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INTRODUCTION

Low-density lipoprotein cholesterol (LDL-C) lowering using a 

statin-focused regimen is pivotal for primary and secondary 
cardiovascular prevention.1-3 This pharmacotherapy is recom-
mended with high classes in diverse guidelines on lipid-low-
ering therapy.4,5 In the revised guidelines of the past decade, 
LDL-C treatment targets have been steadily lowered for high- 
and very high-risk groups.6 As a result, high-intensity statins 
are frequently prescribed and many more patients require 
combination drugs, such as ezetimibe. Ezetimibe is the most 
common option when the treatment goal is not achieved us-
ing statin monotherapy or when an individual experiences a 
drug intolerance.4,6 

It has long been an issue of interest whether lower-intensity 
statin/ezetimibe combinations and higher-intensity statins have 
differences in efficacy and tolerability.7,8 The recent RACING 
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(randomized comparison of the efficacy and safety of lipid-
lowering therapy with statin monotherapy versus statin-ezeti-
mibe combination for high-risk cardiovascular disease) trial 
compared statin/ezetimibe combination and double-dose 
statin therapy based on non-inferiority analysis. In the study, 10 
mg rosuvastatin/10 mg ezetimibe was non-inferior to double-
dose statin monotherapy, revealing potentially better results 
with regard to safety.9 

According to previous studies, including the Treating to New 
Target (TNT) trial, high-dose statins caused more adverse 
events (AEs) than low-dose statins,10 while the ezetimibe com-
bination has been reported to have minimal effect on safety.11 
However, studies on the ezetimibe combination-equivalent 
statin dose, which equally reduces LDL-C, and studies evaluat-
ing whether the two regimens have differences in safety, have 
been extremely limited. Therefore, the present study compared 
the lipid-modifying efficacy and safety of a 5 mg rosuvastatin/10 
mg ezetimibe combination therapy with 20 mg rosuvastatin, 
which are likely to reduce LDL-C equivalently. This procedure 
was conducted using a meta-analysis of randomized controlled 
trials. Furthermore, 5 mg rosuvastatin/10 mg ezetimibe and 20 
mg rosuvastatin were appropriate for analysis as their effects 
have recently been commonly reported by clinical trials, par-
ticularly those conducted in Korea. 

MATERIALS AND METHODS

This analysis was designed and conducted according to the 
guidelines of the 2009 Preferred Reporting Items for Systematic 
Reviews and Meta-analysis statement (PRISMA).12 As this was 
a meta-analysis of randomized controlled trials, approval of the 
protocol and patient informed consent were waived by the in-
stitutional review board of Severance Hospital, Seoul, Korea. 

Search strategy
PubMed, EMBASE, Cochrane, Web of Sciences, and SCOPUS 
databases were searched using the following terms in the title 
or abstract: “rosuvastatin” and “ezetimibe” and “efficacy” or 
“effect” and “combination” and “patient.” The literature search 
was conducted from March 5, 2022, to April 4, 2022. Y.K. and 
J.M.P. examined each article to minimize the possibility of du-
plication, reviews, case studies, and experimental studies. 

Study selection
Eligible studies were full-text peer-reviewed articles with the 
following conditions: 1) published by December 31, 2021, 
2) human studies, 3) investigations on the effects of 5 mg ro-
suvastatin/10 mg ezetimibe and 20 mg rosuvastatin, 4) having 
a randomized controlled design, and 5) data regarding lipid 
modification and/or tolerability from the two regimens. The 
exclusion criteria were as follows: 1) non-clinical studies, 
2) observational studies, 3) lack of data on lipid parameters, 

or 4) articles not published in English.

Data extraction
Y.K. and J.M.P. extracted the data, including the first author 
name, country, type of study, number and characteristics of 
participants, type and dose of prescribed drugs, treatment du-
ration, lipid parameters, and AEs. Lipid parameters included 
LDL-C, total cholesterol (TC), triglyceride (TG), and high-den-
sity lipoprotein cholesterol (HDL-C). AE was defined as any ab-
normal sign, symptom, laboratory test, combination of such 
abnormalities, or any unexpected deterioration in a concurrent 
illness. Drug-related AE was defined as an AE suspected of be-
ing drug-induced. Disagreements (selection of candidate stud-
ies and composite AEs) were resolved through discussions be-
tween authors. The publication bias was tested by funnel plots.

Statistical analysis
Statistical analyses were performed using R software (version 
4.2.2; R foundation, Vienna, Austria). The primary outcome 
variable was the percentage reduction in LDL-C levels, and 
the secondary outcome variables were the rates of composite 
AEs. Composite AEs included muscle-related symptoms, ele-
vation of creatine kinase (>5 to 10×upper limit of normal), and 
elevation of liver function test (>3×upper limit of normal). The 
tertiary outcome variables were the percentage reduction in 
TC and TG, the percentage elevation of HDL-C, and the rates 
of drug-related AEs and any AEs. The study reporting was 
conducted in accordance with the PRISMA statement. In gen-
eral, the mean and standard deviation of percentage change re-
ported in the articles were used. However, the graph length was 
measured when the outcomes we need were not measured. 
When only the median and interquartile range values were re-
ported, the mean and standard deviation were estimated using 
the method described by Hozo, et al.13 A random effects meta-
analysis was performed using the limited maximum likelihood 
method. Heterogeneity between studies was evaluated using 
the tau-square and I-square statistics. 

RESULTS

Search results and included studies
Of the 784 initially identified articles, 679 were screened after 
removing 105 duplicate records. Of the records not meeting 
the criteria of article (n=322) and title (n=330), 27 reports were 
found to be eligible for analysis. After excluding 20 articles for 
inappropriate doses, different languages, topics, or outcomes, 
seven articles were included in the current study (Fig. 1).14-20 
The characteristics of the studies were systematically evaluated 
and are presented in Table 1. All seven included studies were 
randomized controlled trials (six from Korea and one from 
multiple countries). The enrolled participants had diabetes 
mellitus, hypercholesterolemia, or high/moderately high car-
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diovascular risk. One of these studies enrolled patients with 
acute coronary syndrome. Drug treatment was usually main-
tained for 6–8 weeks, except in one study where it was main-
tained for 6 months (Table 1). Data on lipid-lowering efficacy 
and tolerability were available from six and three studies, re-
spectively. Funnel plots showed no publication bias for all out-
come variables (Supplementary Fig. 1, only online). 

Effect of two regimens on LDL-C and tolerability
Based on five studies (I2=0%; p for heterogeneity=0.70), the 
percentage LDL-C reduction did not differ between 5 mg ro-
suvastatin/10 mg ezetimibe and 20 mg rosuvastatin [common 
effect model; standardized mean difference (SMD) 0.08; 95% 
CI -0.09 to 0.26; p=0.35] (Fig. 2). Based on three studies (I2=0%; 
p for heterogeneity=0.84), the risk of composite AEs (common 
effect model; odds ratio 0.50; 95% CI 0.15 to 1.72; p=0.27) of the 
combination was not different compared to the monotherapy 
group (Fig. 3A). The risks of drug-related AEs or any AEs of the 
two groups also did not differ (Fig. 3B and C). 

Effect of two regimens on other lipid parameters
Based on four studies (I2=47%; p for heterogeneity=0.13), the 
percentage TC reduction was greater in the 5 mg rosuvastatin/ 
10 mg ezetimibe group (common effect model; SMD 0.22; 95% 
CI 0.04 to 0.41; p=0.02) (Fig. 4A). The percentage TG reduction 
of the two regimens (I2=89%; p for heterogeneity<0.01) did not 
differ (random effect model; SMD -0.27; 95% CI -0.84 to 0.30; 
p=0.36) (Fig. 4B). Likewise, the percentages HDL-C elevation 

(I2=0%; p for heterogeneity=0.85) were not different between 
the two groups (common effect model; 95% CI -0.20 to 0.17; 
p=0.86) (Fig. 4C). 

DISCUSSION

There are no randomized controlled trials for cardiovascular 
events using 5 mg rosuvastatin/10 mg ezetimibe versus 20 mg 
rosuvastatin. Furthermore, as stated earlier, studies compar-
ing “ezetimibe combination regimen and such combination-
equivalent statin monotherapy (equally reducing LDL-C)” 
have been highly limited. Therefore, we conducted the cur-
rent study to analyze and obtain data regarding these two reg-
imens. The major findings of the current study were as fol-
lows: 1) the reduction in LDL-C levels did not differ between 
the two regimens; 2) the risk of composite AEs did not differ 
between the two regimens; and 3) the reduction in TC was 
higher with the combination regimen than with the mono-
therapy regimen, whereas TG reduction and HDL-C elevation 
were similar between the two regimens. These results, for the 
first time, exhibited largely similar efficacy and tolerability of 
5 mg rosuvastatin/10 mg ezetimibe versus quadruple dose ro-
suvastatin by a meta-analysis. 

A previous meta-analysis based on 11 clinical trials showed a 
greater LDL-C reduction in the statin/ezetimibe combination 
group than in the double-dose statin monotherapy group.21 No 
safety data were analyzed in this study. In the RACING trial 
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Fig. 1. Flow chart of study inclusion.
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Fig. 2. Forest plot showing the mean standardized difference and 95% confidence interval (CI) of percentage reduction of low-density lipoprotein cho-
lesterol. Comb, combination regimen (5 mg rosuvastatin/10 mg ezetimibe); Mono, monotherapy regimen (20 mg rosuvastatin). SMD, standardized 
mean difference.

comparing 10 mg rosuvastatin/10 mg ezetimibe and 20 mg ro-
suvastatin, LDL-C levels decreased from 80 mg/dL to 58 mg/dL 
and 66 mg/dL in each group, respectively.9 It is predicted that 
the incremental LDL-C reduction by ezetimibe will be higher 
than that achieved by doubling the statin dose. In this regard, 
the statin/ezetimibe combination and double-dose statins may 
not be comparable regimens targeting the same degree of lipid-
lowering in clinical practice. Our study has clinical importance, 
as we analyzed the efficacy and safety of two regimens assumed 
to have an equivalent lipid-lowering effect. 

In a previous study, Yamazaki, et al.22 compared 2.5 mg rosu-
vastatin/10 mg ezetimibe to 10 mg rosuvastatin, and the mean 
LDL-C change was very similar in each group (-21.9 mg/dL 
and -20.3 mg/dL), which was in line with our results. In a prior 
analysis, we found that atorvastatin 5 mg/ezetimibe 5 mg com-
bination and quadruple dose atorvastatin (20 mg) comparably 
reduced LDL-C levels, whereas the combination regimen had 
better effects on hemoglobin A1c and apoB/A1 ratio.7 In an-
other report, we identified that the same combination regimen 
lowered postprandial triglyceride more than quadruple-dose 
atorvastatin with similar reduction of LDL-C.23 Conversely, we 
demonstrated that atorvastatin 20 mg reduced the blood levels 
of lipoprotein-associated phospholipase A2, a marker of ath-
erothrombosis, more than atorvastatin 5 mg/ezetimibe 5 mg 
combination.8 Based on these findings, it is very likely that 
lower-dose statin/ezetimibe and quadruple-dose statin have 
comparable LDL-C-lowering efficacy. However, there can be 
differences in other metabolic and biological effects between 
these two regimens, and one of the two regimens is not always 
better than the other on such effects. Further studies on this is-
sue may help in the selection of lipid-modifying agents and 
personalizing cardiovascular prevention. 

In the TNT study analyzing 80 mg and 10 mg of atorvastatin, 

the AE rates and drug discontinuation owing to AEs were lower 
in the latter group.6 Conversely, the addition of ezetimibe to sim-
vastatin did not alter the risk of transaminase elevation, muscle 
AEs, or drug discontinuation.5 A recent meta-analysis using 14 
studies on statin/ezetimibe combination versus double dose 
statins revealed similar safety profiles of the two regimens.23 The 
RACING trial, on the contrary, indicated better safety in the 
combination group.9 The rosuvastatin dose in the monotherapy 
group was 20 mg in the RACING trial and in our meta-analysis. 
The rosuvastatin dose administered to the combination group 
was lower in our study, and the AE rates did not differ between 
the combination and monotherapy groups. Although the reason 
for the difference between studies is not clear through our data, 
the small number of our study population and low power to 
differentiate safety of the regimens might be some of the prob-
able reasons. As the odds ratio of composite AEs of the combi-
nation versus monotherapy group was numerically lower, it is 
difficult to rule out a greater sample size might have given sta-
tistical difference. The elementary safety index used in the cur-
rent study was a composite of three major AEs. Although this 
variable is important to compare AEs typically associated with 
statin-based regimens, it may be difficult to include the overall 
clinical tolerability. As a result, it could have been difficult to 
obtain statistical significance by the index of our study. In addi-
tion to the RACING trial, a large cohort study compared cardio-
vascular outcomes and drug maintenance rates of moderate-in-
tensity statin/ezetimibe versus high-intensity statin regimens.24 
Further review or meta-analysis on these trials may provide more 
insights on the safety of combination with variable statin doses. 
Recently, a randomized controlled study comparing the side ef-
fects of rosuvastatin 20 mg versus rosuvastatin 5 mg/ezetimibe 
10 mg in elderly patients with atherosclerotic cardiovascular 
disease has been ongoing. That study may be able to provide 
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solid data regarding the tolerability of these two regimens.25 
To summarize, AEs appear more frequent when higher-inten-

sity statins compared to lower-intensity statins are used, where-
as the effect of adding ezetimibe on AE risk appears minimal. 
Recently, as the research proving the clinical benefit of ezeti-
mibe combination has been published, the net benefit of statin/
ezetimibe combination is also being spotlighted. However, to 
date, reports have not provided sufficient evidence on the net 
clinical benefit of the statin/ezetimibe combination compared 
to high-intensity statins. This should be estimated based on the 
efficacy and safety of the two regimens with comparable LDL-C 
reduction. In this regard, it is worth mentioning that the cur-

rent meta-analysis compared two regimens with very similar 
LDL-C reduction. By doing so, we could produce clinically rel-
evant and helpful data. 

Our study has several potential limitations. First, although we 
pooled the largest number of available studies, the total num-
ber of studies and participants were relatively small. Our meta-
analysis did not use the primary comparisons from source tri-
als. Most enrolled studies evaluated rosuvastatin/ezetimibe 
combination and rosuvastatin monotherapy with variable dos-
es, whereas our study analyzed regimens with a specific dose. 
Calculated powers of the primary and secondary outcome vari-
ables were not sufficiently high, and this may be an important 

Fig. 3. Forest plots showing odds ratio (OR) and 95% confidence interval (CI) of composite adverse events (AEs) (A), drug-related AEs (B), and any AEs 
(C). Comb, combination regimen (5 mg rosuvastatin/10 mg ezetimibe); Mono, monotherapy regimen (20 mg rosuvastatin).
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limitation of our study. Therefore, the current data should be 
interpreted with caution. Although most efficacy and safety 
variables did not differ between the two groups, we cannot 
entirely rule out the possibility of difference being observed in 
a larger study population. Second, the results on the efficacy 
of the combination regimen did not deviate from the original 
concept, and this may limit the value of the current study. Third, 
there may be a difference of cost-effectiveness between the two 
regimens analyzed in the current study. Although this is one of 
the major points when choosing drugs in clinical practice, it 
was beyond the scope of our study. In addition, the majority of 
studies included in our meta-analysis were from the Korean 
population, and this could limit the application of our results 

to other races.
In conclusion, our meta-analysis showed for the first time 

that 5 mg rosuvastatin/10 mg ezetimibe and 20 mg rosuvas-
tatin had comparable lipid-lowering efficacy and tolerability, 
especially for LDL-C and drug-related AEs. These results pro-
vide useful information for physicians and may help in their 
clinical decision-making. 
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Fig. 4. Forest plots showing the mean standardized difference and 95% confidence interval (CI) of percentage reductions of total cholesterol (A) and 
triglyceride (B) and percentage elevation of high-density lipoprotein cholesterol (C). Comb, combination regimen (5 mg rosuvastatin/10 mg ezetimibe); 
Mono, monotherapy regimen (20 mg rosuvastatin). SMD, standardized mean difference.
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