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Abstract

Background: Adding ezetimibe to high-intensity statin therapy is
used for additional lowering of low-density lipoprotein cholesterol
(LDL-C); however, there are little data on the efficacy of ezetimibe
when combined with a high-intensity statin. A meta-analysis was per-
formed to evaluate the efficacy of ezetimibe added to high-intensity
statin therapy on LDL-C levels.

Methods: A literature search from database inception to May 2020
was performed using PubMed, EMBASE and Cochrane Central
Register of Controlled Trials. The Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines were used in this
meta-analysis, in which the random-effects model was adopted for
the calculation of the mean difference (MD). The Cochrane Collabo-
ration’s tool for assessing the risk of bias was used to evaluate the
quality of the included trials.

Results: A total of 14 trials with 2,007 patients were included in this
study. Compared to the high-intensity statin monotherapy, the MD
in LDL-C reduction with high-intensity statin therapy plus ezetimibe
was -14.00% (95% confidence interval: -17.78 to -10.22; P < 0.001)
with a moderate degree of heterogeneity (P < 0.001, I* = 66%). No
significant publication bias among the included trials was identified.

Conclusions: Our study found that adding ezetimibe to high-intensity
statin therapy provided a significant but attenuated incremental re-
duction in LDL-C levels. Whether the magnitude of this additional
lowering of LDL-C levels would lead to benefits in clinical cardio-
vascular outcomes needs further investigation.

Manuscript submitted January 21, 2021, accepted January 28, 2021
Published online February 23, 2021

4School of Pharmacy, Philadelphia College of Osteopathic Medicine, Su-
wanee, GA, USA

®The Heart Center of Northeast Georgia Medical Center, Gainesville, GA,
USA

¢College of Pharmacy, California Health Sciences University, Clovis, CA,
USA

dCorresponding Author: Hua Ling, School of Pharmacy, Philadelphia College
of Osteopathic Medicine, Georgia Campus, 625 Old Peachtree Road NW, Su-
wanee, GA 30024, USA. Email: hualing.email@gmail.com

doi: https://doi.org/10.14740/cr1224

Keywords: Ezetimibe; High-intensity statin; LDL-C; Hypercholes-
terolemia; Coronary heart disease

Introduction

Ezetimibe is the most used non-statin medication for second-
ary prevention in patients with clinical atherosclerotic cardio-
vascular disease (ASCVD). It was recommended by the 2018
AHA/ACC Guideline on the Management of Blood Choles-
terol [1] (2018 AHA/ACC Cholesterol Guideline) for patients
with clinical ASCVD receiving maximally tolerated statin
therapy when the low-density lipoprotein cholesterol (LDL-C)
level remains > 1.8 mmol/L (70 mg/dL). Ezetimibe was also
recommended in patients with severe hypercholesterolemia on
maximally tolerated statin therapy and the LDL-C level > 2.6
mmol/L (100 mg/dL).

However, there is a lack of high-quality evidence for these
moderate or weak recommendations, with no level A evidence
provided in the 2018 AHA/ACC Cholesterol Guideline. In
real-world practice, the maximally tolerated statin therapy is
a high-intensity statin for majority patients, as evidenced by a
prospective cohort study showing that approximately 70% of
patients took a high-intensity statin at 1 year after acute coro-
nary syndromes (ACS) [2]. Moreover, 12.6% of patients with
ACS in the study were on the combination therapy of a statin
and ezetimibe, and among them, about 60% of patients took
a high-intensity statin and ezetimibe [2]. Unfortunately, there
have been no large-scale randomized double-blinded clinical
trials to evaluate the combination of high-intensity statin ther-
apy and ezetimibe. The only available outcome study that was
cited in the guidelines was the IMPROVE-IT trial [3], in which
a moderate-intensive statin was used and ezetimibe only dem-
onstrated a modest reduction in cardiovascular events. Wheth-
er the modest benefit observed in the IMPROVE-IT trial can
be extrapolated into the real-world patients taking ezetimibe
with a high-intensity statin is unknown. The possibility that the
co-administration of high-intensity statin may offset the lim-
ited benefits of ezetimibe, making the addition of ezetimibe
unnecessary cannot be ruled out.

As outcome trial evaluating the combination of high-
intensity statin and ezetimibe was not available, the LDL-C
levels as a surrogate endpoint could be used alternatively to
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evaluate the benefits of ezetimibe when adding to the high-
intensity statin therapy. Several small trials on this topic have
been conducted, but results are conflicting. The 2018 AHA/
ACC Cholesterol Guideline stated that “The addition of
ezetimibe or bile acid sequestrants to statin therapy typically
provides an additional 15% to 25% reduction in LDL-C” [1],
but, oddly, no reference regarding this statement was provided
in the guideline. Thus, there is a gap of evidence in the medical
literature to support this statement.

Numerous meta-analysis studies investigating the efficacy
of ezetimibe added to ongoing statin therapy on LDL-C lev-
els were reported, but none of them has evaluated the addi-
tion of ezetimibe to high-intensity statin therapy. Mikhailidis
et al [4] conducted a meta-analysis including five randomized
controlled trials involving a total of 5,039 patients; however,
only low- to moderate-intensity statins were used in these five
trials. Four years later, Mikhailidis et al [5] reported another
meta-analysis about ezetimibe of 13 trials including 5,080
patients, but only one included trial employed high-intensity
statin. Savarese et al [6] and Ye et al [7] also evaluated the
combination of ezetimibe and statin therapy, respectively, but
neither of them included trials adding ezetimibe to high-inten-
sity statin therapy. Recently, Yu et al [8] conducted a meta-
analysis comparing the efficacy of combination therapy with
ezetimibe and statins versus a double dose of statin monothera-
py. Among the 11 included studies, only one included trial had
a therapy group receiving the combination of ezetimibe and a
high-intensity statin. The most comprehensive meta-analysis
of ezetimibe was reported by Lorenzi et al [9], and a total of
35 randomized controlled trials were identified and included in
their analysis. Of them, only two trials had intervention groups
receiving the combination of high-intensity statin therapy and
ezetimibe. Besides, ezetimibe has been used as a positive con-
trol in several clinical trials [10-13] of proprotein convertase
subtilisin/kexin type 9 (PCSKDY) inhibitors and cholesteryl es-
ter transfer protein (CETP) inhibitors; however, those trials
have not been evaluated in the previous meta-analysis studies.

To the best of our knowledge, there is neither meta-anal-
ysis nor large-scale outcome trial examining the addition of
ezetimibe to the background high-intensity statin therapy re-
ported yet. Here, we performed a meta-analysis to add some
insights into this topic by evaluating the efficacy of ezetimibe
in reducing LDL-C levels when added to high-intensity sta-
tin therapy, and a discussion was also presented regarding the
relationship between the magnitude of LDL-C lowering of
ezetimibe and the reduction of ASCVD risk.

Materials and Methods

Literature search

We followed the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) guidelines for reporting
the present meta-analysis. A systematic literature search was
performed through May 2020 using PubMed (1946-), EM-
BASE (1947-) and Cochrane Central Register of Controlled

EEINNT3

Trials with the following key terms: “atorvastatin”, “rosuvas-
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tatin”, “high”, “statin” and “ezetimibe” (Supplementary Mate-
rial 1, www.cardiologyres.org). The screening was restricted to
clinical trials in humans published in English. The references
were imported into EndNote™ and then Rayyan, which is a
systematic reviews web app. Duplicate records were removed
automatically.

Article screening and selection

Two authors independently assessed the search result for eligi-
bility by title and/or abstract using Rayyan. Differences were
resolved through consensus between the authors. Studies that
met the following criteria were included in the meta-analysis:
1) Comparing high-intensity statin plus ezetimibe with the cor-
responding high-intensity statin monotherapy in patients with a
history of clinical ASCVD or hypercholesterolemia; 2) Having
comparable baseline LDL-C levels in both groups; 3) Report-
ing the change in LDL-C levels. Studies containing only a sin-
gle group (i.e., pre-post treatment) were excluded because they
did not contain an adequate comparison group. High-intensity
statin therapy was defined as atorvastatin 40 - 80 mg daily or
rosuvastatin 20 - 40 mg daily [14]. References passed the initial
screening were further evaluated through the full-text review.

Data extraction and statistical analysis

The study design and demographic characteristics of the se-
lected trials, including trial settings, trial locations, sample
size, study population, interventions and the changes of LDL-
C levels were extracted and assessed. The Cochrane Collabo-
ration’s tool for assessing the risk of bias was used, and two
authors independently evaluated the quality of the included
trials. Like the article screening process, differences were re-
solved through consensus between the authors.

The outcome measure of this analysis was the mean differ-
ence (MD) in the reduction of LDL-C levels in patients treated
with the combination of a high-intensity statin and ezetimibe
vs. the corresponding high-intensity statin monotherapy. The
random-effects model with the DerSimonian-Laird method
was adopted for the calculation of MD given expected clini-
cal and methodological heterogeneity. Three subgroup analy-
ses were conducted based on the type of high-intensity statins
(atorvastatin vs. rosuvastatin), the dose of high-intensity
statins (low dose (atorvastatin 40 mg and rosuvastatin 20 mg)
vs. high dose (atorvastatin 80 mg and rosuvastatin 40 mg)) and
study regions (Asia vs. Western countries). A meta-regression
analysis using the random-effects model (method of moments)
was performed to evaluate the effect of baseline LDL-C levels.
The I? statistic test for assessment of in-between study het-
erogeneity with values < 25%, 25-50%, 50-75% and > 75%
corresponds to no, low, moderate and high degree of heteroge-
neity, respectively. Small study effects were evaluated through
Egger’s test and Begg’s test. We used a confidence interval
(CI) of 95% and P < 0.05 as a reflection of statistically sig-
nificant results in all our analyses. All statistical analyses were
conducted by RevMan 5.3 and jamovi 1.1.9.
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Figure 1. Flowchart for study selection.

Results
Literature search and study characteristics

Of the initial 1,037 citations, 14 clinical trials involving 2,007
patients were included in this analysis (Fig. 1) [10, 12, 13,
15-25]. Among them, the study of Nicholls 2017 did not re-
port standard deviations (SDs), and the missing SDs were
borrowed from the study of Robinson 2014 due to similarity
between these two trials according to the recommendations
of Cochrane Handbook for Systematic Reviews of Interven-
tions. The study of Ballantyne 2003 contains two treatment
arms of high-intensity statins (atorvastatin 40 mg and 80 mg),
and the results of these two arms were reported separately.
Thus, in our meta-analysis, the results of these two arms were
separately analyzed accordingly though they were from the

100 Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™

same study.

The characteristics of the included trials were summa-
rized in Table 1 [10, 12, 13, 15-25]. Four included studies
were open-label trials, and two double-blinded studies did
not mask ezetimibe use. Three trials were designed to evalu-
ate PCSK9 inhibitors or CETP inhibitors, and the data about
ezetimibe were a by-product [9, 11, 12]. A mean LDL-C level
of < 1.8 mmol/L (70 mg/dL) was achieved more frequently
in the groups of patients receiving the ezetimibe plus high-
intensity statin therapy than the groups of patients receiving
high-intensity statin monotherapy in the included trials. Of
note, in the study of Robinson 2014, a more than 10% in-
crease in the LDL-C levels from baseline in the atorvastatin
80 mg monotherapy group was reported. It is unclear why the
LDL-C levels were elevated despite the continuous atorvas-
tatin 80 mg monotherapy after a 4-week lipid stabilization
period.
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Figure 2. Risk of bias summary.

The overall risk of bias was low or unclear, except for
four open-label trials with a high risk of performance bias
due to the nature of their study design (Fig. 2). Visual inspec-
tion of the funnel plot (Supplementary Material 2, www.car-
diologyres.org) suggests some extent of asymmetry, but no
statistically significant publication bias among the included
trials was identified (Egger’s test, P = 0.702; Begg’s test, P
=0.282).

104 Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™

The MD in LDL-C levels and sensitivity analyses

Compared to the high-intensity statin monotherapy, the MD in
LDL-C levels with a high-intensity statin plus ezetimibe was
-14.00% (95% CI: -17.78 to -10.22; P < 0.001) (Fig. 3). The
result was associated with a moderate degree of heterogene-
ity (I2 = 66%, P < 0.001). The exclusion sensitivity analysis
showed that the heterogeneity was mainly contributed by the
study of Robinson 2014 (Table 2). When this study was omit-
ted, the MD in LDL-C levels was changed to -12.09% (95%
CI: -14.64 t0 -9.55; P <0.001) with insignificant heterogeneity
(P=0.226, I> = 21%).

Subgroup analysis and meta-regression

Subgroup analysis yielded non-significant differences be-
tween the types of high-intensity statins (P = 0.204), the doses
of high-intensity statins (P = 0.838) and the trial regions (P
= 0.109). The meta-regression analysis demonstrated a sig-
nificant effect of baseline LDL-C levels with a coefficient of
0.123 (standard error = 0.044; P = 0.006). However, it should
be noted that the significance was eliminated after removing
the study of Robinson 2014 (P = 0.055).

Discussion

Here we reported a meta-analysis of 14 clinical trials with 2,007
patients included. The study found that adding ezetimibe to
high-intensity statin led to a 14% incremental lowering in LDL-
C levels compared to high-intensity statin monotherapy, which
was statistically significant. This additional lowering of LDL-C
levels was irrespective of the types of high-intensity statin or the
trial regions. Also doubling the dose of high-intensity statins did
not influence the effect of ezetimibe significantly. Our findings
support the statement about the efficacy of ezetimibe in reduc-
ing LDL-C levels in 2018 AHA/ACC Cholesterol Guideline.
The trend of our findings was consistent with the results
of the IMPROVE-IT trial. In the IMPROVE-IT trial [3],
ezetimibe 10 mg daily additionally decreased LDL-C levels
by 24% (0.43 mmol/L (16.7 mg/dL), P < 0.001) compared to
placebo when added to background therapy of simvastatin 40
mg daily. Unlike the IMPROVE-IT trial, our meta-analysis
identified a less percentage change in LDL-C levels, indicating
that the impact of ezetimibe on reducing LDL-C levels may
be lessened by co-administration with a high-intensity statin.
A similar pattern was observed in the ENHANCE trial as
well. In the ENHANCE trial [26], ezetimibe added to back-
ground therapy of simvastatin 80 mg daily demonstrated an
additional reduction in LDL-C levels by 16.5% (P < 0.01)
compared to placebo in patients with familial hypercholester-
olemia. The potency of simvastatin 80 mg was slightly less
than atorvastatin 40 mg with a roughly 48% LDL-C reduction.
The ENHANCE trial resulted in a less percentage change in
LDL-C levels compared to the IMPROVE-IT trial, but slightly
more percentage change in LDL-C levels compared to our me-
ta-analysis. The differences between these three studies may
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Study ID Mean Difference Effect size [95% CI]
Azar 2011 12,00 [27.78, 3.78]
Ballantyne 2003_40 — . 11.00 [19.23, -2.77]
Ballantyne 2003_80 S 9.00 [-15.72, -2.28]
Ballantyne 2007 — . -13.00 [-20.69, -5.31]
Barbosa 2013 17.00 [:33.59, -041]
Blom 2014 N S -840[-2032, 352]
Hong 2018 — - 1510 [-22.25, -7.95]
Hougaard 2017 — 9.60[-16.49, -2.71]
Kim 2016 e 855 [-13.55, -3.55]
Kim 2018 —— -13.77 [-119.60, -7.94]
Lins 2014 o -19.00 [-33.55, 4.45]
Malina 2015 . i -12.00 [-26.22, 2.22]
Nicholls 2017 —.— -27.34 [-37.28, -17.40]
Robinson 2014 — -30.51 [-37.56, -23 46]
Yang 2017 . 6701527, 1.87]
Overall (RE Model) —~— -14.00 [-17.78, -10.22]

-40 -30 20

Favors the addtition of ezetimibe

I | 1
A0 0 10

Favors the placebo

Figure 3. Forest plot of comparison: the mean difference in the reduction of LDL-C levels. LDL-C: low-density lipoprotein cho-

lesterol.

also suggest that the impact of ezetimibe on reducing LDL-C
levels depends on the intensity of background statin therapy.
In the previous meta-analysis studies, considerably
more reduction of LDL-C levels was observed when adding
ezetimibe to low- to moderate-intensity statins. In the study of
Mikhailidis et al [4], a -23.6% reduction of LDL-C levels was
reported when adding ezetimibe to low- to moderate-intensity

Table 2. Exclusion Sensitivity Analysis

statin (simvastatin 10 - 20 mg and atorvastatin 10 - 20 mg).
In Mikhailidis et al’s later study [S] comparing the efficacy of
the addition of ezetimibe to statin vs. doubling statin, the addi-
tion of ezetimibe to statin therapy resulted in a roughly -20%
greater reduction of LDL-C levels after adjusted the effect of
doubling statin dose with the 6% rule. All the included trials
used low to moderate statins (atorvastatin 10 - 20 mg and sim-

Study name Mean difference  Standard error Lower limit Upper limit z-value P-value
Azar et al, 2011 [15] -14.088 2.005 -18.018 -10.158 -7.026 <0.001
Ballantyne et al, 2003 40 [16] -14.250 2.071 -18.309 -10.191 -6.881 <0.001
Ballantyne et al, 2003_80 [16] -14.457 2.067 -18.508 -10.406 -6.995 <0.001
Ballantyne et al, 2007 [17] -14.099 2.090 -18.196 -10.002 -6.745 <0.001
Barbosa et al, 2013 [18] -13.895 1.998 -17.811 -9.979 -6.955 <0.001
Blom et al, 2014 [10] -14.323 2.015 -18.271 -10.374 -7.109 <0.001
Hong et al, 2018 [19] -13.924 2.098 -18.035 -9.812 -6.637 <0.001
Hougaard et al, 2017 [20] -14.400 2.076 -18.469 -10.330 -6.935 <0.001
Kim et al, 2016 [21] -14.562 2.060 -18.600 -10.524 -7.068 <0.001
Kim et al, 2018 [22] -14.047 2.144 -18.249 -9.844 -6.552 <0.001
Lins et al, 2014 [23] -13.784 1.999 -17.702 -9.866 -6.895 <0.001
Malina et al, 2015 [24] -14.101 2.014 -18.048 -10.154 -7.002 <0.001
Nicholls et al, 2017 [12] -13.091 1.850 -16.716 -9.465 -7.076 <0.001
Robinson et al, 2014 [13] -12.094 1.299 -14.641 -9.547 -9.307 <0.001
Yang et al, 2017 [25] -14.559 2.010 -18.499 -10.620 -7.244 <0.001
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vastatin 10 - 40 mg), except one trial with atorvastatin 40 mg. In
the most comprehensive meta-analysis involving 35 trials [9],
the addition of ezetimibe led to an MD in LDL-C of -13.62%,
-14.71% and -14.96%, compared to doubling the starting dose
of simvastatin, atorvastatin and rosuvastatin, respectively. The
results were consistent with Mikhailidis et al’s study, and an ap-
proximately -20% additional lowering of LDL-C was achieved
if the effect of doubling dose was adjusted with the 6% rule.
Notably, among the 35 included trials, only two trials used
high-intensity statin as the background therapy (atorvastatin 40
mg [27]; atorvastatin 10 mg or 20 mg or 40 mg or 80 mg [28]).
In a pooled analysis of over 21,000 subjects from 27 clinical tri-
als [29], a significant incremental reduction of -23.4% in LDL-
C levels was attributable to the addition of ezetimibe compared
to the control groups. Similar to the meta-analysis studies, the
low- to moderate-intensity statin was found in the majority
of the included trials in this pooled analysis. Overall, adding
ezetimibe to low- to moderate-intensity statin was associated
with an approximately 20-24% extra reduction of LDL-C lev-
els, which was greater than the MD reported in our meta-analy-
sis of adding ezetimibe to high-intensity statin therapy. Taking
into account the results of our meta-analysis, the variation in
the efficacy of ezetimibe on LDL-C levels could be explained
by the different strengths of the background statin therapy.

Though more patients achieved a target LDL-C level of
< 1.8 mmol/L (70 mg/dL) when adding ezetimibe to the high-
intensity statin therapy in the included trials, it was well es-
tablished that the ASCVD risk reduction was associated with
the magnitude of the lowering of LDL-C levels [30-32]. As
described in the IMPROVE-IT trial, adding ezetimibe to a
moderate-intensive statin was associated with a 6.4% relative
risk reduction in cardiovascular outcomes (absolute risk reduc-
tion, 2.0%; hazard ratio, 0.936; 95% CI, 0.89 - 0.99; P=0.016).
While other factors also play an important role in influencing
the cardiovascular outcome, the percentage reduction in LDL-C
levels from baseline was linearly correlated with ASCVD rates
[31]. Hence, it was very unlikely that the proportional benefit of
ezetimibe in reducing major vascular events, translated from the
14% reduction in LDL-C levels, could be the same as the mod-
est benefit reported in the IMPROVE-IT trial. We hypothesized
that the magnitude of the clinical benefit of adding ezetimibe to
a high-intensity statin in reducing cardiovascular events might
not be clinically significant. Unfortunately, at the time of writ-
ing, there is no good evidence for the effectiveness of ezetimibe
in reducing cardiovascular events with the background high-
intensity statin therapy. Without any patient-level data, the
clinical significance of adding ezetimibe to high-intensity sta-
tin therapy in reducing cardiovascular events remains unclear.
Though ezetimibe is well tolerated when combined with statin
therapy, the cardiovascular benefits of adding ezetimibe to the
background high-intensity statin therapy beyond lipids lower-
ing have to be examined to support the use of ezetimibe.

Limitations

Our study has several limitations. First, this meta-analysis is
limited by the small number of included trials, the small sample
size of each trial and the various trial settings, as shown in Table
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1. Second, some of the included trials about PCSK9 inhibitors
or CETP inhibitors were not designed to evaluate the effective-
ness of ezetimibe on LDL-C levels. Third, the use of statins
or ezetimibe was not masked in two trials in addition to four
open-label trials, potentially increased risk of performance risk.
Fourth, the moderate degree of heterogeneity caused by the
study of Robinson 2014 might be explained by the small-study
effects, as there were only about 100 patients in each group.
Without any additional information or explanation provided by
the article, we were unable to find a conclusive reason of the
heterogeneity. Thus, we accept the existence of the heteroge-
neity and the potential greater uncertainty within our results.
Taken together, our results should be interpreted with caution.

Conclusions

In summary, adding ezetimibe to high-intensity statin thera-
py provided a significant but attenuated additional reduction
in LDL-C levels. However, whether this further lowering of
LDL-C levels achieved by adding ezetimibe to a high-intensity
statin would lead to a benefit in cardiovascular outcomes needs
further investigation. Our study bridges the gap in the medi-
cal literature of the clinic role of ezetimibe with high-intensity
statin therapy, and reinforces the statement in the 2018 AHA/
ACC Cholesterol Guideline about the efficacy of ezetimibe in
reducing LDL-C levels.

Supplementary Material
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