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Abstract
Background: The comparative efficacy and safety of PCSK9 inhibitors, statins, and ezetimibe to lower lipid levels in patients with
hypercholesterolemia remain unknown.We aimed to investigate the benefits and harms of the lipid-lowering agents in these patients.

Methods: PubMed, Embase, and the Cochrane Library were searched from January 1, 2000 to June 1, 2018 for relevant
randomized controlled trials (RCTs). Frequentist network meta-analysis was used to pool all estimates. Ranking probabilities were
used to rank the comparative effects of all drugs against placebo.

Results: Eighty-four RCTs enrolled 246,706 patients were included. Most of the included were assessed as low risk of bias. The
probabilities of PCSK9 inhibitors that ranked first in improving lipid outcomes were all 100%. The probability of statins that ranked first
in reducing the risk of cardiovascular (CV) events was 60.6%, and the probability of PCSK9 inhibitor was 37.1%, while no significant
difference of efficacy in reducing CV events was observed between the 2 agents (odds ratios [OR] 0.98, 95% CI 0.87–1.11). Statin
ranked first in reducing all-cause and CV death. Compared with placebo, statins were associated with reduced risks of all-cause (OR
0.90, 95% CI 0.85–0.96) and CV death (OR 0.83, 95% CI 0.75–0.91) while PCSK9 inhibitors and ezetimibe were not. No agents
caused adverse events (including neurocognitive events), except that statins therapy significantly increases the levels of alanine
aminotransferase (ALT) (OR 1.89, 95% CI 1.42–2.51) and creatine kinase (CK) (OR 1.45, 95% CI 1.09–1.93) and the incidence of
diabetes (OR 1.13, 95% CI 1.02–1.26).

Conclusions: PCSK9 inhibitors were the most effective lipid-lowering agents in improving lipid levels. Furthermore, PCSK9
inhibitors achieved similar CV benefits like statins, while PCSK9 inhibitors were not associated with any increased risk of statin-related
side-effects. Thus, PCSK9 inhibitors may also be recommended as promisingly first-line lipid-lowering treatment for patients with
hypercholesterolemia, especially for these with statins intolerance or resistance.

Abbreviations: t2 = Tau2, ALT = alanine aminotransferase, CI = confidence interval, CK = creatine kinase, CV = cardiovascular,
HDL = high density lipoprotein, LDL-C = low-density lipoprotein cholesterol, OR = odds ratio, PCSK9 = proprotein convertase
subtilisin/kexin type 9, RCT = randomized controlled trials, SMD = standardized mean difference, TC = total cholesterol.
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1. Introduction

During the past 2 decades, statins have been treated as the
principal pharmacological agents for reducing low-density
lipoprotein cholesterol (LDL-C) and improving cardiovascular
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(CV) outcomes both in primary and secondary prevention of
adults with hypercholesterolemia.[1,2] Nevertheless, a part of
patients with hypercholesterolemia still fail to achieve the LDL-C
target recommended by current guidelines, and some discontinue
therapy due to statin-related side effects.[3,4] The problems are
persistent even when treated with combination of statins and
other lipid-modifying agents,[5] which highlights the requirement
of a more effective and safe lipid-lowering therapy.
Several lipid-lowering agents, such as torcetrapib,[6] fenofi-

brate,[7] and niacin,[8] had been developed to fulfill lipid
management need, but none demonstrated a benefit in terms
of CV outcomes, despite they showing salutary effects in
improving lipid levels. Proprotein convertase subtilisin/kexin
type 9 (PCSK9) inhibitors, which are human monoclonal
antibodies that bind human PCSK9 with high affinity to reduce
LDL-C concentrations by decreasing the degradation of the LDL
receptor available to recycle to the hepatocyte cell surface,[9] are
novel agents for LDL-C reduction, more importantly with
demonstrated effects of improving CV outcomes.[10]

Two types of PCSK9 inhibitors, alirocumab, and evolocumab,
had been approved by the Food and Drug Administration for
marketing, and both substantially reduced LDL-C level by
approximately 50% to 60%,[11–14] with an apparently more
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effective lipid-lowering profile than statins and ezetimibe.
Consequently, the pharmacology of lipid-lowering agents is
becoming complex with the introduction of PCSK9 inhibitors,
but whether the more intensive lipid-lowering therapies with
PCSK9 inhibitors produce greater CV benefit than that of statins,
and like statins, increase the levels of creatine kinase (CK) and
alanine aminotransferase (ALT) and the incidence of new-onset
diabetes is largely unknown, mainly due to a lack of head-to-head
trials in current clinical setting. Understanding these questions is
expected to be of great value for guiding the clinical management
of dyslipidaemia. Although relevant meta-analyses[15–17] have
been published or is being processed (CRD42017067529), these
studies either omitted to focus on the efficacy and safety of PCSK9
inhibitors relative to placebo or missed some important large-
scale randomized controlled trials (RCTs),[2,18–21] thus were
unable or lack the power to reveal the comparative benefits and
harms between PCSK9 inhibitors and statins. We, therefore,
conducted an update network meta-analysis by summarizing up
both direct and indirect evidence to evaluate and rank the
comparative efficacy and safety among PCSK9 inhibitors, statins,
and ezetimibe in patients with hypercholesterolemia.
2. Methods

We conducted and reported this systematic review with network
meta-analysis in accordance with the extension of the Preferred
Reporting Items of Systematic Reviews and Meta-Analyses
(PRISMA) statement. (Table S1, http://links.lww.com/MD/
C802)[22]
1.1. Data sources and searches

PubMed, Embase, and the Cochrane Library Central Register of
Controlled Trialswere searched for relevant RCTs between January
1, 2000 and June 1, 2018. Backgroundmedication used in the trials
published before 2000was different from that in the trials published
after 2000. The different background medication is an important
confounding factor that may cause potential bias for network
comparisons. Therefore, we excluded the trials published before
2000 and searched evidence from 2000. Manual search was
performed by searching the bibliographies of relevant meta-
analyses, reviews, and the major CV conferences (European Society
of Cardiology Congress and American College of Cardiology
Congress) held in the past two years (the detail sources were listed in
supplementary materials, http://links.lww.com/MD/C802). The
following key words were used: “hydroxymethylglutaryl-CoA
reductase inhibitors,” “statins,” “ezetimibe,” “pcsk9,” “AMG
145,” “alirocumab,” “hypercholesterolemia,” and “randomized
controlled trial.”The detailed retrieval strategies for the 3 databases
are shown in the Table S2, http://links.lww.com/MD/C802.
1.2. Study selection and outcomes

The RCTs from phase 2 or higher that evaluating statins,
ezetimibe, and PCSK9 inhibitors monotherapy and comparing
them against each other or placebo in adults with hypercholes-
terolemia were included. Eligible trials should report at least one
of the outcomes listed below. Trials with follow-up shorter than 6
weeks or performed on children or adolescents were excluded.
No restrictions on language or sample size were applied. Lipid
data were percentage change from baseline in LDL-C, high-
density lipoprotein (HDL) cholesterol, and total cholesterol (TC)
level. Efficacy endpoints were CV events, all-cause mortality, and
2

CV mortality. Safety outcomes were serious adverse events,
neurocognitive event, new-onset diabetes, and elevation of serum
CK (3 to 10 folds increase) and ALT level (3 to 10 folds increase).
1.3. Data extraction and quality assessment

Two authors of us independently selected studies and extracted
data; any discrepancies were resolved after discussing with a third
reviewer. Basic characteristics and outcome data of eligible trials
were extracted into an Excel (Microsoft Corporation) table.
Trials were defined to have baseline characteristic of background
statins therapy if statins had been prescribed for patients before
enrollment or been prescribed for patients during study for both
intervention and control group in equal doses. Whenmore than 1
publication originated from the same registration study, the
report with the most complete data would be extracted; if
discrepancies remained, then we selected the 1 with the longest
follow-up. We extracted the doses of PCSK9 inhibitors that had
been tested in phase 3 RCTs.We considered the patients allocated
to the intervention or control group if background lipid-lowering
agents were administrated to patients in both the intervention
and control group of the trial in equivalent doses. For example, if
statins were administered to participants in addition to ezetimibe
in both the intervention and the control arm of the trial in
equivalent dose, we will consider participants as allocated to
ezetimibe and control. The recommended tool for assessing the
risk of bias in the Cochrane Collaboration guidelines was utilized
to assess the quality of the eligible studies.[23]
1.4. Statistical analysis

We conducted a pairwise meta-analysis and a network meta-
analysis successively. First, we did a standard pairwise meta-
analysis using a random-effects model. We estimated the relative
therapeutic effects of pairwise comparisons with odds ratios (OR)
for dichotomous outcomes (CV events, all-cause mortality, and
CV mortality, serious adverse events, neurocognitive event, new-
onset diabetes, and elevation of serum CK and ALT) and
standardized mean differences (SMD) for continuous outcomes
(LDL-C, HDL, and TC) with 95% confidence interval (CI). We
used the percentage change from baseline to calculate the change
of lipid levels before and after treatment. Heterogeneity in these
analyses was assessed by I2 test and tau2 (t2) value. Second, we
conducted frequentist network meta-analysis to compare differ-
ent agents.[24,25] Random-effects model was used to pool
estimates for both pairwise and network meta-analysis. To
obtain the treatment hierarchy for each outcome, we used the
surface under the cumulative ranking probabilities, rankograms,
mean ranks to estimate the relative ranking probability of each
lipid-lowering agent.[26,27]

In this network meta-analysis, we assumed a common
heterogeneity variable across different comparisons (t2 value).
t2 represents the absolute extent of variability beyond sampling
error. For all outcomes, the extent of heterogeneity was
investigated by comparing magnitude of heterogeneity variance
for the network with the quartiles of empirical distributions.[28]

The extent of heterogeneity was judged as low heterogeneity if the
t2 was disturbed below 25% of that outcome or comparison, as
moderate heterogeneity if the t2 between 25% and 75%, and as
high heterogeneity if the t2 above 75%. Inconsistency was
assessed using 3 methods. First, we used the loop-specific
approach to assess the difference between direct and indirect
estimates of specific treatment comparison (inconsistency factor)
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in each closed loop. The loops were identified as inconsistent if
the 95% CI did not include zero. Second, we used the node-
splitting method, which divided evidence of a specific comparison
into direct and indirect and estimated the indirect therapeutic
effect of the specific comparison after splitting the direct 1.[30]

Third, we utilized the design-by-treatment interaction model of
Higgins and colleagues to check the consistency of the entire
network.[31] Network meta-regression was used to further
evaluate the possible existence of small-study effects in network
of interventions.[32]

We performed meta-regression analysis in order to adjust the
effects of covariates (confounding factors: the baseline LDL-C
levels, the absolute LDL-C reduction, follow-up duration.
Sensitivity analyses were performed by limiting trials to have
following characteristics: with background statin therapy,
without background statin therapy, adjusted follow-up, fol-
low-up longer than 1 year, secondary prevention, reports
published after 2008, and baseline LDL-C level lower than
130mg/L.
Figure 1. The process

3

All procedures were performed and analyzed using Stata
version 13 (Stata Corp, College Station, TX) with the mvmeta
commands[33–35] and the previously described self-programmed
Stata routines.[26]
2. Results

In this study, 4863 citations (2026 in Embase, 1449 in PubMed,
1336 in the Cochrane Central Register of randomized trials, and
52 in manual search) met our inclusion and exclusion criteria.
After removal of duplicates, 2418 citations remained. Of these,
2072 citations were excluded based on the title or abstract. Three
hundred forty-six citations were retrieved for full-text screening;
among them, 262 citations were excluded for various reasons
(not RCT, wrong population, wrong intervention, with no
predefined outcome, ongoing trials without published results,
repeated publication). Finally, 84 studies were eligible for the
criteria and all of them were included in meta-analysis. The full
selection process is shown in Figure 1. Generally, all eligible
of study selection.
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studies were generally judged as low risk of bias as assessed by
tool for assessing the risk of bias in the Cochrane Collaboration
guidelines (Fig S1, http://links.lww.com/MD/C802).

2.1. Basic characteristics of included trials

The baseline characteristics of the included studies are
summarized in Table S3, http://links.lww.com/MD/C802.
Eighty-four RCTs enrolled 246,706 patients were included.
Statin-related trials had the largest number (33 trials with
152,037 patients) compared with those of ezetimibe (22 trials
with 27,567 patients), and PCSK9 inhibitors (29 trials with
67,102 patients). All the included studies were conducted on
multicenter except that 4 statin-related and 3 ezetimibe-related
studies were conducted on single center. The median duration
of statin-related trials was 3.2 years, longer than those of
ezetimibe (0.3 years) and PCSK9 inhibitor (0.5 years). Statins
and ezetimibe group were both the most common intervention
groups, followed by PCSK9 inhibitors group. The mean ages
(61.3, 60.1, and 60.0 years), baseline LDL-C (141.7, 156.2, and
144.0mg/dL), baseline HDL cholesterol (47.3, 48.9, and 49.0
mg/dL), and baseline triglyceride levels (163.3, 168.5, and
156.5mg/dL) of participants, and the percentage of participants
with history of hypertension (54.5%, 43.6%, and 53.1%),
diabetes mellitus (27.9%, 17.7%, and 22.9%), and coronary
artery disease (62.5%, 48.1%, and 50.1%) across statins,
ezetimibe, and PCSK9 inhibitors-related trials were all
approximately the same.
2.2. Lipid levels

Seventy-one trials involving 210,068 participants provided the
outcome data for LDL-C, 60 with 204,432 participants for HDL
cholesterol, and 60 with 204,432 participants for TC. The
network estimates for LDL-C, HDL cholesterol, and TC are
respectively presented in Figure 2. Compared with placebo,
PCSK9 inhibitor ranked first (probabilities of ranking first for
lipid levels were all 100%) for improving LDL-C (SMD �50.76,
95% CI �58.26 to �43.26), HDL cholesterol (7.73, 6.11–8.63),
and TC levels (�35.81, �39.53 to �32.09), followed by statin
that ranked second for improving LDL-C (�34.03, �44.21 to
�23.84), HDL cholesterol (4.17, 2.78–5.57), and TC levels
(-24.75, -28.66–-20.85) and ezetimibe that ranked last for
improving LDL-C (�18.70,�25.80 to�11.59), HDL cholesterol
(2.43, 1.32–3.53), and TC levels (�13.75, �16.73 to �10.78).
(Fig S2A–S2C, http://links.lww.com/MD/C802)

2.3. CV events

Fifty-eight trials with 226,368 participants for CV events were
included in the analysis of CV events. The network map of
eligible comparisons for CV events is presented in Fig S3, http://
links.lww.com/MD/C802, which has no direct comparisons
between statin and PCSK9 inhibitor. The detailed analyses of
pairwise comparisons for CV events are listed in Table 1. The
network estimates of CV events among the 3 lipid-lowering
agents and placebo are presented in Figure 3. No firm ranking
results could be made based on rankograms, but generally statin
ranked first (OR 0.80, 95%CI 0.76–0.85; probability of ranking
first = 60.6%), PCSK9 inhibitor second (0.82, 0.74–0.92;
probability of ranking first = 37.1%), and ezetimibe (0.88, 0.76–
1.01; probability of ranking first = 2.3%) last for decreasing CV
events as compared with placebo. (Fig S4, http://links.lww.com/
4

MD/C802) Statins (0.98, 0.87–1.11) were equal to PCSK9
inhibitors for decreasing CV events.

2.4. All-cause and CV mortality

Seventy-two trials involving 228,992 participants provided the
outcome data for all-cause mortality, and 61 with 223,356
participants for CV mortality. The network map of all-cause and
CV mortality was similar with CV events. The detailed pairwise
comparisons for all-cause and CV mortality are provided in
Table 1. The network estimates for all-cause and CV mortality
are respectively presented in Fig. 3. Statins (0.90, 0.85–0.96)
ranked first, PCSK9 inhibitors (0.90, 0.79–1.04) second and
ezetimibe (0.96, 0.83–1.11) last for improving all-cause mortality
compared with placebo. (Fig S5A, http://links.lww.com/MD/
C802) A similar finding was also observed in analysis of CV
mortality. (Fig S5B, http://links.lww.com/MD/C802) However,
statins were not superior to PCSK9 inhibitors for improving all-
cause mortality (1.00, 0.87–1.16) and CV mortality (0.88, 0.69–
1.11).
2.5. Serious adverse events and neurocognitive events

Clinical data for the 3 agents were lacking in analysis of
neurocognitive adverse event, especially for ezetimibe. The
network estimates of safety outcomes were provided in Figure 4.
Although ezetimibe ranked first in reducing serious adverse
events (Fig S6A, http://links.lww.com/MD/C802), none of the
PCSK9 inhibitors (0.98, 0.94–1.03), statins (0.99, 0.94–1.03), or
ezetimibe (0.87, 0.67–1.13) were associated with significant
increase of serious adverse events as compared with placebo.
However, compared with placebo, ezetimibe (3.94, 1.18–13.12)
was associated with increased rate of neurocognitive adverse
events while PCSK9 inhibitors (1.26, 0.80–2.00) and statin were
not (0.97, 0.51–1.86). Statins ranked first in reducing neuro-
cognitive adverse events compared with other interventions. (Fig
S6B, http://links.lww.com/MD/C802)

2.6. Statin-related side effects and new-onset diabetes

Seventy-one trials involving 210,068 participants provided the
outcome data for outcome of CK, 60 with 204,432 participants
for outcome of ALT, and rare data were available for analyzing
outcome of new-onset diabetes. The network estimates of safety
outcomes are provided in Figure 5. Generally, statin ranked first
in increasing the incidences of statin-related side-effects and new-
onset diabetes as compared with other interventions.
(Figure S7A–S7C, http://links.lww.com/MD/C802) Compared
with placebo, only statins were associated with elevation of ALT
(1.89, 1.42–2.51) and CK levels (1.45 1.09–1.93), and increase of
new-onset diabetes (1.13, 1.02–1.26), while PCSK9 inhibitor and
ezetimibe were not.

2.7. Additional analyses

Our main results for CV events were not significantly changed in
predefined sensitivity analyses (Table 2). In meta-regression
analyses, the intervention effects and ranking results for CV
outcome were substantially unchanged after correcting baseline
LDL-C level, follow-up duration, and baseline CAD percentage,
while the intervention effects, heterogeneity, and ranking results
were probably changed after the adjustment of the absolute LDL-
C reduction. (Table 3). No significantly visual tendency suggested
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Figure 2. The relative efficacies of PCSK9 inhibitors, statins, ezetimibe, and placebo for improving LDL cholesterol, HDL cholesterol, and total cholesterol level in
patients with hypercholesterolemia. Data are presented with standard mean difference and 95% confidence intervals. HDL=high-density lipoprotein, LDL= low-
density lipoprotein, PCSK9=proprotein convertase subtilisin-kexin type 9 serine protease.
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that active treatment effects of CV events (Fig S8A, http://links.
lww.com/MD/C802), all-cause mortality (Fig S8B, http://links.
lww.com/MD/C802), and CV mortality (Fig S8C, http://links.
lww.com/MD/C802) were affected by small-study, findings that
5

were further confirmed by network meta-regression analysis. The
extents of heterogeneities for network meta-analysis of major
outcomes (CV events, all-cause mortality and CVmortality) were
all low heterogeneity. (Table S4, http://links.lww.com/MD/
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Table 1

Pairwise and network estimates of the 3 lipid-lowering agents on major clinical outcomes.

Odds ratio (95% CI)

Direct comparisons/participants (n/N) Pairwise meta-analysis Network meta-analysis

Cardiovascular events
Statins vs Placebo 29/139233 0.80 (0.76, 0.85) 0.80 (0.76, 0.85)
PCSK9 inhibitor vs Placebo 15/62714 0.79 (0.68, 0.92) 0.82 (0.74, 0.92)
Ezetimibe vs Placebo 17/23977 0.91 (0.85, 0.96) 0.88 (0.76, 1.01)
Statins vs Ezetimibe 5/1969 NA 0.92 (0.79, 1.06)
PCSK9 inhibitor vs Ezetimibe 8/3134 1.18 (0.65, 2.16) 0.83 (0.79, 1.11)
Statins vs PCSK9 inhibitor 0/0 NA 0.98 (0.87, 1.11)

All-cause mortality
Statins vs Placebo 36/143995 0.91 (0.86, 0.96) 0.90 (0.85, 0.96)
PCSK9 inhibitor vs Placebo 20/60169 0.87 (0.71, 1.07) 0.90 (0.79, 1.04)
Ezetimibe vs Placebo 17/24312 0.92 (0.75, 1.14) 0.96 (0.83, 1.11)
Statins vs Ezetimibe 5/1969 NA 0.94 (0.81, 1.09)
PCSK9 inhibitor vs Ezetimibe 11/3999 0.23 (0.05, 1.03) 0.94 (0.77, 1.14)
Statins vs PCSK9 inhibitor 0/0 NA 1.00 (0.87, 1.16)

Cardiovascular mortality
Statins vs Placebo 27/134059 0.83 (0.75, 0.92) 0.83 (0.75, 0.91)
PCSK9 inhibitor vs Placebo 20/63501 0.99 (0.87, 1.13) 0.94 (0.76, 1.17)
Ezetimibe vs Placebo 17/24312 1.00 (0.89, 1.12) 1.02 (0.79, 1.30)
Statins vs Ezetimibe 5/1969 NA 0.81 (0.62, 1.06)
PCSK9 inhibitor vs Ezetimibe 11/3999 0.44 (0.08, 2.37) 0.93 (0.67, 1.28)
Statins vs PCSK9 inhibitor 0/0 NA 0.88 (0.69, 1.11)

The 3 lipid-lowering agents including statin, ezetimibe, and PCSK9 inhibitor. Major clinical outcomes were all-cause mortality, cardiovascular events, and cardiovascular mortality. CI= confidence interval, NA=
not applied, PCSK9=proprotein convertase subtilisin/kexin type 9.
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C802) Generally, no inconsistency was detected by the loop-
specific approach (Table S5, http://links.lww.com/MD/C802),
design-by-treatment interaction model (Table S6, http://links.
lww.com/MD/C802), and node-splitting method (Table S7,
http://links.lww.com/MD/C802) in analyzing all the efficacy
and safety outcomes.
3. Discussion

The current network meta-analysis (comprising 84 trials with
246,706 patients) provides unified hierarchies of evidence for
statins, ezetimibe, and PCSK9 inhibitors in patients with
hypercholesterolemia, overcoming the lack of comparative data
in head to head trials. Our findings were summarized as follows:
1)
 of the 3 lipid-lowering agents, PCSK9 inhibitors were the most
effective agent in improving lipid levels;
furthermore, PCSK9 inhibitors were associated with similar
2)

decreased risk of CV events as statins;
however, no significant CV protective effect of ezetimibe was
3)

identified as compared with placebo;
only statins were associated with reduced risks of all-cause and
4)

CV death;
compared with placebo, all the lipid-lowering agents
5)

conferred an equal risk profile regarding safety outcomes,
except that statins significantly increase the levels of ALT and
CK and incidence of new-onset diabetes.

Generally, our results suggested that treatments with statins
and PCSK9 inhibitors were associated with nearly identical
decrease of CV events in patients with hypercholesterolemia
although PCSK9 inhibitors reduced LDL-C level by a greater
extent than statins. The strength of the present study is that our
findings were consistent after taking into account the possible
confounding factors (the background statins therapies, initial
LDL-C level, follow-up duration, and publication date). First, a
6

part of trials included in the present study was conducted on
patients who were already on background statins therapy that
was thought to have possible synergistic effect with PCSK9
inhibitor.[36] However, the similarly hierarchical evidences as our
main results for analyzing CV events were presented between
statins and PCSK9 inhibitors in patient subgroup analyses
stratified according to with or without background statins use, in
line with the results of recent FOURIER trial[10] in which a
consistent CV benefit was achieved with PCSK9 inhibitors
therapy across different intensity of background statins use. The
results of current subgroup analyses were also supported by the
recent Mendelian randomization study[37] in which the effects of
variants in PCSK9 and variants in HMGCR were found to be
independent and additive. Second, our analyses did not show that
the CV outcome in our study was influenced by baseline LDL-C
level, for similar comparative effects of CV outcome among the 3
agents were observed when using baseline LDL-C level as a
covariate in meta-regression analysis. Likewise, previous Cho-
lesterol Treatment Trialists’ Collaboration meta-analysis,[38] and
recent RCTs of IMPROVE-IT[18] and FOURIER[10] all did not
find that CV benefits obtained by lipid-lowering therapy were
varied across the range of baseline LDL-C levels. Third, in view of
the fact that the follow-up duration of included trials in our study
was varied, we accounted for this fact by using person-year
instead of the total number of participants to estimate network
OR. Moreover, we performed sensitivity analysis based on trials
with follow-up duration longer than 1 year in order to test the
robustness of our findings in long-term follow-up. As a result,
both analyses were consistent with ourmain finding for analyzing
CV events. Finally, the present study replaced RCTs published
before 2000 with the latest large RCTs of statin and ezetimibe
such as primary prevention trial of HOPE3,[39] and second
prevention trial of IMPROVE-IT[18] and HIJ-PROPER.[40]

Through this replacement, we not only kept a contemporaneity
across the included trials, but also guaranteed a balance of CV
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Figure 3. The relative benefits of statins, PCSK9 inhibitors, ezetimibe, and placebo against cardiovascular events, all-cause mortality and cardiovascular mortality
in patients with hypercholesterolemia. Data are presented with odds ratios and 95% confidence intervals. PCSK9=proprotein convertase subtilisin-kexin type 9
serine protease.
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risk profile, lifestyles, and the rate of use of evidence-based CV
pharmacotherapies among the 3 categories of trials. To sum up,
the 4 aspects mentioned above may indicate that our view of no
significant difference of CV benefit between patients who received
7

PCSK9 inhibitors and those received statins therapies was
reasonable and robust.
Moreover, our network estimates showed that ezetimibe was

not associated with significant reduction of CV events as
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Figure 4. The relative benefit of statins, PCSK9 inhibitors, ezetimibe, and placebo against adverse events and neurocognitive events in patients with
hypercholesterolemia. Data are presented with odds ratios and 95% confidence intervals. PCSK9=proprotein convertase subtilisin-kexin type 9 serine protease.
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compared with placebo. This result may attribute to the
inclusion/exclusion criteria of the current analysis. In the present
study, major clinical outcomes with respect to ezetimibe focused
on the efficacy of ezetimibe relative to placebo rather than
ezetimibe plus statins relative to placebo. Thus, 2 large scale
ezetimibe-related RCTs, SEAS,[41] and SHARP[42] studies, both
of which have sufficient power and consistent views to comment
on events but investigated the efficacy of ezetimibe plus statins
8

relative to placebo, were excluded. In addition, treatment with
ezetimibe alone lowered LDL-C level by a small extent, 19%
reduction from baseline as showed by our lipid outcomes, which,
according to previous meta-analysis,[43] yielded a slight decrease
in CV risk. A case in point is the 2 large scale RCTs,
ENHANCE,[44] and HIJ-PROPER,[40] in which both ezetimibe
group reduced LDL-C by about 16% while failed to show a
significant decrease in rate of CV events as compared with
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Figure 5. The relative benefits of statins, PCSK9 inhibitors, ezetimibe, and placebo against new-onset diabetes, and the elevation of alanine aminotransferase and
creatine kinase levels in patients with hypercholesterolemia. Data are presented with odds ratios and 95% confidence intervals. PCSK9=proprotein convertase
subtilisin-kexin type 9 serine protease.
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placebo. Collectively, given the uncertain CV benefit of
ezetimibe in the absence of statins and its low intensity lipid-
lowering effect, combination data from previous SEAS[41] and
SHARP[42] trials and current analyses, in accordance with
9

recent 2016ESC/EAS guideline for the management of
dyslipidaemia, would again suggest that ezetimibe is appropri-
ately served as an adjuvant agent in combination with statins
rather than used alone.
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Table 2

Sensitivity analyses for cardiovascular
∗
events.

Stratified factors
Statins vs
placebo

Ezetimibe vs
placebo

PCSK9 vs
placebo

Ezetimibe
vs statins

PCSK9
vs statins

PCSK9 vs
ezetimibe

With baseline statins therapy 0.86 (0.80, 0.92) 0.92 (0.83, 1.02) 0.84 (0.76, 0.93) 1.07 (0.95, 1.22) 0.98 (0.87, 1.11) 0.91 (0.79, 1.05)
Without baseline statins therapy 0.78 (0.72, 0.84) 0.71 (0.25, 2.23) 0.53 (0.32, 0.90) 0.92 (0.32, 2.66) 0.69 (0.40, 1.17) 0.75 (0.26, 2.21)
With adjusted follow-up duration 0.83 (0.78, 0.87) 0.94 (0.81, 1.08) 0.83 (0.73, 0.94) 1.13 (0.98, 1.32) 1.01 (0.88, 1.15) 0.89 (0.74, 1.07)
Follow-up duration >1 year 0.80 (0.76, 0.85) 0.92 (0.79, 1.08) 0.81 (0.71, 0.93) 1.15 (0.97, 1.35) 1.01 (0.87, 1.17) 0.88 (0.72, 1.08)
Secondary prevention of participants 0.86 (0.81, 0.91) 0.90 (0.82, 0.99) 0.85 (0.76, 0.95) 1.05 (0.94, 1.16) 0.99 (0.87, 1.12) 0.95 (0.82, 1.09)
Published data after 2008 0.74 (0.63, 0.88) 0.92 (0.74, 1.15) 0.82 (0.69, 0.98) 1.24 (0.94, 1.64) 1.11 (0.86, 1.42) 0.89 (0.68, 1.17)
Baseline LDL level <130mg/dL 0.81 (0.74, 0.89) 0.91 (0.74, 1.12) 0.83 (0.70, 0.98) 1.12 (0.89, 1.41) 1.03 (0.85, 1.24) 0.92 (0.71, 1.19)
Excluding FOURIER trial 0.80 (0.76,0.85) 0.92 (0.79,1.07) 0.80 (0.66,0.96) 1.14 (0.97,1.35) 0.99 (0.82,1.21) 0.87 (0.69,1.10)
Excluding ODYSSEY OUTCOMES trial 0.80 (0.75,0.88) 0.91 (0.80,1.09) 0.80 (0.70,0.95) 1.16 (0.95,1.34) 1.00 (0.80,1.18) 0.88 (0.69,1.13)
Excluding IMPROVE-IT trial 0.80 (0.76,0.85) 0.93 (0.71,1.22) 0.82 (0.72,0.94) 1.16 (0.87,1.53) 1.02 (0.88,1.18) 0.88 (0.66,1.19)

IMPROVE-IT= the Improved Reduction of Outcomes: Vytorin Efficacy International Trial, LDL= low density lipoprotein, PCSK9=proprotein convertase subtilisin-kexin type 9 serine protease.
∗
Data presented as odds ratio and its 95% confidence interval. FOURIER= the Further Cardiovascular Outcomes Research with PCSK9 Inhibition in Subjects with Elevated Risk trial.
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Additionally, present study, consistent with previous systemic
reviews,[1,46] showed that statins were associated with significant
reduction of all-cause mortality and CV mortality in adults with
hypercholesterolemia. However, treatments with ezetimibe and
PCSK9 inhibitor did not result in improvement of all-cause and
CV mortality, though they showed potential or certain benefits
for prevention of CV diseases. This finding was possibly related
to the low number of death in participants with ezetimibe and
PCSK9 inhibitor therapy, as compared with 5176 deaths
occurred in statin group during follow-up, there are only 1268
and 470 deaths respectively occurred in ezetimibe group and
PCSK9 inhibitor group. In addition, a delay between the onset of
LDL-C reduction and the improvement of survival and CV
Table 3

Meta-regression analysis of cardiovascular events adjusted by prede

Treatment OR (95% CI) relative to placebo T

Before adjustment
Statin 0.80 (0.76, 0.85) 0
PCSK9 inhibitor 0.79 (0.68, 0.92)
Ezetimibe 0.91 (0.85, 0.96)
Placebo NR

Baseline LDL-C level
Statin 0.79 (0.71, 0.88) 0
PCSK9 inhibitor 0.80 (0.67, 1.01)
Ezetimibe 0.90 (0.74, 0.94)
Placebo NR

Absolute LDL-C reduction
∗

Statin 1.05 (0.59, 1.87) 0
PCSK9 inhibitor 0.87 (0.54, 1.41)
Ezetimibe 0.87 (0.74, 1.01)
Placebo NR

Follow-up duration
Statin 0.79 (0.72, 0.89) 0
PCSK9 inhibitor 0.81 (0.67, 0.93)
Ezetimibe 0.89 (0.75, 0.97)
Placebo NR

Baseline CAD %
Statin 0.80 (0.75, 0.84) 0
PCSK9 inhibitor 0.81 (0.68, 0.93)
Ezetimibe 0.92 (0.86, 0.98)
Placebo NR

The 3 lipid-lowering agents were statin, ezetimibe, and PCSK9 inhibitor. CAD= coronary artery disease,
proprotein convertase subtilisin/kexin type 9, SUCRA= surface under the cumulative ranking.
∗
The hierarchy evidences of the 3 lipid-lowering agents for cardiovascular outcomes were significantly
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mortality had been well documented by previous statin-related
trials.[47–50] Generally, significant reduction of all-cause death
occurred 2 years after the initiation of lipid-lowering therapy.
However, available trials for analysis of ezetimibe and PCSK9
inhibitors were shorter than 2 years except IMPROVE-IT,[18]

HIJ-PROPER,[40] FOURIER,[10] OSLER-1extension,[51] and
ODYSSEY OUTCOMES trial.[21] Finally, statins had been
showed significant benefits on decreasing mortality of multiple
cancer types, including lung, prostate, breast, and colorectal
cancer,[52,53] while no anti-tumor effects of ezetimibe and PCSK9
inhibitors have been reported. In this way, survival of patients
under ezetimibe and PCSK9 inhibitors therapy might not obtain
additional antitumor effects beyond these benefit achieved with
fined effect modifiers.

au2 SUCRA PreBest MeanRank

.0094 86.1 60.6 1.4
75.4 37.1 1.8
32.5 2.3 3.0
6.0 0.0 3.9

.0102 90.6 73.9 1.3
66.4 22.5 2.0
34.8 3.6 2.9
8.2 0.0 3.8

.0000 74.5 39.2 1.8
45.7 37.7 2.6
64.4 23.1 2.0
15.4 0.0 3.5

.0085 90.0 73.2 1.3
62.8 14.9 2.2
37.3 12.0 2.7
9.9 0.0 3.8

.0131 83.8 58.8 1.5
59.3 26.8 2.2
48.7 14.4 2.6
8.2 0.0 3.8

CI= confidence interval, LDL= low density lipoprotein, NR=not applied, OR= odds ratio, PCSK9=

changed, with ezetimibe ranking higher than PCSK9 inhibitors.
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LDL-C reduction. In summary, due to the limit of clinical data
and the lack of relevant reports, the present study was still too
premature to make determined conclusions that ezetimibe and
PCSK9 inhibitors therapies have no benefits on all-cause and CV
mortality, which warrants further studies in future.
Finally, treatments with statins, ezetimibe, and PCSK9

inhibitors did not lead to increase of serious adverse events,
conferring an equal risk profile among the agents. However,
some challenges with respect to other side-effects that might
threaten the future application of the 3 agents in clinical practice
should be noted. First, the current meta-analysis, consistent with
previous systematic reviews,[54–56] population-based study,[57]

and basic research,[58] further demonstrated that statins therapy
resulted in increased risk of new-onset diabetes; in addition,
statins were associated with elevated level of ALT and CK, but
ezetimibe and PCSK9 inhibitors were not. Second, although the
present study, different from recent meta-analysis,[15] did not
bear out that a higher incidence of neurocognitive adverse events
was associated with PCSK9 inhibitor therapy, we noted that
ezetimibe therapy led to increased risk of neurocognitive adverse
events. However, this finding should be interpreted with caution
because of scarce available data for analyzing neurocognitive
adverse events regarding ezetimibe. At last, although PCSK9
inhibitor conferred a safety profile with respect to side effects, it
should be noted that a higher incidence of injection-site reaction
had not been addressed by previous RCTs.
Some limitations associatedwith current networkmeta-analysis

warrant acknowledgment. First, the present study was based on
trial level rather than individual level, thus detailed subgroup
analyses stratified according to confounding factors such as initial
LDL-C level, CV risk, and medication were unavailable; however,
the hierarchy of the 3 agents regarding CV outcomes were not
changed by these factors as shown by additional meta-regression
analyses. Second, the follow-up duration of included trials was
varied; nevertheless, the comparative ORs of major outcomes
among the 3 agents were generally consistent after adjusting
follow-up duration. Third, the components of CV events were not
uniformly defined among the included trials. Moreover, specific
CV outcome was unavailable in the trials that only reported
composite CV endpoints, thus, the comparative benefits of the 3
agents on a specific outcomewere lacked. Fourth, althoughmost of
the clinical data of PCSK9 inhibitors was derived from FOURIER
trial, the exclusion of which did not result in significant change of
network estimates for CV events. Fifth, we did not control dose in
our study, and the dose of the 3 agents was allowed to titrate by
investigators, which, as a consequence, may lead to slight
fluctuation in LDL-C level. However, meta-regression analyses
addressed this problem by weighting CV outcomes with absolute
LDL-C reduction.
4. Conclusions

PCSK9 inhibitors were the most effective agents in improving
lipid levels, and simultaneously they were as effective as statins
against CV events in patients with hypercholesterolemia.
Moreover, ezetimibe alone was not associated with decrease of
CV events, which might inform the appropriateness of using
ezetimibe in combination with other lipid-lowering agents rather
than using ezetimibe alone in management of dyslipidemia. Only
statins prolonged survival and reduced CVmortality, whereas for
PCSK9 inhibitors and ezetimibe these were not the case.
However, unlike statins, any benefits of PCSK9 inhibitors did
not need to be balanced against the harms of elevated levels of
11
ALT and CK, and increased risk of new-onset diabetes, which
might make PCSK9 inhibitor an alternative lipid-lowering
therapy for patients with hypercholesterolemia, especially for
these with statin intolerance.
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