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Rosuvastatin combined with ezetimibe decreases  
myocardial injury in acute coronary syndrome patients 
receiving percutaneous coronary intervention 
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Abstract: Background: High-sensitivity C-reactive protein (hs-CRP) and pregnancy-associated plasma protein-A 
(PAPP-A) are potential biomarkers for acute coronary syndrome (ACS). Statins are effective in preventing elevation 
of biomarkers of myocardial infarction (MI) after elective coronary stent implantation. In this paper, we report the 
dual effect of rosuvastatin with ezetimibe in patients after percutaneous coronary intervention (PCI) by measuring 
the levels of myocardial biomarkers and inflammation factors. Methods: After PCI in patients with ACS, the ef-
fects on levels of cardiac troponin I was examined. The hs-CRP and PAPP-A levels at baseline and after a 12-week 
course of rosuvastatin (Rosuva) with ezetimibe (Ez) (10/10 mg qN; 70 patients) versus rosuvastatin alone (10 
mg qN; 70 patients) were evaluated. Peripheral blood samples were taken within 24 h of admission to hospital 
and after 12 weeks of drug administration. Results: Elevations of cTnI >5 times ULN after PCI procedure occurred 
in 17 (24.3%) patients in the Rosuva/Ez group and 23 (32.9%) in the Rosuva group (pearson Chi-Square value 
=100.9, P=0.0001). The hs-CRP levels were significantly reduced in both groups, but the reductions were not sig-
nificantly different between the Rosuva/Ez and Rosuva alone group (5.72±1.38 mg/L to 5.26±0.81 mg/L, P>0.05) 
after 12 weeks compared with baseline levels. PAPP-A levels also decreased in both the Rosuva/Ez group (from 
19.32±9.16 to 6.31±2.02 mIU/L) and the Rosuva group (from 20.24±8.73 to 10.21±3.07 mIU/L) after 12 weeks, 
compared with baseline levels. However, a greater reduction of PAPP-A levels was observed in the Rosuva/Ez group 
(13.51±4.77 mIU/L) compared with the Rosuva group (9.33±5.46 mIU/L). Conclusion: Rosuva/Ez treatment was 
more effective than treatment with Rosuva alone in decreasing myocardial injury and inflammatory factors after PCI. 
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Introduction

Acute coronary syndrome (ACS) accounts for a 
high percentage of advanced health risk and 
deaths. The rupture of atherosclerotic plaque 
and subsequent thrombosis is the pathological 
basis of ACS, and inflammation plays an impor-
tant role in the onset and development of ath-
erosclerosis which is the underlying cause of 
ACS [1, 2]. In recent years, studies have indi-
cated that high-sensitivity C-reactive protein 
(hs-CRP) and pregnancy-associated plasma 
protein A (PAPP-A) are potential biomarkers to 
assess the stability of plaque [1, 3]. 

Percutaneous coronary intervention (PCI) is an 
alternative option for ACS treatment to improve 

life expectancy. However, 5% to 30% of patients 
who receive successful PCIs have an increase 
in cardiac biomarkers. It has been well demon-
strated that the risk of subsequent adverse car-
diac events is related to the degree of increase 
in cardiac biomarkers such as cardiac troponin 
[4]. The available data suggest that a high load-
ing dose of statin is effective in preventing ele-
vation of cardiac biomarkers of myocardial 
infarction (MI) after elective PCI. However, 
despite the current trend of aggressive lipid-
lowering strategies, the majority of patients 
continue to experience cardiovascular (CV) 
events and remain exposed to high “residual 
risk” of future acute CV events. Furthermore, 
aggressive strategies may increase the risk of 
liver damage. Therefore, additional novel phar-
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macologic strategies for the prevention of fur-
ther CV events risk have emerged. In IMPROVE-
IT (Improved Reduction of Outcomes: Vytorin 
Efficacy International Trial) investigators com-
pared simvastatin plus placebo with simvas-
tatin plus ezetimibe. Both drugs reduce low-
density lipoprotein cholesterol (LDL-C) levels, 
but in different ways. Ezetimibe (Ez) is a choles-
terol transporter Niemann-Pick C1-Like 1 pro-
tein inhibitor which blocks the intestinal absorp-
tion of dietary and biliary cholesterol but does 
not affect the uptake of triglycerides (TG) or fat-
soluble vitamins [5]. Compared with simvas-
tatin plus placebo, simvastatin plus 10 mg of 
Ez daily led to a significantly lower incidence of 
the primary combined CV endpoint [6]. Several 
investigators have already reported that ezeti-
mibe also has both anti-inflammatory [7] and 
pleiotropic effects [8]. The present study aimed 
to assess whether treatment with Rosuva/Ez is 
effective in preventing elevation of cardiac bio-
markers of MI after elective PCI and decreasing 
inflammation biomarkers in ACS patients.

Materials and methods

Patient information

Our study was a prospective, randomized study 
to evaluate the effect of ezetimibe added to 
rosuvastatin in preventing elevation of biomark-
ers of MI and inflammatory factors in patients 
with CAD undergoing elective PCI. Patients 
were enrolled after having undergone success-
ful coronary angiography (CAG) and satisfying 
the following criteria for inclusion: 1) provision 
of written informed consent; 2) age 18-80 
years; 3) diagnosisof ACS; 4) undergoing PCI. 
The exclusion criteria were as follows: 1) famil-
ial hypercholesterolemia; 2) previous treatment 
with ezetimibe; 3) renal insufficiency (serum 
creatinine >2.0 mg/dL); 4) abnormal hepatic 
function (serum AST or ALT >3-fold standard 
value); 5) concurrent hemodialysis or peritone-
al dialysis; 6) allergy or intolerance to rosuvas-
tatin or ezetimibe; 7) myocarditis or cardiomy-
opathy, infectious diseases; 8) severe under- 
lying disease. 

Eligible patients were randomly assigned to 
receive either rosuvastatin (10 mg) alone 
(Rosuva group) or rosuvastatin (10 mg) plus 
ezetimibe (10 mg) daily (Rosuva/Ez group) in a 
1:1 ratio. The drugs assigned to the group were 
prepared in numbered, opaque envelopes and 

chosen randomly. Rosuvastatin was increased 
by titration within the usual dose range with a 
treatment goal of LDL-C <70 mg/dl on the basis 
of published lipoprotein management guide-
lines. Lipid profiles and other biomarker levels 
were measured in our hospital at both baseline 
and follow-up at 12 weeks (analyzed by 
Beckman Coulter Co. Ltd., USA). Patients start-
ed statin and ezetimibe treatment ≥ 3 days 
before stent deployment. The study protocol 
was approved by the local ethics committee of 
Beijing Anzhen Hospital.

Study procedure

All the patients were enrolled in the study after 
hospitalization. Before PCI, all the patients 
received a single dose of 300 mg of clopidogrel 
and 300 mg of aspirin. PCI was performed in 
accordance with standard treatment proce-
dure. Implantation of the stent was performed 
using Judkin’s catheter stent technology, that 
is, through the right femoral artery or right radi-
al artery pathway. Angiographic residual steno-
sis was defined as a final angiographic residual 
stenosis of less than 20%. Procedural success 
was considered to be angiographic success 
with no in-hospital major complication (includ-
ing need for bypass surgery or repeat PCI, or 
death). After PCI, the patients received daily 75 
mg of clopidogrel and 75 mg of aspirin along 
with rosuvastatin plus ezetimibe or rosuvas-
tatin alone for 12 weeks. Stent angiographic 
success rates were based on no residual steno-
sis associated with distal coronary blood flow, 
and no acute complications. Vital signs of the 
patients were closely observed after PCI. The 
number of stents implanted in the patients was 
recorded and the Gensini score was calculated 
to analyze the coronary stenosis. Serum cardi-
ac troponin I (cTnI) was assessed before, and 6 
and 12 h after PCI, using a radioimmunoassay 
analyzer (Stratus CS-STAT Fluorometric Analy- 
zer, Dade Behring Marburg GmbH, Marburg, 
Germany). The first endpoint was the rate of 
periprocedural MI which was assessed by the 
elevation of cardiac biomarkers after PCI. The 
upper limit of normal (ULN) levels of cTnI was 
0.05 ng/ml (ranged from 0.00 to 0.05 ng/ml). 
The primary endpoint in our study was defined 
as an elevation of cTnI levels >5× ULN in 
patients with normal baseline values or a rise 
of cTnI values >20% if the baseline values were 
elevated but stable and falling. In addition, one 
of the following conditions had to be satisfied: 
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1) symptoms suggestive of myocardial isch-
aemia; 2) new ischaemia ECG changes; 3) angi-
ographic findings consistent with a procedural 
complication; 4) imaging demonstration of new 
loss of viable myocardium or new regional wall 
motion abnormality. 

Biomarker assessment 

The secondary endpoints were changes in the 
lipid and inflammatory profile (total cholesterol, 
LDL-C, triglyceride, HDL-C, PAPP-A and hs-CRP) 
during the study period. Peripheral blood sam-
ples were collected within 24 h of hospital 
admission and after 12 weeks of drug adminis-
tration after PCI. Blood samples were collected 
under aseptic conditions and the serum was 
separated by centrifuging at 1500 rpm for 5 
minutes and stored at -70°C in sealed tubes 
until further use. PAPP-A and hs-CRP were 
quantified by ELISA using Human PAPP-A Kit 
(DRG, Germany), and hs-CRP kit (DiaSys Dia- 
gnostic Systems GmbH, Germany) respectively, 
according to the manufacturer’s instructions. 

From June 11, 2011 to August 22, 2013, a total 
of 141 patients were enrolled and randomly 
assigned to receive Rosuvastatin plus ezeti-
mibe 10 mg/day (n=71) or Roruvastatin alone 
(n=70). One patient enrolled in the Rosuva/Ez 
group withdrew consent and was removed from 
the study. Table 1 lists demographic and base-
line characteristics of the patients and their 
cardiovascular medications received prior to 
enrollment. No significant differences in demo-
graphics or cardiovascular medication were 
observed between the Rosuva/Ez group and 
the Rosuva group. 

Cardiac markers increase

Median peak of cTnI was 0.25 (0.07-4.82) ng/
ml in the Rosuva group and 0.18 (0.05-3.45) 
ng/ml in the Rosuva/Ez group (P=0.019). 
Elevations of cTnI >5 times ULN after PCI proce-
dure occurred in 17 (24.3%) patients in the 
Rosuva/Ez group and in 23 (32.9%) in the 
Rosuva group (pearson Chi-Square value 
=100.9, P=0.0001).

Table 1. Demographic and clinical pathological features of 
the patients with acute coronary syndrome who underwent 
PCI

Rosuva/Ez 
group
(n=70)

Rosuva  
group
(n=70)

Sex (male/female) 37/33 38/32

Age (years, 
_
x ±s) 64.3±10.1 62.2±9.7

Systolic BP (mmHg, 
_
x ±s) 132.16±15.29 131.58±13.91

Diastolic BP (mmHg, 
_
x ±s) 84.25±8.13 83.70±7.52

Coronary stenosis (Gensini Score) 24.95±9.56 23.67±11.2
Number of stents implanted 1.60±0.97 1.62±1.26
Medication prior to dosage
    Aspirin 70 (100) 70 (100)
    Clopidogrel 70 (100) 70 (100)
    Beta blocker 36 (51.4) 32 (45.7)
    ACE inhibitor/ARB 42 (60) 48 (68.6)
    GPI 7 (10) 9 (12.6)
    LMWH 50 (71.4) 48 (68.6)
    Bivalirudin 6 (8.6) 5 (7.1)
    Nitrates 54 (77.1) 44 (65.7)
    Calcium blockers 21 (30) 24 (34.3)
    Hypoglycemic agents 14 (20) 18 (25.7)
BP, blood pressure; LDL-C, low-density lipoprotein Cholesterol; HDL-C, high-
density lipoprotein Ccholesterol; ACE, angiotensin-converting enzyme; ARB, 
angiotensin II receptor blocker; GPI, glycoprotein IIb/IIIa inhibitor; LMWH, low 
molecular weight heparin.

Statistical analysis

SPSS 11.0 software package was 
used for statistical analysis of all 
data. After the descriptive statis-
tics, continuous variables were 
recorded (mean ± standard devia-
tion and medians with interquartile 
ranges). The comparison between 
the 2 groups used the unpaired 
Student t test or the Mann-Whitney 
U test. Continuous variables bet- 
ween the baseline and follow-up 
were compared by 1-sample Stu- 
dent t tests or the Wilcoxon signed 
rank test according to their distribu-
tions. Categorical variables (fre-
quencies) were compared using 
chi-square statistics or the Fisher 
exact test. All the patients were 
included in the safety analysis. The 
number of adverse events was 
assessed to determine safety pro-
files. P<0.05 was considered statis-
tically significant.

Results

Basic characteristics of patients in 
both groups
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Baseline and follow-up laboratory data

Baseline and follow-up laboratory data are 
shown in Table 2. Lipid profiles were similar at 
baseline, but differed significantly at the end of 
12 weeks of follow-up. LDL-C level was signifi-
cantly lower at 12 weeks in the Rosuva/Ez 
group than in the Rosuva group (P<0.001). In 
the combination group, an extra LDL-C reduc-
tion was achieved compared with the Rosuva 
alone group (1.65±0.43 vs. 1.91±0.52). The du- 
al lipid-lowering strategy showed more marked 
reduction of LDL-C level than rosuvastatin 
monotherapy throughout the study (P<0.001).

Angiographic and procedural characteristics

Direct stenting was performed in 84.3% of 
cases in the Rosuva/Ez group and in 86.7% in 
the Rosuva group (P>0.05). All the other angio-
graphic and procedural characteristics were 
similar in the two groups (Table 3). Coronary 
stenosis tended to be similar in both groups 
with respect to GensiniScore.

with baseline levels (20.24±8.73 mIU/L). How- 
ever, the reduction was greater in the Rosuva/
Ez group (13.51±4.77 mIU/L) than the Rosuva 
group (9.33±5.46 mIU/L).  

Safety

The percentages of patients who had eleva-
tions in alanine aminotransferase levels >3 
times the ULN were similar in both groups and 
the rates of muscle-related adverse events or 
cancer between the two groups had no signifi-
cant difference (Table 5). There was no discon-
tinuation of study medication owing to an 
adverse event in either group.

Discussion

This study demonstrated the cardioprotective 
effects of a statin combined with ezetimibe 
when administered as pre-treatment in patients 
undergoing elective stent implantation and the 
anti-inflammation effect in those patients dur-
ing 12 weeks of follow-up. The incidence of 

Table 2. Lipid levels of the two groups at baseline and after 12 weeks’ 
drug treatment

Baseline Follow-up
Rosuva/Ez 

group
(n=70)

Rosuva 
group
(n=70)

Rosuva/Ez 
group
(n=70)

Rosuva 
group
(n=70)

P 
value

TC (mmol/L) 4.42±1.32 4.28±0.87 3.24±0.81 3.42±0.65 0.149
LDL-C (mmol/L) 2.52±1.07 2.48±0.66 1.65±0.43 1.91±0.52 0.002
HDL-C (mmol/L) 1.08±0.24 1.13±0.19 1.11±0.28 1.16±0.23 0.250
Data were shown as mean ± SD. TC, total cholesterol; TG, triglycerides; LDL-C, low-
density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.

Table 3. Angiographic characteristics of the patients en-
rolled in the two groups

Rosuva/
Ez group 
(n=70)

Rosuva 
group
(n=70)

P

Normal (n, ％) 4 (5.7) 3 (4.3) >0.05
Single coronary artery (n, ％) 34 (48.6) 36 (51.4) >0.05
Double coronary arteries (n, ％) 15 (21.4) 17 (24.3) >0.05
Multiple coronary arteries (n, ％) 15 (21.4) 12 (17.1) >0.05
Left main (n, ％) 4 (5.7) 5 (7.1) >0.05
LAD (n, ％) 46 (65.7) 50 (71.4) >0.05
LCX (n, ％) 16 (22.9) 17 (24.3) >0.05
RCA (n, ％) 20 (28.6) 24 (34.3) >0.05
LAD, left anterior descending; LCX, left circumflex artery; RCA, right 
coronary artery.

Serum inflammation fac-
tors levels at baseline and 
12 weeks after PCI 

The levels of hs-CRP were 
significantly lower in the 
Rosuva/Ez group after 12 
weeks of treatment (5.67± 
1.12 mg/L; P<0.05) th- 
an baseline (11.57±3.12 
mg/L) (Table 4). Similar 
trends were observed in 
the Rosuva group where 

the levels of hs-CRP were lower after 
12 weeks (5.93±1.53 mg/L) than 
baseline (11.09±2.78 mg/L). Statisti- 
cally, the decrease in the level of hs-
CRP in the Rosuva/Ez group (5.72± 
1.38 mg/L) compared with the Rosu- 
va group (5.26±0.81 mg/L) was not 
significant.

Significant reduction in PAPP-A levels 
was observed in the Rosuva/Ez group 
after 12 weeks of treatment (6.31± 
2.02 mIU/L; P<0.05) compared with 
baseline levels (19.32±9.16 mIU/L). 
PAPP-A levels in the control group 
(Rosuva group) followed a similar 
trend, showing reduction after 12 
weeks (10.21±3.07 mIU/L) compared 
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periprocedural MI was significantly further 
lower in patients who received pre-treatment 
with statin combined with ezetimibe although 
statins alone can also exert the similar effect. It 
has been well demonstrated that periprocedur-
al myocardial injury is associated with a worse 
long-term clinical outcome [4, 9]. In recent clini-
cal studies, statin pre-treatment administered 
for at least 3 to 7 days or as a single high load-
ing dose within 24 h before procedure resulted 
in a substantial reduction in the incidence of 
periprocedural MI [10, 11]. It has been demon-
strated that the potential mechanisms of the 
cardioprotective effect of the statins are most-
ly related to their “pleiotropic effects”. The 
pleiotropic effects encompass several mecha-
nisms that include plaque stability, endothelial 
function, modification of inflammation respons-
es, and thrombus formation.  Pesaro et al. 
demonstrated that the pleiotropic effect of 
ezetimibe/low-dose simvastatin was more 
effective than high-dose simvastatin alone in 
inhibiting platelet aggregation [12]. Westerweel 
et al. demonstrated that treatment with either 
high-dose statin monotherapy or low-dose 
statin plus ezetimibe combination therapy has 
similar effects on reduced endothelial progeni-
tor cell (EPC) levels [13]. This is important as 
EPCs are the contributor of endothelial regen-
eration and thereby protect against cardiovas-
cular disease. 

12 weeks not being long enough to detect 
some of the anti-inflammatory effects of these 
treatments. PAPP-A is thought to be released 
when neovascularization occurs and its level 
has been shown to be elevated in unstable 
plaques and in circulation in patients with ACS 
[15]. PAPP-A has been shown to be a specific 
activator of IGF-I, a potent mediator of athero-
sclerosis. Studies in ACS patients have shown 
that elevated serum PAPP-A is a strong inde-
pendent predictor of death or recurrent myo-
cardial infarction [16]. Miedema et al. demon-
strated that PAPP-A significantly increased in 
patients with ACS compared with those with 
stable coronary disease and high-dose atorvas-
tatin significantly decreased PAPP-A at 1 month 
and hs-CRP at 6 months in patients with veri-
fied CAD [17]. Low-dose atorvastatin did not 
produce this effect. Stulc et al. found that ator-
vsastatin did not change the circulating PAPP-A 
levels significantly in patients with hyperlipid-
emia maybe PAPP-A was expressed in the 
unstable plaques and involved in the plaque 
inflammatory responses [18]. In the present 
study, the levels of PAPP-A were significantly 
higher at baseline than after the 12-week com-
bination treatment. The reduction in levels of 
PAPP-A was significantly greater in the dual 
drug regimen of rosuvastatin with ezetimibe 
than in rosuvastatin alone. The study has 
shown that rosuvastatin with ezetimibe also 

Table 4. Hs-CRP and PAPP-A concentration in the serum of the two 
groups at baseline and after 12 weeks drug treatment

Baseline Follow-up
Rosuva/Ez 

group
(n=70)

Rosuva 
group
(n=70)

Rosuva/Ez 
group
(n=70)

Rosuva 
group
(n=70)

P 
value

hs-CRP (mg/L) 11.57±3.12  11.09±2.78 5.67±1.12 5.93±1.53 0.331
PPAP (mIU/L) 19.32±9.16 20.24±8.73 6.31±2.02 10.21±3.07 0.000
Data were shown as mean ± SD. hs-CRP, high-sensitivity C-reactive protein; PPAP, 
pregnancy-associated plasma protein A. 

Table 5. Safety endpoints

Endpoints
Rosuva/
Ez group 
(n=70)

Rosuva 
group
(n=70)

P

ALT, AST, or both ≥ 3× ULN 1 (1.4) 2 (2.8) >0.05
Rhabdomyolysis 0 (0) 0 (0) >0.05
Myopathy 0 (0) 0 (0) >0.05
Myalgia with creatine kinase elevation ≥ 5× ULN 1 (1.4) 0 (0) >0.05
Cancer 0 (0) 0 (0) >0.05

Recently the IMPROVE-IT 
investigators proved that 
levels of total cholesterol, 
TC, triglycerides non-HDL-
C, apolipoprotein B, and 
hs-CRP were all signifi-
cantly lower in the sim- 
vastatin/ezetimibe group 
than in the simvastatin/
monotherapy group at 1 
year. In previous studies 
[14] differences in CRP 
reduction were described 
between statins and the 
combination of ezetimibe/
statin. In our study the 
inflammatory markers of 
CRP were reduced by 
either treatment strategy 
but the lack of significant 
difference between the 
two groups might be 
explained by the period of 
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has a direct impact on the reduction of PAPP-A 
which is also an inflammatory marker. 

There were no significant differences between 
the two study groups in any of the prespecified 
safety endpoints or in the rate of discontinua-
tion of study medication owing to adverse 
events. This convincingly established the safety 
of combination treatment. According to best 
practice guidelines high-dose statin treatment 
before stent implantation may decrease the 
cardiac adverse events and protect the myocar-
dia, but high-dose statins have raised the risk 
of elevations in alanine aminotransferase lev-
els or muscle-related adverse events. The com-
bination of low-dose statin and ezetimibe is 
promising in exerting similar effects as high-
dose statins in several fields.

Rosuvastatin in combination with ezetimibe 
could reduce inflammatory factors and thereby 
inhibiting the inflammatory response in ACS 
patients who have undergone PCI and reduce 
periprocedural myocardial infarction so as to 
protect the myocardia. Further studies are 
needed with larger number of patients enrolled 
and evaluating more factors in this dual drug 
therapy in ACS patients after PCI.
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