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Abstract

Background

Atherosclerotic cardiovascular disease (ASCVD) is the leading cause of mortality world-

wide. Atherosclerosis occurs due to accumulation of low-density lipoprotein cholesterol

(LDL-c) in the arterial system. Thus, lipid lowering therapy is essential for both primary and

secondary prevention. Proprotein convertase subtilisn/kexin type 9 (PCSK9) inhibitors (Evo-

locumab, Alirocumab) and small interfering RNA (siRNA) therapy (Inclisiran) have been

demonstrated to lower LDL-c and ASCVD events in conjunction with maximally tolerated

statin therapy. However, the degree of LDL-c reduction and the impact on reducing major

adverse cardiac events, including their impact on mortality, remains unclear.

Objective

The purpose of this study is to examine the effects of PCSK9 inhibitors and small interfering

RNA (siRNA) therapy on LDL-c reduction and major adverse cardiac events (MACE) and

mortality by conducting a meta-analysis of randomized controlled trials.

Methods

Using Pubmed, Embase, Cochrane Library and clinicaltrials.gov until April 2023, we

extracted randomized controlled trials (RCTs) of PCSK9 inhibitors (Evolocumab, Alirocu-

mab) and siRNA therapy (Inclisiran) for lipid lowering and risk of MACE. Using random-

effects models, we pooled the relative risks and 95% CIs and weighted least-squares mean

difference in LDL-c levels. We estimated odds ratios with 95% CIs among MACE subtypes
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and all-cause mortality. Fixed-effect model was used, and heterogeneity was assessed

using the I2 statistic.

Results

In all, 54 studies with 87,669 participants (142,262 person-years) met criteria for inclusion.

LDL-c percent change was reported in 47 studies (n = 62,634) evaluating two PCSK9 inhibi-

tors and siRNA therapy. Of those, 21 studies (n = 41,361) included treatment with Evolocu-

mab (140mg), 22 (n = 11,751) included Alirocumab (75mg), and 4 studies (n = 9,522)

included Inclisiran (284mg and 300mg). Compared with placebo, after a median of 24

weeks (IQR 12–52), Evolocumab reduced LDL-c by -61.09% (95% CI: -64.81, -57.38,

p<0.01) and Alirocumab reduced LDL-c by -46.35% (95% CI: -51.75, -41.13, p<0.01). Incli-

siran 284mg reduced LDL-c by -54.83% (95% CI: -59.04, -50.62, p = 0.05) and Inclisiran

300mg reduced LDL-c by -43.11% (95% CI: -52.42, -33.80, p = 0.01). After a median of 8

months (IQR 6–15), Evolocumab reduced the risk of myocardial infarction (MI), OR 0.72

(95% CI: 0.64, 0.81, p<0.01), coronary revascularization, 0.77 (95% CI: 0.70, 0.84, p<0.01),

stroke, 0.79 (95% CI: 0.66, 0.94, p = 0.01) and overall MACE 0.85 (95% CI: 0.80, 0.89,

p<0.01). Alirocumab reduced MI, 0.57 (0.38, 0.86, p = 0.01), cardiovascular mortality 0.35

(95% CI: 0.16, 0.77, p = 0.01), all-cause mortality 0.60 (95% CI: 0.43, 0.84, p<0.01), and

overall MACE 0.35 (0.16, 0.77, p = 0.01).

Conclusion

PCSK9 inhibitors (Evolocumab, Alirocumab) and siRNA therapy (Inclisiran) significantly

reduced LDL-c by >40% in high-risk individuals. Additionally, both Alirocumab and Evolocu-

mab reduced the risk of MACE, and Alirocumab reduced cardiovascular and all-cause

mortality.

Introduction

Atherosclerotic cardiovascular disease (ASCVD) is the leading cause of death worldwide, con-

tributing to one in three deaths globally [1, 2]. Atherosclerosis occurs due to accumulation of

low-density lipoprotein cholesterol (LDL-c) in the arterial system. Acute rupture of atheroscle-

rotic plaque can lead to myocardial infarction or stroke [3]. LDL-c is one of the major modifi-

able risk factors for development and progression of ASCVD. Thus, lipid lowering is essential

to treatment of this condition. However, despite widespread use of statin therapies, 80% of

patients do not reach the guideline recommended LDL-c targets [4]. The American Heart

Association / American College of Cardiology (AHA/ACC) guidelines and the European Soci-

ety of Cardiology / European Atherosclerosis Society (ESC/EAS) guidelines recommend stat-

ins as first-line therapies with ezetimibe as a second-line option for those intolerant to statins

or unable to achieve target LDL-c levels [5, 6]. If further reduction in LDL-c is needed, propro-

tein convertase subtilisn/kexin type 9 (PCSK9) inhibitors (Evolocumab, Alirocumab) or small

interfering RNA (siRNA) therapy (Inclisiran) can be added in a step-wise approach [7]. Fur-

thermore, the 2023 European of Society Acute Coronary Syndrome guidelines state that in

cases where a patient is already on the highest tolerable dose of a statin and had LDL-c levels

that suggest that targets are unlikely to be met with statin monotherapy, combination therapy

may be initiated at the outset with statin and ezetimibe during a hospitalization for acute
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coronary syndrome. The 2018 American Heart Association/ American College of Cardiology

guideline and the 2017 National Lipid Association update suggest two treatment thresholds

for use of PCSK9 inhibitors for high-risk ASCVD: LDL-c� 70 mg/dL or non-high-density

lipoprotein cholesterol (non-HDL-C)� 100 mg/dL after maximally tolerated LDL-c lowering

therapies [5, 8].

PCSK9 inhibitors, such as Evolocumab and Alirocumab, bind to circulating PCSK9 and

prevent it from interacting with LDLR (LDL receptor). This allows more LDLR to be available

on the surface of liver cells, leading to more efficient removal of LDL cholesterol. Inclisiran is a

small interfering RNA (siRNA) molecule that binds to and degrades the mRNA that encodes

for PCSK9, preventing the production of the PCSK9 protein [7]. This leads to an increase in

the number of LDL receptors on the surface of liver cells, which in turn leads to an increase in

the clearance of LDL cholesterol from the bloodstream. While PCSK9 inhibitors and siRNA

therapy have been shown to lower LDL cholesterol levels, studies vary on the degree of LDL

reduction. In addition, there is some uncertainty about the effects of these therapies on adverse

outcomes, particularly mortality. Thus, the purpose of our study is to examine the effect of

PCSK9 inhibitors and siRNA therapies on major adverse cardiac events and degree of LDL

reduction in patients with cardiovascular disease and those at high risk of cardiovascular dis-

ease. We performed a systematic review and meta-analysis that quantitatively evaluates the

impact of these therapies on clinical outcomes and LDL-c levels.

Methods

Studies were eligible for inclusion if PCSK9 inhibitors, Evolocumab or Alirocumab, or siRNA

therapy, Inclisiran1, were administered in a randomized controlled trial with measurement of

LDL-cholesterol levels and/or assessment of clinical outcomes including cardiovascular mor-

tality, all-cause mortality. Studies were excluded if they did not have a sufficient number of

events to allow for extraction of effect measures for each clinical outcome. In cases where sev-

eral studies from the same cohort were available, data from the study with the latest follow-up

were selected. We only included randomized controlled trials with five months of follow-up or

longer. We excluded literature reviews, cross-sectional studies, preclinical studies, animal stud-

ies, and effect estimates from conference abstracts when a full published study was not avail-

able. We conducted the meta-analysis according to the Preferred Reporting Items for

Systematic Reviews and Meta-Analyses (PRISMA) checklist. Two independent reviewers

screened and extracted data from full-text articles and Cohen’s kappa was calculated to deter-

mine interrater reliability. The process of study selection is detailed in Fig 1 (PRISMA dia-

gram). We used a combination of subject headings and search terms related to PCSK9

inhibitors, siRNA therapy, CVD mortality, mortality, myocardial infarction and stroke.

We performed a literature search for all relevant publications using comprehensive data-

bases: PubMed, Ovid MEDLINE, Ovid Embase, Web of Science, the Wiley Cochrane Library,

the Cochrane Database, and Google Scholar databases up to April 2023. We used the following

terms for MEDLINE: (Alirocumab [MeSH Terms] OR Evolocumab [All Fields] OR Inclisiran

[All Fields] OR PCSK9 inhibitors OR small interfering RNA therapy [All Fields] OR Propro-

tein convertase subtilisin/kexin type 9 inhibitor [All Fields] AND cardiovascular outcomes

[MeSH terms] OR myocardial infarction [All Fields] OR stroke [All Fields] OR coronary heart

disease [All Fields] OR coronary revascularization[All Fields] OR mortality [All Fields] OR all-

cause mortality [All Fields] OR cardiovascular mortality [All Fields] OR CVD mortality [All

Fields] OR cardiac mortality [All Fields] OR heart failure [All Fields]) (S1 Table in S2 File).

These search terms were also used for EMBASE, Web of Science, and Google Scholar. To iden-

tify any additional studies not captured by these searches, we also hand searched reference lists
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of primary and review articles. In addition, we searched proceedings of relevant societies

(American Heart Association, American College of Cardiology, European Society of Cardiol-

ogy, National Lipid Association).

We obtained the full-text articles of the relevant studies and conducted a detailed review to

ensure that they met the inclusion criteria for the meta-analysis. Using a standardized data

extraction form to collect relevant data from each of the included studies, we extracted infor-

mation on study design, sample size, patient characteristics, intervention details, and outcome

measures. The following variables were extracted from each study using a standardized data

extraction template: title, authors, year of publication, name of study cohort, geographic loca-

tion, age, percentage of men/women, body mass index, follow-up time, sample size, number of

participants, follow-up time, mean and standard deviation of LDL-c levels, covariates adjusted

for in the multivariable analysis, and effect measures with their 95% CIs of mortality, CVD

mortality, myocardial infarction, coronary revascularization, stroke, heart failure risk. The var-

iable extraction was performed independently by two reviewers and cross-checked.

Statistical analysis

Descriptive statistics for pooled data such as year of publication, sample size, percentage of

women and follow-up period are described. The studies were evaluated with regards to simi-

larity of baseline patient characteristics, methods, and duration of follow-up. Random-effects

Fig 1. Process of study selection according to PRISMA guidelines. The detailed definition of each MACE endpoint

is included in the Supplemental Section (data in S1 Text in S2 File).

https://doi.org/10.1371/journal.pone.0295359.g001

PLOS ONE PCSK9 inhibitors, siRNA, and cardiovascular outcomes

PLOS ONE | https://doi.org/10.1371/journal.pone.0295359 December 6, 2023 4 / 14

https://doi.org/10.1371/journal.pone.0295359.g001
https://doi.org/10.1371/journal.pone.0295359


models were used to synthesize the weighted pooled least-squares mean difference in LDL cho-

lesterol levels with 95% confidence intervals. Some studies reported standard errors while oth-

ers reported 95% confidence intervals; in these cases, the lower and upper limit of the

confidence intervals were calculated using the reported standard errors. The number of posi-

tive and negative MACE were defined among treatment groups (Evolocumab, Alirocumab,

and Inclisiran) compared to placebo. Among Evolocumab and Alirocumab studies, death (all-

cause) was reported, and MACE was stratified by type: stroke, myocardial infarction, coronary

revascularization, heart failure, and cardiovascular mortality.

Using the meta program in STATA, we generated forest plots and determined the group-

specific and overall I2 statistic. The fixed-effects or random-effects models were chosen for

each outcome based on the between-study heterogeneity [9]. We used the Cochran Q test and

the I2 statistic to evaluate for heterogeneity between studies. The I2 was calculated as follows

using Stata: I2 = Q -(k-1)/Q x 100%, where k is the number of studies, and k-1 is the degrees of

freedom. We predefined high heterogeneity as an I2 statistic greater than 50%. Fixed-effect

models were used for I2 <50% and random-effects models were used for I2>50%. We esti-

mated odds ratios with 95% confidence intervals (CI) among MACE subtypes and mortality.

We performed meta-regression adjusting for age and percent women using the stata meta

regress function.

Quality assessment

We used the Cochrane Collaboration’s tool to assess risk of bias and the quality of randomized

controlled trials included in the meta-analyses (performed independently by two reviewers)

[10]. This tool assesses six domains of potential bias: selection bias, performance bias, detec-

tion bias, attrition bias, and reporting bias. To evaluate the certainty of evidence, we used the

Grading of Recommendations, Assessment, Development and Evaluation (GRADE) frame-

work developed by the GRADE working group [11]. This included the following aspects: over-

all risk of bias, degree of imprecision, consistency of results, potential for publication bias, and

extent of indirectness. To assess for publication bias, we inspected funnel plots and performed

the Egger’s regression test using the metafunnel and metabias commands. All analyses were

performed using Stata 17.0 (StataCorp, College Station, Texas); all tests were two sided, and a

p value <0.05 was considered statistically significant.

Results

In total, 54 studies with 87,669 participants (142,262.29 person-years) met criteria for analysis

(Fig 1). Of these, 47 studies (n = 62,634) reported LDL-c reduction, CV morality was reported

in 18 studies (n = 48,121), of which 11 included Evolocumab, 5 included Alirocumab, and 2

included Inclisiran. HF was reported in 9 studies (n = 39,300), in which 3 included Evolocu-

mab and 6 included Alirocumab. Myocardial infarction was reported in 20 studies

(n = 46,126), in which 9 included Evolocumab, 9 included Alirocumab, and 2 included Incli-

siran. Coronary revascularization was reported in 14 studies (n = 38,577), in which 7 included

Evolocumab and 7 included Alirocumab. Stroke was reported in 14 studies (n = 44,946), in

which 6 included Evolocumab, 6 included Alirocumab, and 2 included Inclisiran. All-cause

mortality was examined in 24 studies (n = 50,830), in which 5 included Evolocumab and 19

studies included Alirocumab. Cohen’s kappa for interrater reliability was 0.94. In all, 40.5% of

participants were women. The follow-up median was 24 weeks (interquartile range: 12 to 52

weeks; S2 Table in S2 File). Table 1 shows the baseline summary population characteristics

across the studies by drug type. Mean age was 60–63 years, 33–41% of participants were

women, and 86–91% identified as White.
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LDL-c reduction

LDL-c percent change was reported in 47 (RCTs) (n = 62,634) for Alirocumab, Evolocumab

and Inclisiran. Of those, 21 studies (n = 41,361) included treatment with Evolocumab

(140mg), 22 (n = 11,751) included Alirocumab (75mg), and 4 studies (n = 9,522) included

Inclisiran (284mg and 300mg). Compared with placebo, after a median of 24 weeks (IQR 12–

52), Evolocumab reduced LDL-c by -61.09% (95% CI: -64.81, -57.38, p<0.01) (Fig 2). Com-

pared with placebo, Alirocumab reduced LDL-c by -46.35% (95% CI: -51.75, -41.13, p<0.01)

(Fig 3). Compared with placebo, Inclisiran 284mg reduced LDL-C by -54.83% (95% CI: -59.04,

-50.62, p = 0.05) and Inclisiran 300mg reduced LDL-c by -43.11% (95% CI: -52.42, -33.80,

p = 0.01) (Fig 4). Overall, all three therapies significantly reduced LDL cholesterol compared

to placebo (Table 2).

Clinical outcomes

Cardiovascular (CV) mortality, heart failure (HF), myocardial infarction (MI), revasculariza-

tion, and stroke were major adverse cardiovascular events assessed for Evolocumab and Aliro-

cumab studies. Only CV mortality, MI, and stroke in the short term were assessed for

Inclisiran (284mg) studies. After a median of 8 months (IQR 6–15), Evolocumab reduced the

risk of myocardial infarction (MI), OR 0.72 (95% CI: 0.64, 0.81, p<0.01), coronary revasculari-

zation, OR 0.77 (95% CI: 0.70, 0.84, p<0.01), stroke, OR 0.79 (95% CI: 0.66, 0.94, p = 0.01) and

overall major adverse cardiac events, OR 0.85 (95% CI: 0.80, 0.89, p<0.01) (n = 42,637) (Fig 5).

Alirocumab reduced myocardial infarction, OR 0.57 (0.38, 0.86, p = 0.01), cardiovascular mor-

tality OR 0.35 (95% CI: 0.16, 0.77, p = 0.01), all-cause mortality OR 0.60 (95% CI: 0.43, 0.84,

p<0.01), and overall major adverse cardiac events, OR 0.35 (0.16, 0.77, p = 0.01) (Fig 6)

(n = 15,760). Among the Inclisiran treatment group, there were no significant differences in

the overall risk of major adverse cardiac events compared with the control group (odds ratio

[OR] -0.21, 95% CI -1.11, to 0.69, p> 0.05), however there is a smaller clinical trial sample size

Table 1. Summary of demographic characteristics of study participants across drug types.

Evolocumab Alirocumab Inclisiran

N = 21 studies N = 22 studies N = 4 studies

Age (mean ± SD) 59.88 ± 11.62 60.77 ± 10.11 62.7 ± 10.07

Female (%) 41% 39.4% 32.8%

Race

White 85.6% 87% 90.7%

Non-White 14.4% 13% 8.3%

Body mass index (kg/m2) 28.5 29.7 -

Comorbidities (%)

Hypertension 60.3% 62.8% 85.2%

Smoker 25.5% 16.8% 15.7%

Diabetes mellitus 20.2% 28.6% 47.5%

History of Heart Failure 19% 14.4% -

Prior Stroke 9.5% 5.8% -

Prior MI 25% 17.8% -

Coronary Artery Disease 22.6% 49.1% -

– indicates that data was not available

https://doi.org/10.1371/journal.pone.0295359.t001
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and number of major adverse cardiac events for Inclisiran, as well as lack of long-term data

(Fig 7).

Using meta regression adjusting for age and percent women, we found no significant differ-

ence in heterogeneity (S6 Table in S2 File).

Quality assessment

For quality assessment, we used the Cochrane tool for the assessment of bias. The assessment

was performed independently by two reviewers. Most included information was from ran-

domized clinical trials at found to be at low risk of bias. To evaluate the certainty of evidence,

we used the Grading of Recommendations, Assessment, Development and Evaluation

(GRADE) framework developed by the GRADE working group, which revealed high certainty

for Alirocumab vs placebo and Evolocumab vs placebo [11]. There were no direct comparisons

of Evolocumab and Alirocumab with the outcome of mortality, thus the quality of evidence for

this comparison was low. Inspection of the funnel plot for Evolocumab and Alirocumab trials

did not suggest publication bias (Egger’s test p value 0.71) (S1 Fig in S2 File). However, the

funnel plots and Egger’s test (p = 0.046) for Inclisiran suggests evidence of publication bias (S2

Fig in S2 File).

Fig 2. Forest plot for the percentage change in LDL-c mean difference for Evolocumab.

https://doi.org/10.1371/journal.pone.0295359.g002
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Discussion

This meta-analysis, including 54 studies totaling 87,669 participants, found that PCSK9 inhibi-

tors and siRNA therapy led to a significant reduction in LDL-c. Evolocumab, Alirocumab, and

Inclisiran were found to have a>40% reduction in LDL-c compared to placebo (Table 1). Fur-

thermore, Evolocumab and Alirocumab demonstrated a significant reduction in risk of

MACE, and Alirocumab reduced cardiovascular and all-cause mortality. Inclisiran did not

appear to have significant MACE risk-reduction, however further clinical trials for Inclisiran

are lacking, therefore follow-up data for MACE is insufficient at this time. These results sup-

port the efficacy of PCSK9 inhibitors and siRNA therapy in reducing LDL-c, and PCKS9

inhibitors in decreasing risk of adverse cardiovascular events.

The results of our study align with overall previous findings in reduction of LDL-cholesterol

levels and MACE, with additional new insights. Previous meta-analysis reported that Alirocu-

mab reduced the risk of overall MACE (RR 0.85, 95% CI 0.78–0.93), stroke (RR 0.76, 95% CI

0.60–0.96), and coronary revascularization (RR 0.88, 95% CI 0.80–0.96) [12]. Most prior stud-

ies did not find a significant difference in all-cause mortality with PCSK9 inhibitors [13–15].

While our study found an overall reduction in MACE with Alirocumab, we also observed

Fig 3. Forest plot for the percentage change in LDL-c mean difference for Alirocumab.

https://doi.org/10.1371/journal.pone.0295359.g003
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reductions in the risk of myocardial infarction, cardiovascular mortality, and all-cause mortal-

ity. This is likely due to the inclusion of new randomized trials that have been published since

the previous studies were conducted, and longer follow-up periods.

A prior meta-analysis demonstrated a reduction of -54.95 (95% CI -59.09, -50.81) in LDL-

cholesterol levels for Evolocumab and -48.99 (-54.28, -43.71) for Alirocumab. Our findings for

Evolocumab and Alirocumab also align with these results, with reductions of -61.09% (-64.81,

-57.38) and -46.35% (-51.75, -41.13), respectively [16]. Additionally, a large randomized trial

with a mean follow-up of 9 months also found an overall LDL reduction of 54.6% with PCSK9

inhibitors, similar to our findings [17]. Similar to our results, a previous meta-analysis found

that Evolocumab reduced the risk of MACE (RR 0.80, 95% CI 0.75–0.85), myocardial infarc-

tion (RR 0.73, 95% CI 0.65–0.82), stroke (RR 0.79, 95% CI 0.66–0.95), and coronary revascu-

larization (RR 0.78, 95% CI 0.72–0.86). Another study revealed that Alirocumab reduced all-

cause mortality (RR 0.83, 95% CI 0.72–0.95), whereas Evolocumab (RR 1.04, 95% CI 0.91,

1.18) and Inclisiran did not show significant associations (RR 1.00, 95% CI 0.58, 1.72) [18].

Fig 4. Forest plot for the percentage change in LDL-c mean difference for Inclisiran (284mg, 300mg).

https://doi.org/10.1371/journal.pone.0295359.g004

Table 2. Percent change of LDL-c with PCSK9 inhibitors and siRNA therapy versus control.

Drug N Mean Difference 95% CI P-value

Evolocumab 41361 -61.09 -64.81 to -57.38 <0.001

Alirocumab 11751 -46.35 -51.57 to -41.13 <0.001

Inclisiran 9522 -49.21 -57 to -41.43 <0.001

https://doi.org/10.1371/journal.pone.0295359.t002
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This was similar to our study in that Alirocumab was found to reduce cardiovascular mortality

OR 0.35 (95% CI: 0.16, 0.77) and all-cause mortality OR 0.60 (95% CI: 0.43, 0.84).

When compared to statins, studies have shown that the benefits of statin therapy are limited

in patients who exhibit resistance or intolerance to high-dose statins. However, the addition of

PCSK9 inhibitors to statin therapy can result in a remarkable 50–60% greater reduction in

LDL-c levels compared to statin therapy alone. The FOURIER trial demonstrated that patients

receiving maximally tolerated statin therapy and randomized to receive Evolocumab achieved

a substantial 59% reduction in LDL-c levels after 48 weeks, compared to the placebo group.

Consistent findings regarding LDL-c reductions have been reported in other clinical trials

[19].

Furthermore, statins have been found to reduce the risk of cardiovascular events in both

women (relative risk [RR], 0.81 [95% CI, 0.74–0.89]) and men (RR, 0.82 [95% CI, 0.78–0.85]).

However, statins did not demonstrate a significant reduction in all-cause mortality in women

compared to men (RR, 0.92 [95% CI, 0.76–1.13] vs. RR, 0.79 [95% CI, 0.72–0.87]), nor in

stroke incidence (RR, 0.92 [95% CI, 0.76–1.10] vs. RR, 0.81 [95% CI, 0.72–0.92]) [20]. When

used as an adjunct to high-dose statins, PCSK9 inhibitors have been shown to reduce overall

cardiovascular events [18, 21].

Fig 5. Forest plots of Evolocumab MACE by subtype (stroke, MI, heart failure, coronary revascularization, cardiovascular mortality, and all-

cause mortality).

https://doi.org/10.1371/journal.pone.0295359.g005
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Fig 6. Forest plots of Alirocumab MACE by subtype (stroke, MI, heart failure, coronary revascularization, cardiovascular mortality, and all-cause

mortality).

https://doi.org/10.1371/journal.pone.0295359.g006

Fig 7. Forest plots of Inclisiran MACE by subtype (stroke, MI, and cardiovascular mortality).

https://doi.org/10.1371/journal.pone.0295359.g007
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The mechanisms by which PCSK9 inhibitors reduce adverse cardiovascular events and

mortality are multifactorial, involving the reduction of LDL cholesterol levels, anti-inflam-

matory effects, and improvement of endothelial function [18]. When PCSK9 binds to LDL

receptors on the surface of hepatocytes, it promotes their degradation. This leads to a

decrease in the uptake of LDL-c by the liver and an increase in the levels of circulating

LDL-c, which is associated with an increased risk of major cardiovascular events [22]. How-

ever, PCSK9 inhibitors reduce the levels of PCSK9 in the bloodstream, resulting in a

decrease in this risk. They also decrease levels of other lipids, such as apolipoprotein B, lipo-

protein (a), and non-HDL-C. Additionally, PCSK9 inhibitors have been shown to have

anti-inflammatory effects and to improve endothelial function, which can also contribute

to their cardiovascular benefits. PCSK9 inhibitors have been shown to reduce inflammation

markers such as C-reactive protein and interleukin-6. Furthermore, they can improve

endothelial function by enhancing the production of nitric oxide, a molecule that dilates

blood vessels and improves blood flow. Even though both PCSK9 monoclonal antibody

(Alirocumab or Evolocumab) and Inclisiran reduce LDL-c concentrations by increasing

LDL receptors and decreasing active PCSK9 protein levels, their mechanisms of action dif-

fer. Monoclonal antibodies function outside the cells by binding and blocking circulating

PCSK9 protein, but they do not prevent PCSK9 production inside the cells. In contrast,

Inclisiran works inside the cells by inhibiting the translation of PCSK9 messenger RNA,

leading to a decrease in both intracellular and plasma PCSK9 levels. Treatment with Incli-

siran thus has a potential advantage of longer duration of its lipid-lowering effect compared

to PCSK9 monoclonal antibodies. It is administered through subcutaneous injections once

every six months, while PCSK9 monoclonal antibodies need to be injected once every 2–4

weeks.

Our study has limitations. First, the quality of the included studies can affect the validity of

the findings for some outcomes. Alirocumab demonstrated greater effectiveness in reduction

of cardiovascular and all-cause mortality compared to placebo, which was not noted with Evo-

locumab. However, these outcomes are subject to imprecision and heterogeneity because

direct head-to-head studies comparing Alirocumab and Evolocumab with these outcomes are

lacking. Second, meta-analysis relies on the availability of data from multiple studies, which

was not always comprehensive. For example, differences in patient populations or treatment

protocols can make it difficult to combine data from different studies, thus increasing the het-

erogeneity among the studies. Another limitation is that of publication bias. The chance of this

was low in the current meta-analysis as most included studies were sufficiently powered and

well-executed randomized clinical trials. The funnel plot and Egger’s test confirmed low risk

of bias overall. However, not all studies were sufficiently powered for every clinical outcome.

For instance, some trials were lacking information on particular adverse outcomes with insuf-

ficient numbers of events. Some studies had small sample sizes or short follow-up periods. As

for Inclisiran, there have not been many studies conducted on its effectiveness in reducing the

risk of major adverse cardiac events.

Despite the aforementioned limitations, our study has several strengths. First, our meta-

analysis included 54 studies (87,669 participants and 142,262.29 person-years) which allows

for adequate power to detect modest associations. Second, studies included in this meta-analy-

sis were conducted at various geographic locations, thus, the overall effect may be generaliz-

able. In addition, all studies used a standardized blood tests to measure LDL-c as well as

standard definitions of clinical outcomes, minimizing measurement bias of the outcomes.

Additionally, we used a robust strategy following the PRISMA guidelines, explicit inclusion

criteria, and grading of evidence and publication bias.
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Additional robust clinical trials are needed to fully evaluate the impact of Alirocumab on

cardiovascular and all-cause mortality and of Inclisiran on major adverse cardiovascular out-

comes in the long-term.
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