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ABSTRACT
Background:  Previous meta-analyses have investigated the efficacy of lipid-lowering therapies for 
atherosclerotic cardiovascular disease; however, few have focused on patients with acute coronary 
syndrome (acs). this meta-analysis aimed to compare the benefits of intensive lipid-lowering 
therapy with those of background statin therapy in patients with acs.
Methods:  searches were performed on PubMed, embase, the cochrane central Register of 
controlled trials, and clinicaltrials.gov databases for articles published until april 13, 2023. 
Randomized controlled trials that compared intensive lipid-lowering therapies and background 
statin therapies in patients with prior acs and recorded the outcome of three-point major 
cardiovascular events (Mace) were included. the risk ratio (RR) with 95% confidence interval (ci) 
was used as a measure of primary and secondary outcomes.
Results:  Nine trials involving 38,640 patients with acs were identified. Pooled results suggested 
that intensive lipid-lowering therapies are associated with a reduction in the risk of three-point 
Mace (RR, 0.88; 95% ci, 0.83–0.94; p < 0.001), recurrent acs (RR, 0.82; 95% ci, 0.71–0.96; p = 0.013), 
nonfatal myocardial infarction (Mi) (RR, 0.87; 95% ci, 0.81–0.93; p < 0.001), stroke (RR, 0.83; 95% ci, 
0.73–0.94; p = 0.003), and unstable angina-related hospitalization (RR, 0.57; 95% ci, 0.33–0.99; 
p = 0.046), but not all-cause mortality (RR, 0.94; 95% ci, 0.82–1.07; p = 0.329), cardiovascular 
disease-related mortality (RR, 0.96; 95% ci, 0.88–1.06; p = 0.457) or coronary revascularization (RR, 
0.89; 95% ci, 0.79–1.00; p = 0.057).
Conclusions:  intensive lipid-lowering therapies may reduce the risk of three-point Mace, recurrent 
acs, nonfatal Mi, stroke, and hospitalization for unstable angina in patients with acs undergoing 
background statin therapy. these results may assist in clinical decision-making for the secondary 
prevention of cardiovascular events to initiate intensive lipid-lowering therapies immediately after 
acs.

Background

the application of intensive statin therapy is associ-
ated with progressive reductions in low-density lipo-
protein cholesterol (lDl-c) levels and decreased risk of 
adverse cardiovascular outcomes [1, 2]. Patients with 
acute coronary syndrome (acs) continue to face higher 
odds of experiencing recurrent cardiovascular events, 
particularly at early time points after the index event 
[3–7]. this residual risk is in part attributable to diffi-
culties achieving sufficiently low lDl-c levels, with 
many patients with atherosclerotic cardiovascular 

disease (ascVD) struggling to achieve the lipid targets 
recommended by established guidelines through treat-
ment with statins alone [8, 9]. therefore, there is grow-
ing interest in combining statins with non-statin 
lipid-modifying treatment regimens [10–12].

in patients with high-to-very high cardiovascular risk, 
treatment with a combination of ezetimibe or proprotein 
convertase subtilisin/kexin 9 (PcsK9) inhibitors has been 
recommended as a means of achieving lDl-c targets 
[13], based primarily on a dyslipidemia treatment model 
that seeks to maximize lipid reduction. accordingly, 
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current evidence-based therapeutic guidelines recom-
mend the prevention of cardiovascular diseases using 
intensive lipid-lowering therapies, including statins com-
bined with ezetimibe and/or PcsK9 inhibitors. a 
meta-analysis of published randomized controlled trials 
(Rcts) found that combined ezetimibe plus statin treat-
ment was associated with a notable reduction in both 
major adverse cardiovascular events (Mace) and nonfa-
tal myocardial infarction (Mi) risk among patients with 
ascVD [14]. in a separate network meta-analysis, compa-
rable stroke and nonfatal Mi rates were observed in 
patients with high or very high cardiovascular risk who 
were already undergoing maximum-tolerated statin 
treatment combined with either ezetimibe or PcsK9 
inhibitors [15]. Moreover, the RaciNG trial demonstrated 
that combination therapy using moderate-intensity 
statins and ezetimibe reduced statin intolerance and was 
more effective in controlling lDl-c concentrations 
together with non-inferior long-term clinical outcomes 
than high-intensity statin monotherapy [16]. however, 
although this therapy is supported by substantial evi-
dence and recommended by the guidelines, the results 
of the saNtORiNi study showed that only a low propor-
tion of patients with high and very high cardiovascular 
risks underwent intensive lipid-lowering therapy [17].

additionally, despite several studies on the effects 
of ezetimibe and PcsK9 inhibitors on the secondary 
prevention of cardiovascular disease, most of these 
studies focused on patients with ascVD rather than 
on patients with acs, who tend to have a higher 
residual cardiovascular risk [14, 15]. therefore, there is 
an urgent need to systematically evaluate the cardio-
vascular benefits of ezetimibe and/or PcsK9 inhibitors 
for secondary prevention in patients with acs [18]. to 
assess the necessity for the immediate initiation of 
intensive lipid-lowering treatment following acs, we 
conducted a meta-analysis to compare the benefits of 
intensive lipid-lowering therapies with those of back-
ground statin therapy in patients with acs.

Methods

the present meta-analysis was conducted in accor-
dance with the PRisMa guidelines when abstracting 
data and assessing validity [19], and the protocol for 
this study was registered in iNPlasY (https://inplasy.
com/) under the record number iNPlasY202340040.

Search strategy

searches were performed on PubMed, embase, the 
cochrane central Register of controlled trials, and 

clinicaltrials.gov trial registry databases for all relevant 
Rcts published until april 13, 2023, without any lan-
guage restrictions. the search terms used for this study 
included ‘PcsK9 inhibitors’, ‘ezetimibe’, and ‘acs’, with 
the most recent update to the search being completed 
on July 15, 2023. For full details regarding the search 
terms utilized, see supplementary Material. the refer-
ences of prior articles were manually reviewed, and 
additional trials were identified by searching two grey 
literature databases (Open Gray and the National 
technical information service).

Eligibility criteria

to be eligible for inclusion, studies needed to: (1) 
include either all participants or an identifiable subset 
of participants with a history of acs, including epi-
sodes of unstable angina or acute st-/non-st-segment 
elevation Mi; (2) assess the benefits of different inten-
sive lipid-lowering treatment regimens (e.g. PcsK9 
inhibitors and/or ezetimibe plus statin vs. statin; PcsK9 
inhibitors and ezetimibe plus statin vs. PcsK9 inhibi-
tors or ezetimibe plus statin); (3) report three-point 
Mace (a composite of cardiovascular death, nonfatal 
stroke, and nonfatal Mi); (4) have an Rct design. When 
trials exhibited overlapping datasets, the study with 
the largest population and the most comprehensive 
details was included in this meta-analysis.

Data extraction

after eliminating duplicate articles, the titles and 
abstracts of the remaining studies were screened for 
eligibility, followed by a full-text review when appro-
priate. Relevant data were extracted from the Rcts 
using a standardized data extraction form, and dis-
agreements were resolved by consensus. the extracted 
data included participant and trial characteristics (first 
author name, publication year, age, sex, sample size, 
follow-up duration, treatment arms with dosages, and 
control arms), number of events, mean baseline lDl-c 
levels, and differences in lDl-c levels between the 
groups following treatment. the authors of the articles 
lacking pertinent information were contacted.

Risk of bias and certainty of evidence analyses

the risk of bias for the included studies was inde-
pendently evaluated by two reviewers (Xian-Dan Wu 
and Yue-lin) using the cochrane risk of bias tool for 
randomized trials (ROB2) [20, 21]. assessments of risk 
were categorized as low risk, some concerns, or high risk.

https://inplasy.com/
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the quality of evidence for each outcome was 
assessed according to the Grading of Recommendations 
assessment, Development, and evaluation (GRaDe) 
framework [22]. two reviewers (Xian lin and Yan-Yan 
li) independently assigned each outcome a grade of 
very low, low, moderate, or high. a third reviewer 
(Xuan-Yan liu) resolved all disagreements.

Statistical analysis

the primary endpoint of this study was three-point 
Mace, defined as a composite of cardiovascular 
disease-related mortality, nonfatal Mi, and nonfatal 
stroke. Recurrent acs (including recurrent unstable 
angina or Mi), nonfatal Mi, stroke, all-cause mortality, 
coronary revascularization, and unstable angina-related 
hospitalization were considered as secondary out-
comes. a Dersimonian–laird estimator was imple-
mented when at least two Rcts included sufficient 
data to permit pooled analyses of a given outcome. 
Risk ratios (RRs) and 95% confidence intervals (cis) 
were used to compare the relative efficacies of inten-
sive lipid-lowering regimens and background statin 
therapy for the outcomes of interest by calculating the 
number needed to treat (NNt). a two-sided P-value < 
0.05 was considered statistically significant. 
heterogeneity levels were assessed based on χ2 calcu-
lations and the i2 statistic, with respective i2 values of 
0–29%, 30–49%, 50–74%, and 75–100% classified as 
not important, moderate, substantial, and considerable 
inconsistency, respectively [23].

subgroup analyses were conducted for patients 
stratified based upon several parameters including age 
(<65 vs. ≥65 years), baseline lDl-c (<100 vs. ≥ 100 mg/
dl), degree of lDl-c reduction (<39 vs. ≥ 39 mg/dl), 
percent reduction in lDl-c levels (<30% vs. ≥30%), 
study duration (<1 vs. ≥1 year), sample size (<200 vs. 
200–1000 vs. >1000 patients), and the percentage of 
patients that underwent percutaneous coronary inter-
vention (<50% vs. 50%–100% vs. 100%). Microsoft 
excel was used to construct forest plots for subgroup 
analyses [24].

Funnel plot asymmetry attributable to publication 
bias was identified and corrected using the trim-and-
Fill method [25], while small-study effects were 
detected using egger’s test. additionally, a leave-one-
out sensitivity analysis was conducted to identify any 
Rcts that may have had a disproportional effect. While 
background statin treatment was administered to all 
participating patients, the precise statins prescribed 
were not consistent across studies, and the relative 
benefits of different statin types and doses, when 

applied in combination with ezetimibe and/or PcsK9 
inhibitors, are uncertain. sensitivity analyses were also 
performed wherein only patients prescribed atorvasta-
tin were included in the control group. according to 
the guidelines established by the american college of 
cardiology/american heart association, high-intensity 
statin therapy is a reasonable approach to reducing 
lDl-c levels and the associated risk [26], an additional 
sensitivity analysis was performed in which only Rcts 
with patients on high-intensity background statin reg-
imens were included. stata v 17.0 (statacorp, tX, Usa) 
was used for all analyses.

Results

Study selection

an initial literature review identified 80 potentially rel-
evant studies, of which 9 were Rcts that met the 
inclusion criteria (supplemental Figure s1) [27–35]. the 
characteristics of the trials are summarized in table 1. 
in total, these trials enrolled 38,640 patients with acs 
(9,894 female [25.6%]; mean age, 61.1 [10.1] years), 
and the average follow-up duration was 4.7 years 
(range: 8 weeks − 7 years). While no limitations were 
imposed on baseline patient lDl-c levels in this 
meta-analysis, the majority of the included studies 
imposed restrictions on patient entry [27–30, 32, 34]. 
all trials compared ezetimibe or PcsK9 inhibitors plus 
statin treatment with statin treatment alone, including 
five studies on ezetimibe [27, 29, 31, 33, 35] and three 
on PcsK9 inhibitors [30, 32, 34], with the exception of 
one study that compared PcsK9 inhibitors plus ezeti-
mibe and statins with ezetimibe plus statins [28].

the ROB2 assessment results of these Rcts are 
shown in Figure s2. Four of these trials exhibited a low 
risk of bias [27, 30, 32, 34], whereas five showed a 
high risk of bias [28, 29, 31, 33, 35].

Three-point MACE incidence

Pooled analyses of the nine studies [27–35] conducted 
with a random-effects model indicated that intensive 
lipid-lowering therapies were associated with a reduc-
tion in three-point Mace risk relative to background 
statin treatment (absolute risk, 8.6% and 9.7%, respec-
tively; RR, 0.88; 95% ci, 0.83–0.94; p < 0.001; I2 = 0%; 
NNt in 4.7 years, 89). No significant differences in ben-
efit were observed when comparing regimens includ-
ing ezetimibe to those including PcsK9 inhibitors (RR, 
0.90; 95% ci, 0.82–0.98; and RR; 0.88, 95% ci, 0.80–
0.95, respectively; p = 0.72, Figure 1).

https://doi.org/10.1080/07853890.2024.2389470
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Recurrent ACS incidence

six studies enrolling 47,797 participants [27–30, 33, 34] 
reported the incidence of recurrent acs or all compo-
nents thereof. Relative to background statin treatment, 
intensive lipid-lowering therapy was associated with a 
significant reduction in acs recurrence, although this 

endpoint was subject to substantial heterogeneity 
(absolute risk, 9.4% and 10.9%, respectively; RR, 0.82; 
95% ci, 0.71–0.96; p = 0.013; I2 = 52.7%; NNt, 69). No 
significant differences were observed between the eze-
timibe and PcsK9 inhibitors subgroups (RR, 0.54; 95% 
ci, 0.21–1.34; and RR; 0.64, 95% ci, 0.35–1.18, respec-
tively; p = 0.52, Figure 2).

Table 1. characteristics of included studies.

study Population
intervention 

treatment
comparative 

treatment
sample size 

(women)
Age, 

y
study 

duration

Baseline 
ldl-c, 
mg/dl

ldl-c 
difference 
between 
groups 

after 
treatment, 

mg/dl

ldl-c after 
treatment 

(intervention, 
mg/dl)

ldl-c 
after 

treatment 
(control, 
mg/dl)

cannon, 
2015 
[27]

Acs patients with 
ldl-c levels ≥ 
50 mg/dl

ezetimibe 
10 mg, plus 
simvastatin 
40 mg

simvastatin 
40 mg

18144 
(25.4%)

63.6 7 y 94 17 (18.1%) 53.2 69.9

Japaridze, 
2017 
[29]

Acs patients with 
ldl-c levels ≥ 
70 mg/dl

ezetimibe 
10 mg, plus 
atorvastatin 
20 mg

Atorvastatin 
40 mg

292 (46.2%) 62.4 12 w 108 12 (11.1%) 61.9 73.9

liu, 2017 
[31]

Acs patients ezetimibe 
10 mg, plus 
atorvastatin 
10 mg

Atorvastatin 
20 mg

230 (48.3%) 84 1 y 87 8 (9.2%) 46.4 54.1

Ran, 2017 
[33]

non-sT segment 
elevation Acs 
patients 
underwent urgent 
Pci

ezetimibe 
10 mg, plus 
rosuvastatin 
10 mg

Rosuvastatin 
10 mg or 
20 mg

125 (25.6%) 60.5 12 w 141 25 (17.7%) 46..0 64.0

schwartz, 
2018 
[34]

Acs patients with 
ldl-c levels ≥ 
70 mg/dl, 
non–
Hdl-C ≥ 100 mg/
dl, or 
apolipoprotein 
B ≥ 80 mg/dl

Alirocumab 
75 mg, plus 
atorvastatin 
40 or 80 mg 
or 
rosuvastatin 
20 or 40 mg

Atorvastatin 40 
or 80 mg or 
rosuvastatin 
20 or 40 mg

18924 
(25.2%)

58.6 2.8 y 92 37 (40.2%) 66.0 101.0

Koskinas, 
2019 
[30]

Acs patients with 
ldl-c levels ≥ 
70 mg/dl 
(high-intensity 
statin); ≥90 mg/dl 
(low or moderate 
intensity statin); 
or ≥ 125 mg/dl 
(without stable 
statin)

evolocumab 
420 mg, plus 
atorvastatin 
40 mg

Atorvastatin 
40 mg

308 (18.5%) 60.7 8 w 135 55 (40.7%) 36.7 80.0

Tan, 2021 
[35]

Acs patients ezetimibe 
10 mg, plus, 
atorvastatin 
10 mg

Atorvastatin 
40 mg

183 (44.8%) 49.0 24 m 128 35 (27.3%) 58.0 106.3

Räber, 
2022 
[32]

Patients underwent 
urgent Pci with 
ldl-c levels ≥ 
70 mg/dl 
(receiving stable 
statin) or ≥ 
125 mg/dl 
(without stable 
statin treatment)

Alirocumab 
150 mg, plus 
rosuvastatin 
20 mg

Rosuvastatin 
20 mg

298 (18.8%) 58.5 52 w 153 55 (35.9%) 23.6 74.4

Yan, 2022 
[28]

Patients underwent 
urgent Pci with 
ldl-c levels ≥ 
116 mg/dl

evolocumab 
140 mg, plus 
atorvastatin 
40 mg and 
ezetimibe 
10 mg

Atorvastatin 
40 mg and 
ezetimibe 
10 mg

136 (31.6%) 62.2 3 m 137 27 (19.7%) 22.4 49.1

Abbreviations: Acs, acute coronary syndrome; ldl-c, low-density lipoprotein cholesterol; Hdl-c, high-density lipoprotein cholesterol; Pci, percutaneous 
coronary intervention.



aNNals OF MeDiciNe 5

All-cause mortality

Pooled analyses of four trials enrolling 37,656 patients 
[27, 30, 32, 34] revealed no significant differences in 
all-cause mortality rates as a function of treatment 
regimen (absolute risk, 8.2% and 8.6%, respectively; 
RR, 0.94; 95% ci, 0.82–1.07; p = 0.329; I2 = 38.2%; NNt, 
263). this risk also did not vary when comparing the 
two different intensive lipid-lowering strategies (RR, 
0.99; 95% ci, 0.92–1.06 in the ezetimibe group; and 
RR; 0.84, 95% ci, 0.74–0.99 in PcsK9 inhibitors group; 
p = 0.92).

Cardiovascular disease-related mortality, nonfatal 
MI, and stroke incidence

cardiovascular disease-related mortality rates were 
reported in eight studies that enrolled 38,497 patients 
[27–32, 34, 35]. Pooled analyses revealed no significant 
reductions in these rates when comparing intensive 
lipid-lowering regimens to statin monotherapy (abso-
lute risk, 4.1% and 4.3%, respectively; RR, 0.96; 95% ci, 
0.88–1.06; p = 0.457; I2 = 0%; NNt, 673). additionally, no 
differences were noted between the ezetimibe and 
PcsK9 inhibitors subgroups (RR, 1.00; 95% ci, 0.89–
1.12; and RR; 0.90, 95% ci, 0.76–1.07, respectively; 

p = 0.32). all nine trials reported on nonfatal Mi rates 
among patients with acs, revealing a significant reduc-
tion in such morbidity for patients administered inten-
sive lipid-lowering regimens (absolute risk, 8.3% and 
9.5%, respectively; RR, 0.87; 95% ci, 0.81–0.93; p < 0.001; 
I2 = 0%; NNt, 80), with comparable benefit levels in 
the ezetimibe and PcsK9 inhibitor subgroups (RR, 0.87; 
95% ci, 0.80–0.95; and RR; 0.86, 95% ci, 0.78–0.96, 
respectively; p = 0.88). seven Rcts that enrolled 38,314 
patients [27–32, 34] indicated that intensive 
lipid-lowering regimens conferred a significant reduc-
tion in stroke risk (absolute risk, 2.2% and 2.7%, 
respectively; RR, 0.83; 95% ci, 0.73–0.94; p = 0.003; I2 = 
0%; NNt, 211), with no significant differences between 
the ezetimibe and PcsK9 inhibitor subgroups (RR, 0.87; 
95% ci, 0.75–1.01 in ezetimibe group; and RR, 0.73, 
95% ci, 0.57–0.92 in PcsK9 inhibitors group; p = 0.20).

Coronary revascularization

seven studies that enrolled 38,364 patients [27, 29–32, 
34, 35] reported on coronary revascularization rates, 
which did not differ significantly between the inten-
sive lipid-lowering treatment and background statin 
treatment groups, with a moderate heterogeneity 

Figure 1. Risk of three-point MAce.
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(absolute risk, 12.9% and 14.1%, respectively; RR, 0.89; 
95% ci, 0.79–1.00; p = 0.057; I2 = 44.7%; NNt, 64). 
coronary revascularization rates were also comparable 
in the ezetimibe and PcsK9 inhibitor subgroups (RR, 
0.95, 95% ci, 0.60–1.50; and RR; 0.78, 95% ci, 0.57–
1.05, respectively; p = 0.57).

Unstable angina-related hospitalization rates

Pooled analyses of six studies that enrolled 37,922 
patients [27–30, 33, 34] revealed a significant differ-
ence in the rates of unstable angina-related hospital-
ization between groups (absolute risk, 1.1% and 1.3%, 
respectively; RR, 0.57; 95% ci, 0.33–0.99; p = 0.046; I2 = 
64.0%; NNt, 534), with no significant differences 
between the ezetimibe and PcsK9 inhibitor subgroups 
(RR, 0.53, 95% ci, 0.16–1.73; and RR; 0.56, 95% ci, 
0.38–0.83, respectively; p = 0.12).

Sensitivity tests

No differences in the pooled results were observed for 
the three-point Mace and acs recurrence rates when 
sensitivity analyses were conducted using a 

leave-one-out approach. however, the results for the 
pooled analysis of unstable angina-related hospitaliza-
tion rates contradicted those in the abovementioned 
pooled analysis when the study by cannon et  al. [27] 
was omitted (Figure s3). When restricting these analy-
ses to patients prescribed atorvastatin, relative to 
background statin treatment, the administration of 
intensive lipid-lowering therapies was associated with 
a significant reduction in the risk of three-point Mace 
incidence [28–31, 34, 35], acs recurrence [28–30, 34], 
nonfatal Mi [28–31, 34, 35], stroke [28–31, 34], and 
unstable angina-related hospitalization [28–30, 34], 
whereas no differences were observed in the rates of 
all-cause mortality [30, 34], cardiovascular disease- 
related death [28–31, 34, 35], or coronary revascular-
ization [29–31, 34, 35]. sensitivity analyses specifically 
focused on Rcts in which patients in the control group 
underwent high-intensity statin treatment revealed 
that intensive lipid-lowering therapies were associated 
with significant reductions in rates of three-point 
Mace incidence [28–30, 32–35], acs recurrence [28–
30, 33, 34], all-cause mortality [30, 32, 34], nonfatal Mi 
[28–30, 32–35], stroke [28–30, 32, 34], and unstable 
angina-related hospitalization [28–30, 33, 34], whereas 
no differences were observed with respect to rates of 

Figure 2. Risk of recurrent Acs.

https://doi.org/10.1080/07853890.2024.2389470
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cardiovascular disease-related death [28–30, 32, 34, 35] 
or coronary revascularization [29, 30, 32, 34, 35]. the 
effects of intensive lipid-lowering therapy versus back-
ground statin treatment on the primary and secondary 
study outcomes in patients with acs are summarized 
in table 2.

Subgroup analyses

No substantial heterogeneity was observed in any sub-
group analysis, and the differences between the 
groups were not significant (Figure 3).

Publication bias

No apparent publication bias was observed via the 
trim-and-Fill method when imputing two studies on 
the right side, with an RR of 0.88 (95% ci: 0.82–0.94) 
(Figure s4). No small-study effects were detected using 
egger’s test (p = 0.342).

GRADE assessment

Quality levels for four outcomes (three-point Mace, 
cardiovascular disease-related death, nonfatal Mi, and 

stroke) among the eight pooled analyses were classi-
fied as moderate, while three outcomes (acs recur-
rence, coronary revascularization, and unstable 
angina-related hospitalization) were of very low qual-
ity, and all-cause mortality results were of low quality 
(table s1).

Discussion

this meta-analysis focused on nine Rcts that enrolled 
38,640 patients post-acs. the results revealed that the 
initiation of immediate intensive lipid-lowering therapy 
could improve cardiovascular prognosis after acs. in 
the present analysis, intensive lipid-lowering treatment 
regimens were associated with a 12% reduction in the 
three-point Mace risk and an 18% reduction in the 
risk of acs recurrence compared with background sta-
tin therapy, together with a 13% reduction in nonfatal 
Mi incidence. the NNt to prevent a three-point Mace 
incidence in 4.7 years was 89, while the NNts to pre-
vent acs recurrence and nonfatal Mi incidence were 
69 and 80, respectively. the administration of ezeti-
mibe or PcsK9 inhibitors plus statins was also associ-
ated with lower rates of stroke and unstable 
angina-related hospitalization than statin monother-
apy, although no differences in all-cause mortality, 

Table 2. Association of aggressive lipid-lowering vs background statin therapy with primary and secondary outcomes among 
patients with Acs.

endpoint

ldl-lowering, no./Total. (%)

RR (95%ci) nnTAggressive lipid-lowering Background statin therapy

All eligible trials
 Three-point MAce 1652/19280 (8.6) 1874/19335 (9.7) 0.88 (0.83, 0.9) 89
 Recurrent Acs 1777/18876 (9.4) 2054/18921 (10.9) 0.82 (0.71, 0.96) 69
 All-cause mortality 1553/18831 (8.2) 1624/18825 (8.6) 0.94 (0.82, 1.07) 263
 cardiovascular disease-related mortality 794/19244 (4.1) 823/19253 (4.3) 0.96 (0.88, 1.06) 673
 nonfatal Mi 1592/19222 (8.3) 1836/19275 (9.5) 0.87 (0.81, 0.93) 80
 stroke 422/19153 (2.2) 513/19161 (2.7) 0.83 (0.73, 0.94) 211
 coronary revascularization 2480/19172 (12.9) 2704/19192 (14.1) 0.89 (0.79, 1.00) 64
 Unstable angina-related hospitalization 199/18940 (1.1) 235/18982 (1.3) 0.57 (0.33, 0.99) 534
Analysis restricted to patients with 

atorvastatin
 Three-point MAce 922/10027 (9.2) 1063/10024 (10.6) 0.87 (0.80, 0.94) 71
 Recurrent Acs 676/9767 (6.9) 817/9761 (8.4) 0.49 (0.25, 0.99) 69
 All-cause mortality 336/9617 (3.5) 392/9597 (4.1) 1.04 (0.35, 3.13) 169
 cardiovascular disease-related mortality 255/10030 (2.5) 285/10025 (2.8) 0.89 (0.75, 1.05) 333
 nonfatal Mi 645/9966 (6.5) 749/9964 (7.5) 0.86 (0.78, 0.95) 96
 stroke 126/9939 (1.3) 167/9933 (1.7) 0.76 (0.61, 0.96) 242
 coronary revascularization 778/9958 (7.8) 883/9964 (8.9) 0.88 (0.77, 1.02) 95
 Unstable angina-related hospitalization 43/9831 (0.4) 82/9822 (0.8) 0.53 (0.37, 0.77) 252
Analysis restricted to patients with 

high-intense statins
 Three-point MAce 904/10111 (8.9) 1046/10147 (10.3) 0.87 (0.80, 0.94) 73
 Recurrent Acs 676/9809 (6.9) 823/9844 (8.4) 0.50 (0.27, 0.93) 68
 All-cause mortality 338/9764 (3.5) 393/9748 (4.0) 0.86 (0.74, 0.99) 175
 cardiovascular disease-related mortality 252/10069 (2.5) 282/10065 (2.8) 0.89 (0.75, 1.05) 334
 nonfatal Mi 637/10047 (6.3) 742/10087 (7.4) 0.86 (0.78, 0.95) 98
 stroke 113/9978 (1.1) 157/9973 (1.6) 0.72 (0.57, 0.92) 226
 coronary revascularization 780/9997 (7.8) 905/10004 (9.0) 0.75 (0.56, 1.01) 80
 Unstable angina-related hospitalization 43/9873 (0.4) 87/9905 (0.9) 0.52 (0.36, 0.75) 226

Abbreviations: Acs, acute coronary syndrome; ldl-c, low-density lipoprotein cholesterol; MAce, major adverse cardiovascular event; Mi, myocardial infarc-
tion; RR, risk ratio; nnT, number needed to treat.
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cardiovascular disease-related mortality, or coronary 
revascularization rates were observed.

While the current european society of cardiology 
guidelines for the management of acs recommend 
the initiation of high-dose statin treatment early after 
acs, combination therapy comprising statins and eze-
timibe or a PcsK9 inhibitor is usually only initiated in 
patients with unsatisfactory lDl-c levels despite the 
prescription of a high-intensity statin [36]. however, in 
the present study, when the pooled analyses were 
restricted to studies in which high-intensity statins 
were administered to patients in the control group, a 
significant reduction in all-cause mortality risk was 
observed and the effect size was reduced. We consid-
ered that the initiation of intensive lipid-lowering 
treatment as soon as possible after acs could benefit 
patients more than the use of a high-intensity statin 
without the consideration of costs. this was confirmed 
by the findings of the FOURieR-Ole trial that early 
intensive lipid-lowering therapy is associated with bet-
ter cardiovascular outcomes [37]. however, caution is 
warranted when interpreting the results of analysis 
restricted to studies on high-intensity statins in the 
present study, considering that up to 95% ci 
approached the null value.

in a previous meta-analysis, a reduction in Mace 
risk proportional to the magnitude of lDl-c reduction 
for statin-based therapies was observed in individuals 
with established atherosclerotic cardiovascular disease 

when used for secondary prevention [38], although 
this finding was not confirmed in the subgroup analy-
ses herein. the primary determinant of this difference 
may be that only two Rcts with 606 patients were 
included in the subgroup that exhibited greater 
lipid-lowering effects. One meta-analysis found that 
higher baseline lDl-c levels were associated with 
greater cardiovascular protection and that significant 
differences in interactions were detectable among sub-
groups when comparing baseline lDl-c levels of 
lDl-C < 100 mg/dl to those ≥ 100 mg/dl [39]. however, 
in the subgroup analysis conducted according to base-
line lDl-c levels, intensive lipid-lowering therapies 
were associated with a significant reduction in the 
three-point Mace risk among patients with lower 
baseline levels of lDl-c (< 100 mg/dl). No significant 
subgroup differences were found between baseline 
lDl-c levels. Notably, in the present analysis, although 
the reduction in lipid levels was greater in patients 
with higher baseline lDl-c levels, the final lDl-c lev-
els for these patients varied. this suggests that achiev-
ing target lDl-c levels is more important than the 
percentage of lDl-c reduction. this finding was con-
firmed by the treat stroke to target trial [40] in which 
groups with lower and higher targets were compared 
and showed a reduced risk of Mace in patients in the 
lower-target group. the iMPROVe-it trial also revealed 
that lDl-c levels lower than the previous targets could 
provide additional benefit [27]. Moreover, the 

Figure 3. subgroup analysis of the primary outcome.
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PRecise-iVUs trial reported an association between 
low lDl-c levels and atheroma volume regression [41]. 
Based on this clinical evidence, the most recent guide-
lines (published after 2019) have adjusted the goal of 
lDl-c treatment from less than 70 mg/dl to less than 
55 mg/dl. Unfortunately, even with a goal of < 70 mg/
dl, real-world data showed that only 20%—26% of 
high-risk patients prescribed long-term statin mono-
therapy achieved the recommended target [42]. these 
poor lDl-c control rates warrant the development of 
more intensive lipid-lowering therapies, such as the 
combination of statins with ezetimibe or PcsK9 
inhibitors.

additionally, it has been hypothesized that PcsK9 
inhibitors could improve cardiovascular prognosis 
through mechanisms other than those directly related 
to lDl-c regulation. PcsK9 inhibitors can purportedly 
influence lipoprotein (a) biogenesis and clearance [43], 
which has been established as an independent risk 
factor associated with coronary, cerebrovascular, and 
peripheral artery diseases owing to its atherogenic, 
proinflammatory, and prothrombotic characteristics 
[44, 45]. Moreover, most Rcts in which the patients’ 
baseline lDl-c levels were high were designed with a 
focus on lipid modification rather than on clinical out-
comes, such that the mean follow-up duration for 
these studies (4 months) was relatively short. the 
cholesterol treatment trialists collaboration 
meta-analysis of trials focusing on PcsK9 inhibitors 
and statin therapy found that PcsK9 inhibitors were 
associated with a non-significant reduction in cardio-
vascular risk over a two-year period compared with 
statin therapy [46].

When administered in combination with statins, 
ezetimibe lowers lDl-c levels by an additional 
23–24% on average, whereas PcsK9 inhibitors are 
associated with a 62% reduction in lDl-c levels  
[47, 48]. however, no significant differences were 
observed between the ezetimibe and PcsK9 inhibi-
tor regimens for any endpoint in the present 
meta-analysis, despite greater reductions in lDl-c 
levels. this is consistent with the results of a previ-
ous meta-analysis that focused on patients with high 
or very high cardiovascular risk who underwent 
high-dose statin treatment [15]. heterogeneity with 
respect to baseline patient lDl-c levels may explain 
these discrepancies, and the relatively short follow-up 
durations of the enrolled studies additionally 
restricted the acquisition of sufficient events when 
attempting to reliably compare the differences 
between ezetimibe and PcsK9 inhibitors adminis-
tered in combination with statins.

Limitations

this study has some limitations. First, different trials 
varied with respect to the statin types and doses uti-
lized, with additional variability regarding whether 
patients had undergone stable statin treatment before 
recruitment. consequently, these different Rcts exhib-
ited inconsistent baseline lDl-c inclusion levels, poten-
tially affecting primary outcome consistency. however, 
no significant heterogeneity was observed when sub-
group analyses were conducted based on study char-
acteristics in the present meta-analysis, thus partially 
mitigating this risk. second, the risk of Maces varies 
among patients with acs based on comorbidities, 
demographic characteristics, and other parameters. 
Many current guidelines recommend the administra-
tion of ezetimibe and/or PcsK9 inhibitors in individu-
als with ascVD at high-or very high-risk levels, 
although there are some differences among guidelines 
with respect to how these risk levels are defined [1, 
49, 50]. No risk stratification-based analyses of recur-
rent cardiovascular event incidence in patients with 
acs were conducted in this meta-analysis because of 
the absence of sufficient information pertaining to the 
high-risk factors required for such stratification. third, 
direct evidence regarding the relative benefits of eze-
timibe versus PcsK9 inhibitors remains limited because 
most of these comparisons were indirect, with no 
studies directly comparing these treatment approaches 
for all primary and secondary outcomes. Fourth, we 
did not evaluate the cost-effectiveness of intensive 
lipid-lowering therapies because of insufficient infor-
mation on quality-adjusted life years, incremental 
cost-effectiveness ratios, or other data to calculate 
these results. Fifth, caution should be exercised when 
generalizing these conclusions to clinical practice, as 
most of the included studies imposed patient enrol-
ment restrictions. Real-world studies without additional 
entry restrictions could generate more robust evidence.

Conclusion

in summary, the pooled analyses conducted herein 
suggest that among patients with prior acs undergo-
ing background statin treatment, the additional admin-
istration of ezetimibe or PcsK9 inhibitors may 
contribute to a reduction in the three-point Mace inci-
dence and acs recurrence rates, although the degree 
of these reductions in patients with particular cardio-
vascular risks requires further clarification. the results 
of the present meta-analysis may assist in clinical 
decision-making for the secondary prevention of 
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cardiovascular events to initiate intensive lipid-lowering 
therapies immediately after acs.
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