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Abstract

Objective: To evaluate the efficacy of combination lipid-lowering therapy (LLT) compared with statin
monotherapy for low-density lipoprotein cholesterol (LDL-C) reduction, associated adverse events,
and outcomes.
Methods: A systematic literature search was conducted using PubMed, Embase, and ClinicalTrials.gov
to identify relevant articles published from inception until the end of June 2024. The outcomes were
assessed using pooled odds ratios (ORs) for categorical data and mean difference for continuous data,
with corresponding 95% CIs.
Results: A total of 14 studies (11 randomized controlled trials and 3 cohort studies) with 108,373
very high-risk patients were included in the final analysis. The mean age of the patients in the
combination LLT group and the statin monotherapy group was 67.31 and 67.89 years, respectively.
Pooled analysis revealed that combination LLT significantly more effectively reduced the LDL-C level
from baseline (mean difference, �12.96 mg/dL; 95% CI, �17.27 to �8.65; P<.001) and significantly
reduced all-cause mortality (OR, 0.81; 95% CI, 0.67 to 0.97; P¼.02), major adverse cardiovascular
events (OR, 0.82; 95% CI, 0.69 to 0.97; P¼.02), and stroke incidence (OR, 0.83; 95% CI, 0.75 to 0.91;
P<.001), with an insignificant effect on cardiovascular mortality (OR, 0.86; 95% CI, 0.65 to 1.12;
P¼.26) when compared with statin monotherapy. The risk of adverse events and the therapy
discontinuation rate were comparable between groups.
Conclusion: Combination LLT was associated with an overall greater reduction in LDL-C, the same
risk of adverse effects, and significantly lower risk of all-cause mortality, major adverse cardiovascular
events, and stroke compared with statin monotherapy. Forthcoming guidelines should consider the
lipid-lowering combination therapy as early as possible, preferably up-front, for more effective LDL-C
goal achievement and significant reduction of cardiovascular disease outcomes and mortality in high-
and very high-risk patients.
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ease (CVD) risk factor globally.1
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in Eastern Europe and Central Asia, and
there were 4.51 million deaths (95% UI [un-
certainty interval], 2.65 to 6.24 million
deaths) attributable to high LDL-C in
2020.2 Data from 2021 shows a similar
pattern with 3.81 million CVD deaths (95%
CI, 2.17 to 5.42 million CVD deaths) and
3.81 million deaths (95% CI, 2.17 to 5.42
million deaths) overall reported due to
elevated LDL-C levels.3

Statins are the mainstream treatment for
hypercholesterolemia among patients with
atherosclerotic CVD (ASCVD).4 Current
guidelines recommend high-intensity statin
therapy to achieve risk-stratified LDL-C
goals in order to reduce CVD morbidity
and mortality (CVM).5 However, studies
have found that about 9% of patients taking
a statin may present with complete (up to
3%) or partial statin intolerance, thereby
obviating or limiting potential benefit.6-8

Combination lipid-lowering therapy (LLT),
preferably as an up-front combination LLT,
with different classes of lipid-lowering drugs
can be a suitable alternative with better
adaptability, adherence, and outcomes.9-12

Ezetimibe acts by blocking the Niemann-
Pick C1-Like 1 cholesterol transport protein
and inhibits cholesterol absorption from the
intestine, leading to a decrease in circulating
cholesterol levels. Ezetimibe acts synergisti-
cally with HMG-CoA (3-hydroxy-3-
methylglutaryl coenzyme A) reductase
inhibition by statins to lower LDL-C.13,14 A
previous meta-analysis, published in 2007,
found the benefit of combination therapy (ie,
low- to moderate-intensity statin with ezeti-
mibe) for achieving the LDL-C goal and total
cholesterol reduction.15 However, there is still
insufficient evidence supporting the hypothe-
sis of lipid lowering and especially cardiovas-
cular outcomes and mortality beneficial effect
of the combination therapy with ezetimibe in
moderate- to high-intensity statin groups.
The Improved Reduction of Outcomes:
Vytorin Efficacy International Trial
(IMPROVE-IT) has reported promising results
that combination therapy not only reduced
LDL-C level but also significantly (however
by only 6.4%) reduced the major adverse
cardiovascular events (MACE) compared
Mayo Clin Proc. n XXX
with statin alone.10 However, the RACING
(Long-Term Efficacy and Safety of Moderate-
Intensity Statin With Ezetimibe Combination
Therapy Versus High-Intensity Statin Mono-
therapy in Patients With Atherosclerotic Car-
diovascular Disease) trial and its subanalyses
have found no significant difference between
moderate-intensity statins with ezetimibe as
combination therapy compared with high-
intensity statin alone for the primary endpoint
of cardiovascular outcomes.16 Hence, we
sought to perform a meta-analysis to evaluate
the effect of combination therapy with moder-
ate- to high-intensity statins on LDL-C and
outcomes, associated adverse events (AEs),
and target LDL-C goal achievements.

METHODS
This meta-analysis was conducted and re-
ported following the PRISMA (Preferred
Reporting Items for Systematic Reviews and
Meta-Analyses) 2020 guidelines and per-
formed according to established methods,
as described previously.17

Search Strategy
We conducted a systematic literature search
in the PubMed, Embase, and ClinicalTrials.
gov databases using predefined Medical Sub-
ject Headings (MeSH) terms by using "AND"
and "OR." The following search terms were
used: (statin [Other Term]) OR (atorvastatin
[Other Term])) OR (rosuvastatin [Other
Term])) OR (simvastatin [Other Term]))
OR (pravastatin [Other Term])) OR (pitavas-
tatin [Other Term])) OR (lovastatin [Other
Term])) OR (fluvastatin [Other Term]))
OR (hydroxymethylglutaryl-CoA reductase in-
hibitors [Other Term])) AND (ezetimibe
[Other Term])) AND (ezetimibe-statin drug
combination [Other Term])) AND (myocar-
dial infarction [MeSH Terms])) AND (stroke
[MeSH Terms])) AND (all-cause mortality
[MeSH Terms])) AND (cardiovascular
death [MeSH Terms]). We queried databases
from their search inception until June 30,
2024, without any restrictions on the lan-
guage of the studies. All the studies were
carefully screened and exported to the Men-
deley reference manager used to handle
searched citations. A manual check was
2025;nn(n):1-20 n https://doi.org/10.1016/j.mayocp.2025.01.018
www.mayoclinicproceedings.org
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carried out to cross-check for any remaining
duplicates. Two reviewers (V.J. and N.D.)
reviewed the articles based on the title and
abstract. Discrepancies regarding the inclu-
sion of studies were arbitrated by the senior
author (M.B.).

Eligibility Criteria
We included studies with adult patients
(�18 years of age). All randomized
controlled trials (RCTs), prospective studies,
and retrospective studies were sought to be
eligible if patients had a history of ASCVD
and hypercholesterolemia. We decided to
include studies with 2 arms, with combina-
tion therapy (moderate- to high-intensity
statin plus ezetimibe) users as an interven-
tion group and statin monotherapy users as
a control group. Studies must have reported
outcomes of interest (primary and secondary
outcomes). Selected studies compared pa-
tients with varying baseline characteristics
and comorbidity.

Studies that were performed on animals
or reviews, case reports, case series, studies
on patients younger than 18 years, studies
with a single arm, or studies without statin
as an intervention or without outcomes of
interest were excluded from the review.

Clinical Outcomes
The primary outcome of this meta-analysis
was a change in the mean LDL-C level
from the baseline measurement. Secondary
outcomes included the risk of stroke, CVM,
all-cause mortality (ACM), MACE, goal
achievement of LDL-C level of less than 70
mg/dL (1.8 mmol/L), therapy discontinua-
tion rate, and AEs.

Data Extraction and Quality Assessment
Data from the eligible studies, such as demo-
graphic characteristics, study design, comor-
bidity, and outcomes between combination
therapy and statin alone groups, were
extracted to a Microsoft Excel 2019 spread-
sheet by 2 authors (V.J. and S.P.A.). Two au-
thors (V.J. and N.D.) independently assessed
the quality of the included studies using the
Newcastle-Ottawa scale for observational
studies and the Cochrane Collaboration’s
Mayo Clin Proc. n XXX 2025;nn(n):1-20 n https://doi.org/10.1016/j.
www.mayoclinicproceedings.org
tool for assessing the risk of bias in
RCTs.18,19

Statistical Analyses
Baseline continuous variables were summa-
rized as mean � SD, whereas dichotomous
variables were described as frequency or
percentage. We performed a conventional
meta-analysis for primary and secondary
outcomes and adopted the DerSimonian
and Laird random-effects model for study
variations.20 Outcomes were reported as
mean difference (MD) for continuous data
and pooled odds ratio (OR) for categorical
data with their corresponding 95% CIs. Sta-
tistical significance was met if the 95% CI
did not cross the numeric "1" for categorical
data and the 2-tailed P value was less than
.05. For continuous data, a 2-sided P<.05
was considered statistically significant.

In addition, we assessed the between-
study heterogeneity using the Higgins I2

test, with I2 values of less than 75% consid-
ered mild-moderate and greater than 75%
considered high.21 To explore the causes of
heterogeneity, subgroup analyses were
implemented based on follow-up duration
and sample size. Meta-regression was per-
formed to look for potential effect modifiers
for outcomes using random-effects models
for study variance.

A frequentist approach was employed to
conduct the network meta-analysis, which
allowed for the synthesis of direct and indi-
rect evidence across the included studies.
We used a random-effects model to account
for heterogeneity among the studies. This
model assumes that the effect sizes vary be-
tween studies and provides a more conserva-
tive estimate than fixed-effect models. To
address the issue of zero events in one or
both treatment arms, a continuity correction
of 0.5 was applied to both arms of each
study. We assessed heterogeneity within
the studies using the I2 statistics. The I2

test quantifies the proportion of variability
in effect estimates due to heterogeneity
rather than chance. To rank the treatments,
we utilized P-scores, which are derived
from the frequentist framework. P-scores
measure the extent of certainty that a
mayocp.2025.01.018 3

https://doi.org/10.1016/j.mayocp.2025.01.018
http://www.mayoclinicproceedings.org


TABLE. Characteristics of Studies Included in the Meta-analysis

Reference year Parameter/intervention

Study

type

Sample

size (No.)

Mean

age (y)

Male,

No. (%)

Mean

baseline LDL-C

(mg/dL/ mmol/L)

Absolute

LDL-C reduction

(mean/difference)

(mg/dL/ mmol/L)

Percent

reduction

Smoking,

No. (%)

DM,

No. (%)

HTN,

No. (%)

Mean

follow- up (y)

Lewek et al,30 2023 Rosuvastatin/atorvastatin þ
ezetimibe

Cohort 768 63.5 512 (66.7) NA NA NA 197 (25.7) 228 (29.7) 580 (75.5) 3

Rosuvastatin/atorvastatin 768 64 509 (66.3) NA NA NA 176 (22.9) 217 (28.3) 594 (77.3)

Lee et al,24 2023 Rosuvastatin (10 mg) þ
ezetimibe (10 mg)

Cohort 10,794 61.9 8195 (75.9) NA NA NA NA 5244 (48.6) 8720 (80.8) 3

Rosuvastatin (20 mg) 61,256 63 44,856 (73.2) NA NA NA NA 26,967 (44.0) 46,080 (75.2)

Hougaard et al,28 2017 Atorvastatin (80 mg) þ
ezetimibe (10 mg)

RCT 43 55.3 39 (90.7) 143/3.7 �89/�2.31 �62 25 (58.1) 1 (2.3) 7 (16.3) 1

Atorvastatin (80 mg) þ
placebo

44 57.2 36 (81.8) 159/4.11 �85/�2.2 �52.4 23 (52.3) 1 (2.3) 8 (18.2)

Kim et al,11 2021 Atorvastatin (20 mg) þ
ezetimibe (10 mg)

Cohort 233 59.1 190 (81.5) 138/3.57 NA NA 110 (47.2) 80 (34.3) 208 (89.3) 5

Atorvastatin (40 mg) 4041 59.8 3397 (84.1) 132.5/3.43 NA NA 1822 (45.1) 1264 (31.3) 3611 (89.4)

Kouvelos et al,25 2013 Rosuvastatin (10 mg) þ
ezetimibe (10 mg)

RCT 126 70 113 (89.7) 148.2/3.83 �72.3/�1.87 �48.8 68 (54.0) 40 (31.7) 103 (81.7) 1

Rosuvastatin (10 mg) 136 72 122 (89.7) 143/3.7 �55.8/�1.44 �39 78 (57.4) 39 (28.7) 110 (80.9)

PRECISE-IVUS,26 2015 Atorvastatin (10 mg) þ
ezetimibe (10 mg)

RCT 100 66 78 (78.0) 109.8/2.84 �46.6/�1.21 �40 20 (20.0) 29 (29.0) 75 (75.0) 1

Atorvastatin (10 mg) 102 67 80 (78.4) 108.3/2.8 �35/�0.91 �29 33 (32.4) 31 (30.4) 67 (65.7)

West et al,27 2011 Simvastatin (40 mg) þ
ezetimibe (10 mg)

RCT 18 62 10 (55.6) 118/3.05 �50/�1.29 �42.4 NA 5 (27.8) 14 (77.8) 2

Simvastatin (40 mg) 16 59 11 (68.8) 118/3.05 �35/�0.91 �29.7 NA 5 (31.3) 13 (81.3)

Kim et al,11 2021 Rosuvastatin (10 mg) þ
ezetimibe (10 mg)

Cohort 383 59 319 (83.3) 134.6/3.5 NA NA 186 (48.6) 108 (28.2) 338 (88.3) 5

Rosuvastatin (20 mg) 5251 59.3 4404 (83.9) 133.1/3.4 NA NA 2373 (45.2) 1574 (30.0) 4740 (90.3)

Kovarnik et al,29 2012 Atorvastatin (80 mg) þ
ezetimibe (10 mg)

RCT 42 63.5 33 (78.6) 119.9/3.1 �42.5/�1.1 �28.6 28 (66.7) 12 (28.6) 33 (78.6) 1

Atorvastatin (10 mg) 47 65.1 31 (66.0) 104.4/2.7 �3.9/�0.1 �1.9 29 (61.7) 13 (27.7) 40 (85.1)

Suzuki et al,31 2013 Statin þ ezetimibe RCT 145 64 96 (66.2) 129/3.34 �19.4/�0.5 �15 NA 50 (34.5) 122 (84.1) 1

Statin 141 64 94 (66.7) 128/3.31 �19.2/�0.5 �15 NA 50 (35.5.) 121 (85.8)

Continued on next page
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TABLE. Continued

Reference year Parameter/intervention

Study

type

Sample

size (No.)

Mean

age (y)

Male,

No. (%)

Mean

baseline LDL-C

(mg/dL/ mmol/L)

Absolute

LDL-C reduction

(mean/difference)

(mg/dL/ mmol/L)

Percent

reduction

Smoking,

No. (%)

DM,

No. (%)

HTN,

No. (%)

Mean

follow- up (y)

IMPROVE-IT,10 2015 Simvastatin (40 mg) þ
ezetimibe (10 mg)

RCT 9067 63.6 6842 (75.5) 93.8/2.4 �40.1/�1.04 �42.8 2943 (32.5) 2459 (27.1) 5580 (61.5) 6

Simvastatin (40 mg) 9077 63.6 6886 (75.9) 93.8/2.4 �24.3/�0.63 �25.9 3035 (33.4) 2474 (27.3) 5557 (61.2)

RACING,16 2022 Rosuvastatin (10 mg) þ
ezetimibe

RCT 1894 64 1420 (75.0) 80/2.07 �22/�0.57 �27.5 328 (17.3) 701 (37.0) 1246 (65.8) 3

Rosuvastatin (20 mg) 1886 64 1406 (74.5) 80/2.07 �14/�0.36 �17.5 310 (16.4) 697 (37.0) 1274 (67.6)

Hibi et al,33 2018 Pitavastatin (2 mg) þ
ezetimibe (10 mg)

RCT 50 63 41 (82.0) 123/3.18 �58/�1.5 �45.7 22 (44.0) 10 (20.0) 23 (46.0) 2.5

Pitavastatin (2 mg) 53 63 41 (77.4) 126/3.26 �40/�1.03 �28.8 20 (37.7) 11 (20.8) 34 (64.2)

Hagiwara et al 34 2017 Pitavastatin (2 mg) þ
ezetimibe (10 mg)

RCT 864 65.7 639 (74.0) 134.8/3.49 �69.7/�1.8 �51.7 294 (34.0) 260 (30.1) 599 (69.3) 3

Pitavastatin (2 mg) 857 65.5 661 (77.1) 135.6/3.51 �51/�1.32 �37.6 300 (35.0) 260 (30.3) 576 (67.2)

Sun et al,32 2021 Rosuvastatin (10 mg) þ
ezetimibe (10 mg)

RCT 81 61.7 55 (67.9) 114.1/2.95 �17.8/�0.46 �15.6 34 (42.0) 29 (35.8) 41 (50.6) 0.019 (7 d)

Rosuvastatin (10 mg) 90 64.1 63 (70.0) 113.7/2.94 �7/�0.18 �6.1 44 (48.9) 30 (33.3) 50 (55.6)

DM, diabetes mellitus; HTN, hypertension; IMPROVE-IT, Improved Reduction of Outcomes: Vytorin Efficacy International Trial; LDL-C, low-density lipoprotein cholesterol; NA, not available; PRECISE-IVUS, Plaque Regression
With Cholesterol Absorption Inhibitor or Synthesis Inhibitor; RACING, Long-Term Efficacy and Safety of Moderate-Intensity Statin With Ezetimibe Combination Therapy Versus High-Intensity Statin Monotherapy in Patients With
Atherosclerotic Cardiovascular Disease; RCT, randomized controlled trial.
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FIGURE 1. Forest plot of primary outcome of low-density lipoprotein cholesterol (LDL-C) reduction. diff, difference.
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treatment is better than another treatment,
averaged over all competing treatments. A
higher P-score indicates a more effective
treatment.

Publication bias was assessed for out-
comes with at least 5 studies using the
graphical presentation of funnel plot asym-
metry and quantitatively assessed by the
Egger regression test.22 All statistical work,
inclusive analysis, and graphical illustrations
were conducted using Stata statistical soft-
ware, version 17.0 (StataCorp).23
RESULTS

Baseline Characteristics of Patients in
Included Studies
The initial search strategy yielded 975 arti-
cles, 105 of which were duplicates and
were removed, and 792 articles were
excluded after the title and abstract
screening. The full-text review was per-
formed on the remaining 78 studies, after
which 64 studies were excluded from the
final review and analysis for the following
reasons: lack of appropriate comparison
arm, wrong population, review article, posi-
tion paper, or lack of outcome of interest
(Supplemental Figure 1, available online at
http://www.mayoclinicproceedings.org).
Mayo Clin Proc. n XXX
After exclusions, 14 studies met the eligi-
bility criteria and were included in the final
analysis10,11,16,24-34; 11 studies were
RCTs10,16,25-29,31-34 and 3 were cohort
studies.11,24,30 The total number of patients
was 108,373, with 24,608 patients in the
combination LLT group and 83,765 in the
statin alone group. The mean age of patients
among combination therapy and statin alone
groups was 67.31 years and 67.89 years,
respectively. The most common comorbid-
ities among both investigated groups of pa-
tients included hypertension (12,109 of
24,608 [49.21%] vs 57,318 of 83,765
[68.42%]) and diabetes mellitus (6,797 of
24,608 [27.62%] vs 31,159 of 83,765
[37.2%]). The study characteristics, patient
demographic characteristics, and comorbid-
ities are presented in the Table. The quality
assessment using the Newcastle-Ottawa
Scale for observational studies revealed a
low risk of bias on evaluation of parameters
such as selection, compatibility, and
outcomes, while the Cochrane risk of bias
for RCTs identified 2 studies with high
risk of bias, 3 studies with some concern,
and 3 studies with low risk. The Grading
of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) tool
revealed the overall strength of evidence for
2025;nn(n):1-20 n https://doi.org/10.1016/j.mayocp.2025.01.018
www.mayoclinicproceedings.org
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all 4 outcomes to be moderate
(Supplemental Table 1 A and B,
Supplemental Figure 2, available online at
http://www.mayoclinicproceedings.org).

Meta-analysis of the Primary and Secondary
Outcomes
Pooled analysis of the primary outcome
revealed that combination LLT was
Mayo Clin Proc. n XXX 2025;nn(n):1-20 n https://doi.org/10.1016/j.
www.mayoclinicproceedings.org
associated with a significantly greater reduc-
tion in LDL-C level compared with statin
monotherapy (MD, �12.96 mg/dL [�0.34
mmol/L]; 95% CI, �17.27 to �8.65;
P<.001; I2¼85.49%) (Figure 1). Combina-
tion LLT was also associated with a signifi-
cant reduction in the incidence of ACM
(OR, 0.81; 95% CI, 0.67 to 0.97; P¼.02;
I2¼66.30%) and an insignificant 14%
mayocp.2025.01.018 7
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numerical reduction of CVM (OR, 0.86; 95%
CI, 0.65 to 1.12; P¼.26; I2¼66.16%)
(Figure 2 A and B). A significant reduction
in the incidence of MACE (OR, 0.82; 95%
CI, 0.69 to 0.97; P¼.02; I2¼80.37%) and
stroke (OR, 0.83; 95% CI, 0.75 to 0.91;
P<.001; I2¼0%) was also observed when
Mayo Clin Proc. n XXX
compared with statin monotherapy
(Figure 3 A and B).

Risk of AEs, Therapy Discontinuation Rate,
and LDL-C Goal Achievement
The risk of AEs related to the gastrointestinal
tract (OR, 1.12; 95% CI, 0.93 to 1.36; P¼.23;
2025;nn(n):1-20 n https://doi.org/10.1016/j.mayocp.2025.01.018
www.mayoclinicproceedings.org
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I2¼0%) and musculoskeletal system (OR,
0.92; 95% CI, 0.63 to 1.35; P¼.68;
I2¼22.51%) was comparable between treat-
ment groups (Figure 4 A and B). Similarly,
the therapy discontinuation rate was compa-
rable between the combination LLT and
statin monotherapy groups (OR, 0.87; 95%
CI, 0.53 to 1.40; P¼.56; I2¼73.72%)
(Figure 4 C).

A higher proportion of patients who
received the combination LLT achieved the
recommended treatment goal of LDL-C level
of less than 70 mg/dL compared with statin
monotherapy (4,858 of 11,061 [44%] vs
4,619 of 11,045 [41,82%]). Pooled analysis,
however, revealed a nonsignificantly higher
rate of LDL-C reduction among the combi-
nation LLT group (OR, 1.85; 95% CI, 0.90
to 3.78; P¼.09; I2¼98.62%) (Figure 4 D).

Subgroup Analyses
Subgroup analyses were performed on pri-
mary and secondary outcomes based on
types of study and follow-up period (mean
follow-up for the studies included in the
meta-analysis was 2.05 years). We stratified
the studies into follow-up periods of less
than 2 years and 2 or more years, respec-
tively. Overall, there were no significant sub-
group differences based on the follow-up
period for the primary outcome of LDL-C
reduction (�12.56 vs �13.50 mg/dL, respec-
tively) and the secondary outcomes of stroke
and MACE (P>.05). For ACM, we observed
that longer follow-up of 2 or more years was
associated with significantly better outcomes
in comparison to the shorter period (OR,
0.74; 95% CI, 0.60 to 0.91; and OR, 0.99;
95% CI, 0.91 to 1.07, respectively; P¼.01)
(Supplemental Figures 3-6, available online
at http://www.mayoclinicproceedings.org).

Subgroup analysis based on study design
was performed (RCT vs cohort). Pooled anal-
ysis revealed that no subgroup difference was
observed for stroke, MACE, or ACM (P>.05)
(Supplemental Figures 7-9, available online at
http://www.mayoclinicproceedings.org).

Meta-regression Analysis
Meta-regression was conducted based on
covariates including age, sex, smoking,
Mayo Clin Proc. n XXX 2025;nn(n):1-20 n https://doi.org/10.1016/j.
www.mayoclinicproceedings.org
hypertension, and diabetes mellitus. The
results of meta-regression did not reveal
any potential positive effect modifiers
of the primary and secondary outcomes
(Supplemental Table 2, Supplemental
Figures 10-17, available online at http://
www.mayoclinicproceedings.org).
Network Meta-analysis for LDL-C
Reduction, ACM, MACE, Musculoskeletal
AEs, and Risk of Discontinuation
Change in LDL-C Levels. We evaluated the
effects of different LLTs on changes in
LDL-C levels. Nine studies were included,
comparing high-intensity statin, high-
intensity statin combined with ezetimibe,
moderate-intensity statin, and moderate-
intensity statin combined with ezeti-
mibe.16,25-29,32-34

The results of the random-effects model
indicate significant differences in LDL-C
reduction between various treatments.
Compared with high-intensity statins alone
(reference), an addition of ezetimibe to
high-intensity statins resulted in a significant
reduction in LDL-C levels, with an MD
of �15.16 mg/dL (�0.4 mmol/L) (95%
CI, �29.04 to �1.28; P¼.03). Similarly, an
addition of ezetimibe to moderate-intensity
statins (vs high-intensity statin therapy
alone) numerically reduced LDL-C levels
by �7.20 mg/dL (�0.19 mmol/L) (95%
CI, �18.10 to 3.70; P¼.20). Conversely,
moderate-intensity statins were associated
with a nonsignificant increase in change in
LDL-C levels compared with high-intensity
statins alone (MD, 7.67 mg/dL [0.2 mmol/
L]; 95% CI, �4.49 to 19.83; P¼.22). There
was substantial heterogeneity (I2¼94.5%),
indicating variability across the studies.

Treatment ranking based on P-scores
indicated that high-intensity statin combined
with ezetimibe was the most effective in
reducing LDL-C levels (P-score, .929),
followed by moderate-intensity statins
combined with ezetimibe (P-score, .697).
High-intensity statins alone and moderate-
intensity statins alone were less effective,
with lower P-scores of .335 and .039,
respectively (Supplemental Figures 18 and
mayocp.2025.01.018 9
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19, available online at http://www.mayo
clinicproceedings.org).

All-Cause Mortality. Seven studies were
included in the analysis reporting
ACM.10,11,16,24,27,30,34 The combination of
high-intensity statin and ezetimibe had a
particularly strong protective effect against
adverse outcomes, with a significant reduc-
tion in ACM (OR, 0.51; 95% CI, 0.32 to 0.83;
P¼.007). The analysis revealed no hetero-
geneity among the study results (I2¼0%),
indicating consistent treatment effects across
different populations and clinical settings.
Mayo Clin Proc. n XXX
The addition of ezetimibe to moderate-
intensity statin therapy only numerically
improved outcomes (in comparison to high-
intensity statin therapy) (OR, 0.84; 95% CI,
0.65 to 1.08; P¼.16). In terms of treatment
rankings, high-intensity statin combined
with ezetimibe ranked highest in effective-
ness (P-score, .978), followed by moderate-
intensity statin with ezetimibe (P-score,
.588), moderate-intensity statin alone (P-
score, .286), and high-intensity statin alone
(P-score, .148) (Supplemental Figures 20
and 21, available online at http://www.
mayoclinicproceedings.org).10,11,16,24,27,30,34
2025;nn(n):1-20 n https://doi.org/10.1016/j.mayocp.2025.01.018
www.mayoclinicproceedings.org
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FIGURE 4. (continued).
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Major Adverse Cardiovascular Even-
ts. Seven studies were included comparing
high-intensity statin, moderate-intensity
statin, and moderate-intensity statin com-
bined with ezetimibe.10,11,24-26,32,34 The
results revealed that, compared with high-
intensity statins, moderate-intensity statins
combined with ezetimibe had a significantly
lower OR for MACE compared with high-
intensity statins (OR, 0.71; 95% CI, 0.67 to
0.75; P<.001). Heterogeneity within designs
was low (I2¼0%), indicating consistent re-
sults across studies. Similar results were
Mayo Clin Proc. n XXX 2025;nn(n):1-20 n https://doi.org/10.1016/j.
www.mayoclinicproceedings.org
observed for moderate-intensity statins
alone, which also significantly reduced the
risk of MACE (OR, 0.76; 95% CI, 0.70 to
0.83; P<.001) (probably due to different risk
levels in the groups receiving moderate- and
high-intensive statin therapy). The P-scores
ranked moderate-intensity statins (P-score,
.995), followed by moderate-intensity statins
combined with ezetimibe (P-score, .505) and
high-intensity statins as the least favorable
(Supplemental Figures 22 and 23, available
online at http://www.mayoclinicproceedings.
org).
mayocp.2025.01.018 11
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Musculoskeletal Adverse Effects. The anal-
ysis of risk of myopathy included 4 stud-
iesdWest et al,27 IMPROVE-IT,10 Hagiwara
et al,34 and RACING16deach examining the
AE profiles of these treatments. Moderate-
intensity statin alone had 46% lower risk of
myopathy compared with high-intensity
statin alone (OR, 0.54; 95% CI, 0.28 to
1.02; P¼.06), although it did not meet sta-
tistical significance. Similarly, moderate-
intensity statin combined with ezetimibe
presented a numerically 40% lower risk (OR,
0.60; 95% CI, 0.35 to 1.04; P¼.07), with the
results approaching statistical significance.
The analysis revealed no observed hetero-
geneity (I2¼0%), indicating that the treat-
ment effects were consistent across the
different studies included in the meta-
analysis. This lack of variability supported
the reliability of the conclusions drawn from
these data.

In the treatment ranking based on P-
scores, moderate-intensity statin alone was
deemed the safest regarding myopathy risk
(P-score, .86), followed by its combination
with ezetimibe (P-score, .61). High-intensity
statin was ranked lowest, suggesting a higher
relative risk of myopathy (P-score, .03)
(Supplemental Figures 24 and 25, available
online at http://www.mayoclinicproceedings.
org).

Discontinuation of Therapy. Six studies were
analyzed comparing high-intensity statin,
high-intensity statin combined with ezeti-
mibe, moderate-intensity statin, and
moderate-intensity statin combined with
ezetimibe in the risk of drug discontinua-
tion.11,16,25-28 The results indicated that,
compared with high-intensity statins,
moderate-intensity statins had a significantly
lower discontinuation rate (OR, 0.53; 95%
CI, 0.40 to 0.71; P<.001). Similarly,
moderate-intensity statins combined with
ezetimibe had a significantly lower discon-
tinuation rate compared with high-intensity
statins (OR, 0.56; 95% CI, 0.42 to 0.73;
P<.001). However, high-intensity statins
combined with ezetimibe, evaluated in only
one study,30 did not significantly differ from
high-intensity statins alone in terms of
Mayo Clin Proc. n XXX
discontinuation rates (OR, 3.14; 95% CI,
0.12 to 79.39; P¼.487). The heterogeneity
within designs was low (I2¼0%), suggesting
consistent results across studies.

These findings revealed that moderate-
intensity statins, both alone and combined
with ezetimibe, have favorable outcomes
regarding discontinuation rates. The ranking
of treatments based on P-scores reflects these
findings, with moderate-intensity statins (P-
score, .887) and moderate-intensity statins
combined with ezetimibe (P-score, .683)
ranking highest for lower discontinuation
rates. High-intensity statins had a P-score
of .252, and high-intensity statins combined
with ezetimibe had the lowest P-score of
.178 (Supplemental Figures 26 and 27, avail-
able online at http://www.mayoclinic
proceedings.org).

Publication Bias
Publication bias was assessed for the primary
outcome and secondary outcomes meeting
criteria as described in the Methods section.
There appeared to be no, or little, evidence
of publication bias as illustrated by minimal
funnel plot asymmetry as well as according
to the Egger regression test (P<.05) for
LDL-C reduction, ACM, CVM, MACE, AEs
in the musculoskeletal system, and stroke
(Supplemental Figures 28-33, available on-
line at http://www.mayoclinicproceedings.
org).

DISCUSSION
In this meta-analysis, we found a significant
reduction in LDL-C, ACM, MACE, and risk
of stroke among patients who were initially
prescribed lipid-lowering combination ther-
apy compared with statin monotherapy.
The effect (significantly in relation to
ACM) was more pronounced in studies
with the mean follow-up of more than 2
years. This finding was not associated with
any increase of AEs but with a numerical
13% reduction in therapy discontinuation
risk and an 85% greater likelihood (however
insignificant) to reach the LDL-C goal. The
network meta-analysis confirmed and
strengthened these results, suggesting signif-
icant ACM reduction with high- and
2025;nn(n):1-20 n https://doi.org/10.1016/j.mayocp.2025.01.018
www.mayoclinicproceedings.org
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moderate-intensity statin therapy with ezeti-
mibe, and significant MACE reduction for
moderate-intensity statin therapy plus ezeti-
mibe (compared with high-intensity statin
therapy alone). Combination of moderate-
intensity statin therapy with ezetimibe was
also associated with a numerical 40% reduc-
tion of musculoskeletal AEs and significant
44% reduction of discontinuation rate (in
comparison to high-intensity statins). These
results confirm that this approach should be
recommended in patients at high to
extremely high CVD risk, especially after
an acute coronary syndrome. This approach
is consistent with the 2023 European Society
of Cardiology (ESC) acute coronary syn-
drome guidelines, which because of limited
evidence (at the time they were prepared)
made this recommendation with a IIb classi-
fication.35 Surprisingly, this approach is not
a part of the recommendations in the most
recent (2024) ESC chronic coronary syn-
dromes management guidelines.36

Previously reported trials including
IMPROVE-IT, FOURIER (Further Cardio-
vascular Outcomes Research With PCSK9
Inhibition in Subjects With Elevated Risk),
and ODYSSEY Outcomes trial (Evaluation
of Cardiovascular Outcomes After an Acute
Coronary Syndrome During Treatment
With Alirocumab) have reported substantial
clinical benefits of 2 (or 3) lipid-lowering
agents compared with high-intensity statin
therapy.10,37,38 The FOURIER and ODYSSEY
Outcome trials found that the addition of a
proprotein convertase subtilisin/kexin type
9 (PCSK9) inhibitor to reduce LDL-C to
target validated the fact that lowering LDL-
C is fundamental, regardless of how it is
done, to preventing ASCVD events.12,39

Based on the available data, lipid-lowering
combination therapy facilitates the currently
recommended approach of aggressive LDL-C
lowering as evinced by the adages that “the
lower the better and for longer” and the
equally important “the earlier the bet-
ter.”12,39 Previously conducted meta-
analyses and trials have studied the benefit
of adding ezetimibe to moderate-intensity
statin. Our meta-analysis is unique as it stud-
ied the benefit of adding ezetimibe to
Mayo Clin Proc. n XXX 2025;nn(n):1-20 n https://doi.org/10.1016/j.
www.mayoclinicproceedings.org
moderate- to high-intensity statin compared
with moderate- to high-intensity statin
alone. We also report for the first time
CVD outcomes such as ACM, CVM, and
stroke risk in response to these therapeutic
interventions. Studies such as EXPLORER
(Mavacamten for Treatment of Symptomatic
Obstructive Hypertrophic Cardiomyopathy)
and MRS-ROZE (Multicenter Randomized
Study of Rosuvastatin and Ezetimibe) have
evaluated LDL-C lowering with a combina-
tion of high-intensity statin and ezetimibe,
but neither of these trials evaluated their
impact on MACE.40,41 In the previously con-
ducted meta-analysis by Lee et al,42 adding
ezetimibe to high-intensity statin provided
a significant incremental reduction in LDL-
C, but its effects on clinical CVD outcomes
were not investigated.

The 2022 ACC Expert Consensus Deci-
sion Pathway on the Role of Nonstatin Ther-
apies for LDL-Cholesterol Lowering in the
Management of Atherosclerotic Cardiovas-
cular Disease Risk recommends ezetimibe
as an add-on medication on follow-up in pa-
tients who are at very high risk and have
LDL-C levels of 55 mg/dL (1.4 mmol/L) or
higher or at high risk with LDL-C levels of
70 mg/dL (1.8 mmol/L) or higher despite
taking a maximally tolerated statin dose.43

The ESC/European Atherosclerosis Society
2019 guidelines for dyslipidemia recom-
mend high-intensity statin to the highest
tolerated dose to reach goals set for a specific
level of risk, and the class 1b recommenda-
tion is to use a combination of high-
intensity statin with ezetimibe if goals are
not achieved.44 However, based on recent
large epidemiological studies such as Da
Vinci, TERCET, SANTORINI, and others,
such an approach is not enough, and only
around 20% of patients at very high CVD
risk are at the LDL-C target of lower than
55 mg/dL (1.4 mmol/L) and even every fifth
patient might be without any LLT.45-47 Thus,
to overcome this ineffectiveness, in April
2021 the International Lipid Expert Panel
(ILEP) recommended the upfront lipid-
lowering combination therapy of statins
and ezetimibe in very and extremely high-
risk patients, which was next approved by
mayocp.2025.01.018 13
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other experts and recommendations.48,49

The updated ILEP recommendations, pub-
lished recently (2024), additionally sug-
gested that the approach of upfront
combination LLT should be considered in
patients with ASCVD pre-event, and triple
upfront combination LLT in patients with
extremely high CVD risk.50

One of the landmark trials, IMPROVE-
IT, was a double-blind RCT that included
8144 patients hospitalized for acute coronary
syndrome who were randomly assigned to
moderate-intensity statin (simvastatin, 40
mg daily) with or without ezetimibe. The
combination therapy significantly lowered
LDL-C and reduced the primary composite
end point (by 6.4%) of CVM, myocardial
infarction (MI), unstable angina requiring
hospitalization, coronary revascularization
(�30 days after randomization), or nonfatal
stroke with a median follow-up of 6 years.10

Despite discussion on the clinical relevance
of these results, the authors showed that
for patients at higher risk (eg, older adults
and those with diabetes), the benefits of
the combination therapy were significantly
higher.51 A Swedish registry study by Jern-
berg et al52 found that one in every 5 pa-
tients is at risk for recurrent CVD events
following the first 365 days of MI. This and
other available studies emphasize the impor-
tance of an early and stringent approach to
controlling LDL-C levels in very high-risk
patient populations to reduce the risk of a
second CVD event.53 Prospective cohort
studies by Makhmudova et al54 found that
80% of the patient population initiated on
high-intensity statin and ezetimibe combina-
tion therapy after ST-segment elevation MI
achieved the LDL-C target of less than 55
mg/dL (1.4 mmol/L) within 4 to 6 weeks
and only 20% required therapy escalation.

Although it was not the aim of our meta-
analysis, it is worth emphasizing that combi-
nation LLT also significantly reduces plaque
atheroma volume (PAV). Tsujita et al26 uti-
lized volumetric intravascular ultrasono-
graphic analysis to document noninferior
combination therapy results regarding abso-
lute change of PAV but did report superior
results regarding plaque regression (�1.4%
Mayo Clin Proc. n XXX
vs �0.3%). As evident in the OCTIVUS (Op-
tical Coherence Tomography-Guided or
Intravascular Ultrasound-Guided Percuta-
neous Coronary Intervention) trial by Hou-
gaard et al28 in patients after ST-segment
elevation MI, high-intensity statin adminis-
tered with ezetimibe compared with placebo
resulted in regression of atherosclerosis
quantified by PAV in the nonculprit coro-
nary vessel, although it did not influence
the necrotic core content. In the HEAVEN
(Virtual Histology Evaluation of Atheroscle-
rosis Regression During Atorvastatin and
Ezetimibe Administration) study, intravas-
cular ultrasonography and virtual histology
were utilized to examine coronary arteries
in patients with stable angina, which
revealed that patients taking a high-dose
statin and ezetimibe had a more prominent
atherosclerosis regression (increased lumen
volume plus decreased PAV, 40.5% vs
14.9%) but did not lead to significant
changes in plaque composition.29

Although our study did not reveal any
confounding factors in the regression anal-
ysis, in the meta-analysis by Hong et al,55

ezetimibe, when added to statin, was associ-
ated with a greater reduction in MACE in pa-
tients with diabetes than in those without
diabetes. Some studies elucidated noninfe-
rior results of combination dual lipid-
lowering agents in comparison to statin
over longer periods. In the RACING trial,
Kim et al16 reported noninferior results in
the moderate-intensity statin plus ezetimibe
arm compared with high-intensity statin
monotherapy in terms of 3-year composite
cardiovascular death, MACE, and nonfatal
stroke with a higher proportion of patients
who achieved target LDL-C concentrations
of less than 70 mg/dL (1.8 mmol/L). Con-
trary to the RACING trial, our meta-
analysis revealed an 18% significant reduc-
tion of MACE, 17% significant reduction in
stroke incidence, and 19% significant
reduction of mortality in patients receiving
combination LLT compared with monother-
apy with statin. In the RACING trial, the au-
thors also showed that combination therapy
was associated with a higher percentage of
patients being at their risk-stratified LDL-C
2025;nn(n):1-20 n https://doi.org/10.1016/j.mayocp.2025.01.018
www.mayoclinicproceedings.org
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target, with fewer AEs and discontinuation
rates in those receiving combination
therapy.56 Finally, applying the same
inclusion criteria, a large cohort study from
South Korea found that combination LLT
reduced CVD outcomes by 25% at 3 years,24

and a study based on data from the Polish
Registry of Acute Coronary Syndromes
reported a 47% reduction in ACM, with a
significant effect observed in only 52 days.30

Statins act by inhibiting the rate-limiting
step in cholesterol biosynthesis and increase
cell surface LDL receptor expression, facili-
tating increased clearance of LDL-C from
the bloodstream and a subsequent reduction
in circulating LDL-C levels by 20% to 55%.57

The patient population with high cholesterol
absorption may exhibit poor response to sta-
tins and may benefit from the addition of
ezetimibe.39,48,58 Contrary to the results of
our meta-analysis, the HIJ-PROPER (Heart
Institute of Japan�Proper Level of Lipid
Lowering With Pitavastatin and Ezetimibe
in Acute Coronary Syndrome) trial found
that only patients characterized as hyperab-
sorbers exhibited reduced CVD outcomes
when treated with ezetimibe plus statins.34

Evidence from large-scale genetic studies
has revealed that genes that affect dietary
cholesterol absorption, such as NPC1L1
(Niemann-Pick C1-Like 1) and ABCG5/
ABCG8 (ATP-binding cassette transporters
G5 and G8), have more impact on CVD
risk than genes that increase only endoge-
nous cholesterol synthesis such as LDL-C-R
(LDL-C receptor), apoB (apolipoprotein B),
HMG (3-hydroxy-3-methylglutaryl coen-
zyme) reductase, and PCSK9.59-61 With
such evidence available, early initiation of
combination LLT with a high-intensity statin
and ezetimibe appears to be the most logical
therapeutic strategy.48-50,54

Our meta-analysis also confirmed the
safety of combination LLT, showing no sig-
nificant increase of any AEs with a numerical
13% reduction in therapy discontinuation
risk and based on the network meta-
analysis, a 44% significant reduction for
combination therapy of moderate- intensity
statin therapy and ezetimibe in comparison
to high-intensity statins. As reported by
Mayo Clin Proc. n XXX 2025;nn(n):1-20 n https://doi.org/10.1016/j.
www.mayoclinicproceedings.org
Davis and Weller,62 for approximately 200
patients taking a high-intensity statin, 1
additional patient may experience or discon-
tinue therapy due to muscle problems
compared with moderate-intensity therapy.
This finding translates into lower discontin-
uation rates with moderate-intensity statin
and its combination with ezetimibe
compared with high-intensity statin that
was also observed in our analysis. As
observed in the USAGE (Understanding
Statin Use in America and Gaps in Patient
Education) survey, muscle-associated symp-
toms were the most common reason for
statin discontinuation.63,64

Despite known benefits of (upfront)
lipid-lowering combination therapy, adher-
ence to the current recommendations is still
not seen in clinical practice (on average in
only 15% to 20% of very high-risk pa-
tients).12 Reasons for nonadherence may
include lack of patients’ and physicians’ edu-
cation, low level and class of recommenda-
tion and some inconsistency in the existing
guidelines, resistance to polypharmacy,
availability and cost of drugs (especially in
the case of fixed-dose combination), lack of
reimbursement, and limited access to health
care.65 The barriers to nonadherence to
guidelines from a health care professional’s
perspective include awareness, knowledge,
agreement, and the ability to overcome the
therapeutic inertia of previous practice
(learning curve).50,66,67 One of the strategies
that can be adapted to improve the adher-
ence to current lipid-lowering guidelines in-
cludes shared decision making and
utilization of digital tools by both patients
and clinicians, such as the Million Hearts
initiative co-led by the Centers for Disease
Control and Prevention and the Centers for
Medicare and Medicaid Services that offers
resources such as infographics, ASCVD risk
estimators, diagnostic applications, social
media educational messages, question and
answer tools, and short videos.68

To our knowledge, this is the first
meta-analysis to evaluate the effect of
moderate- to high-intensity statin therapy
in combination with ezetimibe to evaluate
the LDL-C reduction, CVD outcomes,
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mortality, and therapy-related safety parame-
ters. Using the network meta-analysis
approach, we were also able to directly
compare investigated therapy regimens,
once again confirming that immediate
combination LLT is significantly more
effective and safer than statin monotherapy
in patients at high risk for CVD. We
included the recently published RCTs and
cohorts, and this analysis includes the
highest sample size thus far.

Our meta-analysis was limited in several
aspects. First, some of the included studies
were observational, and thus the possibility
of confounding bias could not be ruled out.
The number of included studies was rela-
tively small in addition to certain outcomes
being variably reported, thus limiting further
analysis including subgroup and regression
analyses for these outcomes. Moreover, for
some of the investigated outcomes the
weight of the results from the included
studies was relatively high. Therefore,
further randomized trials are required to
evaluate them for more robust evidence.

CONCLUSION
This meta-analysis documents that combina-
tion LLT significantly reduces ACM, major
adverse CVD events, and stroke and reveals
greater reduction in LDL-C compared with
statin monotherapy. Combination LLT is
safe and efficacious. It is also associated with
less premature discontinuation rates. Combi-
nation LLT should be considered at the outset
of therapy initiation to maximize LDL-C goal
attainment and improve reduction in hard
CVD end points. These issues should be
emphasized more emphatically by guidelines.
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