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Impact of Atorvastatin Combined with Ezetimibe
for the Treatment of Carotid Atherosclerosis in
Patients with Coronary Heart Disease

Ping Luo,* Lixia Wang,* Haohui Zhu,? Song Du,” Guanggong Wang" and Shoukun Ding’

Background: This study aimed to investigate the impact of atorvastatin (Ato) combined with ezetimibe (Eze) for the
treatment of carotid atherosclerosis in patients with coronary heart disease (CHD).

Methods: One hundred and forty-eight CHD patients with carotid atherosclerosis were divided into the control
(Ato alone) and combination (Ato and Eze) groups. The treatment course was 12 months; patient blood lipids,
carotid intima-media thickness (CIMT), and carotid plaque area were measured before and after treatment.
Results: Twelve months after treatment, there was a decrease in the CIMT, and the horizontal and vertical axes of
the carotid plaque areas in both groups, compared to pretreatment values. The serum low-density lipoprotein
cholesterol (LDL-C) levels were significantly decreased (p < 0.05). There were statistically significant differences (p
< 0.05) in the LDL-C (2.12 + 0.58 mmol/L vs. 2.63 + 0.56 mmol/L) and CIMT (1.06 £ 0.12 mm vs. 1.13 £ 0.11 mm)
levels between the combination and the control groups after treatment. Compared to the control group, the
horizontal (0.18 +0.06 cm” vs. 0.19 +0.05 sz) and vertical carotid arterial plaque areas (0.40 £ 0.15 cm® vs. 0.41 +
0.17 cm?) of the combination group were reduced after treatment. However, the difference was not statistically
significant (p > 0.05).

Conclusions: The combination of Ato and Eze further reduces LDL-C levels and CIMT, and affect the progression of

carotid atherosclerosis in CHD patients with hypercholesterolemia.
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INTRODUCTION

Dyslipidemia is one of the most important risk fac-
tors for cardiovascular disease.' In patients with high or
very high risk of coronary heart disease (CHD) and simi-
lar critical conditions, low-density lipoprotein choles-
terol (LDL-C) should be reduced by at least 30-50% in or-
der to obtain a clinical benefit.2 However, it is difficult to
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achieve these target levels with the administration of a
statin alone.? Recent clinical studies showed that the
combination of statins with a cholesterol absorption in-
hibitor (ezetimibe) significantly decreased LDL-C levels
in patients with hypercholesterolemia, and resulted in
superior lipid-lowering efficacy compared to treatment
with a statin alone.*”

The presence of a plaque is essential for predicting
the occurrence of atherosclerotic (AS) events. Only ef-
fective interventions can prevent their development.®
Clinical studies show that statins can alter plagque phe-
notypes and reduce their volume,” as well as reduce the
incidence of adverse cardiovascular events.® The re-
ported anti-atherosclerotic effects of ezetimibe (Eze)
have remained controversial.>'® Whether the combina-
tion of statins and Eze could significantly reduce LDL-C
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levels, and delay or reverse the atherosclerotic process,
remains inconclusive. Accordingly, this study adminis-
tered a combination of atorvastatin (Ato) and Eze, as
well as Ato alone, to CHD patients with hypercholester-
olemia, in order to determine the impact of these medi-
cations on blood lipids and carotid atherosclerosis-re-
lated indicators, as well as to determine whether reduc-
ing the LDL-C to lower levels and with wider amplitude
could further reduce carotid atherosclerosis.

METHODS

Subjects

One hundred forty-eight patients (88 men and 60
women; mean age of 61.23 + 12.64 years) with CHD,
which was confirmed by coronary angiography that was
performed in our department from June 2012 to Sep-
tember 2013, were selected for this study. Among these
patients, 64 were diagnosed with type 2 diabetes ac-
cording to the World Health Organization’s criteria for
diagnosis and classification (1999). Patients with blood

Table 1. General information of the two groups ( x £s)

diseases, hepatonephric dysfunction, severe infectious
diseases, and heart failure were excluded from the study.
Although patients received lipid-lowering therapy for 3
months before enrollment, they did not achieve the
standard goals for LDL-C levels (< 2.6 mmol-L'"). These
patients were divided into the control and combination
groups by the random number table method. The groups
were comparable in age, sex, body mass index, blood
pressure level, smoking status, and other aspects (Table
1). This study was conducted in accordance with the
declaration of Helsinki and with approval from the Eth-
ics Committee of Henan Provincial People’s Hospital. A
written informed consent was obtained from each par-
ticipant.

Drug treatment

As required by the Ethics Committee of the Henan
Provincial People’s Hospital, all patients provided their
signed informed consent. This study used a randomized,
prospective, double-blind, and placebo-controlled de-
sign. The control group received oral Ato (Lipitor 20 mg,
Pfizer, USA) every night, while the combination group

Item Control group (n = 74) Combination group (n=74) p value
Gender (M/F, cases) 44/30 40/34 0.62
Age (years) 61.55+9.72 60.76 £ 11.56 0.65
Body mass index 24.68 +5.42 25.23+4.67 0.51
Severity of the coronary heart disease

1-vessel coronary heart disease 37 35 0.74

2-vessel coronary heart disease 16 17 0.84

3-vessel coronary heart disease 21 22 0.86
Coronary revascularisation

Percutaneous coronary intervention 18 20 0.71

Coronary artery bypass grafting 6 7 0.77
Disease course

Stroke (cases) 12 14 0.67

Hypertension (cases) 38 36 0.74

Diabetics (cases) 30 34 0.51

Smoking (cases) 30 26 0.50
Systolic pressure (mmHg) 124.52 +£12.40 126.52 +10.22 0.29
Diastolic pressure (mmHg) 72.31+9.52 73.45 +10.62 0.49
Glomerular filtration rate (ml/min) 64.43 +18.22 68.43 +16.58 0.16
Alanine aminotransferase (U/L) 20.43 +14.25 22.48 + 15.07 0.40
Aspartate transaminase(U/L) 31.21+22.82 35.12 £ 24.56 0.32
Hemoglobin A1C (%) 6.13 +£0.82 6.15+0.78 0.88
Left ventricular ejection fraction (%) 55.43+10.28 56.48 +11.09 0.55
1 mmHg = 0.133 kPa. M/F, man/female.
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received Eze (Ezetrol 10 mg, Schering-Plough, USA) in
the morning and Ato in the evening. Both groups were
followed for 12 months. Secondary prevention drugs,
such as Bayer aspirin, B-blockers, angiotensin-convert-
ing enzyme inhibitors, angiotensin Il receptor antago-
nists, and hypoglycemic drugs, to lower blood pressure
and sugar levels were routinely administered to the two
groups. The glycosylated hemoglobin was controlled at
less than 7% in all patients.

Biochemical tests

Blood samples for each patient were collected at
two time points (before and after 12 months of treat-
ment). The hematologic, liver function, kidney function,
blood lipid, myocardial enzyme, blood glucose, and gly-
cosylated hemoglobin tests were all performed accord-
ing to protocols for clinical specimen analysis. The blood
tests were performed on a Hitachi 7600 automated bio-
chemical analyzer (Hitachi, Tokyo, Japan).

Carotid ultrasonography

Patients underwent carotid ultrasonography before
and after 12 months of treatment. The ALOKAa5 color
Doppler ultrasound (ALOKA Company, Tokyo, Japan) was
operated by an ultrasound specialist.

The carotid intima-media thickness (CIMT) at 1 cm
below the bilateral carotid arterial bifurcations was
measured at the end-diastolic phase three times in or-
der to obtain an average value (Figure 1). The carotid
plague area was measured by detecting the bilateral ca-
rotid arteries and carotid arterial bifurcations over the
proximal 15-mm-long segment. The atherosclerotic pla-

que was defined when CIMT > 1.5 mm. All the plaques in
these observations were measured using the ALOKAa10
color Doppler ultrasound. The area integration method
to measure the maximal area of horizontal and vertical
axes (Figure 1) of the carotid arterial plaques was used
for calculation.

Major cardiovascular events

The follow-up period for this study lasted 12 mon-
ths. Rates of major adverse coronary events, including
cardiac death, hospitalization for unstable angina,
nonfatal myocardial infarction, coronary revasculari-
zation, and stroke, were statistically evaluated. Coro-
nary revascularization included coronary artery by-
pass surgery and percutaneous coronary intervention
therapy.

Statistical analysis

We used the SPSS12.0 statistical software package
for analysis. The measurement and counted data were
expressed as x = s and a rate, respectively. We used the
paired t-test for intragroup comparisons before and af-
ter treatment, while the analysis of variance was used
for intergroup comparisons. The chi-square test was
used for rate comparison, with a p < 0.05 considered as
statistically significant. Means and standard deviations
(SDs) for differences between observers were calcu-
lated. The inter- and intra-observer error rates (s) were
calculated according to the formula s = SD/\/Z. The coef-
ficient of variation (CV) describes the differences as a
percentage of the pooled mean value x and was calcu-
lated according to the formula: CV = s x 100%/x.

Figure 1.

Measurement of CIMT and carotid arterial plaque areas. (A) Measurements of the CIMT. (B) Measurement of horizontal carotid arterial

plaque areas. (C) Measurement of vertical carotid arterial plaque areas. CIMT, carotid intima-media thickness.
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RESULTS

Blood lipid levels

The blood lipid levels of the two groups showed no
significant differences before treatment. Twelve months
after treatment, the serum total cholesterol (TC), LDL-C,
and triglycerides (TG) were significantly reduced (p <
0.01) in both groups. The LDL-C levels in the two groups
showed significant differences after treatment (p < 0.01).
Twelve months after treatment, statistically significant
(p <0.01) increases in the HDL-C levels were observed in
the two groups (Table 2).

Carotid artery plaque

The intra- and inter-observer variability presented as
a coefficient of variation (CV) of 4.72% and 4.49%, re-
spectively. Before treatment, there were no significant
differences between the two groups in the CIMT or hori-
zontal and vertical axes of the carotid plaque area. How-
ever, the CIMT and horizontal and vertical carotid plaque
areas were significantly reduced (p < 0.05; Table 3) 12
months after treatment with more significant differences
observed in the CIMT (p < 0.01; Table 3). After treatment,
the CIMT improvement in the combination group was
much more significant (p < 0.01; Table 3) compared to
those in the control group. Although the horizontal and
vertical carotid arterial plaque areas were reduced in the

combination group after treatment, the difference was
not statistically significant (p > 0.05; Table 3).

Adverse reactions

Four patients in the control group had elevated
alanine aminotransferase (ALT) and aspartate amino-
transferase (AST) levels over the 12-month follow-up pe-
riod. However, the elevation was less than 3 times the
upper limit of normal. Bicyclol was administered to
these patients during therapy, and the transaminases re-
turned to normal levels. Although 3 patients exhibited
muscle weakness, there were no changes in their creat-
ine kinase levels. None of the patients had abdominal
distension or pain. In the combination group, 3 patients
had elevated ALT and AST levels, which were less than 3
times the upper limit of normal. These patients were
also given bicyclol, and the transaminases returned to
normal levels. One patient had abdominal distention 4
days after administration, but felt no discomfort when
the medication was continued. Although 3 patients ex-
hibited muscle weakness, there were no changes in
their creatine kinase levels. Neither group exhibited
muscle pain, neurologic symptoms, or other clinical ad-
verse reactions.

Comparison of cardiovascular events and safety
Neither group experienced a myocardial infarction

Table 2. Changes of blood lipids of the 2 groups before and after the treatment ( x £s)

Control group (n = 74)

Combination group (n = 74)

Before After Before After
TC (mmol/l) 5.98+1.47 5.28 +1.46* 5.88+1.45 5.06 +1.48*
LDL-C (mmol/I) 3.52+0.46 2.63 +0.56* 3.57+0.38 2.12 +0.58*"
HDL-C (mmol/I) 1.19+0.46 1.36 £ 0.44* 1.17 £0.40 1.51+0.22%
TG (mmol/l) 2.56 £ 0.64 2.26 +0.64%* 248 £0.44 2.11+0.48%*

* p <0.01, compared with that before the treatment; # p < 0.01, compared with the Ato group after the treatment.
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride.

Table 3. Comparison of carotid atherosclerosis-related indicators before and after the treatment (x £ s)

Control group (n = 74)

Combination group (n = 74)

Before After Before After
Plaque area (vertical axis, cm?) 0.46 +£0.15 0.41+0.17" 0.45+0.18 0.40£0.15"
Plaque area (horizontal axis, cm?) 0.23 +0.07 0.19 +0.05" 0.22 +0.08 0.18 £ 0.06"
CIMT (mm) 1.26+0.10 1.13+0.11% 1.2740.08 1.06 £0.12*"

*p<0.01, # p < 0.05, compared with that before the treatment; ' p < 0.01, compared with the Ato group after the treatment.

CIMT, carotid intima-media thickness.
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or cardiovascular death over the 12-month follow-up
period. In the control group, 4 patients were readmitted
for angina, 3 of whom subsequently underwent per-
cutaneous coronary stent implantation. In the combina-
tion group, 3 patients were readmitted for angina, 2 of
whom subsequently underwent percutaneous coronary
stent implantation. There were no significant differ-
ences (p > 0.05) in the main coronary adverse events
and revascularization rates in both groups. Five and 6
patients were admitted for a stroke in the control and
combination groups, respectively. There were no signifi-
cant differences in the rate of stroke between the two
groups (p > 0.05).

DISCUSSION

Over the past decade, lipid intervention studies de-
monstrated that intensive, rational, and effective lipid-
lowering therapy could significantly reduce the inci-
dence of adverse cardiovascular events in populations
with high cardiovascular risk. Although initial doses of
statins could reduce LDL-C by 20-30%, doubling the
dose could only reduce it by an extra 5-6%. However,
larger doses might compromise safety. Eze represented
a novel class of cholesterol-lowering drug, which could
selectively inhibit the activity of intestinal Niemann-Pick
protein C1L1. This effectively reduced the intestinal ab-
sorption of cholesterol, and lowered plasma cholesterol
levels and liver cholesterol reserves.' The combination
of statins and Eze blocked the synthesis and absorption
of cholesterol, thereby cooperatively reducing LDL-C
levels. Recent studies showed that statin therapy in
combination with Eze could further reduce LDL-C levels
by 6-25.8%, while the incidence of adverse events did
not increase.'” Eze not only produced beneficial effects
on serum lipids, but also inhibited oxidative stress, in-
creased the expression of endothelial nitric oxide syn-
thase, improved arterial elasticity, and inhibited vascular
inflammation.”**

One study confirmed that the extent of carotid
atherosclerosis could predict the risk of CHD.* This clin-
ical study found that when the tunica media of the ca-
rotid arteries was thickened, and the incidence of ca-
rotid artery plaque was significantly higher in CHD com-
pared to non-CHD patients.'® The increase in CIMT was

Acta Cardiol Sin 2016;32:578—585

the noninvasive indicator for evaluation of early athero-
sclerosis, and an important risk factor and predictor of
cardiovascular disease.'” Although the carotid IMT had
been abandoned by the ACC/AHA 2013 guidelines, there
are new surrogate markers for initiating statin therapy.
Clinical trials have shown that, in patients without is-
chemic disease, the increased CIMT was related to myo-
cardial infarction (MI) and stroke, and an independent
risk factor for atherosclerosis.'® The Cardiovascular He-
alth Study performed a 6.2-year follow-up of 4476 CHD
patients with a mean age of 72.5 years. After adjusting
for primary and traditional cardiovascular risk factors,
the risk for Ml or stroke among patients in the highest
quintile for CIMT was 3.15 times greater compared to
those in the lowest quintile.19 Consequently, many clini-
cal trials still consider CIMT as an important indicator for
determining the risk for atherosclerosis, and use it for
evaluating the effects of lipid lowering therapy and
prognosis of patients with atherosclerosis.

Unlike CIMT, carotid plague might represent the late
stage of AS. One study confirmed the closer relationship
with CHD, and its ability to predict coronary events
much more accurately.?’ One meta-analysis reporting 11
items in a total of 54,336 patients showed that carotid
artery plaques could predict future Ml much more accu-
rately compared with CIMT.** Carotid ultrasound of 5,
445 non-CHD subjects found that the incidence of coro-
nary artery calcification was higher in those with carotid
plaques that were detected by ultrasound.?

Evidence-based medicine revealed that the standards
for lipid lowering were often accompanied by regression,
delayed development, or stabilization of atherosclerotic
plaques. Studies involving western and Japanese popula-
tions with acute coronary syndrome (ACS) reported de-
creased original plaque volumes and CIMT when statins
2324 Bogiatzi and Spence® also
confirmed that Eze could reduce the carotid atherosc-
lerotic plaque areas, and that measuring the plaque area
was more important in evaluating the antiatherosclerotic
effects. Luo et al.”® observed that the combination of
atorvastatin with ezetimibe could further decrease LDL-C

lowered the LDL levels.

and high sensitivity C-reactive protein levels and affect
the progression of carotid atherosclerosis in elderly pa-
tients with hypercholesterolemia, which is consistent
with the findings in our study. These two studies had
similar drug administration and follow-up periods. Never-
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theless, there are differences between the two studies. In
our study, we observed patients with coronary heart dis-
ease and hypercholesterolemia who required lower levels
of LDL, and had a higher incidence of adverse cardiovas-
cular events.

However, whether the combination of statins and
Eze can reduce LDL-C levels as well as slow the carotid
atherosclerotic process, remains controversial. The Eze-
timibe and Simvastatin in Hypercholesterolemia En-
hances Atherosclerosis Regression (ENHANCE) trial ran-
domly divided 720 patients with heterozygous hyper-
cholesterolemia into Eze-simvastatin combination and
simvastatin alone groups. The baseline of CIMT was 0.68
mm. The mean changes in the CIMT in either group
showed no significant differences two years later. Most
scholars believed that the ENHANCE trial did not deny
that the combination of statins with ezetimibe can fur-
ther reduce the CIMT. Luo P et al.”® argued that the
CIMT in ENHANCE was set too low and could not be re-
duced further. Paraskevas et al.”’ discussed the effects
of atorvastatin in combination with ezetimibe on CIMT
in recent years. They considered the fact that atorva-
statin administered at 80 mg/day did not reduce the
CIMT when compared with placebo (CASHMERE study)
as evidence that the CIMT was set too low (virtually iden-
tical to that in ENHANCE).”” Thus, this study could not in-
fluence current, intensive, clinical lipid-lowering strate-
gies.28 In our study, the baseline of CIMT was 1.26 mm,
which was greater than those in the ENHANCE trial. Our
study showed that the CIMT improvement in the combi-
nation group was much more significant than in the ator-
vastatin group after 12 months of treatment. Although
the carotid plaque area exhibited a further decreasing
trend after treatment, no significant differences were
found in the plaque areas of either group. This might be
related to the small size of the study population, as well
as the relatively short observation period.

In recent years, conclusions about whether Eze could
improve the prognosis of CHD patients have not been
consistent. The Study of Heart and Renal Protection
(SHARP) trial showed that Eze combined with simva-
statin could significantly reduce LDL-C levels in patients
with chronic renal failure, as well as major atherosc-
lerotic end events such as cardiac death, MI, non-he-
morrhagic stroke, and others.?’ Although the LDL-C le-
vels decreased in the 499 patients with hypertension,

583

type 2 diabetes, and hyperlipidemia in the Stop Athero-
sclerosis in Native Diabetics Study (SANDS) after com-
bined lipid adjustment, there was no difference in the
incidence of cardiovascular events.*® The recently re-
leased IMProved Reduction of Outcomes: Vytorin Effi-
cacy national Trial (IMPROVE-IT) included 18,000 cases
of middle- and high-risk ACS patients, who had stable
disease, in a multi-center, randomized, double-blind and
controlled study. In a 7-year follow-up period, the re-
sults showed that the addition of Eze to simvastatin
could moderately reduce the incidence of cardiovascu-
3132 While the 1-year follow-up in our study
showed no significant differences in adverse coronary
events and stroke between the groups, this might be re-
lated to the small size of the study population and the
relatively short observation period.

lar events.

CONCLUSIONS

In conclusion, this study confirmed that combina-
tion therapy with Ato and Eze could further reduce
plasma LDL-C and CIMT levels. Whether intensive lipid-
lowering can delay or reverse the carotid AS process re-
mains controversial, and large-scale clinical trials are
needed for confirmation.
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