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Efficacy and safety of inclisiran versus PCSK9
inhibitor versus statin plus ezetimibe therapy
in hyperlipidemia: a systematic review

and network meta-analysis

Shengxuan Zhang', Lei Sun?, Xinyu Xu?, Yanling Zhang' and Qilan Chen'”

Objective Hyperlipidemia plays a crucial role in increasing the risk of cardiovascular diseases such as atherosclerosis.
Recent studies have established that inclisiran positively influences lipid regulation. Nevertheless, its effectiveness in
comparison to conventional treatments is still questionable. Hence, a methodical assessment of its effectiveness and
safety is required. This research evaluates the efficacy and safety of inclisiran, PCSK9 inhibitors, and the combination of
statins with ezetimibe in the treatment of hyperlipidemia via a network meta-analysis of randomized controlled trials
(RCTs).

Methods We performed an extensive search of English-language publications in the PubMed, Medline, Embase, and
Cochrane Library databases until April 2024. We conducted a web-based meta-analysis and reported in accordance
with the guidelines. We selected the percentage change in low-density lipoprotein cholesterol (LDL-C), total
cholesterol (TC), triglycerides (TG), and high-density lipoprotein cholesterol (HDL-C) as efficacy evaluation metrics and
the incidence of adverse events as safety evaluation metrics for analysis and comparison.

Result We incorporated 33 studies involving 23,375 patients, evaluating three interventions regarding their effects
on LDL-C, TC, TG, HDL-C, and adverse events. All treatments improved metrics over placebo. Inclisiran significantly
reduced LDL-C compared to statins (mean — 15.21, 95% Cl [-25.19, -5.23]) but showed no significant difference from
statin + ezetimibe. Surface under the cumulative ranking curve (SUCRA) rankings placed inclisiran highest for LDL-C
reduction (26.2%). The combination of statin and ezetimibe was the most efficacious for triglyceride reduction (mean
17.2,95% CI[10.22,24.19]; mean 15.61,95% Cl [16.87, 24.35]). The safety profiles were comparable across treatments.

Conclusion Inclisiran with its superior LDL-C reduction and low frequency of administration, appears promising for
hyperlipidemia treatment, particularly for patients with adherence issues or side effects from other medications.
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Introduction

According to figures from the World Health Organiza-
tion, cardiovascular disease was the primary cause of
mortality worldwide, accounting for around 31% of all
deaths. The majority are attributable to atherosclero-
sis [1, 2]. Hyperlipidemia is a dyslipidemic disorder. It is
suggested that it may cause atherosclerosis and increase
the risk of cardiovascular events, making the regulation
of abnormal blood lipids essential [3]. Data from a study
showed about 53% of adults have elevated low-density
lipoprotein cholesterol (LDL-C), but less than 50% of
them receive lipid-lowering therapy, and only 35% of
them can be effectively controlled; these patients have
a 2-fold risk of atherosclerotic cardiovascular disease
(ASCVD) compared with lipid-achieving populations [4].

Currently, lipids can be regulated through dietary mod-
ifications, physical exercise, and pharmacological inter-
ventions. Statins are well-known hypolipidemic drugs
[5], which can reduce LDL-C about 20—65% by inhibiting
3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)
reductase [6, 7]. A meta-analysis showed that a 39 mg/
dL reduction in LDL-C reduced the risk of cardiovascu-
lar events by about 24% in patients who took statins [8].
Ezetimibe lowers LDL-C by reducing intestinal choles-
terol absorption, and multiple clinical studies showed
that it has better efficacy when it combines with statins
[9-11]. So previous studies and guidelines recommend
that we can add ezetimibe to statin therapy when blood
lipids are poorly controlled. Nonetheless, the adminis-
tration of traditional statins is linked to negative effects,
such as drug-induced myopathy and hepatotoxicity [12].
Furthermore, statin intolerance is observed in approxi-
mately 5-30% of patients [13]. There is a necessity to
identify more suitable pharmacological agents to regulate
lipid levels in this patient population.

From a clinical perspective, it has been discovered
that levels of PCSK9 increase within a few hours of car-
diovascular events, such as acute coronary syndromes
[14]. PCSKO9, a protein involved in the regulation of LDL
receptor degradation in hepatocyte cell membranes [14].
and it plays a crucial role in LDL-C reduction. Conse-
quently, various drugs targeting the reduction of PCSK9
levels have been developed, including PCSK9 inhibitors
and inclisiran. The traditional PCSK9 inhibitors include
alirocumab and evolocumab. They offer convenience
relative to oral statin medications and can typically be
administered as bi-weekly or monthly injections based
on LDL-C levels. They facilitate LDL-C clearance by
inhibiting the interaction of the PCSK9 protein with the
LDL receptor, consequently augmenting the quantity of
LDL receptors in the liver, and they may also diminish
the incidence of cardiovascular risk events [2, 15-18].
They have shown remarkable results in lowering cho-
lesterol and are particularly suitable for patients whose
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cholesterol levels cannot be effectively controlled by
statins or other conventional treatments. However, they
are more expensive and have side effects such as injection
site reactions (e.g., redness, swelling, pain), flu-like symp-
toms (e.g., fatigue, headache), and symptoms of upper
respiratory tract infections, which need to be taken into
consideration when using them clinically.

In recent years, Inclisiran, a small interfering RNA, has
gained prominence as a subcutaneously administered
medication [19]. Inclisiran reduces PCSK9 levels through
an RNA interference mechanism, significantly lowering
LDL-C levels, often by more than 50% [20-23]. Pharma-
cophore studies indicate that PCSK9 exhibits a stronger
interaction with LDL-C [24]. Thus, inclisiran and PCSK9
inhibitors may demonstrate enhanced efficacy relative to
conventional statin therapy. Recent studies demonstrate
that inclisiran is well tolerated over the long term, show-
ing a diminished risk of myopathy and hepatotoxicity
relative to conventional statin therapy [25]. Addition-
ally, inclisiran has been shown to achieve a more rapid
LDL-C reduction compared to conventional therapies
[26]. Adverse reactions to inclisiran are associated with
injection site reactions. Inclisiran is usually administered
once every 6 months, and its adverse effects are primarily
related to injection site reactions. Due to its long-lasting
efficacy and less frequent administration, inclisiran may
have advantages over PCSK9 inhibitors.

Since statin+ezetimibe therapy has better efficacy than
single statin therapy, and inclisiran is the most recently
studied drug, currently, we lack the comparisons of the
overall efficacy of statin+ezetimibe therapy, PCSK9
inhibitors, and inclisiran. To compare the efficacy and
safety of statin plus ezetimibe therapy, PCSK9 inhibitors,
and inclisiran in treating hyperlipidemia, we identified
these three interventions and conducted a review of per-
tinent randomized clinical trials to assess their efficacy
and safety through network meta-analysis (NMA).

Materials and methods

Registration

The study protocol was registered with the Interna-
tional Prospective Register of Systematic Reviews
(PROSPERO) under the following registration number:
CRD42024550852.

Search strategy and data extraction

We followed the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) standards
diligently [27, 28]. A thorough investigation was carried
out in the databases PubMed, Medline, Embase, and
Cochrane Library till April 2024. The search strategy
employed specific MESH terms, including “inclisiran,’
“PCSK9; “statin, “ezetimibe;” “hyperlipidemia,” and
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“randomized controlled trial (RCTs),” to ensure the inclu-
sion of all relevant literature.

Furthermore, we meticulously examined numerous ref-
erences from the acquired publications and proactively
sought additional relevant materials, including research
reports and conference proceedings. The search parame-
ters were confined to randomized controlled trials involv-
ing human subjects. Duplicates were eliminated based on
title, author, year, and abstract utilizing EndNote X21.
Following the review of the title and abstract, two authors
(SX and L) conducted a preliminary assessment accord-
ing to the established inclusion and exclusion criteria for
this paper. The complete text of the selected literature
was subsequently downloaded and examined for a sec-
ondary evaluation. When the two independent reviewers
disagreed regarding the literature’s eligibility, an addi-
tional researcher (YL) was consulted. Data and informa-
tion on eligible RCTs were extracted independently by 2
researchers based on the screening results: first author,
year of publication, sample size, interventions in the
study group, interventions in the control group, outcome
indicators, and number of adverse events. And another
researcher (XY) was checked for verification at the end
of the extraction. SX and L evaluated the risk of bias and
quality of included trials using the Cochrane Guidelines
[29]. Disagreements between the reviewers were resolved
by the third author (QL).

Study selection

We employed the PICOS (Population, Interventions,
Comparisons, Outcomes, Study designs) framework to
define the eligibility criteria. The studies incorporated in
the review satisfied the subsequent criteria: (1) Patients
aged>18 years with LDL-C>2.6 mmol/L, or other
patients who meet the criteria set by the National Cho-
lesterol Education Program/Adult Treatment Panel III
(NCEP/ATP III) guidelines, with no restriction on gender
or ethnicity, (2)If the patient is on lipid-lowering therapy
they will need to undergo a drug elution period, (3) The
intervention measures included Inclisiran, PCSK9 inhibi-
tors, or statin plus ezetimibe, with the control group
receiving a placebo, with no restrictions on specific vari-
eties and dosages of various types of drugs, (4) Outcome
measures included LDL-C, TC, TG, HDL-C, and adverse
events, and (5) The study was a RCT. The exclusion cri-
teria were as follows: (1) The subjects were not human,
(2) The article was a review or another type of non-RCT
study, (3) Pregnant or breastfeeding patients, individu-
als on medications that could influence the results, and
other conditions deemed by the investigator to poten-
tially impact the trial,,(4) The study did not include any
of the indicators LDL-C, TC, TG, HDL-C, or adverse
events, and (5) The data were incomplete or could not be
extracted.
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Outcome measures

Our network meta-analysis (NMA) distinguishes itself
from conventional meta-analyses by integrating and eval-
uating data from multiple randomized controlled trials
(RCTs). The evaluated outcome measures comprised per-
centage alterations in low-density lipoprotein cholesterol
(LDL-C), total cholesterol (TC), triglycerides (TG), and
high-density lipoprotein cholesterol (HDL-C), as well as
the frequency of adverse events.

Statistical analysis

We employed Stata 17.0 software to evaluate the
extracted continuous variables for NMA, producing the
standardized mean difference (SMD) together with 95%
confidence intervals (CI) or the odds ratio (OR) with 95%
CI. Statistical heterogeneity was assessed, and a fixed-
effects model was applied if I* < 50% and p>0.01. Other-
wise, a random-effects model was employed. Publication
bias and small-sample effects were evaluated using funnel
plots. Results were ranked based on the surface under the
cumulative ranking curve (SUCRA), with higher SUCRA
values signifying superior potential therapeutic effects.
A matrix was created to evaluate all interventions and
ascertain whether the SUCRA differences between inter-
vention pairs were statistically significant. Consistency
and inconsistency of these relationships were evaluated
to enhance the stability of the results. Statistical signifi-
cance was set at P<0.05.

Results

Literature search and included studies

According to the search methodology, 6,594 studies were
extracted from the three databases. Following the elimi-
nation of duplicate articles and the screening of titles and
abstracts, 343 studies were retained; subsequently, upon
full-text evaluation, 310 studies were excluded. There
were 33 eligible studies that included 23,375 patients
meeting the inclusion criteria for hyperlipidemia. (Fig-
urel)Information on the included studies is listed in
Table 1. (Table 1)

Network plots of eligible comparisons

Figure 2 demonstrates that the placebo group serves as
the primary control group across all trials, with some
studies featuring pairwise comparisons among various
intervention measures. The forest plot for LDL-C (Figure
A) comprises 7 nodes, enabling 9 comparisons. The forest
plot for HDL-C (Figure B) comprises 6 nodes, enabling 8
comparisons. The forest plot for TC (Figure C) comprises
6 nodes, enabling 8 comparisons. The forest plot for TG
(Figure D) comprises 6 nodes, facilitating 8 comparisons.
Finally, the forest plot for safety evaluation (Figure E)
comprises 7 nodes, enabling 10 comparisons.
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Fig. 1 PRISMA flow diagram for search and selection of eligible studies included in the network meta-analysis

Efficacy evaluation

The paired meta-analysis results (Fig. 3) indicate sig-
nificant reductions in LDL-C with the three interven-
tion measures: Inclisiran, PCSK9 inhibitors, and statin
plus ezetimibe therapy, compared to the placebo group
(mean —49.95, 95% CI [-55.60, -40.30]; mean —44.10,
95% CI [-55.17, -33.04]; mean —45.83, 95% CI [-52.52,
-39.41]). However, no statistically significant differences
were observed among the three intervention measures
(Fig. 3A). For HDL-C and TC, all three interventions
showed improvements over the placebo group, yet no
significant differences were found among them. Regard-
ing TG, all three interventions demonstrated improve-
ments compared to the placebo, with the combination of
statin and ezetimibe therapy achieving statistical signifi-
cance over PCSK9 inhibitors and Inclisiran (mean 17.2,
95% CI [10.22, 24.19]; mean 15.61, 95% CI [16.87, 24.35]).
While Inclisiran exhibited marginally superior perfor-
mance compared to PCSK9 inhibitors, the difference
lacked statistical significance (Fig. 3B).

The assessment outcomes of all intervention interven-
tions were prioritized using SUCRA probability (Fig. 4).
It can be observed that the most effective treatment for
reducing LDL-C levels is PCSK9 inhibitor+ezetimibe
therapy (55.4%). Among the three intervention mea-
sures compared, Inclisiran ranked the highest (26.2%),
followed by PCSK9 inhibitors (11%), and then statin
plus ezetimibe therapy (7.4%) (Fig. 4A). For increasing

HDL-C levels, the most effective treatment is statin plus
ezetimibe therapy (65.4%), followed by PCSK9 inhibi-
tors (27.9%), and then Inclisiran (25.6%), with the efficacy
curves of PCSK9 inhibitors and Inclisiran being remark-
ably close (Fig. 4B). The most effective treatment for
reducing TC levels is the combination of statin and ezeti-
mibe therapy, which achieves a success rate of 91.8%. This
is followed by PCSK9 inhibitors at 5.1%, and Inclisiran at
3.1% (Fig. 4C). The interventions are ranked according to
their effectiveness in reducing TG levels as follows: statin
plus ezetimibe therapy, Inclisiran, ezetimibe, and PCSK9
inhibitors (Fig. 4D).

Safety evaluation

A pairwise meta-analysis was performed to assess the
safety of the intervention measures. No statistically sig-
nificant differences were observed between any inter-
vention group and the placebo group, as illustrated in
Fig. 5A. The ranking of safety outcomes was as follows:
PCSK9 inhibitor plus ezetimibe>statin plus ezeti-
mibe>statin>Inclisiran>PCSK9 inhibitors>ezetimibe.
(Fig. 5B) The slight superiority of inclisiran compared
to PCSK9 inhibitors may be attributable to its less fre-
quent dosing regimen. Individually, PCSK9 inhibitor
and ezetimibe demonstrate suboptimal safety profiles;
however, their combination confers an enhanced safety
profile. This observation can be elucidated by the limited
number of studies evaluating this metric, and in certain
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Table 1 Characteristics of studies used for analysis

Study year Treatment N Age Gender Baseline, mean(SD), (mg/dL), (*mmol/L) Criteria Duration
Mean(SD) (%
female)
Davidson, M. 2002 Ezetimibe +Statin 274 57.6+14 54 LDL-C 176.3(19.9), HDL-C 50.4(12.2), TG %Change of 12w
H, etal. 178.8(65.1) HDL-C, TG
and safety
Statin 263 564+155 58 LDL-C 178.5(20.0), HDL-C 51.0(10.9), TG 12w
168.7(59.8)
Ezetimibe 61 603+1225 61 LDL-C 181.3(23.0), HDL-C 51.0(11.5), TG 12w
190.3(68.2)
Placebo 70 588+1475 39 LDL-C 177.4(21.7), HDL-C 52.3(12.1), TG 12w
170.9(68.5)
Gagné, C, 2002 Ezetimibe+Statin 379 60 41 LDL-C 138(42.83), TC 218(44.78), TG 136(79.82), %Change of 8w
etal HDL-C 49(11.68) LDL-C, TC, TG,
HDL-C
Statin 390 60 43 LDL-C 139(39.5), TC 219(41.47), TG 137(75.04), 8w
HDL-C 50(11.85)
Boris Ker- 2003 Ezetimibe+Statin -+ 192 57+11 55 LDL-C 176(13.86), TC 262(27.71), TG 171(55.43), %Change of 12w
zner, et al. HDL-C 50(13.86) LDL-C, TC, TG,
HDL-C and
safety
Statin 220 56+12 60 LDL-C 178(14.83), TC 265(29.66), TG 178(59.33), 12w
HDL-C 51(14.83)
Ezetimibe 72 55+£11 57 LDL-C 178(16.97), TC 264(25.46), TG 170(59.40), 12w
HDL-C 51(8.49)
Placebo 64 58+12 63 LDL-C 178(24), TC 266(24), TG 168(64), HDL-C 12w
54(16)
Christie M. 2003  Ezetimibe+Statin -~ 255 58.7(114) 58 * LDL-C 4.65(0.64), TC 6.91(0.64), TG 1.9, HDL-C ~ %Change of 12w
Ballantyne, 1.31(0.32) TC, HDL-C
etal. and safety
Statin 248 57.8(11.7) 62 * LDL-C 4.65(0.63), TC 6.95(0.63), TG 1.7, HDL-C 12w
1.39(0.31)
Ezetimibe 65 56.7(11.7) 55 * LDL-C 4.53(0.56), TC 6.7(0.73), TG 1.6, HDL-C 12w
1.31(0.32)
Placebo 60 56.9(12.1) 52 * LDL-C 4.6(0.54), TC 6.77(0.70), TG 1.6, HDL-C 12w
1.30(0.31)
Lorenzo 2003 Ezetimibe+Statin 204 56.9(16.5) 59 * LDL-C 4.6(0.5), TG 2.0(0.7), HDL-C 1.30(0.3) %Change of 12w
Melani, et al. LDL-C, TG,
HDL-C and
safety
Statin 205 55.1(15.25) 51 * LDL-C 4.6(0.6), TG 2.0(0.7), HDL-C 1.30(0.3) 12w
Ezetimibe 64 52(12.25) 64 * LDL-C 4.6(0.6), TG 2.0(0.7), HDL-C 1.30(0.3) 12w
Placebo 65 534(11) 52 * LDL-C 4.6(0.5), TG 1.8(0.7), HDL-C 1.30(0.3) 12w
ANNE C. 2004 Ezetimibe+Statin -~ 353 52 LDL-C 175(27), TC 260(30), TG 169(93), HDL-C %Change of 12w
GOLDBERG, 51(13) LDL-C, TC, TG,
etal. HDL-C and
safety
Statin 349 52 LDL-C 175(25), TC 259(30), TG 167(89), HDL-C 12w
49(12)
Ezetimibe 92 62 LDL-C 176(26), TC 262(30), TG 163(104), HDL-C 12w
51(13)
Placebo 93 59 LDL-C 174(28), TC 258(32), TG 162(83), HDL-C 12w
50(12)
CM. BAL- 2004 Ezetimibe+Statin -+ 201 57.6(15) 61 * LDL-C 4.7(0.6), TC 6.9(0.7), TG 1.8(0.74), HDL-C = %Change of 6w
LANTYNE, 1.4(04) LDL-C, TC, TG,
etal. HDL-C and
safety
Statin 45 58.5(10.5) 49 * LDL-C 4.8(0.6), TC 7.0(0.7), TG 1.8(0.74), HDL-C ow

1.3(0.3)
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Table 1 (continued)

Study year Treatment N Age Gender Baseline, mean(SD), (mg/dL), (*mmol/L) Criteria Duration
Mean(SD) (%
female)
Harold E. 2004 Ezetimibe+Statin 609 56.4(10.6) 514 LDL-C 176.2(24.8), TC 260.8(28), TG 153.3(83.3), %Change of 12w
Bays, et al. HDL-C 51.8(13) LDL-C, TC, TG,
HDL-C and
safety
Statin 622 549(11.2) 50.6 LDL-C 177.5(25.3), TC 261.7(28.7), TG 12w
155.3(75.3), HDL-C 51(12.3)
Ezetimibe 149 555(11.0) 54.4 LDL-C 179.9(23.1), TC 264.5(26.3), TG 12w
145.5(79.1), HDL-C 52.4(12.8)
Placebo 148 56.0(10.8) 56.1 LDL-C 177.9(22.8), TC 261.6(284), TG 12w
142.8(62.6), HDL-C 52.9(13.2)
Luis Masana, 2005 Ezetimibe+Statin 355 59(15.5) 43 LDL-C 136.6(47.3), TC 216(49), TG 131(4.1), %Change of 12w
etal. HDL-C 50.1(11.9) LDL-C, TC, TG,
HDL-C and
safety
Statin 78 61(13.75) 45 LDL-C 131.4(45.6), TC 211.3(48.6), TG 128(8.4), 12w
HDL-C 51(13.4)
Alberico L. 2006 Ezetimibe+Statin 1427 55.67(10.28) 5249 145 < LDLC < 160:498(34.9%); %Change of 6w
Catapano, 160 < LDLC < 190:635(44.5%); LDL-C and
etal. LDLC > 190:345(24.28%) safety
Statin 1428 55.6(104) 56.3 145 <LDLC < 160:500(35.01%);160 < LDLC < 190 ow
:635(44.48%);LDLC > 190:346(24.23%)
Roxanne 2006 Ezetimibe+Statin 124 55.2(11.6) 61 LDL-C 176.5(23.2), TC 256.3(26.8), TG safety 12w
A.Rodney, 124.5(60.0), HDL-C 53.2(13.4)
etal.
Statin 123 53.7(11.5) 62 LDL-C 174.7(23.3), TC 253.3(27), TG 125.5(58.6), 12w
HDL-C 50.2(13.4)
L.Ose etal. 2007 Ezetimibe+Statin 544 56(14.5) 54 * LDL-C 4.6(0.6), TC 6.8(0.7), TG 1.7(0.9), HDL-C ~ %Change of 14w
1.3(0.3) LDL-C, TG, TG,
HDL-C and
safety
Statin 560 55(15.25) 52 * LDL-C 4.6(0.6), TC 6.8(0.7), TG 1.7(0.9), HDL-C 14w
1.3(0.3)
Pinakini K. 2007 Ezetimibe+Statin 114 52.19(12.2) 60 LDL-C 130.5(40.3), TC 264.1(84.9), TG %Change of 12w
Shankar, 236.3(128.6), HDL-C 41.9(7.7) LDL-C, TC, TG,
etal. HDL-C and
safety
Statin 116 51.54(10.1) 61 LDL-C 125.5(35.3), TC 258.9(69.5), TG 12w
227.2(146.8), HDL-C 41.7(7.1)
Harold Bays, 2008 Ezetimibe+Statin 539 56.7(14.5) 53 LDL-C 175.1,TC 260.7, TG 163.8, HDL-C 50.7 safety 48w
etal.
Statin 229 554(1425) 48 LDL-C 175.8,TC 259.7, TG 169, HDL-C 48.4 48w
John 2008 Ezetimibe+Statin - 359 57.7(11.8) 58 LDL-C 178.4(19.9), TC 264.5(23.7), TG %Changeof 12m
Strony(1), 175.3(59.9), HDL-C 51.1(11.9) LDL-C,TC,
etal. HDL-C and
safety
Statin 436 55.7(11.7) 56 LDL-C 178.3(21.7), TC 264.4.5(25.9), TG 2m
175.4(61.5), HDL-C 51.1(11.5)
John 2008 Ezetimibe + Statin 87 564(11.9) 49 LDL-C 178.1(23.8), TC 262.3(29.8), TG %Changeof 12m
Strony(2), 178.7(68.4), HDL-C 48.6(11.8) LDL-C,TC,
etal. HDL-C and
safety
Statin 22 60.7(84) 64 LDL-C 176.2(23.9), TC 264.024.9), TG 12m
177.0(59.9), HDL-C 52.4(10.3)
Luis A. 2008 Ezetimibe + Statin 38 50.8(13.5) 526 * LDL-C5.1(0.9), TC 7.3(1.1), TG 1.7(0.3), HDL-C  safety 12w
Alvarez-Sala, 1.5(0.5)

etal.
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Table 1 (continued)

Study year Treatment N Age Gender Baseline, mean(SD), (mg/dL), (*mmol/L) Criteria Duration
Mean(SD) (%
female)
Statin 44 493(10.6) 59.1 * LDL-C 5.6(1.5), TC 7.7(1.6), TG 1.6(0.7), HDL-C 12w
1.5(0.4)
Chih-Chieh 2012 Ezetimibe + Statin 42 61.2(10.5) 586 LDL-C 144.6(45.8), TC 213.6(48.4), TG safety 8w
Yu, et al. 140.3(59.7), HDL-C 48.4(9.1
Statin 41 54.2(10.9) 529 LDL-C 130.9(19.4), TC 207.3(28.8), TG 8w
158.5(68.1), HDL-C 52.5(11.9)
Dirk J.Blom, 2014 PCSK9 inhibitor 599 559(10.8) 516 LDL-C104.2(22.1) safety 52w
etal.
Placebo 302 56.7(10.1) 536 LDL-C104.0(21.6) 52w
Michael J. 2014  Ezetimibe 154 535(1201) 68.18 LDL-C 143.5(23.43), TG 115(52.85), HDL-C safety 12w
Koren, et al. 56.5(18.3)
Placebo 154 53.5(10.5) 73.38 LDL-C 142.3(22.06), TG 116.06(69.43), HDL-C 12w
55.48(21.95)
PCSK9 inhibitor 306 53(13.02) 66.99 LDL-C 143(22.49), TG 115.5(56.8), HDL-C 12w
55(15.33)
Eli M Roth, 2015  PCSK9 inhibi- 52 60.8(4.6) 46.2 LDL-C 141.2(27.1), TC 221.7(33.7), TG 119(47.4),  %Change of = 24w
etal. tor+ Ezetimibe HDL-C 54.3(16.1) LDL-C and
safety
Ezetimibe 51 59.6(5.3) 47.1 LDL-C 138.3(24.5), TC 223.9(30.2), TG 117(49.63), 24w
HDL-C 59.9(19.2)
Kausik K. 2017 Inclisiran 369 63.56(11.04) 3279 LDL-C 129.47(53.39), TC 211.5(62.06), TG %Change of  180d
Ray, et al. 127.37(68.6), HDL-C 48.81(13.53) LDL-C,TC,
HDL-C and
safety
Placebo 127 6239(10.84) 3858 LDL-C 126.89(47.85), TC 208.04(56.62), TG 180d
130.86(58.98), HDL-C 50.53(14.83)
Woohyeun 2018 Ezetimibe+Statin 188 62.06(9.03)  44.1 LDL-C 160.61(30.97), TC 228.78(34.85), TG %Change of 8w
Kim 153.34(65.88), HDL-C 50.69(13.52) LDL-C, TG, TG,
HDL-C
Statin 187 61.26(9.22) 412 LDL-C 160.03(31.19), TC 227.51(34.30), TG 8w
158.17(65.90), HDL-C 48.90(11.29)
Tamio 2019 PCSK9 inhibitor 107 63.1(10.1) 3832 LDL-C 151.72(47.44), TC 238.12(49.88), TG %Change of 12w
Teramoto 149.66(25.29), HDL-C 54.7(11.6) TC, TG, HDL-C
and safety
Placebo 56 64.6(10.0) 339 LDL-C 149.4(32.6), TC 234.4(37.1),TG 12w
150.5(19.88), HDL-C 54.3(10.1)
Kausik K. 2020 Inclisiran 1591 65.56(863) 30 LDL-C 105.87(40.47), TC 184.01(47.28), TG safety 540d
Ray, et al. 131.07(63.45), HDL-C 48.18(15)
Placebo 1587 6524(8.80) 28.89 LDL-C 104.24(36.69), TC 181.97(43.2), TG 540d
132.05(62.63), HDL-C 47.63(14.2)
Xuan Jin, 2020 PCSK9 inhibitor 15 72.9(6.5) 6.7 LDL-C 101.8(20), TC 179.5(27.8), TG 145.7(58.1),  safety 24w
etal. HDL-C 48.7(12.2)
Placebo 14 648(7.3) 214 LDL-C 93.4(37.9), TC 164.9(38.4), TG 121.4(58), 24w
HDL-C 44.1(11)
R. Scott 2021 Inclisiran 1833 64.1(9.98) 33.1 LDL-C 111.9(44.9), TC 190.1(50.7), HDL-C %Change of  540d
Wright, et al. 486(15) LDL-C, TC and
safety
Placebo 1822 63.9(9.87) 319 LDL-C 110.8(43.6), TC 188.6(49.3), HDL-C 540d
48.0(14.1)
FRaal,etal. 2022 Inclisiran 148 583(10.3) 412 * LDL-C 3.6(1.4), TC 5.6(1.6) %Change of  540d
LDL-C and
safety
Placebo 150 589(11.5) 46 * LDL-C 3.6(1.7) ,TC5.7(1.8) 540d
Hong Tan, 2022 PCSK9 inhibitor 159 61.05(10.17) 35.85 LDL-C 114.61(34), TC 189.8(36.42), TG %Change of 12w

etal. 128.12(48.19), HDL-C 47.95(13.17) TC and safety
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Table 1 (continued)

Study year Treatment N Age Gender Baseline, mean(SD), (mg/dL), (*mmol/L) Criteria Duration
Mean(SD) (%
female)
Placebo 82 586(1033) 2561 LDL-C 119(35.72), TC 189(40.63), TG 119(43.48), 12w
HDL-C 43.4(10.28)
Ming-Ting 2022 Ezetimibe +Statin -~ 128 53.9(124) 57 LDL-C 172.7(26.7), TC 242.6(29.9), TG safety 12w
Chou, et al. 144.9(62.1), HDL-C 54.8(16.0)
Statin 132 51.7(114) 538 LDL-C 174.9.7(27.2), TC 244.5(30.2), TG 12w
145.5(61.6), HDL-C 54.3(13.7)
Ezetimibe 128 5538(11.3) 60.2 LDL-C 172.7(25.8), TC 241.2(28.9), TG 12w
148.1(60.6), HDL-C 53.4(12.2)
Mingtong 2022 PCSK9 inhibitor 91 * |.DL-C 3.57(0.83), TC 5.26(0.25) %Change of 24w
Xu, et al. TC and safety
Placebo 19 * LDL-C 3.36(0.928), TC 5.29(0.61) 24w
Zhu Luo, 2023 Inclisiran 29 61.05(9.1) 76.67 LDL-C 126.5(21.99), TG 159.2(89.22) %Change of  90d
etal. LDL-C
Placebo 10 57.3(9.59) 60 LDL-C 133(17), TG 159.1(70.6) 90d
Michael J 2024 PCSK9 inhibitor 213 64.6(9.13) 30.5 * LDL-C 2.7(0.76), TC 4.75(1.06), TG 1.6(0.96), %Change of 12w
Koren, et al. HDL-C 1.28(0.37) LDL-C, TC, TG,
HDL-C and
safety
Placebo 54 63.1(8.6) 32 * LDL-C 2.5(0.9), TC 4.6(1.1), TG 1.7(0.9), HDL-C 12w
1.2(0.3)

Note * The unit of measurement is mmol/L; d:day; w:week; m:month

A

A.LDL-C . ° B.HDL-C C.TC

D.TG

D

Fig. 2 Network of eligible comparisons for all treatments included in the analyses. Note (A) LDL-C, (B) HDL-C, (C) TC, (D) TG, (E) safety
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Treatment Effect Mean with 95%CI and 95%Prl Treatment Effect Mean with 95%Cl and 95%Prl
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EvsA —— -24.58 (-37.74,-11.42) (-46.09,-3.07) DvsA ——— 8.65 (4.15,13.15) (-0.18,17.47)
FvsA ——— -31.60 (-47.61,-15.59) (-55.48,-7.72)
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Eveo R 136 (24.16.1.43) (-32.59.9.86) FvsB ————  15.61(6.87,24.35) (2.75,28.47)
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EvsD ———— -44.10 (-55.17,-33.04) (-64.03,-24.18)
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GvsD ———— -47.95 (-55.60,-40.30) (-65.69,-30.22) EvsD - -7.49 (-13.39,-1.58) (-17.52,2.55)
FvsE e -7.02 (-27.75,13.70) (-35.20,21.15) FvsD | 1908 (-16.98,-1.18) (-21.06.2.90)
GVsE —— -3.85 (-17.31,9.62) (-25.60,17.90)
GvsF e 3.18 (-15.94,22.30) (-23.50,29.85) FvsE —— -1.59 (-11.46,8.27) (-15.66,12.48)

T T T T T T T T
-76 -42 0 28 63 24 -10 0 19 33

Inconsistency P =0.7563

Inconsistency P =0.41

60

Fig. 3 The forest plot comparing various intervention measures in improving LDL-C and TG. (A) A: Ezetimibe, B: Ezetimibe + statin, C: statin D: Placebo,
E: PCSK9 inhibitor, F: PCSK9 inhibitor + Ezetimibe, G: Inclisiran. (B)A: Ezetimibe, B: Ezetimibe + statin, C: statin D: Placebo, E: PCSK9 inhibitor, F: Inclisiran
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Fig. 4 SUCRA for various intervention measures in improving LDL-C, HDL-C, TC and TG (A)A: Ezetimibe, B:Ezetimibe + statin, C: statin D: Placebo, E: PCSK9
inhibitor, F: PCSK9 inhibitor + Ezetimibe, G: Inclisiran (B, C, D)A: Ezetimibe, B:Ezetimibe + statin, C:statin D: Placebo, E: PCSK9 inhibitor, F: Inclisiran
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Treatment Effect Mean with 95%Cl and 95%Prl

B vsA — 0.85(0.64,1.1

C ——— 0.86 (0.65,1.1

D — 0.97 (0.70,1.3

E — 0.99 (0.65,1.5

F —_—————— 0.62 (0.21,1.8

G — 0.96 (0.59,1.5

C vs B — 1.00 (0.84,1.2

D T 1.13 (0.84,1.5:

E — T 1.16 (0.77,1.7

E —— T — 0.73 (0.23,2.2

G — 1.12(0.70,1.7

D vs C — T 1.13 (0.84,1.53,

E ——T— 1.16 (0.76,1.76.

E —— 0.72(0.23,2.24

G — 1.12(0.70,1.79,

E vsD — 1.02 (0.75,1.40:

E —_—— 0.64 (0.20,2.00

G — 0.99 (0.69,1.42

E vsE 4 0.62 20.19,2.01 0.15,2.56
G — 0.96 (0.60,1.55) (0.41,2.24
G vsF * 1.54 (0.47,5.10) (0.37,6.49)

T T T T

A
Inconsistency P =0.5033

Page 10 of 14

Cumulative Probabilities
2.4.6.81
2.46.81
2.4.6.81

12 3 45 6 7

Rank
Graphs by Treatment

Fig. 5 The forest plot (A) and SUCRA (B) for various intervention measures in safety (A, B)A: Ezetimibe, B:Ezetimibe + statin, C:statin D: Placebo, E: PCSK9

inhibitor, F: PCSK9 inhibitor + Ezetimibe, G: Inclisiran
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instances, the safety of this combination is found to be
superior. Consequently, this combination offers a relative
advantage in populations exhibiting minimal safety dis-
crepancies. However, further clinical data are necessary
to validate this finding.

Quality assessment

An RCT with a 3% bias risk was found to have inadequate
sequence generation. In terms of allocation concealment,
a significant majority of trials (69.7%) employed effec-
tive methods such as using opaque envelopes or central
randomization systems to ensure a minimal risk of bias.
Two (6.1%) trials did not mention whether participants
and personnel were blinded or not, while one (3%) was
not blinded to outcome assessment. In all RTCs, there
was only one instance each of selective reporting bias
and incomplete outcome data. In all included trials, other
biases were not clearly defined. As a result, the overall
quality of the included articles is elevated. Figures 6 and

7 illustrate the risk of bias graph and the risk of bias sum-
mary for the studies selected.

Sensitivity and publication bias

Sensitivity analysis revealed that the exclusion of any sin-
gle study or subgroup of studies with specific character-
istics had an insignificant effect on the SMD and its 95%
CI. Egger’s regression test and Begg’s adjusted rank cor-
relation test did not indicate significant publication bias.

Discussion

Recent studies have shown that the maximum reduc-
tion in LDL-C can let people benefit from ASCVD con-
tinuously without increasing significant adverse events
[30]. Therefore, it is essential to identify the most effec-
tive medication to rapidly reduce LDL-C levels. This
study compared several current common pharmaco-
logical interventions for hyperlipidemia, including tradi-
tional statin+ezetimibe therapy, PCSK9 inhibitors, and
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emerging inclisiran. Our findings indicate that inclisiran
demonstrates a greater efficacy than statins in reduc-
ing LDL-C levels, with the observed difference reach-
ing statistical significance. The SUCRA probability
indicated a degree of superiority for inclisiran; however,
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this advantage did not reach statistical significance
when comparing the combination of statin and ezeti-
mibe therapy with PCSK9 inhibitors. The combination of
conventional statin therapy with ezetimibe continues to
demonstrate greater efficacy in the reduction of TG lev-
els. No statistically significant differences were identified
among the three interventions or when compared to the
placebo group in terms of safety.

Past research has indicated that inclisiran and PCSK9
inhibitors have comparable impacts on lowering LDL-C
levels and mitigating the risk of cardiovascular events
[31]. This is like the findings of this study. However,
some studies suggested that inclisiran is slightly inferior
to PCSK9 inhibitors in lowering LDL-C [32]. This may
be due to the difference in the duration of observation,
which is usually 12 or 24 weeks for PCSK9 inhibitors and
540 days for inclisiran. PCSK9 inhibitors focus on short-
term rapid LDL-C reduction, whereas inclisiran focuses
more on long-term maintenance of low LDL-C levels,
and the difference in the duration of observation may
have an impact on the conclusions drawn. The SUCRA
probability outcomes in this study indicated that incli-
siran may be the most effective of the three therapies in
reducing LDL-C; however, the differences among them
are not statistically significant. Recent studies have dem-
onstrated that inclisiran significantly reduces LDL-C
levels [25]. Nonetheless, because inclisiran is the most
recent medication, there have been fewer studies con-
ducted, whereas traditional therapies have encompassed
a larger patient demographic; thus, additional RTCs are
necessary to establish a statistically significant difference.

Furthermore, our findings indicate that the combina-
tion of PCSK9 inhibitor and ezetimibe medication was
more effective in reducing LDL-C levels compared to the
three therapies we evaluated, as determined by SUCRA
probability. These therapies can lower PCSK9 levels,
facilitating the conversion of LDL-C receptors and pro-
moting the internalisation of LDL-C, which reduces
plasma LDL-C levels, while simultaneously decreasing
intestinal cholesterol absorption. This dual mechanism
leads to a more significant decrease in LDL-C.

Previous research has demonstrated that an increased
TG parameter not only accelerates the progression of
atherosclerosis and raises the likelihood of heart disease
[32], but also triggers the onset of diabetes [33]. And
many studies have used triglyceride combined with glu-
cose index as an insulin resistance level to evaluate meta-
bolic syndrome [33]. Therefore, controlling TG levels is of
great significance for metabolic syndrome patients with
dyslipidemia and diabetic insulin resistance. The results
of this study suggested that the most effective therapy
for lowering TG is still the traditional statin-+ezeti-
mibe therapy. This may occur because statins not only
decrease LDL-C but also enhance the activity of plasma
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lipoprotein lipase (LPL), which facilitates the degradation
of triglycerides in very low-density lipoproteins (VLDL)
and chyme particles, consequently lowering plasma TG
levels. The amalgamation of statins, which inhibit hepatic
cholesterol synthesis, and ezetimibe, which diminishes
intestinal cholesterol absorption, markedly lowers total
cholesterol levels in the body. This complementary mech-
anism also indirectly reduces VLDL production and TG
transport. This synergistic effect not only improves thera-
peutic efficacy but also reduces statin dosage and poten-
tial side effects [34].

To guarantee safety, our evaluation primarily depended
on the overall frequency of adverse events. Our investiga-
tion determined that the three therapies did not exhibit
statistically significant differences in terms of safety com-
pared to the placebo group. Based on previous studies
in the literature, the main adverse effects of statin are
muscle and liver related problems [13]. According to
SUCRA ranking, ezetimibe and statin were slightly less
safe when combined than inclisiran and PCSK9 inhibi-
tors. This may be due to competition in metabolic path-
ways. Many statins are metabolized by the cytochrome
P450 (CYP450) enzyme system in the liver, particularly
cytochrome P450 3A4(CYP3A4). Ezetimibe is predomi-
nantly metabolised by the liver via the glucuronidation
pathway. Competition within this metabolic pathway
may lead to elevated drug concentrations in the body,
thereby increasing the likelihood of adverse effects. Con-
sequently, consistent assessment of liver function and
creatine kinase levels, dosage optimisation, and vigilance
regarding drug interactions are essential measures to
ensure patient safety during statin administration.

A recent 2024 study revealed that the primary nega-
tive consequences of PCSK9 are associated with injection
site responses and the potential for infection. More-
over, it was more evident in at-risk populations, such
as those with ischemic stroke or chronic kidney disease
[35]. MK-0616, an oral PCSK9 inhibitor, has emerged as
a potential alternative to injectable treatments; however,
it is still undergoing clinical trials, and its safety and effi-
cacy require further validation before widespread clinical
application. Some studies shown the adverse events of
inclisiran were also primarily due to its injection mode.
This was like PCSK9 inhibitors, and according to clini-
cal data, injection reactions to inclisiran were mild [36].
Inclisiran, being a novel pharmacological agent, under-
goes a trial duration that spans 540 days, and its long-
term safety profile has yet to be established.

In a clinical context, it is essential to evaluate the eco-
nomic ramifications when prescribing medications.
Research findings indicate that the combination of statin
and ezetimibe therapy exhibits greater economic ben-
efits than PCSK9 inhibitors [37]. This treatment option is
cost-effective and suitable for most patients but requires

Page 12 of 14

monitoring for adverse effects. PSCK9 inhibitors cost
more than statin therapy, but he can lower LDL-C lev-
els more quickly and is given less frequently than statin
therapy. Notwithstanding its substantial initial expense,
inclisiran’s capacity to sustain low LDL-C levels over an
extended period and mitigate cardiovascular events may
yield long-term economic advantages; however, further
research is required to validate this assertion [25].
Considering the results, it is crucial to consider
patients’ specific requirements and treatment objectives
when choosing LDL-C lowering regimens in clinical set-
tings. For initial treatment, statins plus ezetimibe are
usually preferred due to their good lipid-lowering effects
and cost-effectiveness. In cases where patients exhibit
intolerance to statins or are unable to reach the target
LDL-C levels, PCSK9 inhibitors offer a robust lipid-low-
ering effect and are appropriate for individuals requir-
ing prompt and substantial reductions in LDL-C. The
predominant PCSK9 inhibitors are alirocumab and evo-
locumab, both of which can markedly decrease LDL-C
levels and diminish the risk of cardiovascular incidents.
Alirocumab provides various dosage options, includ-
ing biweekly injections of 75 mg or 150 mg, accommo-
dating patients who need flexible dosage modifications.
Evolocumab offers a monthly injection option, which
improves patient compliance. Inclisiran, characterized by
its semi-annual injection regimen, is especially advanta-
geous for patients requiring sustained and stable control
of LDL-C levels, particularly those exhibiting suboptimal
adherence to treatment protocols. The final therapeutic
choice should be individualized, considering the patient’s
clinical background, economic status, and adherence.

Limitations

Firstly, the studies in the network meta-analysis may
not be fully comprehensive because we excluded certain
groups, like people with hyperlipidemia who also have
kidney disease. Secondly, certain studies exhibited the
absence of specific indicators or the inability to extract
them, resulting in an insufficient depth of analysis.
Thirdly, the randomized controlled trials incorporated
in this study varied in treatment duration, dosage, and
administration frequency. It is possible that some unde-
rutilized databases contain literature that satisfies the
inclusion criteria, potentially influencing the results.

Conclusion

This study presents a theoretical foundation for the treat-
ment and safety assessment of three approaches to man-
aging hyperlipidemia: statin+ezetimibe therapy, PCSK9
inhibitor, and inclisiran. Inclisiran is believed to have
long-term benefits that can help lower the risk of heart
problems, making it a good option for reducing LDL
cholesterol. Conversely, the combination of statin and
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ezetimibe therapy is more cost-effective and efficacious
in lowering triglycerides. This study solely examined the
differences in efficacy and safety among the three mea-
sures, without accounting for additional factors. The
dose-response relationship requires further investigation.

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512872-024-04321-z.

[ Supplementary Material 1 ]

Author contributions

S.X.Z.and L. S performed the screening of literature and data analysis. X. Y.
XandY. L. Z examined the literature and data of the studies included. S. X. Z.
wrote and revised the manuscript. S. X. Z. and Q. L. C. conceived and designed
the study. Q. L. C. received financial support. S. X. Z. and L. S. reviewed the full
text and approved the final manuscript. All authors contributed to the article
and approved the submitted version.

Funding
None.

Data availability
All data generated or analysed during this study are included in this published
article [and its supplementary information files].

Declarations

Ethics approval and consent to participate
This is a systematic review and meta-analysis, ethics approval and consent to
participate are not applicable.

Competing interests
The authors declare no competing interests.

Received: 26 June 2024 / Accepted: 4 November 2024
Published online: 09 November 2024

References

1. YaoYS, LiTD, Zeng ZH. Mechanisms underlying direct actions of hyperlipid-
emia on myocardium: an updated review. Lipids Health Dis. 2020;19(1):23.

2. Alloubani A, Nimer R, Samara R. Relationship between Hyperlipidemia,
Cardiovascular Disease and Stroke: a systematic review. Curr Cardiol Rev.
2021;17(6):051121189015.

3. Libby P, Buring JE, Badimon L, Hansson GK, Deanfield J, Bittencourt MS,
Tokgozoglu L, Lewis EF. Atherosclerosis. Nat Rev Dis Primers. 2019;5(1):56.

4. KarrS. Epidemiology and management of hyperlipidemia. Am J Manag Care.
2017:23(9 Suppl):S139-48.

5. JacobsonTA, Ito MK, Maki KC, Orringer CE, Bays HE, Jones PH, McKenney JM,
Grundy SM, Gill EA, Wild RA, et al. National lipid association recommenda-
tions for patient-centered management of dyslipidemia: part 1-full report. J
Clin Lipidol. 2015;9(2):129-609.

6.  Bertolini S, Bon GB, Campbell LM, Farnier M, Langan J, Mahla G, Pauciullo P,
Sirtori C, Egros F, Fayyad R, et al. Efficacy and safety of atorvastatin compared
to pravastatin in patients with hypercholesterolemia. Atherosclerosis.
1997;130(1-2):191-7.

7. Black D, Davidson M, Koren M, Bakker-Arkema R, Tresh P, McLain R, Smith D,
Hunninghake D. Cost effectiveness of treatment to National Cholesterol Edu-
cation Panel (NCEP) targets with HMG-CoA reductase inhibitors. Trial design.
PharmacoEconomics. 1997;12(2 Pt 2):278-85.

8. Cholesterol Treatment Trialists C, Baigent C, Blackwell L, Emberson J, Holland
LE, Reith C, Bhala N, Peto R, Barnes EH, Keech A, et al. Efficacy and safety of
more intensive lowering of LDL cholesterol: a meta-analysis of data from
170,000 participants in 26 randomised trials. Lancet. 2010;376(9753):1670-81.

10.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

Page 13 of 14

Davidson MH, McGarry T, Bettis R, Melani L, Lipka LJ, LeBeaut AP, Suresh R,
Sun S, Veltri EP. Ezetimibe coadministered with simvastatin in patients with
primary hypercholesterolemia. J Am Coll Cardiol. 2002;40(12):2125-34.
Kloner RA. Zetia (ezetimibe). Congest Heart Fail. 2003;9(2):109-10.

Ballantyne CM, Abate N, Yuan Z, King TR, Palmisano J. Dose-comparison study
of the combination of ezetimibe and simvastatin (vytorin) versus atorvastatin
in patients with hypercholesterolemia: the Vytorin Versus Atorvastatin (VYVA)
study. Am Heart J. 2005;149(3):464-73.

Kashyap K, Bisht K, Dhar M, Mittal K. Atorvastatin-induced myositis and drug-
induced Liver Injury. J Assoc Physicians India. 2023;71(10):96-8.

Katamesh BE, Mickow AA, Huang L, Dougan BM, Ratrout BM, Nanda S,
Vincent A. Overcoming patient reluctance to statin intolerance. Kardiol Pol.
2024;82(5):485-91.

SucatoV, Ortello A, Comparato F, Novo G, Galassi AR. Cholesterol-lowering
strategies for Cardiovascular Disease Prevention: the importance of Intensive
Treatment and the simplification of Medical Therapy. J Clin Med 2024, 13(7).
Melendez QM, Krishnaji ST, Wooten CJ, Lopez D. Hypercholesterolemia: the
role of PCSK9. Arch Biochem Biophys. 2017;625-626:39-53.

Nicholls SJ. PCSK9 inhibitors and reduction in cardiovascular events: current
evidence and future perspectives. Kardiol Pol. 2023;81(2):115-22.

Katzmann JL, Laufs U. PCSK9-directed therapies: an update. Curr Opin Lipidol.
2024;35(3):117-25.

Diaz R, Li QH, Bhatt DL, Bittner VA, Baccara-Dinet MT, Goodman SG, Jukema
JW, Kimura T, Parkhomenko A, Pordy R, et al. Intensity of statin treatment
after acute coronary syndrome, residual risk, and its modification by
alirocumab: insights from the ODYSSEY OUTCOMES trial. Eur J Prev Cardiol.
2021;28(1):33-43.

Mercep |, Friscic N, Strikic D, Reiner Z. Advantages and Disadvantages of
Inclisiran: A Small Interfering Ribonucleic Acid Molecule Targeting PCSK9-A
Narrative Review. Cardiovasc Ther 2022, 2022:8129513.

Kosmas CE, Munoz Estrella A, Sourlas A, Pantou D. Inclisiran in dyslipidemia.
Drugs Today (Barc). 2021;57(5):311-9.

Frampton JE. Inclisiran: a review in Hypercholesterolemia. Am J Cardiovasc
Drugs. 2023;23(2):219-30.

Giordano S, Polimeni A, Esposito G, Indolfi C, Spaccarotella C. Inclisiran:
present and future perspectives of a new effective LDL cholesterol-lowering
agent. Curr Opin Lipidol. 2023;34(4):133-40.

ZhangY, Chen H, Hong L, Wang H, Li B, Zhang M, Li J, Yang L, Liu F. Inclisiran:
anew generation of lipid-lowering siRNA therapeutic. Front Pharmacol.
2023;14:1260921.

Kehinde |0, Akawa O, Adewumi AT, Rabbad AH, Soliman MES. PCSK9 inhibi-
tors as safer therapeutics for atherosclerotic cardiovascular disease (ASCVD):
Pharmacophore design and molecular dynamics analysis. J Cell Biochem.
2024;125(7):30581.

CowartK, Singleton J, Carris NW. Inclisiran for the treatment of Hyperlipid-
emia and for atherosclerotic Cardiovascular Disease Risk reduction: a narra-
tive review. Clin Ther. 2023;45(11):1099-104.

Koren MJ, Rodriguez F, East C, Toth PP, Watwe V, Abbas CA, Sarwat S,
Kleeman K, Kumar B, Ali'Y, et al. An Inclisiran First Strategy vs Usual Care

in patients with atherosclerotic Cardiovascular Disease. J Am Coll Cardiol.
2024;83(20):1939-52.

Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items
for systematic reviews and meta-analyses: the PRISMA statement. PLoS Med.
2009;6(7):21000097.

Hutton B, Salanti G, Caldwell DM, Chaimani A, Schmid CH, Cameron C, loan-
nidis JP, Straus S, Thorlund K, Jansen JP, et al. The PRISMA extension statement
for reporting of systematic reviews incorporating network meta-analyses

of health care interventions: checklist and explanations. Ann Intern Med.
2015;162(11):777-84.

Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, Savovic

J, Schulz KF, Weeks L, Sterne JA, et al. The Cochrane collaboration’s tool for
assessing risk of bias in randomised trials. BMJ. 2011;343:d5928.

Underberg J, Toth PP, Rodriguez F. LDL-C target attainment in second-

ary prevention of ASCVD in the United States: barriers, consequences

of nonachievement, and strategies to reach goals. Postgrad Med.
2022;134(8):752-62.

Imran TF, Khan AA, Has P, Jacobson A, Bogin S, Khalid M, Khan A, Kim S, Erqou
S, Choudhary G, et al. Proprotein convertase subtilisn/kexin type 9 inhibitors
and small interfering RNA therapy for cardiovascular risk reduction: a system-
atic review and meta-analysis. PLoS ONE. 2023;18(12):e0295359.

Mulder J, Galema-Boers AMH, Roeters van Lennep JE. First clinical experi-
ences with inclisiran in a real-world setting. J Clin Lipidol. 2023;17(6):818-27.


https://doi.org/10.1186/s12872-024-04321-z
https://doi.org/10.1186/s12872-024-04321-z

Zhang et al. BMC Cardiovascular Disorders

33.

34.

35.

36.

(2024) 24:629

Tao LC, Xu N, Wang TT, Hua F, Li JJ. Triglyceride-glucose index as a marker
in cardiovascular diseases: landscape and limitations. Cardiovasc Diabetol.
2022;21(1):68.

Laufs U, Parhofer KG, Ginsberg HN, Hegele RA. Clinical review on triglycerides.

Eur Heart J. 2020;41(1):99-c109.

Goodman SG, Steg PG, Szarek M, Bhatt DL, Bittner VA, Diaz R, Harrington
RA, Jukema JW, White HD, Zeiher AM, et al. Safety of the PCSK9 inhibitor
alirocumab: insights from 47 296 patient-years of observation. Eur Heart J
Cardiovasc Pharmacother. 2024;10(4):342-52.

Agarwala A, Asim R, Ballantyne CM. Oral PCSK9 inhibitors. Curr Atheroscler
Rep. 2024;26(5):147-52.

37.

Page 14 of 14

Xiang Y, Gan L, Du H, Hao Q, Aertgeerts B, Li S, Hu M. Cost-effectiveness of
adding ezetimibe and/or PCSK9 inhibitors to high-dose statins for secondary
prevention of cardiovascular disease in Chinese adults. Int J Technol Assess
Health Care. 2023;39(1):e53.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Efficacy and safety of inclisiran versus PCSK9 inhibitor versus statin plus ezetimibe therapy in hyperlipidemia: a systematic review and network meta-analysis
	﻿Introduction
	﻿Materials and methods
	﻿Registration

	﻿Search strategy and data extraction
	﻿Study selection
	﻿Outcome measures
	﻿Statistical analysis

	﻿Results
	﻿Literature search and included studies

	﻿Network plots of eligible comparisons
	﻿Efficacy evaluation
	﻿Safety evaluation
	﻿Quality assessment
	﻿Sensitivity and publication bias

	﻿Discussion
	﻿Limitations

	﻿Conclusion
	﻿References


