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Background Recently, there has been an increasing interest in targeting inflammation to reduce major adverse cardiovascular
events (MACE) in patients with cardiovascular risk. Statins, PCSK9 inhibitors, and ezetimibe have been shown to
reduce MACE owing to reduction in low-density lipoproteins cholesterol (LDL-c). Herein, we investigate whether
the intensity of these agents is associated with (i) discernible reduction in inflammation measured by the levels of
high-sensitivity C-reactive protein (hsCRP); (ii) reduction in MACE; (iii) if there is an association between the base-
line hsCRP and MACE.

...................................................................................................................................................................................................
Methods
and results

Electronic databases were searched for randomized controlled trials (RCTs) that compared statins, ezetimibe,
PCSK9 inhibitors with placebos/active controls and reported MACEs and hsCRP (mg/L). Studies were stratified
based on baseline hsCRP (<2, 2–3, >3) with subgroup analysis conducted across each stratum. Fourteen RCTs
including 133 109 patients randomized into more intensive therapy (MIT) and less intensive therapy were selected.
Meta-analysis did not demonstrate any significant differences between use of MIT and hsCRP levels (mean
difference, -0.02; CI, -0.06, 0.02; P = 0.31). The MIT significantly reduced the risk of MACE (RR, 0.82; CI, 0.75, 0.91;
P < 0.001). The relative risk and absolute risk remained consistent across the strata. However, there was a 0.5%
statistically significant absolute risk reduction in all-cause mortality in patients with higher hsCRP (RD, -0.005; CI,
-0.009, -0.001; P = 0.01).

...................................................................................................................................................................................................
Conclusion Overall, LDL-c lowering therapies reduce relative risk of MACEs particularly in patients with higher baseline

hsCRP. However, there appears to be a residual inflammatory risk despite the use of contemporary lipid lowering
agents.
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Introduction

Low-density lipoprotein cholesterol (LDL-c) has consistently been
shown to be associated with coronary artery disease (CAD).
Although statins are the best studied agents to demonstrate the
beneficial effects of lowering LDL-c towards reducing the major ad-
verse cardiovascular events (MACE), medications with mechanism of
action other than HMG-CoA reductase inhibition such as ezetimibe
and PCSK9 inhibitors have also shown improved cardiovascular out-
comes with reduction of LDL-c.1,2

The current American College of Cardiology/American Heart
Association guideline recommends using high-intensity statins in
patients with clinical cardiovascular disease.3 This is based on several
previous ‘more vs. less statins’ trials which demonstrated that more
intensive therapy (MIT) leads to a higher reduction in LDL-c and thus
significantly reduced cardiovascular events compared with less inten-
sive therapy (LIT).4,5 However, despite LDL-c lowering, patients ap-
pear to be at a residual risk of coronary events. For instance, PCSK-9
inhibitors can drive down the LDL-c to very low levels. Yet such
patients appear to be at a residual risk.6,7 Inflammation has long been
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shown to be associated with atherogenesis and inflammatory
markers have been incorporated into the risk prediction algorithms
such as the Reynolds risk score.8 The CANTOS trial recently demon-
strated inflammation to be a modifiable risk factor in patients with
known CAD.9

In the present systematic review and meta-analysis, we examined
whether the intensity of contemporary lipid lowering agents (statins,
ezetemibe, and PCSK9 inhibitors) are associated with any changes in
the inflammatory marker in the form of high-sensitivity C-reactive
protein (hsCRP) over time as a surrogate for residual inflammatory
risk. We also investigated whether the efficacy of lipid lowering ther-
apy is affected by the baseline inflammatory risk.

Methods

This meta-analysis was conducted according to Cochrane Collaboration
guidelines and reported as per Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines.10

Data sources and searches
Two authors (S.U.K. and S.T.) devised the search strategy and performed
literature search using MEDLINE (via PUBMED), EMBASE, and the
Cochrane Central Register of Controlled Trials (CENTRAL) databases
from inception to March, 2018. Following key search words were used:
‘statins’, ‘PCSK9 inhibitors’, ‘ezetimibe’, ‘high sensitivity C-reactive
protein’, ‘hsCRP’, ‘cardiovascular disease’, ‘myocardial infarction’, ‘stroke’,
and ‘mortality’. We applied restrictions on humans and randomized con-
trolled trials (RCTs). No restrictions were applied on publication year,
language, or text availability. Additional sources included online libraries
of www.clinicaltrialresults.com and www.clinicaltrials.gov, and bibliogra-
phies of relevant articles. The citations were downloaded to Endnote X7
(Thompson ISI ResearchSoft, Philadelphia, PA, USA) and duplicates were
identified and removed. Two authors (S.U.K. and S.T.) independently
screened the search results in a two-step process based on predeter-
mined inclusion/exclusion criteria. First citations were evaluated on title
and abstract level, followed by full-text screening of the final list of
articles. Any disagreements were resolved by discussion or third party
review.

Study selection
The priori inclusion criteria were: (i) RCTs comparing statins, PCSK 9
inhibitors, ezetimibe with placebo, or active controls. Consistent with
prior reports, the pre-specified intervention groups were MIT vs. LIT
which were defined as the drugs vs. placebo/no drug, or higher dose vs.
lower dose of drugs or more intensive LDL-C lowering therapy vs. less
intensive LDL-C lowering therapy 11,12; (ii) studies had to report baseline
hsCRP and effect of the intervention on hsCRP (3) studies had to report
at least one clinical event for key outcomes in adult population
(>_18 years); and (iii) follow-up >_3 months and sample size >_100 patients
(to avoid small study effects).

Quality assessment and data extraction
Two authors (M.S.K. and S.T.) independently abstracted data on baseline
characteristics of participants in both treatment groups, baseline hsCRP
(mg/L), change in hsCRP in each group and difference between the
groups, crude point estimates, events, sample size and study duration.
We focused on adjusted estimates and data were abstracted from
intention-to-treat analysis. Disagreements related to data were resolved
by discussion, referring back to the original article or opinion of the third

author (S.U.K.). Quality assessment of the trials was assessed using the
Cochrane bias risk assessment tool (Supplementary material online,
Table S1).

The primary outcome was MACE. The MACE endpoint from each trial
was selected to most closely approximate the composite outcome of
myocardial infarction (MI) or acute coronary syndrome, cardiovascular
mortality, coronary revascularization, and stroke. Secondary endpoints
were all-cause mortality, cardiovascular mortality, MI, stroke, coronary
revascularization, and change in hsCRP (mg/L). The endpoints were
defined as reported in the individual trial.

Data synthesis and analysis
Outcomes were combined using DerSimonian and Laird random effects
model. The summary statistics for binomial variables were risk ratio (RR)
and risk difference (RD) and continuous variables were calculated as
standard mean difference (SMD) with 95% confidence interval (CI).
Heterogeneity was assessed using Cochrane Q statistics and was quanti-
fied via I2 with values 25–50%, 50–75%, and >75% consistent with low,
moderate, and high degree of heterogeneity, respectively. Publication
bias was assessed using funnel plot and Egger’s regression test. For all
analyses, statistical significance was set as <_0.05.

To assess whether baseline hsCRP modifies the primary outcome, tri-
als were stratified based on baseline hsCRP (<2, 2–3, >3 mg/L) and a sub-
group analysis was conducted across the strata of baseline hsCRP.
Comprehensive meta-analysis software version 3.0 (Biostat, Englewood,
NJ, USA) was used for all analyses.

Results

Initial electronic search yielded 1362 records, 490 citations were
removed as duplicates and out of remaining 872 articles, 584 citations
were excluded at title- and abstract-level screening. Further 288 full-
text articles were excluded based on pre-specified inclusion/exclu-
sion criteria. Ultimately, 14 RCTs (133 109 patients) were included in
this meta-analysis (Figure 1). Guyton et al. was a three arm study com-
paring niacin, ezetimibe plus simvastatin, and ezetimibe plus simvasta-
tin plus niacin. Data were extracted from ezetimibe plus simvastatin
(intensive therapy) and niacin (control) arms. Overall, statins had
nine trials (44 376 patients), ezetimibe had one trial (18144 patients),
and four trials assessed PCSK 9 inhibitors (70 589 patients).13–26 The
mean age (in years) of study participants was 57± 8.5/57 ± 8.3, out of
which 61.5%/60.6% were male in the MIT and LIT groups, respective-
ly. The pooled mean baseline hsCRP was 3.1± 2.3 mg/L. The mean
follow-up duration was 28.3 months (Table 1).

Out of 133 109 patients, 73 609 patients were randomized into
MIT arm and 59 500 patients into LIT. The MIT had no significant ef-
fect on hsCRP (SMD: -0.02; 95% CI, -0.06, 0.02; P = 0.31; I2 = 86%;
Figure 2).

Fourteen trials reported 15 620 events of MACEs out of 119 391
patients. The MIT significantly reduced the risk of MACE compared
with LIT (RR, 0.82; 95% CI, 0.75–0.91; P < 0.001; I2 = 88; Figure 3).
Fourteen trials reported 4800 events of MI out of 119 391 patients.
The MIT significantly reduced the risk of MI (RR, 0.80; 95% CI, 0.72–
0.88; P < 0.001; I2 = 49; Supplementary material online, Figure S1).
Fourteen trials reported 2088 events of stroke out of 119 391
patients. The MIT was associated with significantly lower risk of
stroke compared with LIT (RR, 0.83; 95% CI, 0.72–0.96; P = 0.01; I2 =
50; Supplementary material online, Figure S2). Seven trials reported
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.6455 patients of coronary revascularization out of 107 394 patients.
The MIT significantly reduced the risk of coronary revascularization
(RR, 0.81; 95% CI, 0.70–0.93; P < 0.001; I2 = 78; Supplementary ma-
terial online, Figure S3). Thirteen trials reported 8895 cases of all-
cause mortality out of 119 139 patients and 11 trials reported 4673
cases of CV mortality out of 118 149 patients. There were no signifi-
cant differences between both the arms in terms of all-cause mortal-
ity (RR, 0.94; 95% CI, 0.88–1.01; P = 0.09; I2 = 55; Supplementary
material online, Figure S4) or CV mortality (RR, 0.99; 95% CI, 0.94–
1.04; P = 0.67, I2 = 0; Supplementary material online, Figure S5).

When outcomes were stratified based on baseline hsCRP (mg/L;
Table 2), the relative risk reduction, and absolute risk reduction for
the MACE remained consistent throughout the baseline hsCRP
strata. For MI, there was statistically significant reduction in absolute
risk across hsCRP strata. In case of all-cause mortality, there was a
significant 0.5% absolute risk reduction noticed in patients with higher
baseline hsCRP.

Funnel plot and Egger’s regression test did not detect publication
bias [P-value (two-tailed) = 0.13; Supplementary material online,
Figure S6].

Discussion

In this systematic review and meta-analysis of 14 RCTs of commonly
used lipid lowering agents (statins, PCSK9 inhibitors, and ezetemibe)
involving 133 109 patients, we found that despite aggressive lipid low-
ering, the inflammatory risk persists. Importantly, although the

relative risk of reduction in MACE is consistent across all strata of
hsCRP, the absolute risk reduction seems greatest in patients with
highest hsCRP, implying that individuals with highest baseline risk
(and hence highest absolute number of events) may benefit the most
from aggressive lipid lowering.

A number of preclinical studies have attempted to explore the
effects of lipid lowering agents beyond LDL-c lowering. Statins, in par-
ticular, have been studied to have pleiotropic role including reducing
the vascular and myocardial inflammation. The pleiotropic effects of
statins are thought to be mediated by inhibition of protein isoprenyla-
tion, which mediated the downstream responses in the mevalonate
pathway responsible for formation of intermediates that mediate the
signal transduction molecules in the myocardial and vascular
inflammation.27,28

For instance, the PRINCE trial demonstrated that pravastatin
reduced CRP levels at both 12 and 24 weeks independent to the
LDL-c levels at the baseline although the change in LDL was affected
by the baseline CRP. Of note, the PRINCE trial was not powered to
determine the clinical endpoints.29 However, the JUPITER trial was
the first trial that enrolled 17 802 participants with elevated hsCRP
and LDL below 130 mg/dL. Compared with placebo, the use of rosu-
vastatin 20 mg was associated with significant reduction in the levels
of hsCRP and a risk ratio of 0.56 (95% CI= 0.46–0.69, P <_ 0.00001)
for combined primary endpoint.24 An analysis of the heart protection
study revealed that the beneficial effect of the statins was seen even
in patients with hsCRP <1.25 suggesting that even patients with low
baseline inflammation are likely to derive the benefit.30 However,
although statins appear to reduce systemic inflammation compared

Figure 1 Flowchart for study selection. Systematic search using Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
flow sheet shows detailed search strategy.
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with placebos, it appears that more intensity statin therapy does not
appear to reduce inflammation as compared with the LIT.

Similarly, PCSK9 inhibitors are being investigated for pleiotropic
effects in addition to the aggressive lipid lowering. A recent meta-
analysis of seven RCTs enrolling 2564 patients suggested that the
PCSK9 inhibitors are associated with no reduction in inflammation as
measured by hsCRP. The effect size remained robust independent of
type, dosage, or frequency of PCSK9 inhibitor used.31 The PCSK9 tri-
als were conducted with a background of statin therapy and this con-
sideration needs to be taken into account while interpreting the
effects of PCSK9 inhibitors on hsCRP.

There are several important limitations of the existing meta-
analysis. First, this is a study-level analysis as we did not have access to
the individual patient level data. Second, for hsCRP we relied on the
baseline data and data available at the longest duration of available
follow-up as different studies employed differing follow-up durations
for collection of data. Third, we used hsCRP as the surrogate for in-
flammation and many prior studies such as the historical statin trials

have relied on the CRP as the marker for inflammation. This resulted
in the exclusion of a large number of statin trials. Fourth, the trials
varied widely in terms of the type of statin or PCSK9 inhibitor used
and their dosages. Fifth, due to limited number of trials for PCSK9
inhibitors and ezetimibe, a subgroup analysis of separate drugs on
hsCRP and MACE could not be performed. Finally, most of these
studies had relatively small hsCRP as they did not have a strict inclu-
sion criterion for hsCRP. Similarly, they were not conducted on
patients with acute coronary syndrome who would expected to
have higher levels of hsCRP given the systemic inflammatory
response.

In conclusion, this meta-analysis suggests that despite treatment
with conventional lipid lowering agents, a substantial component of
inflammatory risk persists. Moreover, patients with higher baseline in-
flammation may benefit more from aggressive lipid lowering as the
baseline risk may be higher. Finally, intensive lipid lowering therapy
does not appear to reduce inflammation more than less intensive
lipid lowering therapy.

....................................................................................................................................................................................................................

Table 1 Clinical characteristics of the study participants, number of patients (%), and mean (SD) or median values
(IQR) where available

Studies (year) Arms N Age (years) Men (%) CHD (%) HTN (%) DM (%) Baseline

hsCRP (mg/L)

Follow-up

(months)

FOURIER (2017)c Evolocumab 13 784 62.5 ± 9.1 75.4 80.9 80.1 36.7 1.7 26

Placebo 13 780 62.5 ± 8.9 75.5 81.3 80.1 36.5 1.7

INTREPID (2017)a Pravastatin 126 49.2 ± 8.7 88 NR NR NR 5.5 12

Pitavastatin 126 50.1 ± 7.5 84 NR NR NR 4.0

SPIRE (2017)a Bococizumab 13 720 62.9 ± 9.3 70.7 NR 81.3 48.1 2.0 12

Placebo 13 718 63.0 ± 9.3 70.2 NR 80.4 46.9 2.0

GLAGOV (2016)e Evolocumab 484 59.8 ± 9.6 72.1 100 82.2 20.2 1.6 18

Placebo 484 59.8 ± 8.8 72.3 100 83.7 21.5 1.6

HOPE 3 (2016)d Rosuvastatin 6361 65.8 ± 6.4 53.6 0.0 37.8 5.9 2.0 67

Placebo 6344 65.7 ± 6.3 53.9 0.0 38.0 5.6 2.0

DESCARTES (2014)d Evolocumab 599 55.9 ± 10.8 48.4 15.7 48.2 10.4 1.0 12

Placebo 302 56.7 ± 10.1 46.4 13.9 49.3 13.9 1.0

ASTRONOMER (2010)d Rosuvastatin 134 58.0 ± 12.9 60.5 NR NR NR 1.6 42

Placebo 135 57.9 ± 14.3 53.0 NR NR NR 1.88

AURORA (2009)a Rosuvastatin 1389 64.1 ± 8.6 61.3 10.5 NR 20.6 4.8 38

Placebo 1384 64.3 ± 8.7 63.0 9.8 NR 18.0 5.2

Guyton et al. (2008)b Ezetimibe

þ Simvastatin

272 57.5 ± 10.3 55.9 8.1 66.5 15.8 2.1 5.5

Niacin 272 56.4 ± 10.6 50.0 5.9 61.0 14.7 2.0

GISSI-HF (2008)a Rosuvastatin 2285 68 ± 11 76.2 31.8 55.1 27.4 2.70 47

Placebo 2289 68 ± 11 78.6 33.8 53.5 25.0 2.17

JUPITER (2008)d Rosuvastatin 8901 66.0 61.5 NR NR 0.0 4.2 60

Placebo 8901 66.0 62.1 NR NR 0.0 4.3

CORONA (2007)d Rosuvastatin 2514 73 ± 7.1 76.0 60.0 63.0 30 3.1 33

Placebo 2497 73 ± 7.0 76.0 60.0 63.0 29 3.0

Sola et al. (2005)d Statin 255 55.4 ± 6.4 62.0 42.0 41.0 24.0 15 24

Placebo 191 53.8 ± 5.7 63.0 46.0 36.0 27.0 14

Change in hsCRP was detected aAt 12 weeks, bat 24 weeks, cat 48 weeks, dat 52 weeks, eat 76 weeks.
CHD, coronary heart disease; DM, diabetes mellitus; hsCRP, high-sensitivity C-reactive protein; HTN, hypertension; NA, not available; NR, not reported.
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Figure 2 Forest plot showing effect of MIT on hsCRP level. Squares represent the risk ratio of the individual studies; Horizontal lines represent
the 95% confidence intervals (CI) of the risk ratio. The size of the squares reflects the weight that the corresponding study contributes in the meta-
analysis. The diamonds represent the pooled risk ratio or the overall effect.

Figure 3 Forest plot showing effect of MIT on MACE. Other annotations as in Figure 2.
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Supplementary material is available at European Heart Journal – Quality
of Care and Clinical Outcomes online.
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