
J. Clin. Pharm. Ther.. 2020;00:1–9.	 wileyonlinelibrary.com/journal/jcpt�   |  1© 2020 John Wiley & Sons Ltd

 

Received: 21 June 2020  |  Revised: 16 August 2020  |  Accepted: 5 September 2020

DOI: 10.1111/jcpt.13271  

O R I G I N A L  A R T I C L E

Low-density lipoprotein cholesterol reduction and target 
achievement after switching from statin monotherapy to 
statin/ezetimibe combination therapy: Real-world evidence

Jeongmin Lee MD1  |   Sue Hyun Lee PhD2 |   Hyunah Kim PharmD, BCPS3  |    
Seung-Hwan Lee MD, PhD4 |   Jae Hyoung Cho MD, PhD4 |   Hyunyong Lee MS5 |    
Hyeon Woo Yim MD, PhD6 |   Kun-Ho Yoon MD, PhD4,7 |   Hun-Sung Kim MD, PhD4,7  |   
Ju Han Kim MD, PhD8

Hun-Sung Kim and Ju Han Kim are co-corresponding authors, with each contributing equally to this manuscript.  

1Division of Endocrinology and Metabolism, 
Department of Internal Medicine, 
Eunpyeong St. Mary's Hospital, College of 
Medicine, The Catholic University of Korea, 
Seoul, Korea
2Department of Biomedical Informatics, 
College of Medicine, Konyang University, 
Daejeon, Korea
3College of Pharmacy, Sookmyung Women's 
University, Seoul, Republic of Korea
4Division of Endocrinology and Metabolism, 
Department of Internal Medicine, Seoul St. 
Mary's Hospital, College of Medicine, The 
Catholic University of Korea, Seoul, Republic 
of Korea
5Clinical Research Coordinating Center, 
Catholic Medical Center, The Catholic 
University of Korea, Seoul, Republic of 
Korea
6Department of Preventive Medicine, 
College of Medicine, The Catholic University 
of Korea, Seoul, Republic of Korea
7Department of Medical Informatics, College 
of Medicine, The Catholic University of 
Korea, Seoul, Republic of Korea
8Division of Biomedical Informatics, Systems 
Biomedical Informatics Research Centre, 
Seoul National University College of 
Medicine, Seoul, Republic of Korea

Correspondence
Hun-Sung Kim, Department of Medical 
Informatics, College of Medicine, The 
Catholic University of Korea, 222, Banpo-
daero, Seocho-gu, Seoul 06591, Republic of 
Korea.
Email: 01cadiz@hanmail.net

Ju Han Kim, Division of Biomedical 
Informatics. Systems Biomedical Informatics 

Abstract
What is known and objectives: This study investigated the additional low-density 
lipoprotein cholesterol (LDL-C) reductions and target (LDL-C < 100 mg/dL) achieve-
ment rates in patients after switching from statin monotherapy to statin/ezetimibe 
combination therapy, in clinical practice.
Methods: This retrospective study used data recovered from the electronic medical 
record systems of two tertiary care medical centres for patients treated between 
2015 and 2017. Patients prescribed statin/ezetimibe combination therapy after 
switching from statin monotherapy were enrolled. The observed LDL-C reductions 
and the percentage of patients achieving LDL-C levels of <100 mg/dL, after 3 months 
of treatment, were assessed relative to baseline values.
Results and discussion: A total of 4252 patients with prescriptions for statin/
ezetimibe combination therapy were enrolled. Changing from statin monotherapy to 
the combination therapy resulted in additional LDL-C level reductions of 31.0-41.0% 
(all intensity groups, P < .01). Similarly, 88.3-91.1% of the enrolled patients success-
fully achieved LDL-C levels of <100 mg/dL (all intensity groups, P < .01). A subgroup 
analysis of patients with baseline LDL-C levels ≥ 100 mg/dL showed that switching 
from moderate- or high-intensity statin monotherapy to a rosuvastatin/ezetimibe 
combination showed greater LDL-C reductions than did switching to an atorvastatin/
ezetimibe combination, within the same statin intensity groups.
What is new and conclusion: The present study provides real-world evidence of the 
LDL-C reduction benefits associated with statin/ezetimibe combinations in the clini-
cal practice setting. The results also demonstrate that if statin monotherapy does 
not effectively help patients reach their target LDL-C goals, changing to a statin/
ezetimibe combination prescription may show enhanced LDL-C-lowering effects and 
improve the likelihood of achieving LDL-C targets, in real practice.
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1  | WHAT IS KNOWN AND OBJEC TIVE

Atherosclerotic cardiovascular disease, including ischaemic heart 
disease, cerebrovascular disease and atherosclerosis, is the second 
most common cause of death, after neoplasms,1 with a mortality in 
2017, of 119.6 per 1  000  000 persons.2 Dyslipidaemia, character-
ized by high levels of low-density lipoprotein cholesterol (LDL-C), 
is a well-established major risk factor for atherosclerotic disease.3 
There is evidence from randomized trials of lipid-lowering drugs that 
lowering LDL-C levels can reduce the risk of cardiovascular or cere-
brovascular diseases.4

According to the National Cholesterol Education Program 
(NCEP) Adult Treatment Panel, European Society of Cardiology 
and European Atherosclerosis Society, and American College of 
Cardiology/American Heart Association (ACC/AHA) guidelines, 
there is a recommendation that more intense LDL-C management 
be implemented to achieve desired targets.5-7 Many recent stud-
ies have already reported that statins are the most cost-effective 
drug for preventing cardiovascular disease.8-11 Based on these 
studies, statins are considered to be the first-line treatment lip-
id-lowering therapeutics for the primary and secondary preven-
tion of circulatory disease.3,6,7 Worldwide, statins are commonly 
prescribed, including in Korea11,12 where prescriptions for ator-
vastatin (56.07%) and rosuvastatin (23.28%) have increased over 
the past decade.13

Although intensive lipid-lowering therapy is emphasized in 
several guidelines, the proportion of patients reaching their target 
LDL-C goal remains low.14 Moreover, the Centralized Pan-Asian 
Survey of the Under treatment of Hypercholesterolemia (CEPHEUS) 
study reported that only 31.5% of very high-risk patients treated 
with statin therapy reached their target LDL-C goals (<70 mg/dL).15 
Therefore, the prescription of high-intensity statin therapy or a com-
bination therapy that includes ezetimibe has increased. Ezetimibe, a 
non-statin drug, reduces the absorption of dietary and biliary cho-
lesterol by inhibiting its transport across the intestinal wall; this is 
accomplished by ezetimibe blocking the function of the duodenal 
Niemann-Pick C-like protein 1L1.16 Several previous studies have 
compared the effects of the various statins,17-19 and the powerful 
effects of statin/ezetimibe combinations have been demonstrated 
in randomized controlled trials (RCTs). However, few studies have 
investigated the additional LDL-C effects or improvements in tar-
get attainment after switching from statin monotherapy to statin/
ezetimibe in real-world clinical settings.20,21 These studies demon-
strated that switching to statin/ezetimibe combination therapy was 

superior to statin monotherapy in terms of achieving the target goal 
in patients with coronary heart disease (CHD) and CHD risk equiv-
alent. We aimed to assess these effects in real-world patients who 
were switched from statin monotherapy to a statin/ezetimibe com-
bination outside of a controlled clinical study, regardless of their risk 
factors.

2  | METHODS

2.1 | Study population and design

This retrospective study used data from an electronic medical record 
(EMR) system. Patients who were prescribed statin/ezetimibe com-
bination therapy, between 1 January 2015 and 31 December 2017, 
at two hospital outpatient clinics (Catholic University of Korea's St. 
Mary's Hospital and Seoul National University Hospital) in Seoul, 
Korea, were enrolled. Demographic, laboratory and prescription 
data were reviewed.

2.2 | Statin/ezetimibe combinations

In this study, we selected ezetimibe/atorvastatin (Atozet, Merck 
and Co., Korea) and ezetimibe/rosuvastatin (Rosuzet, Hanmi, Pharm 
Co., Korea) therapies. Six statin/ezetimibe combinations were as-
sessed: atorvastatin (10  mg) with ezetimibe (10  mg) [AtoZ_10], 
atorvastatin (20 mg) with ezetimibe (10 mg) [AtoZ_20], atorvastatin 
(40 mg) with ezetimibe (10 mg) [AtoZ_40], rosuvastatin (5 mg) with 
ezetimibe (10  mg) [RosuZ_5], rosuvastatin (10  mg) with ezetimibe 
(10 mg) [RosuZ_10], and rosuvastatin (20 mg) with ezetimibe (10 mg) 
[RosuZ_20].

2.3 | Definition of data extraction items and 
study design

The index date (visit 0) was defined as the date when the initial 
statin/ezetimibe combination was prescribed. The type of statin 
prescribed, prior to the index date, was also reviewed and classi-
fied as a high-, moderate- or low-intensity statin, based on ACC/
AHA definitions.22 The high-intensity statins included atorvastatin 
(40 mg) and rosuvastatin (20 mg), and the moderate-intensity statins 
included atorvastatin (10 or 20 mg), fluvastatin (80 mg), pitavasta-
tin (2 or 4 mg), pravastatin (40 mg), simvastatin (20 or 40 mg) and 
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rosuvastatin (5 or 10 mg). The low-intensity statins included fluvas-
tatin (40 mg) and pravastatin (10 or 20 mg).

Demographic data, including patient age, sex, calculated body 
mass index, systolic blood pressure (BP) and diastolic BP, were ex-
tracted. Laboratory findings, such as levels of blood urea nitrogen, 
creatinine, total cholesterol (TC), triglyceride (TG), high-density lipo-
protein cholesterol (HDL-C), LDL-C, aspartate aminotransferase, al-
anine aminotransaminase and glycated haemoglobin (HbA1c), were 
also extracted. All measurements were performed using an auto-
mated blood chemistry analyser (Hitachi 747; Hitachi, Tokyo, Japan). 
HbA1c percentages were determined using high-performance liquid 
chromatography and Diabetes Control and Complications Trial-
aligned methods (Tosoh-G8; Tosoh, Tokyo, Japan). We also extracted 
comorbidity data, such as heart failure (I50, I11.0, I13.0, I24.8), E10-
15 (diabetes mellitus), I60-69 (cerebrovascular diseases), C (can-
cer) and I20-25 (ischaemic heart diseases), using the International 
Classification of Diseases (ICD)-10 classifications. We reviewed 
each patient's thyroxine and warfarin prescription histories as they 
affect serum statin concentrations. Visit 1 was defined as the visit 
that occurred, on average, 3 months after the index date. The data, 
described above, were extracted from visit 1. If more than one test 
value existed, the value chosen was the one that was closest to the 
3-month point. An LDL-C reduction was defined as the difference 
between the index and visit 1 values. The LDL-cholesterol reduction 
rate was calculated as follows:

2.4 | Direct chart review and data 
quality management

After extracting the data, a data quality management process was 
conducted in a standardized way, according to the data table speci-
fications. Within the EMR data, there are various representations 
of unstructured laboratory data that are not exactly represented 
numerically (eg, >1995 mg/dL, <10 mg/dL or <3 IU/U). To increase 
the data reliability, the relevant data were manually reviewed and 
compared with the original data.

2.5 | Ethical consideration

The data used in this study were stored in encrypted files by each 
hospital investigator, accessible only by the responsible research-
ers. When data from the two hospitals were needed for statistical 
analysis, patient anonymity was preserved by removing the secu-
rity and registration numbers. Since only a randomized number was 
accessible to the responsible researchers at each hospital, the re-
searchers or analysts from the other hospital could not confirm the 
actual patient number. When a direct chart review was required, 
only the responsible researchers at each hospital could access the 
chart. As such, this study did not directly deal with personal patient 

information. Additionally, because this retrospective study used ac-
cumulated data from closed files and involved strict data encryption, 
the rights and welfare of the patients were not affected. Further, 
this study did not involve any possible physical or mental harm to 
any patient. Thus, informed consent was not required; the study 
was approved by the institutional review boards of the Catholic 
University of Korea and the Seoul National University Hospital (IRB 
no. KC18REDE0188).

2.6 | Statistical analysis

Continuous variables are expressed as means and standard devia-
tions, whereas categorical variables are expressed as medians and 
percentages. The associations between the different statins and 
their 3-month LDL-C reductions (absolute difference and reduc-
tion percentage) were evaluated using independent t tests. The 
ratios of LDL-C normal ranges (<100 mg/dL) from different types 
of statins were calculated using chi-square tests. All statistical 
analyses were performed using SAS, version 9.4 (SAS Institute, 
Cary, NC); P-values <.05 were considered to be statistically 
significant.

3  | RESULTS

A total of 5907 patients received prescriptions for AtoZ and RosuZ, 
within the study period. Among those patients, 609 reverted to 
statin monotherapy during the study period and were excluded. 
Among the remaining patients, 1046 were initially prescribed an 
ezetimibe/statin combination therapy, without having a record 
of prior statin treatment. However, one of the limitations of this 
type of EMR study is the difficultly in distinguishing between pa-
tients who had received statin prescriptions from other hospitals 
and those who truly never had been prescribed statins; regardless, 
these patients were also excluded. Thus, a total of 4252 patients, 
confirmed to have been previously prescribed statin monotherapy, 
were enrolled.

3.1 | Baseline characteristics of study subjects

Table 1 shows the baseline characteristics of the patients, prior to 
beginning ezetimibe/statin combination therapy; 2836 of the 5907 
(48.0%) patients received AtoZ_10 or RosuZ_5, 2243 (38.0%) re-
ceived AtoZ_20 or RosuZ_10, and 828 (14.0%) received AtoZ_40 
and RosuZ_20. Prior to starting the statin/ezetimibe treatment, 
the mean age of the patients receiving AtoZ_10 or RosuZ_5 was 
58.9 ± 12.4 years, 61.4 ± 12.3 years in the AtoZ_20 or RosuZ_10 
group, and 61.4  ±  12.2  years in the AtoZ_40 or RosuZ_20 group; 
in all groups, males were predominant. In the AtoZ_10 or RosuZ_5 
group, 63 patients (3.5%) were previously treated with low-inten-
sity statins, 1622 with moderate-intensity statins and 136 with 

LDL-C reduction rate (%)=mean per cent change (%)

=100× (visit0−visit1)∕visit0.
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high-intensity statins. In the AtoZ_20 or RosuZ_10 group, the major-
ity of patients (82.9%) were previously prescribed moderate-inten-
sity statins, 0.9% low-intensity statins, and 17.1% were previously 
prescribed high-intensity statins. In the AtoZ_40 or RosuZ_20 group, 
3 (0.4%) patients were originally low-intensity statins, 430 (59.7%) 
received moderate-intensity statins, and 288 (39.9%) were originally 
prescribed high-intensity statins.

Prior to starting combination therapy, the mean TC levels were 
195 ± 52.4 mg/dL in the AtoZ_10 or RosuZ_5 group, 197 ± 53 mg/
dL in the AtoZ_20 or RosuZ_10 group, and 207 ± 58 mg/dL in the 
AtoZ_40 or RosuZ_20 group. There were no differences between 
the AtoZ-10 and RosuZ_5 groups, with respect to TC, TG and HDL-C 
levels before starting their indicated combination therapies. At the 
index visit, the mean TG level was highest in the AtoZ_10 or RosuZ_5 
group, the mean HDL-C levels were similar for the three groups, 
and the highest LDL-C was observed in the AtoZ_40 or RosuZ_20 
(128 ± 45 mg/dL) group.

3.2 | Effect of combination therapy on LDL-C levels

Figure 1 shows effect of the combination therapy on LDL-C lev-
els. Between baseline and 3 months of combination therapy, the 
additional LDL-C level reductions and target goal achievements 
were significantly increased following implementation of com-
bination therapy. In the AtoZ_10 or RosuZ_5 group, there was 
an additional 31.0% reduction (P  <  .01) in the LDL-C level after 
3 months of combination therapy and the percentage of patients 
achieving their LDL-C target (<100 mg/dL) increased from 35.3% 
to 88.3% (P <  .01). Similarly, in the AtoZ_20 or RosuZ_10 group, 
the LDL-C levels declined by 36.4% (P < .01) and 90.1% of patients 
reached their LDL-C goal (P <  .01). In the AtoZ_40 or RosuZ_20 
group, LDL-C levels declined by an additional 41.0% (P < .01) and 
87.5% of the patients achieved their LDL-C target, up from 21.9% 
at baseline (P < .01).

3.3 | Relative LDL-C reductions according to the 
intensity of prior statin monotherapy

We analysed the LDL-C level reductions that occurred after switching 
to a combination therapy from high-, moderate- or low-intensity sta-
tin monotherapy (Figure 2). For patients switching from a low-inten-
sity statin therapy to either AtoZ_10 or RosuZ_5, an additional LDL-C 
reduction of 40.9% was observed for those switching to AtoZ_10 and 
49.2% for those switching to RosuZ_5 (Figure 2A). Those switching 
from a moderate-intensity statin therapy to AtoZ_10 showed a further 
LDL-C reduction of 32.8%; those switching to RosuZ_5 showed a fur-
ther reduction of 29.3% (P < .01) (Figure 2A). In the cases of patients 
switching from a moderate-intensity statin monotherapy to AtoZ_20 
(36.1%) or RosuZ_10 (38,7%, P < .01), significant reductions were also 
observed (Figure  2B). Additional LDL-C level reductions were also 
observed for patients switching from high-intensity statin therapies 
to AtoZ_20 (27.6%) or RosuZ_10 (30.6%, P  <  .01) (Figure  2B). For 
all patients previously treated with statin monotherapies, patients 
switching to RosuZ_10 exhibited greater LDL-C declines than those 
switching to AtoZ_20. Additional LDL-C reductions were observed in 
patients who changed from a moderate-intensity statin monotherapy 
to AtoZ_40 (37.3%) or RosuZ_20 (45.8%, P < .01) (Figure 2C). In our 
results, patients switching to RosuZ generally showed greater LDL-C 
reductions than did those switching to AtoZ.

3.4 | LDL-C level changes in patients with baseline 
LDL-C levels above 100 mg/dL

Sub-analyses were performed for the 2881 patients who had LDL-C 
levels  >  100  mg/dL before being prescribed a statin/ezetimibe 
therapy (Table 2). In the AtoZ_20 and RosuZ_10 groups, there were 
no significant differences in the LDL-C level reductions or target 
achievement rates when the prescription was changed from low-
intensity statin monotherapy to the combination therapy. A total 

F I G U R E  1   Additional LDL-cholesterol 
reduction when changing prescription 
with ezetimibe-statin combination 
therapy
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of 2398 patients changed from moderate-intensity statin mono-
therapy to a combination therapy. There were no significant differ-
ences in the results between the AtoZ_10 and RosuZ_5 groups or 
between the AtoZ_20 and RosuZ_10 groups. However, patients in 
the RosuZ_10 and RosuZ_5 groups tended to demonstrate greater 
LDL-C reductions and target achievement rates than those in the 
AtoZ_20 and AtoZ_10 groups (Table 2). Patients in the group that 
switched from moderate-intensity statin monotherapy to RosuZ_20 
showed significantly greater LDL-C reductions than did those in the 
AtoZ_40 group (48.0 ± 1.1 vs 40.1 ± 3.0%, P = .014).

A total of 422 patients, previously prescribed high-intensity sta-
tin monotherapy, were changed to a combination therapy. The as-
sociated LDL-C reductions were not significantly different between 
patients in the AtoZ_10 and RosuZ_5 groups. Similarly, the effica-
cies of AtoZ_40 and RosuZ_20 were similar. However, those in the 
RozuZ_10 group (47.3 ± 2.8%) showed significantly greater LDL-C 
reductions than those in the AtoZ_20 group (38.7 ± 2.7, P = .036).

4  | DISCUSSION

This retrospective study used EMR-based data to investigate the ad-
ditional LDL-C reductions observed in patients switching from statin 

monotherapies to statin/ezetimibe combination therapies. The RCT 
studies employed tightly controlled conditions to confirm the intrin-
sic LDL-C-lowering effects of the statin/ezetimibe combinations. 
However, expecting LDL-C reductions, in actual practice, that are 
similar to those in the RCTs is unrealistic. Factors such as clinical 
practice and out-of-hospital data such as side effects, cost and tab-
let size affect patient compliance and influence real-world evidence 
(RWE).

Clinical practice evidence suggests that LDL-C is a leading cause 
of cardiovascular disease and that intensive LDL-C-lowering therapy 
reduces the rate of cardiovascular disease.5,6,23 However, despite 
these recommendations, the number of patients achieving their 
target LDL-C level is suboptimal. Previous studies investigated the 
disparity between the guidelines and clinical practice found that 
the statin prescription should vary according to the patient's risk 
stratification.24

The present study found that changing from statin monother-
apy to a statin/ezetimibe combination was more effective at pro-
viding LDL-C-lowering effects than statin monotherapy. Several 
studies investigated the effects of adding ezetimibe to atorvas-
tatin, rosuvastatin or simvastatin monotherapy25-28 and consis-
tently showed that such combination therapy might improve the 
management of patients who failed to reach their LDL-C target 

F I G U R E  2   Relative LDL-C reductions according to the intensity of prior statin monotherapy
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using statin monotherapy. Similar to these previous studies, our 
results also showed additional LDL-C-lowering effects of 12.4-
45.8% after switching from a statin monotherapy to a statin/ere-
mite combination therapy. Whereas a doubling of the statin dose 
is associated with additional 4-6% reductions in LDL-C levels,29 
the LDL-C-lowering effect, in the present study, was more signif-
icant following a switch to statin/ezetimibe therapy. The present 
results showed that the percentage of patients reaching their tar-
get LDL-C goal (<100 mg/dL) was >82% in all of the statin/ezeti-
mibe groups. According to Pan-Asian CEPHEUS study, 49.4% of 
patients achieved their recommended LDL-C level and 54.8% of 
high-risk patients attained their target LDL-C level using statin 
monotherapy.15 One Korean study, involving 808 patients with 
stable artery disease and acute coronary syndrome, reported that 
40.0% of patients with stable artery disease and 23.7% of those 
with acute coronary syndrome were under their LDL-C targets, 
after switching to the combination therapy.30 Therefore, a statin/

ezetimibe combination may be an alternative choice for the treat-
ment of dyslipidaemia.

In the present study, among patients who switched from moder-
ate- or high-intensity statin monotherapies to a combination, RosuZ 
showed more potent LDL-C-lowering effects (LDL-C level reduction 
and per cent of patients achieving their LDL-C targets) than AtoZ. 
Multiple studies have reported the lipid-lowering efficacy of mod-
erate- and high-intensity statin, especially comparing atorvastatin 
with rosuvastatin.18,19,29,31 However, there have been conflicting 
results regarding the cardiovascular outcomes. Our results showed 
the superiority of the rosuvastatin/ezetimibe combination, rela-
tive to the atorvastatin/ezetimibe combination. These results were 
concordant with a previous study that showed that a rosuvastatin/
ezetimibe combination was more effective at reducing LDL-C levels 
than a simvastatin/ezetimibe combination.32 Thus, rosuvastatin/eze-
timibe combinations may be expected to have the strongest LDL-C-
lowering effects, relative to the dose.

TA B L E  2   Association between low-density lipoprotein (LDL)-cholesterol changes and statin therapy, according to baseline LDL-
cholesterol levels ≥ 100 mg/dL (n = 2881)

AtoZ_10 RosuZ_5 P value AtoZ_20 RosuZ_10 P value AtoZ_40 RosuZ_20 P value

From low-intensity statin 
(n = 61)

Number, n 30 16 7 5 1 2

Baseline, mg/dL 140 ± 6 135 ± 6 .590 171 ± 41 132 ± 11 .379

After 3 months mg/dL 75 ± 4 66 ± 5 .172 65 ± 12 53 ± 5 .426

Additional LDL-C 
reduction rate (%)

44.5 ± 3.3 50.8 ± 3.5 .239 59.2 ± 4.4 58.7 ± 15.3 .942

Target achievement 
rate < 100 mg/dL, n (%)

25 (83.3%) 15 (93.8%) .649 6 (85.7%) 5 (100.0%) >.999

From moderate-intensity 
statin (n = 2398)

Number, n 795 276 332 641 43 311

Baseline, mg/dL 134 ± 1 130 ± 1 .030* 137 ± 2 132 ± 1 .025* 137 ± 4 139 ± 2 .604

After 3 months mg/dL 81 ± 1 77 ± 1 .012* 78 ± 1 75 ± 1 .134 83 ± 5 71 ± 2 .015*

Additional LDL-C 
reduction rate (%)

38 0.2 ± 0.7 39.8 ± 1.1 .246 41.9 ± 1.0 42.5 ± 0.7 .614 40.1 ± 3.0 48.0 ± 1.1 .014*

Target achievement 
rate < 100 mg/dL, n (%)

659 (82.9%) 234 (84.8%) .468 282 (84.9%) 561 (87.5%) .262 33 (76.7%) 273 (87.8%) .048*

From high-intensity statin 
(n = 422)

Number, n 38 24 96 58 52 154

Baseline, mg/dL 134 ± 5 144 ± 11 .440 139 ± 4 138 ± 4 .850 138 ± 5 135 ± 3 .716

After 3 months mg/dL 74 ± 5 76 ± 4 .762 83 ± 4 69 ± 3 .004* 81 ± 4 77 ± 2 .294

Additional LDL-C 
reduction rate (%)

43.6 ± 3.7 44.2 ± 3.7 .903 38.7 ± 2.7 47.3 ± 2.8 .036 38.4 ± 2.5 42.0 ± 1.6 .250

Target achievement 
rate < 100 mg/dL, n (%)

32 (84.2%) 21(87.5%) >.999 68 (70.8%) 53 (91.4%) .003* 43 (82.7%) 121 (78.6%) .524

Note:: Data are presented as means ± standard errors or as distribution inclusion percentages.
Abbreviations: AtoZ, atorvastatin + ezetimibe; LDL-C difference = initial visit LDL-C – follow-up visit LDL-C; LDL-C reduction rate, difference (%) = 
mean per cent change (%) = 100 * (initial visit – follow-up visit)/initial visit; RosuZ, Rosuvastatin + ezetimibe.
*Statistical difference between groups (P < .05). 
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The previously mentioned studies reported the different ef-
fects of high-dose statin monotherapy relative to low-dose statin 
and ezetimibe combination therapy. However, the efficacies of 
fixed-dose combinations have not been reported, except in one 
study. Kim et al compared the effects of a fixed-dose rosuvasta-
tin/ezetimibe combination with rosuvastatin monotherapy and 
reported that the fixed-dose combination showed greater LDL-C 
reductions than the monotherapy (43% vs 54%).28 Hence, the ad-
ditional LDL-C-lowering effects obtained by adding ezetimibe to a 
statin monotherapy are expected. However, our study examined 
real-world practice and also demonstrated improved LDL-C reduc-
tions when the combination therapy was prescribed. In addition to 
the evidence from ezetimibe combination RCTs, our study demon-
strates the LDL-C-lowering benefits of ezetimibe/statin combina-
tions in clinical practice.

The present study had several limitations. First, the study was 
retrospective in nature and was based on EMR data. Because of the 
nature of the study, the absence of information regarding patient ad-
herence lessens our confidence in the absolute extent of LDL-C level 
reductions following a switch to a combination therapy. Moreover, 
adverse effects were not studied. The advantage of this EMR-based 
study is that it provided RWE, and is useful for evaluating the clini-
cal situation because it reflects actual practice.33 Second, we eval-
uated the percentages of patients achieving target LDL-C levels of 
<100 mg/dL without classifying their risk factors. Nevertheless, ap-
proximately 82% of patients achieved LDL-C levels of <100 mg/dL 
after switching to the combination therapy, regardless of their statin 
monotherapy dosage.

In general, when statin monotherapy has not allowed a pa-
tient to attain their target LDL-C goal, the addition of ezetimibe 
therapy is well-known to provide more potent LDL-C-lowering 
effects than increasing the statin monotherapy dosage. In ad-
dition to the RCT evidence of the benefits of statin/ezetimibe 
combination therapy, our study demonstrated the ability of com-
bination therapy to provide additional LDL-C reduction benefits, 
in real-world practice.

ACKNOWLEDG EMENTS
This study was supported by research grants from Hanmi 
Pharmaceutical Co., Ltd.

CONFLIC T OF INTERE S TS
The authors declare no conflicts of interest.

E THIC S APPROVAL S TATEMENT
This study was approved by the institutional review boards of the 
Catholic University of Korea and the Seoul National University 
Hospital (IRB no. KC18REDE0188).

DATA AVAIL ABILIT Y S TATEMENT
All the data generated and/or analysed during the current study are 
included in this article and are available from the corresponding au-
thor on reasonable request.

ORCID
Jeongmin Lee   https://orcid.org/0000-0001-9074-8087 
Hyunah Kim   https://orcid.org/0000-0002-5533-2040 
Hun-Sung Kim   https://orcid.org/0000-0002-7002-7300 

R E FE R E N C E S
	 1.	 Oh HJ, Yang DM, Kim CH, et al. Exploring mortality rates for major 

causes of death in Korea. Open Public Health J. 2019;12(1):16–25. 
	 2.	 Korea S. Annual report on the causes of death statistics [internet]. 

Statistics Korea. 2017. https://kostat.go.kr/porta​l/eng/surve​yOutl​
ine/5/1/index.static

	 3.	 Cheng AY, Leiter LA. Implications of recent clinical trials for the 
national cholesterol education program adult treatment panel III 
guidelines. Curr Opin Cardiol. 2006;21(4):400-404.

	 4.	 Baigent C, Keech A, Kearney PM, et al. Efficacy and safety of cho-
lesterol-lowering treatment: prospective meta-analysis of data 
from 90,056 participants in 14 randomised trials of statins. Lancet. 
2005;366(9493):1267-1278.

	 5.	 Third Report of the National Cholesterol Education Program 
(NCEP) expert panel on detection, evaluation, and treatment of 
high blood cholesterol in adults (adult treatment panel III) final re-
port. Circulation. 2002;106(25):3143-3421.

	 6.	 Reiner Ž, Catapano AL, De Backer G, et al. ESC/EAS guidelines 
for the management of dyslipidaemias: the task force for the man-
agement of dyslipidaemias of the European Society of Cardiology 
(ESC) and the European Atherosclerosis Society (EAS). Eur Heart J. 
2011;32(14):1769-1818.

	 7.	 Grundy SM, Stone NJ, Bailey AL, et al. 2018 AHA/ACC/AACVPR/
AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA guideline 
on the management of blood cholesterol. A report of the American 
College of Cardiology/American Heart Association Task force on clin-
ical practice guidelines. J Am Coll Cardiol. 2019;73(24):e285-e350.

	 8.	 Ward S, Lloyd Jones M, Pandor A, et al. A systematic review and 
economic evaluation of statins for the prevention of coronary 
events. Health Technol Assess. 2007;11(14):1-160, iii-iv.

	 9.	 Baigent C, Blackwell L, Emberson J, et al. Efficacy and safety of 
more intensive lowering of LDL cholesterol: a meta-analysis of data 
from 170,000 participants in 26 randomised trials. In Efficacy and 
Safety of More Intensive Lowering of LDL Cholesterol: A Meta-Analysis 
of Data from 170,000 Participants in 26 Randomised Trials.9753 edn. 
The Lancet; 2010:376:1670–1681.

	10.	 Byrne P, Cullinan J, Smith A, Smith SM. Statins for the primary pre-
vention of cardiovascular disease: an overview of systematic re-
views. BMJ Open, 9(4), e023085.

	11.	 Kang H-Y, Ko S-K, Liew D. Results of a Markov model analysis to 
assess the cost-effectiveness of statin therapy for the primary pre-
vention of cardiovascular disease in Korea: the Korean Individual-
Microsimulation Model for Cardiovascular Health Interventions. 
Clin Ther. 2009;31(12):2919-2930.

	12.	 Shin S, Song H, Jang S, Sung Y. Development of the outcome index 
of hyperlipidemia treatments (lipid lowering agents). Seoul: Health 
Insurance Review and Assessment Service; 2009.

	13.	 IMS Institute for Healthcare Informatics. The global use of med-
icines: outlook through 2016. IMS Institute for Healthcare 
Informatics. 2012.

	14.	 Kim H-S, Wu Y, Lin S-J, et al. Current status of cholesterol goal at-
tainment after statin therapy among patients with hypercholester-
olemia in Asian countries and region: the Return on Expenditure 
Achieved for Lipid Therapy in Asia (REALITY-Asia) study. Curr Med 
Res Opin. 2008;24(7):1951-1963.

	15.	 Sung J, Kim SH, Song HR, Chi MH, Park JE. Lipid-lowering treat-
ment practice patterns in Korea: comparison with the data ob-
tained from the CEPHEUS Pan-Asian study. J Atheroscler Thromb. 
2014;21(11):1219-1227.

https://orcid.org/0000-0001-9074-8087
https://orcid.org/0000-0001-9074-8087
https://orcid.org/0000-0002-5533-2040
https://orcid.org/0000-0002-5533-2040
https://orcid.org/0000-0002-7002-7300
https://orcid.org/0000-0002-7002-7300
https://kostat.go.kr/portal/eng/surveyOutline/5/1/index.static
https://kostat.go.kr/portal/eng/surveyOutline/5/1/index.static


     |  9LEE et al.

	16.	 Gotto AM Jr, Moon JE. Pharmacotherapies for lipid modification: 
beyond the statins. Nat Rev Cardiol. 2013;10(10):560-570.

	17.	 Cannon CP, Braunwald E, McCabe CH, et al. Intensive versus mod-
erate lipid lowering with statins after acute coronary syndromes. N 
Engl J Med. 2004;350(15):1495-1504.

	18.	 Cannon CP, Steinberg BA, Murphy SA, Mega JL, Braunwald E. Meta-
analysis of cardiovascular outcomes trials comparing intensive ver-
sus moderate statin therapy. J Am Coll Cardiol. 2006;48(3):438-445.

	19.	 Kumar A, Shariff M, Doshi R. Impact of rosuvastatin versus atorvas-
tatin on coronary atherosclerotic plaque volume - a systematic re-
view and meta-analysis with trial sequential analysis of randomized 
control trials. Eur J Prev Cardiol. 2019;2047487319868035.

	20.	 Toth PP, Foody JM, Tomassini JE, et al. Therapeutic practice pat-
terns related to statin potency and ezetimibe/simvastatin com-
bination therapies in lowering LDL-C in patients with high-risk 
cardiovascular disease. J Clin Lipidol. 2014;8(1):107-116.

	21.	 Foody JM, Toth PP, Tomassini JE, et al. Changes in LDL-C levels and 
goal attainment associated with addition of ezetimibe to simvas-
tatin, atorvastatin, or rosuvastatin compared with titrating statin 
monotherapy. Vasc Health Risk Manag. 2013;9:719-727.

	22.	 Ray KK, Kastelein JJ, Matthijs Boekholdt S, et al. The ACC/AHA 
2013 guideline on the treatment of blood cholesterol to reduce 
atherosclerotic cardiovascular disease risk in adults: the good 
the bad and the uncertain: a comparison with ESC/EAS guide-
lines for the management of dyslipidaemias 2011. Eur Heart J. 
2014;35(15):960-968.

	23.	 Kastelein JJ, Akdim F, Stroes ES, et al. Simvastatin with or with-
out ezetimibe in familial hypercholesterolemia. N Engl J Med. 
2008;358(14):1431-1443.

	24.	 Kim HS, Kim H, Lee H, et al. Analysis and comparison of statin pre-
scription patterns and outcomes according to clinical department. J 
Clin Pharm Ther. 2016;41(1):70-77.

	25.	 Bays HE, Averna M, Majul C, et al. Efficacy and safety of ezetimibe 
added to atorvastatin versus atorvastatin uptitration or switching 
to rosuvastatin in patients with primary hypercholesterolemia. Am 
J Cardiol. 2013;112(12):1885-1895.

	26.	 Ballantyne CM, Weiss R, Moccetti T, et al. Efficacy and safety of ro-
suvastatin 40 mg alone or in combination with ezetimibe in patients 
at high risk of cardiovascular disease (results from the EXPLORER 
study). Am J Cardiol. 2007;99(5):673-680.

	27.	 Furman A, Meier JL, Malmstrom RA, Lopez JR, Schaefer S. 
Comparative efficacy of ezetimibe/simvastatin, rosuvastatin, and 
atorvastatin in uncontrolled hyperlipidemia patients. Am J Manag 
Care. 2011;17(8):538-544.

	28.	 Kim K-J, Kim S-H, Yoon YW, et al. Effect of fixed-dose combina-
tions of ezetimibe plus rosuvastatin in patients with primary hy-
percholesterolemia: MRS-ROZE (Multicenter Randomized Study of 
ROsuvastatin and eZEtimibe). Cardiovasc Ther. 2016;34(5):371-382.

	29.	 Nicholls SJ, Brandrup-Wognsen G, Palmer M, Barter PJ. Meta-
analysis of comparative efficacy of increasing dose of Atorvastatin 
versus Rosuvastatin versus Simvastatin on lowering levels of ath-
erogenic lipids (from VOYAGER). Am J Cardiol. 2010;105(1):69-76.

	30.	 Lee S-H, Song W-H, Jeong MH, et al. Dyslipidemia and rate of un-
der-target low-density lipoprotein-cholesterol in patients with cor-
onary artery disease in Korea. J Lipid Atheroscler. 2019;8(2):242-251.

	31.	 Hirsch M, O'Donnell J, Olsson A. Rosuvastatin is cost-effective 
compared with atorvastatin in reaching cholesterol goals. Int J 
Cardiol. 2005;104(3):251-256.

	32.	 Ballantyne CM, Hoogeveen RC, Raya JL, Cain VA, Palmer MK, 
Karlson BW. Efficacy, safety and effect on biomarkers related to 
cholesterol and lipoprotein metabolism of rosuvastatin 10 or 20 mg 
plus ezetimibe 10 mg vs. simvastatin 40 or 80 mg plus ezetimibe 10 
mg in high-risk patients: Results of the GRAVITY randomized study. 
Atherosclerosis. 2014;232(1):86-93.

	33.	 Kim H-S, Lee S, Kim JH. Real-world evidence versus randomized 
controlled trial: clinical research based on electronic medical re-
cords. J Korean Med Sci. 2018;33(34):e213.

How to cite this article: Lee J, Lee SH, Kim H, et al. Low-
density lipoprotein cholesterol reduction and target 
achievement after switching from statin monotherapy to 
statin/ezetimibe combination therapy: Real-world evidence. 
J. Clin. Pharm. Ther.2020;00:1–9. https://doi.org/10.1111/
jcpt.13271

https://doi.org/10.1111/jcpt.13271
https://doi.org/10.1111/jcpt.13271

