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AIMS
Proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors are an emerging class of low-density lipoprotein cholesterol (LDLC)-lowering agents. In spite of their known effects on lipids, the impact of these drugs on systemic inﬂammation is less known. We
aimed to investigate the effect of PCSK9 inhibitors on high-sensitivity C-reactive protein (hs-CRP) levels through a meta-analysis of
randomized controlled trials (RCTs).

METHODS
A systematic literature search of Medline, SCOPUS and Google Scholar was conducted up to December 2015 to identify RCTs
assessing changes in hs-CRP concentrations during treatment with PCSK9 inhibitors. Quantitative data synthesis was performed
using a random-effects model, with weighed mean difference (WMD) and 95% conﬁdence interval (CI) as summary statistics.

RESULTS
Sixteen treatment arms, with a total of 2546 participants, were included. Random-effects meta-analysis did not show any signiﬁcant effect of PCSK9 inhibitors on hs-CRP levels (WMD: 0.002 mg l–1, CI: –0.017, 0.021; P = 0.807; I2 = 37.26%). This effect size
was robust, not sensitive to any single study, and not affected by the type of PCSK9 inhibitor (evolocumab: WMD: 0.002 mg l–1,
CI: –0.02, 0.02; P = 0.855; alirocumab WMD: 0.15 mg l–1, CI: –0.11, 0.40; P = 0.259; I2 = 0%), or dosing frequency (biweekly:
WMD: 0.13 mg l–1, CI: –0.20, 0.46; P = 0.433; I2 = 55.19%; monthly: WMD: 0.003 mg l–1, CI: –0.01, 0.01; P = 0.59; I2 = 0%).
Random-effects meta-regression did not suggest any association of changes in hs-CRP levels with changes in plasma LDL-C
concentrations (P = 0.697) or cumulative dosage of the drug (P = 0.980).

CONCLUSIONS
This meta-analysis of RCTs did not suggest an effect of PCSK9 inhibitors on hs-CRP concentrations.

© 2016 The British Pharmacological Society
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Introduction
Atherosclerosis is the primary risk factor for several conditions,
such as coronary artery disease, stroke and peripheral vascular
disease, and is the leading cause of morbidity and mortality
worldwide [1]. Hypercholesterolaemia is a major cardiovascular
(CV) risk factor that leads the process of atherosclerotic plaque
formation [2]. Besides being a disorder of lipid accumulation,
atherosclerosis is known to have major inﬂammatory properties
that contribute to plaque rupture and clinical events [3].
Low-density lipoprotein cholesterol (LDL-C) is the primary
atherogenic lipoprotein, and LDL-C reduction is the target of
primary or secondary prevention of CV diseases (CVDs) [4]. Currently, LDL reduction with statins is considered as the cornerstone of hypolipidaemic drug therapy to reduce CV risk [5, 6].
Although statins were developed speciﬁcally to decrease cholesterol synthesis, many studies have suggested that their beneﬁcial
effects extend beyond lipid lowering. However, there is no evidence that they reduce the risk of additional CVD events, beyond that expected from the degree of LDL-C lowering,
beyond the reduction of CV risk expected from the reduction
of LDL-C levels [7, 8]. The use of statins in primary and secondary prevention has suggested that the magnitude of their efﬁcacy in the prevention of CV events is not linearly or simply
related to their hypolipidaemic action; in addition, statin
efﬁcacy may be ascribed, in part, to their ability to attenuate
systemic inﬂammation and high-sensitivity C-reactive protein
(hs-CRP) levels [9, 10].
Proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors have recently emerged as an elegant strategy to lower LDL-C
and other lipid parameters [11–15]. They have been evaluated
comprehensively in several phase 2 and -3 trials [16–22]
exploring dose ranging, dose frequency and different patient
populations, and tested as monotherapy or as add-on therapy to
conventional lipid-lowering strategies. Furthermore, experimental studies showed that, beyond its role in LDL-C homeostasis,
PCSK9 is expressed in atherosclerotic plaques [23] and might promote atherosclerosis by stimulating inﬂammation, endothelial
dysfunction and hypertension [13]. Moreover, it has been observed that PCSK9 downregulates gene expression of the stress response and inﬂammation in liver cells, indicating that PCSK9
affects metabolic pathways beyond cholesterol metabolism [24].
Although an evaluation of systemic inﬂammation has been
performed in most of the trials conducted to date, there has
been no meta-analysis to ascertain the overall effect size of
PCSK9 inhibition on systemic inﬂammation. In this context,
hs-CRP has been the most widely used method for quantifying
inﬂammation in CVDs [9, 25, 26]. Therefore, the purpose of
the present meta-analysis was to investigate the impact of
PCSK9 inhibitors on plasma hs-CRP concentrations.

Methods
Search strategy
The present study was designed according to the guidelines of the
2009 Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) statement [27]. SCOPUS (http://www.scopus.
com), Medline (http://www.ncbi.nlm.nih.gov/pubmed) and
Google Scholar (http://www.scholar.google.com) were searched
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using the following search terms in titles and abstracts (also in
combination with MESH terms): (evolocumab OR alirocumab
OR AMG145 OR ‘AMG 145’ OR SAR236553/REGN727 OR
SAR236553 OR ‘SAR 236553’ OR REGN727 OR ‘REGN 727’ OR
REGN727/SAR236553) AND (CRP OR C-reactive protein OR ‘C
reactive protein’ OR hsCRP OR hs-CRP). The search was limited
to human studies and the wild-card term ‘*’ was used to increase
the sensitivity of the search strategy. No language restriction was
used in the literature search. The literature was searched from inception to 24 December 2015.

Study selection
Original studies were included if they met the following
inclusion criteria: (i) being a randomized controlled trial (RCT)
in a parallel, crossover or single-arm design; (ii) investigating
the impact of a PCSK9 inhibitor on plasma/serum concentrations hs-CRP; (iii) having a treatment duration of at least 2
weeks; (iv) presenting sufﬁcient information on hs-CRP concentrations at the end of the treatment period or providing a value
for net changes; and (v) including a control group. Exclusion
criteria were: (i) nonclinical studies; (ii) observational studies
with a case-control, cross-sectional or cohort design; iii) singlearm trials; and (iv) lack of sufﬁcient information on baseline or
follow-up PCSK9 concentrations.

Data extraction
Eligible studies were reviewed and the following data were abstracted: (i) ﬁrst author’s name; (ii) year of publication; (iii)
study location; (iv) study design; (v) number of participants
in the PCSK9 inhibitor and control groups; (vi) dose, frequency of injections, and duration of intervals between the
injections of PCSK9 inhibitor; (vii) age, gender and body
mass index (BMI) of study participants; (viii) baseline levels
of total cholesterol, LDL-C, high-density lipoprotein cholesterol (HDL-C), triglycerides and glucose; (ix) systolic and diastolic blood pressures; and (x) data regarding baseline and
follow-up concentrations of hs-CRP.

Quantitative data synthesis
Meta-analysis was conducted using Comprehensive MetaAnalysis (CMA) V2 software (Biostat, NJ, USA) [28]. hs-CRP concentrations were collated in mg l–1. A division by 9.524 was used
to convert hs-CRP values expressed in nmol l–1 into mg l–1. Standard deviations (SDs) of the mean difference were calculated
using the following formula: SD = square root [(SDpre-treatment)2
+ (SDpost-treatment)2 – (2R × SDpre-treatment × SDpost-treatment)], assuming a correlation coefﬁcient (R) = 0.5. In cases where the
standard error of the mean (SEM) was reported, SD was estimated using the following formula: SD = SEM × square root
(n), where n is the number of subjects. If the outcome measures
were reported as the median and inter-quartile range, the mean
and SD values were estimated using the method described by
Hozo et al. [29]. To convert interquartile range into min–max
range, the following equations were used: A = median + 2 ×
(Q3 – median) and B = median – 2 × (median – Q1), where a, b,
Q1 and Q3 are upper and lower ends of the range, upper and
lower ends of the interquartile range, respectively.
Net changes in measurements (change scores) were calculated
for parallel and crossover trials, as follows: (measure at end of
follow-up in the treatment group measure at baseline in the
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treatment group) (measure at end of follow-up in the control
group
measure at baseline in the control group). A randomeffects model (using the DerSimonian–Laird method) and the generic inverse variance method were used to compensate for the
heterogeneity of studies in terms of demographic characteristics
of populations being studied and also differences in study design
and type of ﬁbrate being studied [30]. Heterogeneity was assessed
quantitatively using the I2 index. Effect sizes were expressed as
WMD and 95% conﬁdence interval (CI). Interstudy heterogeneity was assessed using the Cochran Q test and I2 index. In order
to evaluate the inﬂuence of each study on the overall effect size,
sensitivity analysis was conducted using the leave-one-out
method – that is, removing one study each time and repeating
the analysis [31, 32].

Meta-regression
Random-effects meta-regression was performed using the unrestricted maximum likelihood method to evaluate the association
between the changes in plasma hs-CRP concentrations following
treatment with PCSK9 inhibitors and respective reductions in
LDL-C concentrations and cumulative dosage of PCSK9 inhibitor
received during the trial.

Publication bias
Potential publication bias was explored using visual inspection of Begg’s funnel plot asymmetry, Begg’s rank correlation
and Egger’s weighted regression tests. The Duval and Tweedie
trim–and-ﬁll correction was used to adjust the analysis for the
effects of publication bias [33].

Results
Flow and characteristics of included studies
A summary of the study selection process is shown in
Figure 1. The initial literature search yielded 279 articles.
The screening for potential relevance removed the articles
for which the titles and/or abstracts were obviously irrelevant. Among the 27 full-text articles that were assessed for
eligibility, 21 studies were excluded: 18 because hs-CRP
was not measured, two because they were not original studies and one because it was not a clinical study. After careful
assessment, seven articles, with 16 treatment arms, met the
inclusion criteria and were selected for the ﬁnal metaanalysis [16–22].
In total, 2546 participants were randomized, of whom
1707 were allocated to PCSK9 inhibitor intervention and
839 to control groups. The number of participants in these
trials ranged from 49 to 901. All the included studies were
published between 2012 and 2015, involving several countries worldwide. The following PCSK9 inhibitor doses were
administered in the included trials: evolocumab 350 mg
monthly, evolocumab 420 mg monthly, evolocumab 140
mg biweekly, alirocumab 150 mg biweekly, alirocumab 150
mg monthly, alirocumab 200 mg monthly, alirocumab 300
mg monthly and alirocumab 420 mg monthly. The duration
of the intervention ranged between 3 months and 12
months. All studies were designed as multicentre, doubleblind RCTs, comprising a total of 16 treatment arms. Demographic and baseline laboratory parameters of the included
studies are shown in Table 1.

Figure 1
Flow chart of the studies identiﬁed and included into the meta-analysis. CRP, C-reactive protein
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High cardiovascular risk patients with inadequately controlled
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N participants
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30.0
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Year
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A

Treatment arm

–2

Cannon 2015 – ODYSSEY COMBO II

Study

(Continued)
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or non-FH (WMD: 0.0 mg l–1, CI: –0.01, 0.01; P = 0.979; I2
= 0%) populations (Figure 6).

Risk of bias assessment
The systematic assessment of bias in the included studies
using Cochrane criteria [34] and the Jadad scale is shown in
Table 2. Overall, studies included in the meta-analysis
provided sufﬁcient data regarding the methods applied for
random sequence generation, allocation concealment,
blinding, as well other sources of bias. All studies reported detailed information about ﬁnancial support from a commercial
source.

Meta-regression
Random-effects meta-regression did not suggest an association between changes in plasma hs-CRP and LDL-C concentrations following treatment with PCSK9 inhibitors (slope:
0.0002; 95% CI: –0.001, 0.001; P = 0.698). Likewise, the impact of PCSK9 inhibitors on plasma hs-CRP concentrations
was not inﬂuenced by the cumulative dosage of drug received
during the course of the trial (slope: 0; 95% CI: –0.00001,
0.00001; P = 0.980) (Figure 7).

Effect of PCSK9 inhibitors on plasma hs-CRP
concentrations

Publication bias

Meta-analysis of data from 16 randomized controlled treatment arms did not suggest any signiﬁcant effect of PCSK9
inhibitors on plasma hs-CRP concentrations (WMD: 0.002
mg l–1, CI: –0.017, 0.021; P = 0.807; I2 = 37.26%) (Figure 2).
This effect size was robust and not sensitive to any single
study included in the analysis (Figure 2). When the included
studies were stratiﬁed according to the type of PCSK9 inhibitor used, no signiﬁcant difference was observed with either
evolocumab (WMD: 0.002 mg l–1, CI: –0.02, 0.02; P = 0.855;
I2 = 50.98%) or alirocumab (WMD: 0.15 mg l–1, CI: –0.11,
0.40; P = 0.259; I2 = 0%) (Figure 3). When the studies were
categorized according to the number of PCSK9 inhibitor
injections received during the course of the trial, there was
no effect in the subgroup of trials with ≥6 injections
(WMD: –0.01 mg l–1, CI: –0.02, 0.01; P = 0.531; I2 =
45.07%) but a slight increase in plasma hs-CRP was observed
in the subgroup of trials with <6 PCSK9 inhibitor injections
(WMD: 0.06 mg l–1, CI: 0.01, 0.11; P = 0.011; I2 = 0%)
(Figure 4). There was no effect of dosing strategy on the effect size as no signiﬁcant alteration of hs-CRP levels was seen
in trials with either biweekly (WMD: 0.13 mg l –1, CI: –0.20,
0.46; P = 0.433; I2 = 55.19%) or monthly (WMD: 0.003 mg
l–1, CI: –0.01, 0.01; P = 0.59; I2 = 0%) injection strategies
(Figure 5). When the studies were categorized according to
the studied population, no signiﬁcant change in hs-CRP
was observed either in familial hypercholesterolaemia (FH)
(WMD: 0.03 mg l–1, CI: –0.04, 0.11; P = 0.396; I2 = 57.30%)

The results of Begg’s rank correlation (Kendall’s tau with continuity correction = 0.26; Z = 1.40; two-tailed P-value = 0.163)
and Egger’s linear regression (intercept = 0.59; standard error =
0.39; 95% CI = –0.25, 1.43; t = 1.50; df = 14; two-tailed P =
0.156) tests did not suggest publication bias in the meta-analysis
of the effect of PCSK9 inhibitors on plasma CRP concentrations.
However, the funnel plot of study precision (inverse standard
error) by effect size (mean difference) was asymmetric and indicative of potential publication bias. This potential bias was addressed using trim-and-ﬁll correction, the results of which
attributed this bias to four potentially missing studies on the
left-hand side of the funnel plot, yielding a corrected effect size
of 0.001 mg l–1 (95% CI: –0.02, 0.02) (Figure 8).

Discussion
RCTs have indicated that the PCSK9 inhibitors signiﬁcantly
reduced LDL-C levels with or without other lipid-lowering
therapies [16–22]. However, a possible pleiotropic effect of
these agents, in terms of anti-inﬂammatory actions, remains
elusive. To the best of our knowledge, this meta-analysis
was the ﬁrst with the aim of elucidating the role of PCSK9 inhibitors in reducing systemic inﬂammation. Overall, our
ﬁndings clearly showed that PCSK9 inhibitors have no significant inﬂuence on hs-CRP levels, independently from the

Table 2
Systematic assessment of bias in the included studies, using Cochrane criteria

Random sequence
generation

Allocation
concealment

Blinding

Incomplete
outcome data

Selective
reporting

Free of
other bias

Raal et al. [16], RUTHERFORD

YES

YES

YES

YES

YES

YES

Raal et al. [17], RUTHERFORD-2

YES

YES

YES

YES

YES

YES

Raal et al. [17], TESLA Part B

YES

YES

YES

YES

YES

YES

Stein et al. [19]

YES

YES

YES

YES

YES

YES

Stroes et al. [20], GAUSS-2

YES

YES

YES

YES

YES

YES

Blom et al. [21] 2014

YES

YES

YES

YES

YES

YES

Cannon et al. [22] 2015 ODISSEY COMBO-2

YES

YES

YES

YES

YES

YES
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Figure 2
Forest plot detailing weighted mean difference and 95% conﬁdence intervals (CIs) for the impact of proprotein convertase subtilisin/kexin type 9 inhibitors
on plasma high-sensitivity C-reactive protein concentrations (upper plot). Lower plot shows the result of leave-one-out sensitivity analysis

type and dose of PCSK9 inhibitor, as well changes in LDL-C
levels. In spite of this observation, there are some issues that
should be taken into account. Firstly, it is worth noting that
the populations studied would be expected to have normal
levels of hs-CRP. In patients with FH, the marked increase in
LDL-C seems to be associated with vascular events, without
an important underlying inﬂammatory state [35]. Even patients with homozygous FH, who have extremely high levels
of LDL-C and therefore a very high risk of early atherosclerosis, were found to have only slightly increased levels of CRP
compared with control subjects [36]. It has also been argued
that in FH patients, high LDL-C levels cause atherosclerosis
without a major inﬂammatory component, whereas an inﬂammatory response is driven by elevated remnant cholesterol concentrations [35]. However, among subjects enrolled
in the present meta-analysis without FH – that is, statinintolerant patients – the design of the studies included a
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run-in phase with statin therapy, which is known to mitigate
the vascular inﬂammatory response. Taken together, the
above observations could explain, at least in part, both the
low hs-CRP levels at baseline and the lack of reduction in this
biomarker after treatment. Secondly, CRP has been the most
widely used inﬂammatory biomarker in statin trials, in view
of the fact that this is the only reproducible biomarker for
which a standardized assay has been developed [37, 38].
Although the association between elevated CRP levels and
CVDs is well established, the lack of CRP-lowering effect does
not call into question the clinical beneﬁt of PCSK9 inhibitors
as these agents have been shown to reduce clinical outcomes
and have been recently approved for patients with heterozygous FH [39–41]. The recent success of these agents could be
principally ascribed to the magnitude of the lipid-lowering
effect, and emphasizes the primacy of LDL-C lowering as a
strategy to prevent coronary heart disease.

PCSK9 inhibitors and hs-CRP levels

Figure 3
Forest plot detailing weighted mean difference and 95% conﬁdence intervals (CIs) for the impact of evolocumab (upper plot) and alirocumab
(lower plot) on plasma high-sensitivity C-reactive protein concentrations

Figure 4
Forest plot detailing weighted mean difference and 95% conﬁdence intervals (CIs) for the impact of proprotein convertase subtilisin/kexin type 9 (PCSK9)
inhibitors on plasma high-sensitivity C-reactive protein concentrations in trials with <6 (upper plot) and ≥6 (lower plot) injections of PCSK9 inhibitor
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Figure 5
Forest plot detailing weighted mean difference and 95% conﬁdence intervals (CIs) for the impact of proprotein convertase subtilisin/kexin type 9 inhibitors
on plasma high-sensitivity C-reactive protein concentrations in trials with biweekly (upper plot) and monthly (lower plot) dosing strategy

Figure 6
Forest plot detailing weighted mean difference and 95% conﬁdence intervals (CIs) for the impact of proprotein convertase subtilisin/kexin type 9 inhibitors
on plasma high-sensitivity C-reactive protein concentrations in trials in populations with (upper plot) and without (lower plot) familial hypercholesterolaemia
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Figure 7
Meta-regression plots for the association between mean changes in plasma high-sensitivity C-reactive protein concentrations with changes in
plasma low-density lipoprotein cholesterol (LDL-C) concentrations (upper plot) and cumulative dose of proprotein convertase subtilisin/kexin
type 9 inhibitor received during the course of the trial (lower plot)

Figure 8
Funnel plot detailing publication bias in the studies reporting the impact of proprotein convertase subtilisin/kexin type 9 inhibitors on plasma sensitivity C-reactive protein concentrations. Open circles represent observed published studies; closed circles represent imputed unpublished studies. Std Err, standard error
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It would be of paramount importance to elucidate
further the role of PCSK9 beyond LDL-C modulation and
homeostasis. It is evident that PCSK9 is expressed in atherosclerotic plaques [23], and pathways connecting PCSK9 to
vascular inﬂammation and apoptosis are being explored
[42]. Furthermore, an in vivo study revealed that infection
and inﬂammation stimulate PCSK9 expression [43], and
small interfering RNA-mediated knockdown of PCSK9 in
human macrophages has been found to reduce inhibitor of
nuclear factor kappa B (NF-κB)-α degradation and NF-κB
nuclear translocation, thereby reducing the expression of
proinﬂammatory genes [44]. In patients with an acute myocardial infarction, plasma PCSK9 concentration is elevated
compared with those with stable coronary artery disease
[45]. According to these ﬁndings, it is conceivable that
PCSK9 inhibition might have a positive impact on plaque
stability and growth, and the effects of these inhibitors on
clinical outcomes have been recently established [39–41].
The present meta-analysis had several limitations.
Firstly, the trials tested different types and doses of PCSK9
inhibitors, which may have introduced heterogeneity to
the results. However, a random-effects model and subgroup
analyses were conducted to minimize the impact of heterogeneity. Secondly, included the studies differed in terms of
baseline characteristics, study design and duration. In particular, most of the subjects underwent a run-in phase with
high-dose statin therapy, and this could have inﬂuenced
the results in terms of hs-CRP-levels. In addition, most of
the evolocumab trials lasted 12 weeks, so we cannot exclude a time-dependent effect of these agents on hs-CRP.
Thirdly, none of the studies considered elevated baseline
hs-CRP as an inclusion criterion and none was conducted
on patients with acute coronary syndromes, who might
have been more prone to having high hs-CRP levels and,
in turn, to responding to the effects of lipid-lowering
agents on systemic inﬂammation.
In conclusion, the ﬁndings of the present meta-analysis did
not suggest an effect of PCSK9-inhibitors in decreasing hs-CRP
levels. Further investigations are needed to elucidate whether
these agents have pleiotropic actions that go beyond their
established hypolipidaemic effects. However, as preliminary data
suggest that PCSK-9 inhibitors reduce cardiovascular events
without lowering hs-CRP levels, the question arises as to whether
inﬂammation plays a major causal role in atherosclerosis. These
ﬁndings underline the priority of LDL-C lowering as a strategy
for preventing cardiovascular events [46]. Other studies, enrolling patients after acute coronary syndromes, are currently ongoing, and it will be important to evaluate the effect of PCSK9
inhibitors on the inﬂammatory response in populations with
elevated baseline hs-CRP levels, to shed light on their possible
anti-inﬂammatory actions.
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