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Abstract
Background: Proprotein convertase subtilisin/kexin 9 (PSCK9) inhibitors have been beneficial for many patients with hyperlipidemia.
The objective of this study was to investigate the benefit of PSCK9 inhibitors in patients with acute coronary syndrome (ACS).

Methods:We systematically searched PubMed, EMBASE, and Cochrane Clinical Trials (published before January 2023; no language
restriction) to compare the treatment of patients with ACS using PCSK9 inhibitors and placebo. The primary end points were major ad-
verse cardiovascular events, nonfatal myocardial infarction, cardiogenic death, stroke, hospitalization for recurrent ACS, and coronary re-
vascularization. Fixed- or random-effects models were used to assess the aggregated data.

Results:Of the 1686 identified studies, 5 were eligible and included in our analysis (of a total of 38,005 participants, 18,609 cases were
placed in the PCSK9 inhibitor treatment group and 19,396 cases in the placebo group). Compared with the placebo group, PCSK9 inhib-
itors significantly reduced the major adverse cardiovascular events (odds ratio [OR]: 0.83; 95% confidence interval [CI]: 0.77–0.88;
P < 0.00001) for patients following ACS. The incidence of nonfatal myocardial infarction (relative risk: 0.80; 95% CI: 0.74–0.87;
P < 0.00001), cardiovascular death (OR: 0.96; 95% CI: 0.83–1.10; P = 0.56), stroke (OR: 0.74; 95% CI: 0.63–0.88; P = 0.0007), hospi-
talization for recurrent ACS (OR: 0.57; 95% CI: 0.40–0.83; P = 0.003), or coronary revascularization (OR: 0.82; 95% CI: 0.76–0.88;
P < 0.00001) all demonstrated a significant decrease in the comparison between the 2 groups.

Conclusion:This meta-analysis demonstrated that treatment with PCSK9 inhibitors in patients with ACS reduced the probability of mul-
tiple cardiovascular events and improved patient prognosis.
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Introduction

Cardiovascular disease (CVD) is currently the leading cause of death
worldwide based on data from the World Health Organization.[1,2]

Acute coronary syndrome (ACS) is the most serious and life-threatening
manifestation of coronary hemodialysis. Extensive evidence supports
the efficacy of lipid-lowering therapy in mitigating cardiovascular
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events resulting from ACS.[3,4] Currently, the management and inter-
vention for patients with ACS are crucial and challenging aspects of
clinical research. The implementation of effective clinical interventions
can significantly reduce the occurrence of adverse cardiovascular events
in these patients.[5–7]

Novel drugs known as proprotein convertase subtilisin/kexin 9
(PCSK9) inhibitors have emerged in the field of lipid-lowering therapy.
The aforementioned drugs have gained popularity in clinical practice
because of their remarkable efficacy in reducing low-density lipoprotein
cholesterol (LDL-C).[8–10] Although statins are considered the most ef-
fective medications for preventing cardiovascular events, they may be
associated with adverse effects and not fully address the residual risk
of cardiovascular events in certain patients. Consequently, alternative
treatment options are required tomeet the specific needs of the patients
mentioned previously.[11–13] Clinical research has provided evidence
that certain patients with a high risk of CVD continue to face an el-
evated risk even after receiving the maximum dosage of statins. The
findings underscore the need for additional interventions and treat-
ment strategies to address persistent cardiovascular risks in such
individuals.[14,15] Research has also indicated that regardless of
the background of statin therapy, the use of PCSK9 inhibitors can
reduce the relative risk (RR) of major adverse cardiovascular events
(MACEs) following ACS.[16] The introduction of PCSK9 inhibitors
has revolutionized lipid-lowering therapy in clinical practice, pro-
viding clinicians with a fresh perspective. The PCSK9 inhibitors
not only help maintain lower levels of LDL-C but also demonstrate
the potential to significantly reduce the incidence of cardiovascular
adverse events.[17–19]

We conducted a meta-analysis using published trials to investigate
the effectiveness of PCSK9 inhibitors in patients who experiencedACS.
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Methods

The systematic review and meta-analysis were registered on PROS-
PERO (International Prospective Register of Systematic Reviews; reg-
istration no. CRD42023446871). Moreover, this study was con-
ducted using the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines.

Search strategy and selection criteria

The investigations were performed before January 2023, and the arti-
cles were limited to those written in English without any restrictions.
We searched the keywords “PCSK9 Inhibitors or PCSK9 Inhibitors,
Cardiovascular orCardiovascular PCSK9 Inhibitors or Inhibitors, Car-
diovascular PCSK9 or PCSK9 Inhibitors Cardiovascular or Cardiovas-
cular, PCSK9 Inhibitors” and “acute coronary syndrome or Acute
Coronary Syndromes or Coronary Syndrome or Acute Coronary
Syndromes or Acute Syndrome or Acute Coronary Syndromes or Acute
Coronary or myocardial infarction” through PubMed, EMBASE, and
the Cochrane Library. The inclusion criteria were as follows: (1) clinical
studies and comparative studies: randomized controlled trials (RCTs) or
non-RCTs published in English; (2) studies reporting primary or sec-
ondary outcomes; and (3) sufficient study samples and reasonable ex-
perimental design. After screening the titles and abstracts, relevant lit-
erature was downloaded for full-text reading and further screening.

Selection criteria and exclusion criteria

The included studies must satisfy the following criteria: (1) the study
type was an RCT or retrospective study; (2) patients with ACS were
receiving PCSK9 inhibitors; (3) the tracking time was not less than
2 months; and (4) the main outcomes were MACEs, nonfatal myo-
cardial infarction, cardiovascular death, stroke, hospitalization for
recurrent ACS, and coronary revascularization.

The exclusion criteria were as follows: (1) no consistent outcome in-
formation could be extracted from the study; (2) the studies in the liter-
ature were repeated or secondary analyses; (3) the content of the litera-
ture was the research design; and (4) the studies are meta-analysis,
reviews, and animal experiments.

Data extraction and quality assessment

Two researchers independently conducted literature screening and data
extraction. The information extracted in thismeta-analysis encompassed
Figure 1. Flow-process diagram of the literature search.
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fundamental details from the 5 trials, such as patient-related basic
information, clinical study registration numbers, and clinical out-
come measures. The Cochrane risk-of-bias or Newcastle-Ottawa
Scale assessment tools were used to evaluate the quality of the in-
cluded studies.

Statistical analysis

All studies were analyzed using Stata 25.0 (StataCorp, College Sta-
tion, TX) and RevMan 5.4 (London, Britain). The potential publica-
tion bias was assessed using an inverted funnel plot. The results of the
included studies were derived from fixed- or random-effects models
when substantial heterogeneity between the estimates was observed.
The effect model was determined based on the level of heterogeneity,
with a fixed-effects model utilized for I2 < 50% and a random-effects
model used for I2 ≥ 50%. The values of the odds ratio (OR), along
with their corresponding 95% confidence interval (CI), are reported.
Statistical significance was defined as P < 0.05.

Results

Study characteristics

Literature retrieval and screening are displayed in Fig. 1. A total of
1686 articles were retrieved, 511 duplicate documents were identi-
fied, and 1159 articles were from nonclinical studies, reviews, review
guidelines, and no target data. After screening titles and abstracts, 16
articles were included for full-text evaluation. Among them, 1 study
was excluded because of lack of a control group, 1 because of small
sample size, 4 because of secondary analysis, 3 because of lack of tar-
get outcomes, and 2 studies because of the study design. Finally, 5
studies were included in the meta-analysis. The baseline characteristics
of this study are summarized in Table 1. Overall, the aforementioned 5
studies included 38,005 patients, and the baseline characteristics (such
as the type and average age of patients in each study) did not differ sig-
nificantly between the 2 groups. The mean follow-up time was 3.0 to
33.6 months.

Risk of bias

The risk of bias for all included trials is presented in Fig. 2 and Fig. 3 and
Table 2. All included studies were assessed using the Cochrane bias risk
or Newcastle-Ottawa-Scale. Two researchers independently assessed the
hidden bias risks of random sequence generation and allocation
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Table 1

Characteristics of the Included Studies

Study Year Country Patients T/N
Age (T/N

Mean ± SD), y Drugs (T/N)
Follow-
up, mo Outcomes*

Clinical Trial
Registration No.

Type of
Study

Furtado
et al.[30]

2017 49
Countries

Patients with
prior ACS

8510/8563 62.5 ± 9.1/
62.5 ± 8.9

Evolocumab/matching
placebo

26.40 I, II, III, IV, VI NCT01764633 RCT

Konstantinos
et al.[31]

2019 Switzerland ACS 155/153 60.5 ± 12.0/
61.0 ± 10.7

Evolocumab/matching
placebo

2.00 I, II, III, IV, V,
VI

NCT03287609 RCT

Schwartz
et al.[32]

2018 57
Countries

ACS 9462/9462 58.5 ± 9.3/
58.6 ± 9.4

Alirocumab/matching
placebo

33.60 I, II, III, IV, V,
VI

NCT01663402 RCT

Yan et al.[33] 2022 China Extremely
high-risk ACS

68/68 62.2 ± 12.3/
62.2 ± 11.4

Evolocumab/matching
placebo

3.00 I, II, III, IV, V, Unclear RCT

Zhang et al.[34] 2022 China ACS 414/1150 62.1 ± 10.9/
62.2 ± 10.0

Evolocumab/matching
placebo

18.00 I, II, III, IV, V,
VI

ChiCTR2100049364 Retrospective

ACS, acute coronary syndrome; MACEs, major adverse cardiovascular events; RCT, randomized controlled trial; T/N, treatment group/nontreatment group.

*I: MACEs; II: nonfatal myocardial infarction; III: cardiovascular death; IV: stroke; V: hospitalization for recurrent ACS; VI: coronary revascularization.
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(selection bias), blindness of participants and personnel (performance
bias), blindness of outcome evaluation (test bias), incomplete outcome
data (attrition bias), selective reporting (reporting bias), and other biases.
The results of the evaluation demonstrated that all 6 studies had a low
risk of bias, and all trials were considered to have low attrition and
reporting bias based on a review of their programs on ClinicalTrials.
gov and the results in publications.

Primary outcomes

Five studies (4233 cases) reported a statistically significant reduction
in the incidence ofMACE in patients with ACS treated with PCSK9
inhibitors. Moreover, in the 5 studies, statistical heterogeneity was
observed (P = 0.13, I2 = 44%). A fixed-effects model combinedwith
effect size was used for the analysis. Data confirmed that the inci-
dences ofMACEwere 10.19%and 12.05% in the treatment and pla-
cebo groups, respectively. Results established that PCSK9 inhibitors
reduced the incidence of MACE (OR: 0.83; 95% CI: 0.77–0.88;
P < 0.00001) (Fig. 4A). The differences between the 2 groups were
statistically significant.

Five studies (2260 cases) reported a statistically significant reduction
in the incidence of nonfatal myocardial infarction in patients with ACS
treated with PCSK9 inhibitors, and statistical heterogeneity was ob-
served (P = 0.06, I2 = 56%). A random-effects model combined with
effect size was used for the analysis. The data demonstrated that the in-
cidence of nonfatal myocardial infarction was 5.28% in the treatment
group and 6.60% in the placebo group. Results confirmed that PCSK9
inhibitors reduced the incidence of nonfatal myocardial infarction (RR:
0.80; 95% CI: 0.74–0.87; P < 0.00001) (Fig. 4B). The differences
between the 2 groups were statistically significant.

Five studies (796 cases) reported a significant reduction in the inci-
dence of cardiovascular death in patientswithACS treatedwith PCSK9
inhibitors, and statistical heterogeneity was observed (P = 0.27,
I2 = 23%). A fixed-effects model combined with effect size was used
for the analysis. Data demonstrated that the incidence of cardiovas-
cular death was 2.06% and 2.13% in the treatment and placebo
groups, respectively. Moreover, results exhibited that PCSK9 inhib-
itors reduced the incidence of cardiovascular death (OR: 0.96; 95%
CI: 0.83–1.10; P = 0.56) (Fig. 4C). No statistically significant differ-
ences in outcomes were identified between the 2 groups.
Table 2

Quality assessment of 1 retrospective study by using Newcastle

Author Year Selection Comparability

Zhang et al.[34] Zhang *** *

* represents 1 point.
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Five studies (540 cases) reported a statistically significant reduction
in the incidence of stroke in ACS patients treated with PCSK9 inhibi-
tors, and statistical heterogeneity was observed (P = 0.64, I2 = 0%).
A fixed-effects model combined with effect size was used for the
analysis. Data established that the incidences of stroke were
1.21% and 1.62% in the treatment and placebo groups, respec-
tively. Furthermore, results displayed that PCSK9 inhibitors reduced
the incidence of stroke (OR: 0.74; 95% CI: 0.63–0.88; P = 0.007)
(Fig. 4D). The differences between the 2 groups were statistically
significant.

Four studies (130 cases) reported a significant reduction in the in-
cidence of hospitalization for recurrent ACS in patients treated with
PCSK9 inhibitors, and statistical heterogeneitywas observed (P =0.55,
I2 = 0%). A fixed-effects model combined with effect size was used for
the analysis. Data demonstrated that the incidences of hospitalization
for recurrent ACS were 0.44% and 0.80% in the treatment and pla-
cebogroups, respectively.Results also confirmed that PCSK9 inhibitors
reduced the incidence of hospitalization for recurrent ACS (OR: 0.57;
95% CI: 0.40–0.83; P = 0.003) (Fig. 4E). The differences between the
2 groups were statistically significant.

Four studies (3153 cases) reported a statistically significant reduc-
tion in the incidence of coronary revascularization in patients with
ACS treated with PCSK9 inhibitors, and statistical heterogeneity
was observed (P = 0.31, I2 = 17%). A fixed-effects model combined
with effect size was used for the analysis, and the data determined that the
incidences of coronary revascularization were 7.56% and 9.06% in the
treatment and placebo groups, respectively. Results demonstrated that
PCSK9 inhibitors reduced the incidence of coronary revasculariza-
tion (OR: 0.82; 95% CI: 0.76–0.88; P < 0.00001) (Fig. 4F). The
differences between the 2 groups were statistically significant.

The funnel plots demonstrated symmetrical distributions of the
effect size of nonfatal myocardial infarction, cardiovascular death,
stroke, hospitalization for recurrent ACS, and coronary revascular-
ization on either side of the pooled estimate but a nonsymmetrical
distribution of the effect size of MACE (Fig. 5).

Discussion

Ourmeta-analysis revealed that the administration of PCSK9 inhib-
itors to patients with ACS resulted in a significant improvement in
-Ottawa-Scale quality evaluation tool.

Exposure Study design Total points

** Retrospective 6

http://ClinicalTrials.gov
http://ClinicalTrials.gov
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Figure 2. Risk-of-bias graph: the distribution of methodological quality of involved studies.

Zhang et al. � Emerg Crit Care Med (2024) Vol. 4 No. 1 www.eccmjournal.org
prognosis compared with the placebo group. Improvements were
primarily observed in the reduction of MACE, nonfatal myocardial
infarction, cardiovascular death, stroke events, hospitalization for re-
current ACS, and the need for coronary revascularization.

In recent years, a growing interest in the extrahepatic functions of
PCSK9, including the direct impact of PCSK9 on atherosclerotic
plaques, can be observed.[20] Liu et al.[21] discovered that PCSK9 inhib-
itors exhibited effects comparable to those of placebo. No statistically
significant differences were observed in terms of single-dose pharmaco-
kinetic and pharmacodynamic parameters, safety, or tolerability. The
Figure 3. Risk-of-bias summary: methodological quality of involved
studies. + means low risk; ? means unclear risk; − means high risk.
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results of 3 cardiovascular outcome trials by Sabatine[10] demonstrated
that PCSK9 inhibitors significantly decreased the risk ofmajor vascular
events. Importantly, the positive effects were not accompanied by any
significant adverse events, such as excessive myalgia, elevated plasma
liver transaminase levels, diabetes, or neurocognitive complications.[22]

Cordero et al.[23] conducted comprehensive data analysis and demon-
strated that the use of PCSK9 inhibitors resulted in a 19% reduction
in the incidence ofmyocardial infarction and a 25%decrease in the oc-
currence of stroke. Ourmeta-analysis also indicated that PCSK9 inhib-
itors significantly reduced the occurrence of MACE.

Previous mechanisms and epidemiological studies have provided
evidence that PCSK9 proteins in the human body contribute to the
increased vulnerability of coronary plaques through various path-
ways. These pathways include the proinflammatory oxidation of
LDL-C and the direct modification of plaque composition.[24–26]

The most recent guidelines also recommend considering the use of
PCSK9 inhibitors in the early stages of treatment of patients who
have recently experienced myocardial infarction. This approach aims
to lower LDL-C levels and potentially reduce the associatedmorbidity.
However, to establish the effectiveness and safety of this approach,
conducting RCTs with a higher level of certainty are important. This
provides definitive evidence regarding the benefits and risks of using
PCSK9 inhibitors in such patients.[27–29] Our meta-analysis reviewed
and synthesized data from multiple studies to quantify the impact of
PCSK9 inhibitors on the morbidity of patients with ACS. The results
of this analysis strongly support the notion that the use of PCSK9 inhib-
itors following ACS significantly improves clinical outcomes. Specifi-
cally, PCSK9 reduced the occurrence of MACE, nonfatal myocardial
infarction, cardiovascular death, stroke, hospitalization for recurrent
ACS, and the need for coronary revascularization.

In conclusion, although progress in the treatment of CVDs has been
observed, the introduction of PCSK9 inhibitors provides a promising
strategy for patients. The inhibitors have demonstrated significant ben-
efits in reducing clinical complications and improving the quality of life
of patients with CVDs. The safe and effective use of PCSK9 inhibitors
holds great potential as a powerful therapeutic approach for the treat-
ment of CVDs, benefiting an increasing number of patients.
Limitations

However, it is important to note that the studies in this analysis were
conducted in specific populations. Therefore, the generalizability of
these findings to the broader population may be limited. In
summary, the application of PCSK9 inhibitors in patients with
ACS has demonstrated a reduction in the probability of various

http://www.eccmjournal.org


Figure 4. Forest plots depict outcomes in patients treated with PCSK9 inhibitors versus those treated with a placebo. (A–F) Forest plots depicting the
comparison of PCSK9 inhibitors and placebo on MACE, nonfatal myocardial infarction, cardiovascular death, stroke, hospitalization for recurrent ACS, and
coronary revascularization, respectively. Heterogeneity analysis is carried out using the Q test and among the study’s variation (I2 index). Weights are
calculated from binary random-effects model analysis. ACS, acute coronary syndrome; CI, confidence interval; MACE, major adverse cardiovascular event;
PCSK9, proprotein convertase subtilisin/kexin type 9.
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cardiovascular events and an improvement in patient prognosis.
However, owing to the limited number of included studies and pa-
tients, the potential for research bias and imprecise risk assessment
exists. Therefore, further research is required to provide substantial
evidence and support.
Conclusion

In summary, the application of PCSK9 inhibitors in patients with
ACS has demonstrated a reduction in the probability of various cardio-
vascular events and an improvement in patient prognosis. However,
owing to the limited number of included studies and patients, potential
32
for research bias and imprecise risk assessment exists. Therefore, fur-
ther research is required to provide substantial evidence and support.
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Figure 5. Funnel plots of the comparisons ofMACE, nonfatalmyocardial infarction, cardiovascular death, stroke, hospitalization for recurrent ACS, and coronary
revascularization between PCSK9 inhibitors and placebo, respectively. (A–F) Funnel plots are used to describe the distribution of the effect size of MACE,
nonfatal myocardial infarction, cardiovascular death, stroke, hospitalization for recurrent ACS, and coronary revascularization. ACS, acute coronary
syndrome; MACE, major adverse cardiovascular events; PCSK9, proprotein convertase subtilisin/kexin type 9.
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