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zetimibe is a lipid-lowering agent that selectively in-
hibits cholesterol absorption by binding to the Nie-
man-Pick C1 Like 1 (NPC1L1) protein.1 Inhibition 

of cholesterol absorption in the small intestine reduces the 
events of myocardial infarction and death due to coronary 
artery disease in patients with prior myocardial infarction and 
hyperlipidemia, suggesting the beneficial effects of ezetimibe 
by lipid modification.2 However, the ENHANCE trial (2008) 
evoked a controversy regarding the clinical benefit of ezeti-
mibe for preventing atherosclerosis,3 as ezetimibe (10 mg/day) 
or simvastatin (80 mg/day) for 24 months failed to suppress 

the progression of carotid intima/medial thickness in patients 
with an early stage of familial hypercholesterolemia.3 Subse-
quently, however, the SHARP trial (2011) demonstrated the 
beneficial effects of a combination therapy with ezetimibe and 
simvastatin on the long-term prognosis of patients with chron-
ic kidney disease.4
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Endothelial dysfunction is one of the initial steps of athero-
sclerosis.5 Rho-kinase, a small GTP-binding protein, has been 
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Background:  Ezetimibe is an inhibitor of cholesterol absorption in the intestine. We examined whether ezetimibe 
improves endothelial function, and if so, what mechanisms are involved.

Methods and Results:  Nineteen healthy subjects (male/female 14/5; mean age, 31±3 [SD] years-old) were ran-
domized to receive ezetimibe (10 mg/day) or pravastatin (10 mg/day) for 4 weeks in a cross-over manner with a 4-
week washout interval. Lipid profiles, flow-mediated dilatation (FMD) and Rho-kinase activity of circulating leukocytes 
(the extent of phosphorylation of myosin binding subunit, a Rho-kinase substrate) were examined. We also evalu-
ated remnant-like particle cholesterol (RLP-C) known as an up-regulator of Rho-kinase and cholesterol absorption 
status  by  measuring  cholestanol  and  campesterol/lathosterol  ratio  (CLR)  (both  absorption  markers).  Although 
ezetimibe and pravastatin equally reduced low-density lipoprotein cholesterol (E: –25% vs. P: –21%), the CLR was 
reduced by ezetimibe but was rather increased by pravastatin (E: –41% vs. P: +37%; P<0.01). Reduction in RLP-C 
by ezetimibe was greater compared with pravastatin (E: –33% vs. P: –14%; P<0.05). Importantly, ezetimibe sig-
nificantly improved FMD (26%, P<0.05) and reduced Rho-kinase activity (–21%, P<0.05), whereas pravastatin had 
no such effects. A significant correlation was noted between the reduction in cholestanol and the improvement in 
FMD (P<0.05).

Conclusions:  These results indicate that ezetimibe improves endothelial function and inhibits Rho-kinase activity 
associated with the inhibition of cholesterol absorption, suggesting novel anti-atherogenic effects of the agent in 
humans.    (Circ J  2012; 76: 2023 – 2030)
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implicated as one of the major causes of endothelial dysfunc-
tion and atherosclerosis.6,7 Therefore, the inhibition of Rho-
kinase might be a possible therapeutic option in preventing 
cardiovascular diseases.6,7 Previous studies showed that ezeti-
mibe inhibits intestinal cholesterol absorption and reduces the 
level of remnant-like particle cholesterol (RLP-C),8 which is 
known to enhance Rho-kinase activity.9 Furthermore, ezeti-
mibe also inhibits absorption of oxidized cholesterol that is 
incorporated in atherogenic oxidized lipoproteins.10

In the present study, we thus evaluated whether ezetimibe 
improves endothelial function and inhibits Rho-kinase activ-
ity, in comparison with the effects of pravastatin that showed 
a similar low-density lipoprotein cholesterol (LDL-C) lower-
ing effect, in humans.

Methods
Study Protocol
The study protocol was approved by the ethics committee of 
the Tohoku University Graduate School of Medicine and writ-
ten informed consent was obtained from all subjects. The 
study conformed to the Declaration of Helsinki and was reg-
istered in the University Hospital Medical Information Net-

work (UMIN000002946).
The present single center, randomized, cross-over study was 

performed at the Tohoku University Hospital in Sendai, Japan. 
A total of 20 healthy subjects were randomized to receive ei-
ther ezetimibe (10 mg/day) or pravastatin (10 mg/day) for 4 
weeks. After a 4-week washout period, the subjects were 
switched to take the alternate agent for an additional 4 weeks 
(Figure 1). It was confirmed that a 4-week wash out period 
was enough to restore the pre-treatment condition for both 
statin and ezetimibe.11,12 The participants were requested not 
to change their life-style behavior including diet and physical 
exercise during the study period. The study medicines (ezeti-
mibe and pravastatin) were purchased from Bayer-HealthCare 
Co (Osaka, Japan) and Daiichi-Sankyo Co (Tokyo, Japan), re-
spectively. A venous blood sample was drawn and flow-medi-
ated dilatation (FMD) was measured at 0, 4, 8, and 12 weeks 
after the randomization. Primary outcomes were the changes 
in FMD and Rho-kinase activity caused by each intervention 
and the differences between the 2 treatments. We also exam-
ined the relationships between the outcomes and the following 
parameters: serum levels of total cholesterol (TC), LDL-C, 
high-density lipoprotein cholesterol (HDL-C), triglyceride (TG), 
and RLP-C. We also measured cholesterol absorption markers 
(cholestanol, campesterol and sitosterol), a cholesterol synthe-
sis marker (lathosterol) and the campesterol/lathosterol ratio 
(CLR), high-sensitivity C-reactive protein (hsCRP) and the ho-
meostasis model assessment of insulin resistance (HOMA-IR).

Study Subjects
Healthy individuals aged ≥20 years old were enrolled in the 
present study. Individuals who had at least 1 of the following 
conditions were excluded: (1) a history of receiving lipid-low-
ering medicines; (2) active diseases; (3) taking any kind of 
medicines or supplements; (4) former or current smokers; (5) 
liver and/or renal dysfunction; and (6) eating disorder.

All participants were recruited by posted notices on bulletin 
boards in the Tohoku University from December 2009 to Au-
gust 2010. We screened 24 subjects and excluded 4 subjects; 
2 subjects for liver dysfunction and dyslipidemia, 1 for a high 
hsCRP level due to a sinus infection, and 1 for being a current 
smoker. There were no significant side-effects related to ezet-
imibe or pravastatin, but 1 subject showed a low LDL-C level 

Figure 1.    Diagram of the study participants.

Table 1. Baseline Characteristics of the Study Subjects

Total (n=19)

Age (years) 30.9 (2.7)

Male (%)      14 (73.7)

Height (cm) 169.9 (7.8)　　
Weight (kg)   64.5 (10.8)

BMI (kg/m2) 22.5 (2.3)

Waist circumference (cm) 79.8 (8.0)

Systolic BP (mmHg) 119.7 (11.4)

Diastolic BP (mmHg) 73.1 (7.3)

Heart rate (/min)   72.7 (11.7)

FBS (mg/dl)   92.5 (11.4)

Results are expressed as mean (SD).
BMI, body mass  index; BP, blood pressure; FBS,  fasting blood 
sugar.
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(56 mg/dl) at 4 weeks after the treatment with pravastatin and 
was excluded from the study. Thus, the final analyses were 
conducted for the 19 subjects who completed the study proto-
col (Figure 1). There were no significant changes in body-
weight, blood pressure or heart rate after each treatment dur-
ing the study period.

Biochemical Analysis
Serum levels of TC, LDL-C, HDL-C and TG were determined 
by using enzymatic methods at the central laboratory of the 
Tohoku University Hospital. Serum was obtained by centrifu-
gation at 1,400 g for 30 min at 4°C and the aliquots were car-
ried immediately to the Special Reference Laboratory Inc., 
Tokyo, in containers at –80°C for the assays of RLP-C, cho-
lestanol, campesterol, sitosterol, and lathosterol. RLP-C was 
measured by using the immunoadsorption method (RLP 
MIXER J-100, Otsuka Electronics, Japan) and cholestanol, 
campesterol, sitosterol and lathosterol were measured by using 
a gas chromatograph (GC-17A, Shimadzu, Kyoto, Japan). The 
HOMA-IR was calculated by using the international formula: 
fasting glucose (mmol/L)×fasting insulin (mU/L)/22.5.13

Rho-Kinase Activity Assay
Rho-kinase activity was evaluated by Western blot analysis 
using circulating leukocytes.12,14 The activity was quantified 
by calculating the ratio of the levels of the phosphorylated 
myosin-binding subunit (p-MBS) and the total MBS (t-MBS), 
substrates of Rho-kinase.12,14 Circulating leukocytes were iso-
lated from blood samples as previously described.12,14 Cell ex-
tracts were loaded on 7.5% SDS-PAGE gel and immunoblot-
ted for the detection of Rho-kinase activity, using rabbit 
polyclonal anti-phospho-myosin phosphatase 1 (MYPT-1) 
(Thr696) (Upstate) for p-MBS and mouse monoclonal anti-
MYPT1 (BD Biosciences) for t-MBS.12,14 All Western blot 
analyses were performed by 1 technician in a blinded manner. 
Because the bands of p-MBS were not detected in 2 samples, 
analyses were performed for the remaining 17 subjects.

Measurement of FMD
Examinations of FMD were performed using UNEXEF18G 

(UNEX, Aichi, Japan)15 by 1 trained ultrasonographer in a 
blinded manner. The subjects were prohibited from diet, exer-
cise, or caffeine/alcohol intake at least 9 h before the examina-
tion. The procedure was performed in a quiet, dark, tempera-
ture-controlled examination room according to the guidelines 
of the International Brachial Artery Reactivity Task Force.16 
Briefly, the right brachial diameter was measured at rest after 
10 min of bed rest and during reactive hyperemia above the 
antecubital fossa with a 10-MHz linear array transducer.16 
Reactive hyperemia was induced by inflating a sphygmo-
manometiric cuff, which is equipped in UNEXEF18G, on the 
proximal portion of the arm at least 50 mmHg above the sys-
tolic blood pressure to occlude arterial inflow for 5 min. End-
diastolic images of the brachial artery were obtained and di-
ameters were measured with R-wave synchronized automated 
edge-detection software automatically.15 The values of FMD 
were calculated with the following formula:

 (diameter at peak hyperemia – diameter at rest) / (diameter at 
rest) × 100.16

Statistical Analysis
All continuous variables are reported as mean ± standard de-
viation (SD) unless otherwise stated. We assessed the differ-
ences in measured parameters before and after the treatment 
within each arm using the paired t-test. We also compared the 
changes caused by each intervention between the 2 arms using 
an unpaired t-test. The Spearman rank correlation test was 
used to evaluate the statistical significance in the correlation 
between the changes in FMD or Rho-kinase activity and those 
in LDL-C, RLP-C or cholestanol after each treatment. We 
performed all analyses using IBM SPSS Statistics 18.0 (New 
York, NY, USA). A 2-sided P value of <0.05 was considered 
to be statistically significant.

Results
Baseline Characteristics and Changes in Lipid Profiles, 
hsCRP, and HOMA-IR
Table 1 shows the baseline characteristics of the study sub-

Table 2. Effects of Ezetimibe and Pravastatin on Lipid Profile, Cholesterol Absorption/Synthesis Markers, hsCRP and HOMA-IR

Ezetimibe (10 mg/day) Pravastatin (10 mg/day)

Baseline After 4 
weeks %Change P value Baseline After 4 

weeks %Change P value

Fasting lipids (mg/dl)

    Total cholesterol 199 (31)　　 164 (24)　　 –17.2 <0.001 201 (37)　　　　　 177 (26)　　　　　 –12.2 <0.001

    LDL-C 121 (24)　　 90 (18) –25.4 <0.001 120 (27)　　　　　 95 (19)　　　 –20.8 <0.001

    HDL-C 60 (15) 57 (12)   –5.1 　0.04　　 61 (16)　　　 63 (15)　　　     3.0 　0.15　　
    TG 85 (34) 83 (22)   –3.0 　0.72　　 84 (25)　　　 76 (30)　　　   –9.0 　0.23　　
Cholesterol absorption marker (μg/ml)

    Cholestanol 3.0 (0.8) 2.4 (0.5) –37.5 　0.001 3.1 (0.7)　　　 2.7 (0.8)　　　 –14.0 　0.001
    Campesterol 5.6 (2.8) 3.5 (2.3) –37.4 <0.001 5.4 (3.0)　　　 5.3 (3.4)　　　     –0.03 　0.63　　
    Sitosterol 3.5 (2.0) 2.3 (1.5) –35.0 <0.001 3.6 (2.0)　　　 3.3 (1.9)　　　 –10.0 　0.16　　
Cholesterol synthesis marker (μg/ml)

    Lathosterol 3.6 (1.3) 4.3 (1.7)   20.2 <0.001 3.5 (1.3)　　　 2.4 (0.9)　　　 –33.5 <0.001

RLP-C (mg/dl) 3.9 (1.5) 2.6 (1.0) –33.2 　0.002 3.6 (1.1)　　　 3.1 (0.8)　　　 –14.2 　0.07　　
hsCRP (mg/dl) 0.4 (0.7) 0.3 (0.3) –21.0 　0.58　　 0.5 (0.8)　　　 0.2 (0.1)　　　 –58.8 　0.13　　
HOMA-IR 2.0 (0.8) 2.1 (1.1)     8.6 　0.30　　 1.9 (0.8)　　　 1.8 (0.9)　　　   –6.3 　0.10　　

Results are expressed as mean (SD).
hsCRP,  high-sensitivity  C-reactive  protein;  HOMA-IR,  homeostasis  model  assessment-insulin  resistance;  LDL-C,  low-density  lipoprotein 
cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglyceride ; RLP-C, remnant-like particles cholesterol.
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jects. The mean age was 30.9±2.7 years and males account-
ed for 73.7%. No participants had a body mass index (BMI) 
≥25.0 kg/m2. Table 2 shows the effects of ezetimibe (10 mg/day) 
(E) or pravastation (10 mg/day) (P) on lipid profiles after the 
4-week treatment. There was no significant difference in the 
lipid profiles at baseline between the ezetimibe and pravastatin 
treatment arms. Both ezetimibe and pravastatin caused a com-
parable extent of reduction in LDL-C after each treatment (E: 
–25.4% vs. P: –20.8%). A mild but significant reduction in 
HDL-C was observed in the ezetimibe treatment (E: –5.1% vs. 
P: +3.0%), whereas there was no significant reduction in TG 
in either treatment (E: –3.0% vs. P: –9.0%). Ezetimibe re-
duced RLP-C to a greater extent compared with pravastatin 
(E: –33.2% vs. P: –14.2%; P<0.05). Both ezetimibe and pravas-
tatin tended to decrease hs-CRP levels, but the changes did not 
reach statistical significance in either group. HOMA-IR also 
did not show significant changes after the treatment, suggest-
ing that neither ezetimibe nor pravastatin altered insulin sen-
sitivity during the 4-week study period (Table 2).

Changes in Cholesterol Absorption and Synthesis
The changes in cholesterol absorption/synthesis markers are 
shown in Table 2. Ezetimibe decreased cholesterol absorption 
markers, such as cholestanol, campesterol and sitosterol lev-
els. Lathosterol, a cholesterol synthesis marker, was increased 
by ezetimibe, but decreased by pravastatin. Ezetimibe signifi-
cantly decreased CLR (–41.1%, P<0.001), whereas pravastatin 
significantly increased it (+36.5%, P<0.001; Figure 2).

Changes in RLP-C
Figure 3 shows the effects of ezetimibe and pravastatin on 
RLP-C levels. Ezetimibe significantly decreased the RLP-C 
level (–1.3±0.5 mg/dl, P<0.01), whereas pravastatin was with-
out the effect (–0.5±0.3 mg/dl, NS), and the extent of the re-
duction was significantly greater with ezetimibe treatment (E: 
–33.2% vs. P: –14.2%; P<0.05; Figure 3).

Effect of Ezetimibe and Pravastatin on Rho-Kinase Activity
Figure 4 shows the changes in Rho-kinase activity of circulat-
ing leukocytes after each treatment. Baseline Rho-kinase ac-
tivity did not differ significantly between the 2 treatment arms 
(E: 1.03±0.44 vs. P: 0.97±0.28). Importantly, after the 4-week 
treatment, ezetimibe significantly inhibited the Rho-kinase 
activity (–21%, P<0.05), whereas pravastatin was without the 
effect (+6.2%, NS).

Effect of Ezetimibe and Pravastatin on FMD
Figure 5 shows the effect of ezetimibe and pravastatin on 
FMD. No significant difference in baseline FMD was observed 
between the 2 treatment arms (E: 6.8±2.6% vs. P: 7.5±2.1%). 
FMD was significantly improved by ezetimibe (+25.5%, 
P<0.05), whereas pravastatin was without the effect (+4.1%, 
NS).

Correlations Between LDL-C, RLP-C, Cholestanol,  
Rho-Kinase Activity, and FMD
There were no significant correlations between the changes in 
Rho-kinase activity and those in LDL-C, RLP-C, or cholesta-
nol level after the treatments (Figures 6A–C). Similarly, no 

Figure 2.    Changes  of  the  campesterol/la-
thosterol ratio before and after a 4-week treat-
ment with ezetimibe (10 mg/day) or pravas-
tatin  (10 mg/day).  A  higher  level  reflects 
increased cholesterol absorption.

Figure 3.    Changes  of  remnant-like  lipoprotein  cholesterol 
(RLP-C) before and after a 4-week treatment with ezetimibe 
(10 mg/day) or pravastatin (10 mg/day).
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significant correlation was noted between the changes in FMD 
and those in LDL-C or RLP-C (Figures 6D–E). Importantly, 
however, there was a significant correlation between the chang-
es in FMD and those in cholestanol levels (Figure 6F). No 
significant correlation was noted between the changes in FMD 
and those in Rho-kinase activity (Figure 6G).

Discussion
In the present study, we were able to demonstrate that the 
treatment with ezetimibe (10 mg/day for 4 weeks) signifi-
cantly inhibited the Rho-kinase activity of circulating leuko-
cytes in healthy subjects and that the ezetimibe treatment sig-
nificantly enhanced FMD, where the changes in FMD were 
significantly associated with those in the serum cholestanol 
level, a cholesterol absorption marker. These results suggest 
that ezetimibe has novel anti-atherogenic effects associated 
with its inhibition of cholesterol absorption, which could ex-
plain, at least in part, the beneficial effects of the agent in the 
SHARP trial.4

Effects of Ezetimibe on FMD
In the present study, ezetimibe significantly improved FMD in 
healthy volunteers. Because FMD has been demonstrated as 
an established surrogate marker of endothelial function,16–18 
the beneficial effect of ezetimibe on endothelial function might 
exert anti-atherogenic effects in humans. In contrast, pravas-
tatin did not significantly improve FMD, although both treat-
ments caused a comparable extent of LDL-C reduction in the 
present study. We consider that the difference in the effect on 
endothelium function between ezetimibe and pravastatin was 
mainly caused by the difference in the alteration in choles-
terol absorption/synthesis status as follows.

In the present study, we evaluated the cholesterol absorp-

tion/synthesis status by examining the surrogate markers, cho-
lestanol and plant sterols (campesterol, lathosterol and sitos-
terol) levels, as it is difficult to directly examine the cholesterol 
absorption/synthesis status in humans. Interestingly, we noted 
the significant correlation between the change in FMD and 
that in cholestanol level, a cholesterol absorption marker. Cho-
lestanol is the 5α-saturated derivative of cholesterol and serum 
cholestanol levels usually remain constant.19 The cholestanol 
production is generally at a low level (<20 mg/day),19 and 
serum cholestanol is absorbed from the gut in humans.19,20 It 
was reported that in middle-aged normal males, high levels of 
serum cholestanol reflect the status with high cholesterol ab-

Figure 4.    Rho-kinase  activity  of 
circulating leukocytes before and 
after a 4-week treatment with ezet-
imibe  (10 mg/day)  or  pravastatin 
(10 mg/day).  p-MBS,  phosphory-
lated  myosin-binding  subunit;  t-
MBS, total myosin-binding subunit.

Figure 5.    Changes in flow-mediated dilatation (FMD) before 
and after a 4-week treatment with ezetimibe (10 mg/day) or 
pravastatin (10 mg/day).
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Figure 6.    Correlations between changes  in Rho-kinase activity  of  circulating  leukocytes and  those  in  low-density  lipoprotein 
cholesterol (LDL-C) (A), remnant-like lipoprotein cholesterol (RLP-C) (B), cholestanol (C), and correlations between changes in 
flow-mediated dilatation (FMD) and those in LDL-C (D), RLP-C (E), cholestanol (F), and Rho-kinase activity (G). A linear regression 
line was plotted to visualize the statically significant relationship (F).
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sorption and low cholesterol synthesis.21 Thus, the serum cho-
lestanol level has been used as a surrogate marker of choles-
terol absorption. Indeed, it was previously reported that the 
baseline serum cholestanol level is the predictor of recurrent 
coronary events in patients with coronary artery disease.22

In the present study, CLR as a marker of cholesterol absorp-
tion/synthesis status,21 was also decreased by ezetimibe but 
was rather significantly increased by pravastatin. It was previ-
ously shown that ezetimibe inhibits the absorption of dietary 
oxidized cholesterol and reduces its incorporation into lipo-
proteins.10 Although the direct assay of atherogenic cholester-
ols, such as circulating oxidized cholesterol, was not performed 
in the present study, it is highly possible that ezetimibe im-
proved endothelial function through inhibition of atherogenic 
cholesterol absorption in the intestine.

The present study results are in contrast to those reported by 
Landmesser et al, as they reported that simvastatin (10 mg/day 
for 4 weeks) significantly improved FMD, whereas ezetimibe 
was without the effects in chronic heart failure patients.23 It 
should be noted that they enrolled patients with established 
heart failure and lower LDL-C levels (simvastatin group, 106± 
8 mg/dl; ezetimibe group, 109±6 mg/dl), whereas we enrolled 
normal volunteers in the present study. Furthermore, simvas-
tatin is a lipophilic statin that has a more potent LDL-C lower-
ing effect compared with a hydrophilic statin, pravastatin.

Possible Mechanisms of Rho-Kinase Inhibition by 
Ezetimibe in Humans
In the present study, ezetimibe significantly inhibited the Rho-
kinase activity of circulating leukocytes in healthy volunteers, 
independent of LDL-C. It was reported that the Rho-kinase of 
circulating leukocytes is the primary determinant of leukocyte 
recruitment to the vessel wall and is the critical mediator of 
neointimal proliferation following vascular injury.24 Thus, the 
inhibitory effect of ezetimibe on Rho-kinase activity might be 
one of the important mechanisms of its anti-atherogenic ef-
fects.

We consider that the possible mechanism of the inhibitory 
effect of ezetimibe on Rho-kinase activity involves, at least in 
part, the reductions in serum atherogenic cholesterols. Indeed, 
in the present study, the extent of the reduction in serum RLP-
C level was significantly greater by ezetimibe compared with 
pravastatin. We have previously demonstrated that RLP-C 
enhances Rho-kinase activity in the coronary artery both in 
vitro and in vivo.9 Thus, the reduction in RLP-C by ezetimibe 
might also exert a beneficial effect on endothelium function. 
In the present study, ezetimibe significantly reduced serum 
levels of circulating plant sterols (campesterol and sitosterol), 
biomarkers of cholesterol absorption, and increased those of 
lathosterol, a marker of cholesterol synthesis. It also was re-
ported that increased serum levels of cholesterol absorption 
were significantly associated with cardiovascular diseases in 
the Framingham Offspring study.25

In the present study, however, no significant correlation was 
noted between the changes in Rho-kinase activity of circulat-
ing leukocytes and those in lipid profiles, but a significant cor-
relation was noted between improvement of endothelial func-
tion and the extent of inhibition of cholesterol absorption. 
These findings could be explained by the fact that the baseline 
levels of RLP-C and plant sterols in the present normal volun-
teers were much lower than in patients with atherosclero-
sis,9,26,27 which could have masked the association between 
atherogenic cholesterols and Rho-kinase activity. Furthermore, 
Rho-kinase activity could be upregulated not only by RLP-C 
or plant sterols but also by other mechanisms (eg, angiotensin-

II and IL-1β).28,29

The present study findings might be in contrast to those 
reported by Liu et al, where they found in patients with dys-
lipidemia that simvastatin (40 mg/day for 4 weeks) signifi-
cantly improved endothelial function and inhibited the Rho-
kinase activity of circulating leukocytes, whereas ezetimibe 
(10 mg/day for 4 weeks) was without the effect.30 Although 
the reason for the discrepancy between the present study and 
that by Liu et al remain to be elucidated, it is conceivable that 
the different dose of statins (pravastatin 10 mg/day vs. simv-
astatin 40 mg/day), the different study subjects (normal volun-
teers vs. patients with dyslipidemia) and the carry-over effects 
of statins in patients with cardiovascular diseases31 might be 
involved.

Study Limitations
Several limitations should be mentioned for the present study. 
First, in the present study, we only enrolled normal healthy 
volunteers and thus the present study findings remain to be 
confirmed in patients with dyslipidemia and/or cardiovascular 
diseases. Furthermore, we cannot exclude the possibility that 
non-healthy subjects were included in the present study popu-
lation. Second, we only examined the 4-week treatment with 
ezetimibe or pravastatin and the longer period of treatment 
would have provided more definite effects of the agents, espe-
cially on lipid profiles and endothelial function. Finally, we 
did not directly measure serum levels of atherogenic choles-
terols, and the direct measurement of those profiles would 
reveal more detailed aspects of the anti-atherogenic effects of 
ezetimibe.

Conclusions
In the present study, we were able to demonstrate that ezeti-
mibe improves endothelial function and inhibits Rho-kinase 
activity in humans, suggesting novel anti-atherogenic effects 
of the agent. The present study findings also suggest that the 
beneficial effect of ezetimibe is mediated by its inhibitory ef-
fects on absorption of atherogenic cholesterol.
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