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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 (PCSKO9) 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 theirimpact 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% Cls and weighted least-squares mean
difference in LDL-c levels. We estimated odds ratios with 95% Cls among MACE subtypes
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and all-cause mortality. Fixed-effect model was used, and heterogeneity was assessed
using the I? 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% ClI: -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% Cl: 0.66, 0.94, p = 0.01) and overall MACE 0.85 (95% ClI: 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

PCSKaQ 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 PCSKO9 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 PCSKO9, 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, Inclisiran®™, 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 PCSKO9 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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Records identified through database
Identification searches (Medline, Embase, Cochrane
Library and ClinicalTrials.gov)

=3,709

Records after duplicates removed: 2,654

Screening
v

Records excluded (abstracts, not clinical
trials): 2,332

Eligibility Full text articles excluded:

Not randomized: 123 were meta-analysis
Outcome of interest not reported: 30
Trials of other drugs: 20

Studies included in
m quantitative analysis:
Alirocumab n = 28

Evolocumab n = 22
Inclisirann =4

1

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

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
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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 I” 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 I” statistic to evaluate for heterogeneity between studies. The I* was calculated as follows
using Stata: I* = 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 I” statistic greater than 50%. Fixed-effect
models were used for I* <50% and random-effects models were used for I>>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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Table 1. Summary of demographic characteristics of study participants across drug types.

Age (mean + SD)
Female (%)
Race
White
Non-White
Body mass index (kg/m2)
Comorbidities (%)
Hypertension
Smoker
Diabetes mellitus
History of Heart Failure
Prior Stroke
Prior MI

Coronary Artery Disease

- indicates that data was not available

https://doi.org/10.1371/journal.pone.0295359.t001

Evolocumab Alirocumab Inclisiran
N = 21 studies N = 22 studies N = 4 studies
59.88 + 11.62 60.77 £ 10.11 62.7 + 10.07
41% 39.4% 32.8%
85.6% 87% 90.7%
14.4% 13% 8.3%

28.5 29.7

60.3% 62.8% 85.2%
25.5% 16.8% 15.7%
20.2% 28.6% 47.5%

19% 14.4%

9.5% 5.8%

25% 17.8%

22.6% 49.1%

LDL-c reduction

LDL-c percent change was reported in 47 (RCTSs) (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
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LDL mean difference  Weight
Study with 95% ClI (%)
DESCARTES - -57.00[-61.12, -52.88] 4.92
GLAGOV L] -62.80 [ -63.92, -61.68] 5.21
OSLER-1 L] -56.00 [ -57.18, -54.82] 5.21
BEIJERINCK - -56.90 [ -61.60, -52.20] 4.83
MENDEL-2 = -57.00 [ -59.50, -54.50] 5.11
GAUSS-2 - -56.10 [ -59.70, -52.50] 4.99
ANITSCHKOW —— -67.00 [ -76.00, -58.00] 4.00
GAUSS-4 — -59.50 [ -64.79, -54.21] 4.73
ANITSCHKOW - -60.70 [ -65.80, -55.60] 4.76
BATING - -54.30 [ -57.04, -51.56] 5.09
BERSON —a— -85.00[-92.70, -77.30] 4.27
EVOPACS - -40.70 [ -45.20, -36.20] 4.86
DE LAVAL —— -52.70 [ -64.20, -41.20] 3.49
OSLER-1 = -58.00 [ -60.58, -55.42] 5.11
OSLER-2 - -62.70 [ -65.58, -59.82] 5.08
BERSON - -71.80[-77.60, -66.00] 4.64
Phase 3 Study of Evolocumab (AMG 145) in Statin-Treated Japanese Patients —— -75.90 [ -83.54, -68.26] 4.28
YUKAWA —- -68.60 [ -74.48, -62.72] 4.63
FOURIER ] -59.00 [ -60.00, -58.00] 5.21
OSLER-1 L -61.00 [ -63.00, -59.00] 5.16
LAPLACE-2 —— -66.00 [ -73.00, -59.00] 4.41
Overall ‘ -61.09 [ -64.81, -57.38]
Heterogeneity: ° = 68.63, I” = 97.65%, H’ = 42.59
Test of 8 = 6;: Q(20) = 260.25, p = 0.00
Test of 6 = 0: z=-32.23, p = 0.00
—160 -E;O -éO —A{O -2IO 0 2]0
Random-effects REML model

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

https://doi.org/10.1371/journal.pone.0295359.9002

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).

PLOS ONE | https://doi.org/10.1371/journal.pone.0295359 December 6, 2023 7/14


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

PLOS ONE

PCSKQ inhibitors, siRNA, and cardiovascular outcomes

LDL mean difference  Weight
Study with 95% CI (%)
ODYSSEY LONG TERM - -61.90 [ -64.30, -59.50] 4.83
ODYSSEY DM-DYSLIPIDEMIA —— -47.30 [ -57.49, -37.11] 4.12
ODYSSEY ALTERNATIVE —— -30.40 [ -36.48, -24.32] 4.58
ODYSSEY COMBO Il - -29.80 [ -34.31, -25.29] 4.71
ODYSSEY COMBO | —— -45.90 [ -52.50, -39.30] 4.53
ODYSSEY CHOICE | e -52.70 [ -56.42, -48.98] 4.76
ODYSSEY EAST - -35.60 [ -40.60, -30.60] 4.67
ODYSSEY NIPPON e -39.50 [ -46.50, -32.50] 4.49
ODYSSEY COMBO Il - -32.00 [ -38.00, -26.00] 4.59
Effect of PCSK9 Inhibition by Alirocumab on Lipoprotein Particle Concentrations —a— -72.40[ -78.67, -66.13] 4.56
ODYSSEY EAST —-— -36.90 [ -41.80, -32.00] 4.68
ODYSSEY OPTIONS | = -44.10[-52.92, -35.28] 4.28
CANTAB - -50.30 [ -53.90, -46.70] 4.77
ODYSSEY DM-DYSLIPIDEMIA —— -37.30 [ -43.18, -31.42] 4.60
ODYSSEY KT —— -63.40 [ -71.63, -55.17] 4.35
ODYSSEY JAPAN e & -34.10[-38.41, -29.79] 4.72
Efficacy and Safety of Alirocumab in Japanese Subjects (Phase 1 and 2 Studies) —— -59.60 [ -68.03, -51.17] 4.33
ODYSSEY OPTIONS II —a— -50.60 [ -58.83, -42.37] 4.35
ODYSSEY CHOICE Il — -53.50 [ -62.71, -44.29] 4.24
ODYSSEY MONO — -31.60 [ -40.03, -23.17] 4.33
ODYSSEY DM-INSULIN - -48.80 [ -53.70, -43.90] 4.68
ODYSSEY JAPAN - -62.50 [ -65.24, -59.76] 4.82
Overall ‘ -46.35 [ -51.57, -41.13]
Heterogeneity: 1° = 145.33, I” = 95.74%, H” = 23.49
Test of 8 = 6;: Q(21) = 552.61, p = 0.00
Testof 8 =0:z=-17.40, p = 0.00
-8|0 -éO -4IO -éO 0 2|0
Random-effects REML model

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

https://doi.org/10.1371/journal.pone.0295359.g003

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
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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

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].

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.t1002
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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

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].

PLOS ONE | https://doi.org/10.1371/journal.pone.0295359 December 6, 2023 10/14


https://doi.org/10.1371/journal.pone.0295359.g005
https://doi.org/10.1371/journal.pone.0295359

PLOS ONE

PCSKQ inhibitors, siRNA, and cardiovascular outcomes

Stroke Myocardial Infarction Heart Failure
Alocumab ~ Control Oddsrato  Woight Alocumab  Contrl Oddsrato ~ Weight Airocumab ~ Conlrol Oddsrato  Weight
Study Yos No Yos No with 95% CI (%) Study Yos No Yes MNo wih9s%Cl (%) Study Yos No Yos MNo WhESNCl (%)
ODYSSEYLONGTERM 9 1541 2 786 —l—  230(049, 1085 1794 ODYSSEYLONGTERM 14 1506 18 770 R 3 039(019, 079) 4139 ODYSSEYLONGTERM 9 1541 3 785 —a—  153(041, 58 1330
ODYSSEYCOMBON 1 478 1 200 ~——@———  050(003, 806] 903 ODYSSEYALTERNATIVE 1 125 0 124 208(042, 7376 087 ODYSSEY COMBO I |1 M e 050[003, 806 446
ODYSSEY COMBO | 2 250 107 e 262( 012, 5497) 442 ODYSSEY COMBO I 1 & 3 ™ T 204(057, 728 681 ODYSSEY COMBO | 0 27 1 106 017001, 424) 662
ODYSSEY EAST 12 M 025(002, 279) 1801 ODYSSEY COMBO | 126 1 108 et 051(003, 831 230 ODYSSEY EAST M5 128 051[008, 813) 445
CANTAB 5 1082 6 107 - 083(025, 273 4069 ODYSSEY CHOKCE | 1%y 2 0.13(001, 128 746 CANTAB 27100 21 108 E 3 129(072, 229] 6895
ODYSSEY KT 0 1 10— 035001, 862 990 ODYSSEY EAST 7 % 6 20 - 058(0.19, 1.76) 1369 ODYSSEY JAPAN 1 w0 n 153[006, 37.04) 221
0 P 090(048, 204] CANTAB 71080 13 107 - 053(021, 134) 263 Overal - 118107, 1%9)
Hoterogenaly: = 0.00% = 100 bl ) My W 035(001, 882 285 | iy F=000% Hi 100
Tostol,26; 08) = 351, p =082 ey L 00100, 81} 231 | yoyiig 20;09)s23,p2070
Tostof 02025 003, p =098 Overa ¢ 0s7(0%8, 086) Tostol 020:22067,p= 050
[ v r—
"® 1. 1 8 Heterogenelty: F = 0.00%, H' = 1.00 11128 " 2 2
Fixed-eflects Mantel-Haenszel model Fixed-efocts Mantel-Haenszel modol
T
%4 “ 4 o“
All-cause Mortality
Revascularization Cardiovascular Mortality
Aeocumid  Convol Osssmto  Weght
Arocumab Control Oddsrto  Weght Avocumab  Conrol Oddsrato  Woiht 2 I m e L
Study Yes No Yes No with 95% CI (%) Study Yes No Yes No wih95%Cl (%) (QOYSSEY LONG TERM 0™ B 040[016, 100 1537
1 m 0w — 150008, 3703 OT7
ODYSSEYLONGTERM 48 1502 24 784 &+ 1020062, 167 6525 ODYSSEYLONGTERM 4 156 7 781  —fif— 029008, 089) 4437 OOYSSEYALTERATIVE 0 18 0 MM b 030002, W) 050
OOYSSEYAUTERNATVE 3 123 1 123 300(031, 224 208 ODYSSEYCOMBON 2 477 2 29  ———@———  050(007, 358 1270 OYSSEYCOMBO T meow —e— 0x(008, 131 618
ODYSSEY COMBO Il 16 4 4 27 — 205068, 619 1089 ODYSSEY COMBO | 1206 1 108 ————@———051(003, 831 620 QOYSSEY COMBO | T Mo =T 03[0 208 487
QOYSSEY COMBO | 3 1106 156(046, 1517 275 ODYSSEY EAST 15 2 20—  025[002 278] 1260 Wf' : :: ; : ol ::::"; :: ::
ODYSSEY EAST 8 M 3 AW e 138(036, 518 828 CANTAB 2 1085 5 10M  ——@——  040(008, 205 295 poiboniiuniit i Bpsohpuorn.Jovet
ODYSSEY KT 3 4N —r— 0m(017, 359 800 Overall P 035(0.16, 0.77) ‘OOYSSEY OPTIONS | o w2 m - om[on, 402 24
ODYSSEY JAPAN 2 w1 101(009, 11.30) 278 Heterogenely: = 0.00%,H' = 1,00 caTe LT TR T ] o037, 157 W8
*> T T i rapms B COYSSEYOMOYSUPOEMA | 24 0 17 150008, 3113 07
Overall (081, 177 Tost of 8, = 0; Q(4) = 0.39,p = 0.98 OYSSEYKT 1Mo e —- (01 M 0%
Hetorogenely: = 0.00%, H' = 100 Testol 0#0:2%-259, p= 0,01 OVSSEY AP o wo m osifom, &7 om
Testof 6= 6:0(6) = 234, p= 069 m ’® 1’ 2 8 (ODYSSEY OPTIONS I 0 W1 W - 022001, 804 126
Tostof 0 0:2#.089, p 037 Foadoli model ODYSSEY CHOCE o mo @ . 034001, 1718 087
m (DYSSEY MONO 0 0 8 - R — 088[002 503 08
(DYSSEY OM-INSULN 0 W e 016[001, 408 23
Fixod-effocts Mantel-Haenszol model OOYSSEY vl (10-phased) 16 2302 13 1161 +* 0820, 129) 1998
OOYSSEYvias (4-phased) 14 188 10 81 &+ N[, 1 13
Overst ‘. 0s0[04 oM
Helaroguoety: P = 0.00%, H = 100
Tostof8=0010) =633 p= 080
Tostof 8020301, p0 000
ws W 2 »
Faund efocts Manted- Haenszel model

Fig 6. Forest plots of Alirocamab MACE by subtype (stroke, MI, heart failure, coronary revascularization, cardiovascular mortality, and all-cause

mortality).
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Fig 7. Forest plots of Inclisiran MACE by subtype (stroke, MI, and cardiovascular mortality).
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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, PCSKO9 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
PCSKO9 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.

Supporting information

S1 Checklist. PRISMA checklist.
(DOCX)

S1 File. Raw dataset.
(DOCX)

S2 File. Supplemental tables.
(DOCX)

Author Contributions
Conceptualization: Tasnim F. Imran.

Data curation: Tasnim F. Imran, Ali A. Khan, Alexis Jacobson, Stephanie Bogin, Mahnoor
Khalid, Asim Khan.

Formal analysis: Tasnim F. Imran, Ali A. Khan, Phinnara Has.
Funding acquisition: Tasnim F. Imran.

Methodology: Tasnim F. Imran, Ali A. Khan, Phinnara Has, Alexis Jacobson, Stephanie
Bogin, Mahnoor Khalid, Sebhat Erqou, Wen-Chih Wu.

Software: Ali A. Khan, Phinnara Has.

Supervision: Tasnim F. Imran, Wen-Chih Wu.
Validation: Ali A. Khan, Mahnoor Khalid.

Writing - original draft: Tasnim F. Imran, Ali A. Khan.

Writing - review & editing: Tasnim F. Imran, Ali A. Khan, Phinnara Has, Alexis Jacobson,
Stephanie Bogin, Mahnoor Khalid, Asim Khan, Samuel Kim, Sebhat Erqou, Gaurav
Choudhary, Karen Aspry, Wen-Chih Wu.

References

1. Expert Panel on Detection E, Treatment of High Blood Cholesterol in A. Executive Summary of The
Third Report of The National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evalu-
ation, And Treatment of High Blood Cholesterol In Adults (Adult Treatment Panel Ill). JAMA. May 16
2001; 285(19):2486-97. https://doi.org/10.1001/jama.285.19.2486 PMID: 11368702

2. Organization WH. Cardiovascular diseases (CVDs). World Health Organization. https:/www.who.int/
news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)

3. Goldstein JL, Brown MS. A century of cholesterol and coronaries: from plaques to genes to statins. Cell.
Mar 26 2015; 161(1):161-172. https://doi.org/10.1016/j.cell.2015.01.036 PMID: 25815993

4. WongND, Young D, Zhao Y, et al. Prevalence of the American College of Cardiology/American Heart
Association statin eligibility groups, statin use, and low-density lipoprotein cholesterol control in US
adults using the National Health and Nutrition Examination Survey 2011-2012. J Clin Lipidol. Sep-Oct
2016; 10(5):1109-18. https://doi.org/10.1016/j.jacl.2016.06.011 PMID: 27678427

5. Grundy SM, Stone NJ, Bailey AL, et al. 2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/
ASPC/NLA/PCNA Guideline on the Management of Blood Cholesterol: A Report of the American Col-
lege of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. Circulation.
Jun 18 2019; 139(25):e1082—e1143. https://doi.org/10.1161/CIR.0000000000000625 PMID: 30586774

PLOS ONE | https://doi.org/10.1371/journal.pone.0295359 December 6, 2023 13/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0295359.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0295359.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0295359.s003
https://doi.org/10.1001/jama.285.19.2486
http://www.ncbi.nlm.nih.gov/pubmed/11368702
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
https://doi.org/10.1016/j.cell.2015.01.036
http://www.ncbi.nlm.nih.gov/pubmed/25815993
https://doi.org/10.1016/j.jacl.2016.06.011
http://www.ncbi.nlm.nih.gov/pubmed/27678427
https://doi.org/10.1161/CIR.0000000000000625
http://www.ncbi.nlm.nih.gov/pubmed/30586774
https://doi.org/10.1371/journal.pone.0295359

PLOS ONE

PCSKQ inhibitors, siRNA, and cardiovascular outcomes

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

Mach F, Baigent C, Catapano AL, et al. 2019 ESC/EAS Guidelines for the management of dyslipidae-
mias: lipid modification to reduce cardiovascular risk. Eur Heart J. Jan 1 2020; 41(1):111-188. https://
doi.org/10.1093/eurheartj/ehz455 PMID: 31504418

Visseren FLJ, Mach F, Smulders YM, et al. 2021 ESC Guidelines on cardiovascular disease prevention
in clinical practice. Eur Heart J. Sep 7 2021; 42(34):3227-3337. https://doi.org/10.1093/eurheartj/
ehab484 PMID: 34458905

Orringer CE, Jacobson TA, Saseen JJ, et al. Update on the use of PCSK9 inhibitors in adults: Recom-
mendations from an Expert Panel of the National Lipid Association. J Clin Lipidol. Jul-Aug 2017; 11
(4):880-890. https://doi.org/10.1016/j.jacl.2017.05.001 PMID: 28532784

DerSimonian R, Kacker R. Random-effects model for meta-analysis of clinical trials: an update. Con-
temp Clin Trials. Feb 2007; 28(2):105—14. https://doi.org/10.1016/j.cct.2006.04.004 PMID: 16807131

Sterne JAC, Savovic J, Page MJ, et al. RoB 2: a revised tool for assessing risk of bias in randomised tri-
als. BMJ. Aug 28 2019; 366:14898. https://doi.org/10.1136/bm;.14898 PMID: 31462531

Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging consensus on rating quality of evidence
and strength of recommendations. BMJ. Apr 26 2008; 336(7650):924—6. https://doi.org/10.1136/bm)j.
39489.470347.AD PMID: 18436948

Wang HF, Mao YC, Xu XY, et al. Effect of alirocumab and evolocumab on all-cause mortality and major
cardiovascular events: A meta-analysis focusing on the number needed to treat. Front Cardiovasc Med.
2022; 9:1016802. https://doi.org/10.3389/fcvm.2022.1016802 PMID: 36531722

Talasaz AH, Ho AJ, Bhatty F, et al. Meta-analysis of clinical outcomes of PCSK9 modulators in patients
with established ASCVD. Pharmacotherapy. Dec 2021; 41(12):1009-1023. https://doi.org/10.1002/
phar.2635 PMID: 34657313

Guedeney P, Giustino G, Sorrentino S, et al. Efficacy and safety of alirocumab and evolocumab: a sys-
tematic review and meta-analysis of randomized controlled trials. Eur Heart J. Jul 3 2019; https://doi.
org/10.1093/eurheartj/ehz430 PMID: 31270529

Guedeney P, Sorrentino S, Giustino G, et al. Indirect comparison of the efficacy and safety of alirocu-
mab and evolocumab: a systematic review and network meta-analysis. Eur Heart J Cardiovasc Phar-
macother. May 23 2021; 7(3):225-235. https://doi.org/10.1093/ehjcvp/pvaa024 PMID: 32275743

Casula M SL, Bernocchi O, Galimberti F, Tragni E, Corrao G, Catapano A. L. Ldl-cholesterol reduction
with PCSKQ inhibitors: A meta-analysis of randomised controlled trials. Atherosclerosis. 2017; 263 doi:
https://doi.org/10.1016/j.atherosclerosis.2017.06.789

Mulder J, Steward K, Galema-Boers AMH, Boersma E, Roeters van Lennep JE. Efficacy & safety of
PCSK9-inhibitors: A systematic review and meta-analysis of real-world data. Atherosclerosis. 2022;
355:15. https://doi.org/10.1016/j.atherosclerosis.2022.06.128

Wang X, Wen D, Chen Y, Ma L, You C. PCSK9 inhibitors for secondary prevention in patients with car-
diovascular diseases: a bayesian network meta-analysis. Cardiovasc Diabetol. Jun 15 2022; 21(1):107.
https://doi.org/10.1186/s12933-022-01542-4 PMID: 35706032

Gallego-Colon E, Daum A, Yosefy C. Statins and PCSK9 inhibitors: A new lipid-lowering therapy. EurJ
Pharmacol. Jul 5 2020; 878:173114. https://doi.org/10.1016/j.ejphar.2020.173114 PMID: 32302598

Gutierrez J, Ramirez G, Rundek T, Sacco RL. Statin therapy in the prevention of recurrent cardiovascu-
lar events: a sex-based meta-analysis. Arch Intern Med. Jun 25 2012; 172(12):909-19. https://doi.org/
10.1001/archinternmed.2012.2145 PMID: 22732744

Deedwania P, Murphy SA, Scheen A, et al. Efficacy and Safety of PCSK9 Inhibition With Evolocumab
in Reducing Cardiovascular Events in Patients With Metabolic Syndrome Receiving Statin Therapy:
Secondary Analysis From the FOURIER Randomized Clinical Trial. JAMA Cardiol. Feb 1 2021; 6
(2):139—-147. https://doi.org/10.1001/jamacardio.2020.3151 PMID: 32785614

Maliglowka M, Kosowski M, Hachula M, et al. Insight into the Evolving Role of PCSK9. Metabolites. Mar
17 2022; 12(3) https://doi.org/10.3390/metabo12030256 PMID: 35323699

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


https://doi.org/10.1093/eurheartj/ehz455
https://doi.org/10.1093/eurheartj/ehz455
http://www.ncbi.nlm.nih.gov/pubmed/31504418
https://doi.org/10.1093/eurheartj/ehab484
https://doi.org/10.1093/eurheartj/ehab484
http://www.ncbi.nlm.nih.gov/pubmed/34458905
https://doi.org/10.1016/j.jacl.2017.05.001
http://www.ncbi.nlm.nih.gov/pubmed/28532784
https://doi.org/10.1016/j.cct.2006.04.004
http://www.ncbi.nlm.nih.gov/pubmed/16807131
https://doi.org/10.1136/bmj.l4898
http://www.ncbi.nlm.nih.gov/pubmed/31462531
https://doi.org/10.1136/bmj.39489.470347.AD
https://doi.org/10.1136/bmj.39489.470347.AD
http://www.ncbi.nlm.nih.gov/pubmed/18436948
https://doi.org/10.3389/fcvm.2022.1016802
http://www.ncbi.nlm.nih.gov/pubmed/36531722
https://doi.org/10.1002/phar.2635
https://doi.org/10.1002/phar.2635
http://www.ncbi.nlm.nih.gov/pubmed/34657313
https://doi.org/10.1093/eurheartj/ehz430
https://doi.org/10.1093/eurheartj/ehz430
http://www.ncbi.nlm.nih.gov/pubmed/31270529
https://doi.org/10.1093/ehjcvp/pvaa024
http://www.ncbi.nlm.nih.gov/pubmed/32275743
https://doi.org/10.1016/j.atherosclerosis.2017.06.789
https://doi.org/10.1016/j.atherosclerosis.2022.06.128
https://doi.org/10.1186/s12933-022-01542-4
http://www.ncbi.nlm.nih.gov/pubmed/35706032
https://doi.org/10.1016/j.ejphar.2020.173114
http://www.ncbi.nlm.nih.gov/pubmed/32302598
https://doi.org/10.1001/archinternmed.2012.2145
https://doi.org/10.1001/archinternmed.2012.2145
http://www.ncbi.nlm.nih.gov/pubmed/22732744
https://doi.org/10.1001/jamacardio.2020.3151
http://www.ncbi.nlm.nih.gov/pubmed/32785614
https://doi.org/10.3390/metabo12030256
http://www.ncbi.nlm.nih.gov/pubmed/35323699
https://doi.org/10.1371/journal.pone.0295359

