
not alter cholesterol synthesis.6) However, other studies have sug-
gested that cholesterol synthesis increases even in the co-admin-
istration of ezetimibe and statin.7) Therefore, the actual elevation of 
cholesterol levels with the increased cholesterol synthesis may be 
higher than what was demonstrated in this paper. 

Ezetimibe lowered LDL-C by 17–18%.1-4) However, LDL-C was re-
duced by 25–27% when ezetimibe was added to an on-going statin 
therapy.8-10)14) In the present study, ezetimibe decreased LDL-C by 
18.7±15.3% in the patients without on-going statin therapy and by 
29.9±12.6% in the patients with on-going statin therapy. Although 
the cholesterol lowering effect of ezetimibe was greater in this study 
than in the previous studies, the difference of 11.2% in the effect 
of ezetimibe between the patients with and without on-going statin 
therapy is consistent with those of the previous studies. A greater 

Fig. 2. Comparison of percent changes in cholesterol and low density lipo-
protein-cholesterol (LDL-C) levels according to the on-going statin thera-
pies in the ezetimibe-administered group. TC: total cholesterol.
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cholesterol-lowering effect in this study may be partially explained 
by the racial differences. The previous studies were conducted in 
the Caucasian populations, and this study was done in Asian popu-
lation with relatively lower body surface area.

The co-administration of ezetimibe and statin produces an incre-
mental reduction of LDL-C in the range of 12% to 15% compared to 
single statin therapy.1-4) As shown above, LDL-C was reduced by 25–
27% when ezetimibe was added to an on-going statin therapy.8-10)14) 
This difference may be caused by the method used for calculating 
the change in cholesterol levels. For example, if statin decreases 
LDL-C from 200 mg/dL to 120 mg/dL and the addition of ezetimibe 
incrementally reduced to 94 mg/dL, the reduction of 26 mg/dL by 
ezetimibe is 13% of the initial LDL-C level (=26/200×100). However, 
this reduction is 21.7% (=26/120×100) of LDL-C level after statin 
therapy. Therefore, the calculation method masks the effect of ezeti-
mibe on cholesterol levels, due to increased cholesterol synthesis, 
and the effect of combined therapy of statin and ezetimibe on cho-
lesterol levels is not additive but synergistic.

Statin reduces cardiovascular events not only by reducing choles-
terol biosynthesis but also by the so-called pleiotropic effects.15) 
The addition of ezetimibe failed to improve the pleiotropic effect of 
statin, in spite of a markedly further reduction of LDL-C.16-19) There-
fore, ezetimibe may weaken the benefits of statin beyond the cho-
lesterol reduction, by increasing HMG-CoA reductase activity which 
results in the elevation of cholesterol levels. 

The effects of combined therapy of statin and ezetimibe on the 
surrogate markers of cardiovascular diseases were disappoint-
ing.14)20-23) The combined therapy reduced LDL-C comparable to or 
even more than the effects of higher dose of statin therapy or statin 
plus niacin. However, the primary endpoints were not different or 
were even worse in the combined therapy. These results might par-
tially be related to the increase in HMG-CoA reductase activity by 
ezetimibe, which is confirmed through its effect on cholesterol levels 
in the present study.

The degree of inhibition of HMG-CoA reductase is variable ac-
cording to the type and dose of statins. Usually, 20 mg of lovastatin 
is less effective in lowering cholesterol levels compared with other 
statins used in the present study. Therefore, it may be possible that 
ezetimibe reduces cholesterol levels to a lesser extent in the patients 
with on-going lovastatin therapy than in those with other on-going 
statin therapies. However, there were no significant differences in 
changes in total cholesterol and LDL-C among the subgroups of 
the on-going statin medications (p=0.64 and p=0.63, respectively) 
and between patients with on-going lovastatin therapy and those 
with other on-going statin therapies (p=0.84 and p=0.39, respec-
tively). This finding suggests that the increase in cholesterol syn-
thesis by ezetimibe may be completely blocked independent of the 

degree of inhibition of HMG-CoA reductase. Because each subgroup 
had a relatively smaller number of patients, further studies are 
needed to confirm these results. 

The effect of statin on cholesterol absorption is controversial.6)7)11-13) 
The previous papers have reported that statin increases, does not 
alter, or decreases the cholesterol absorption. However, there were 
no reports that observed the effect of this interaction on choles-
terol levels. In the present study, the pre-treatment with ezetimibe 
showed an increasing trend in the cholesterol and LDL-C lowering 
effect of statin by 3.7% (p=0.10) and 5.0% (p=0.055), respectively, 
although these changes did not reach statistical significance. This 
finding suggests that statin may induce a small increase in choles-
terol absorption.

There are several limitations in this study. This study was per-
formed at a single hospital. As this study made baseline lipid pro-
files well-matched between patients with and without lipid-lowering 
medications, there was a possibility of inhomogeneity of patients 
between the groups.
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