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Abstract

Atherosclerosis is a chronic inflammatory disease that is associated with risk
of cardiovascular events. The best-characterised and well-standardised clin-
ical indicator of inflammation is C-reactive protein. Current evidence-based
drug therapies for prevention and treatment of cardiovascular diseases are
mainly focused on reduction of low-density lipoprotein cholesterol. However,
these drugs do not provide sufficient protection against recurrent cardio-
vascular events. One of the possible mechanisms behind this recurrence
might be the persistence of residual inflammation. For the most common-
ly used lipid-lowering drugs, the statins, their reduction of cardiovascular
events goes beyond lowering of low-density lipoprotein cholesterol. Here,
we review the effects of these lipid-lowering drugs on inflammation, con-
sidering statins, ezetimibe, fibrates, niacin, proprotein convertase subtilisin/
kexin type 9 inhibitors, bempedoic acid, ethyl eicosapentaenoic acid and
antisense oligonucleotides. We focus in particular on C-reactive protein, and
discuss how the effects of the statins might be related to reduced rates of
cardiovascular events.

Key words: atherosclerosis, inflammation, C-reactive protein, lipid-lowering
drugs.

Introduction

Atherosclerosis is a chronic inflammatory disease that usually begins
in the first decade of life and is characterised by accumulation of lipids,
mononuclear cells, fibrous components and calcium in the arteries [1, 2].
Inflammation can be activated in response to accumulation of cholester-
ol-rich lipoproteins in the intima layer of the arterial wall, and monocytes
and other leukocytes are recruited in the formation of early atheroscle-
rotic lesions [3, 4]. Monocytes mature into tissue macrophages and in-
ternalise lipoprotein particles, which over time generate foam cells [4-6].

These and other cells in the vascular wall release multiple inflamma-
tory cytokines into the circulation, such as interleukin-1p (IL-1pB), tumour
necrosis factor a (TNF-a) and IL-6, which in turn leads to production of
C-reactive protein (CRP) in the liver [2, 6]. This elevation of local and sys-
temic levels of inflammatory markers has been associated with increased
risk of cardiovascular disease [7]. The most commonly used systemic
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biomarker of inflammation is high-sensitivity CRP
(hsCRP). However, several other biomarkers are
also being used and investigated in atheroscle-
rosis, such as high-sensitivity cardiac troponin |,
galectin-3, heart-type fatty acid binding protein,
and others [8-10].

Despite lifestyle changes and complete adher-
ence to current evidence-based drug therapies,
the risk of recurrent cardiovascular adverse events
remains during prevention and treatment of car-
diovascular diseases [11]. This residual risk is part-
ly due to insufficient reduction of inflammation,
and therefore the further development of drugs
that target inflammatory pathways represents an
important goal for novel therapies in atherosclero-
sis [11]. The lipid-lowering agents currently in use
include statins, ezetimibe, niacin, fibrates and bile
acid sequestrants [12]. A further group of novel
lipid-modifying agents includes cholesteryl ester
transfer protein inhibitors, proprotein convertase
subtilisin/kexin type 9 (PCSK9) inhibitors, bempe-
doic and ethyl eicosapentaenoic acid [13-19], and
therapies that target lipoprotein [Lp(a)] [11]. Also,
as well as pharmacological approaches, there have
been numerous studies that have shown effects of
non-pharmacological approaches, such as those
involving dietary constituents, on lipid patterns
and CRP [20-22]. However, these latter approach-
es are not the main focus here.

This review is designed to evaluate the effects
of different lipid-lowering therapies on inflamma-
tory parameters, with the main focus on CRP. We
also discuss the contributions of these therapies
to reduced risk of major cardiovascular events.

Effects of lipid-lowering drugs on
inflammatory markers

We review here the studies that have evaluat-
ed the effects of the different groups of lipid-low-
ering drugs on high-sensitivity (hs)CRP: statins,
ezetimibe, niacin, fibrates, PCSK9 inhibitors and
antisense oligonucleotides (ASOs). Table | also
provides an overview of the studies discussed
here.

Statins

Statins are competitive inhibitors of 3-hy-
droxy-3-methyl-glutaryl-coenzyme A (i.e., HMG-
CoA) reductase, and they are believed to be the
most effective medications for the reduction of
plasma cholesterol [23]. The benefits of the use
of statins have been shown in large randomised
trials, where it has reduced cardiovascular events
as both primary and secondary prevention [5, 11,
24, 25]. Although statins have strong hypolipidae-
mic effects, especially on low-density lipoprotein
(LDL) cholesterol, subgroup analyses of large clin-

ical trials (e.g., West of Scotland Coronary Preven-
tion Study (WOSCOPS); Cholesterol and Recurrent
Events (CARE); Heart Protection Study (HPS)) have
suggested that the beneficial effects of statins ap-
pear to extend to mechanisms beyond cholesterol
reduction, because of their so-called pleiotropic
or cholesterol-independent effects [24, 25]. Many
of these effects are mediated through inhibition
of isoprenoids, which can improve the function
of vascular endothelial cells. This then contrib-
utes to the stability of atherosclerotic plaques and
reduces oxidative stress and inflammation, thus
providing cardioprotective effects [4, 23].

Among the several inflammatory molecules
available to monitor inflammation, CRP represents
the best-characterised and well-standardised clin-
ical indicator [24]. At least six major prospective
studies have supported the hypothesis that ele-
vated CRP levels contribute to increased risk of
cardiovascular events: Physicians’ Health Study
(PHS); Women’s Health Study (WHS); Athero-
sclerosis Risk in Communities (ARIC); Air Force/
Texas Coronary Atherosclerosis Prevention Study
(AFCAPS/TexCAPS); Monitoring Trends and Deter-
minants in Cardiovascular Disease (MONICA); and
Reykjavik Studies [24, 26]. In particular, Storey
et al. studied the relationships between inflam-
mation and cardiovascular disease among pa-
tients with chronic kidney disease [27].

The Justification for the Use of Statins in Pre-
vention: an Intervention Trial Evaluating Rosuvas-
tatin (JUPITER trial) showed that lipid lowering
with a statin (e.g., rosuvastatin 20 mg daily) can
provide benefits even for individuals with LDL
cholesterol levels previously considered accept-
able without known atherosclerosis (130 mg/d|;
3.4 mmol/l) but with ongoing subclinical inflam-
mation (CRP > 2 mg/| at baseline) [28]. Here, rosu-
vastatin reduced median LDL cholesterol by 50%
and hsCRP by 37%; indeed, because of the 44%
reduction in cumulative incidence of cardiovas-
cular events, the JUPITER trial was stopped after
a median follow-up of 1.9 years.

In the Examination of Potential Lipid-Modify-
ing Effects of Rosuvastatin in Combination with
Ezetimibe versus Rosuvastatin Alone (EXPLORER)
study, 469 patients with hypercholesterolaemia
and at high risk of coronary heart disease were
treated with rosuvastatin 40 mg alone or in com-
bination with ezetimibe 10 mg, for 6 weeks [29].
The reduction in LDL cholesterol levels was great-
er with the combination therapy (70% reduction;
189 vs. 57 mg/dl; 4.88 vs. 1.47 mmol/l) compared
to monotherapy (57% reduction; 191 vs. 82 mg/d|;
4.93 vs. 2.12 mmol/l) [29]. The combination ther-
apy also resulted in a significantly greater de-
crease in hsCRP levels (46.4% reduction) versus
monotherapy (28.6% reduction) [29]. Also, more
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patients treated with rosuvastatin plus ezetimibe
reached hsCRP levels < 3 mg/|, a level that defines
low or moderate risk of future cardiovascular
events [29].

The Pravastatin or Atorvastatin Evaluation and
Infection Therapy (PROVE-IT) study evaluated in-
tensive (atorvastatin 80 mg daily) versus standard
(pravastatin 40 mg daily) treatment strategies with
3,745 patients with acute coronary syndromes,
with evaluation of the risk of recurrent myocardi-
al infarction or death from coronary causes [30].
Significantly improved survival was seen for pa-
tients who achieved LDL cholesterol < 70 mg/dl
(< 1.8 mmol/l) after the statin therapy, and for
those with CRP < 2 mg/dl| after the statin thera-
py regardless of their LDL cholesterol levels. Here,
the intensive treatment with atorvastatin provided
greater lowering of LDL cholesterol and CRP than
the standard pravastatin dose. The lowest rate of
recurrent events was seen for the patients who
achieved concurrent reductions in both LDL choles-
terol (< 70 mg/dl; < 1.8 mmol/l) and CRP (< 1 mg/l).

The Reversal of Atherosclerosis with Aggressive
Lipid Lowering (REVERSAL) trial investigated the
benefits of atorvastatin in terms of reducing ath-
erogenic lipoproteins and CRP levels [31]. The ben-
efits here resembled those of the PROVE-IT study,
as the greatest regression of disease was seen for
the patients under the more aggressive approach
to reduction of LDL cholesterol and CRP.

The Atorvastatin versus Bezafibrate Mixed Hy-
perlipidaemia Study (ATOMIX) was a 1-year clini-
cal trial in 134 patients with combined hyperlip-
idaemia [26]. Atorvastatin treatment resulted in
a significant 43% decrease in CRR while patients
treated with bezafibrate showed a non-significant
reduction. Furthermore, in atorvastatin-treated
patients, the reductions in CRP were unrelated to
the reductions in LDL cholesterol, although they
were directly related to the triglycerides changes
and inversely related to the high-density lipopro-
tein (HDL) cholesterol changes.

The Cholesterol and Recurrent Events (CARE)
trial involved 4,159 participants with already es-
tablished ischaemic heart disease. After 5 years of
treatment with pravastatin 40 mg daily, recurrent
coronary events were reduced, with a greater ef-
fect in patients with higher baseline levels of LDL
cholesterol [32]. The changes in CRP levels were
measured for 472 randomly selected participants
in the CARE trial who remained free of recurrent
coronary events during follow-up. Reduced plasma
levels of CRP from baseline to 5 years of treatment
were observed only in the pravastatin group, and
were largely independent of alterations in LDL
cholesterol levels [33]. On the other hand, in the
placebo group, the CRP levels increased over the
5 years of the trial.

Similarly, in the Pravastatin Inflammation/CRP
Evaluation (PRINCE) study, reductions in CRP lev-
els were evaluated [34]. For the 1,702 individuals
with no prior history of cardiovascular disease
who were enrolled, 837 received placebo; further-
more, together with another 1182 patients with
known cardiovascular disease (i.e., secondary
prevention), the others under primary prevention
received pravastatin 40 mg daily for 24 weeks. In
the primary prevention group, baseline CRP was
a little lower (0.20 mg/dl) than in the secondary
prevention group (0.27 mg/dl). After 24 weeks,
reductions in CRP levels were observed in both
cohorts treated with pravastatin, as 14.2% for pri-
mary prevention and 13.1% for secondary preven-
tion. These reductions in CRP were independent
of changes in LDL cholesterol, thus supporting the
anti-inflammatory effects of statins [34].

There have been several explanations of the
mechanism of the statins for lowering CRP [35].
The first involves mevalonate, which is a precursor
of isoprenoid intermediates. Statins inhibit isopre-
nylation via interference with the phosphoryla-
tion of signalling molecules, so the final result is
reduced CRP expression in hepatocytes [36]. The
second proposed mechanism is suppression of
inflammation within the artery, and plaque stabi-
lisation. These can occur via lowering of oxidised
LDL, followed by decreased release of inflamma-
tory mediators from atherosclerotic plaques [35].
The results of a very recent in-silico study have also
suggested that statins can directly interact with
CRP [37]. The final explanation for this lowering
of CRP by statins involves genetic factors that are
different from the common genetic factors for LDL
reduction of cholesterol [38]. Most certainly, differ-
ent statins lower CRP through different pathways.

Ezetimibe

The lipid-lowering agent ezetimibe selective-
ly inhibits the uptake of cholesterol by the Nie-
mann-Pick Cl-like 1 (i.e., NPCIL1) transport
protein at the intestinal brush border [11, 25,
39]. This results in reduction of LDL cholesterol,
up-regulation of LDL receptors, and increased LDL
cholesterol clearance from the plasma [11]. When
used in addition to a statin, further reductions in
LDL cholesterol, apolipoproteins and triglycerides
are seen [11, 39, 40].

The Ezetimibe and Simvastatin in Hypercholes-
terolaemia Enhances Atherosclerosis Regression
(ENHANCE) trial studied the effects of simvasta-
tin and ezetimibe on carotid artery intima-media
thickness in patients with familial hypercholes-
terolaemia [40]. Despite significant reductions in
LDL cholesterol (simvastatin, 39.1%; simvastatin
plus ezetimibe, 55.6%; p < 0.01) and CRP (23.5%
vs. 49.2%, respectively; p < 0.01), the addition of
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ezetimibe to the highest recommended dose of
simvastatin did not provide any further significant
differences for the thickness of the carotid artery
wall, as compared to simvastatin alone.

On the other hand, in the Improved Reduction
of Outcomes: Vytorin Efficacy International Trial
(IMPROVE-IT), 18,144 patients who had acute cor-
onary syndrome in the preceding 10 days received
simvastatin alone or the combination of simvasta-
tin and ezetimibe [41]. After 7 years of follow-up,
the combination of simvastatin and ezetimibe
resulted in significantly lower risk of cardiovas-
cular death, major coronary events, or nonfatal
stroke than simvastatin monotherapy [41]. Also,
significantly more patients treated with the com-
bination achieved LDL cholesterol < 70 mg/dl
(< 1.8 mmol/l) and hsCRP < 2 mg at 1 month, in
comparison to simvastatin alone. The patients
on dual therapy showed improved cardiovascular
outcomes [42]. Here, the CRP levels were reduced
by 82.3% with the monotherapy, and 85.0% with
the combination therapy [41]. Of note, the base-
line CRP was > 20 mg/dl, which will be a result
of the acute coronary syndrome in the preceding
10 days. Simvastatin alone and in combination
with ezetimibe reduced CRP to 3.8 mg/dl and
3.3 mg/d|, respectively [41].

Niacin

Nicotinic acid, or niacin, is a member of the
vitamin B family, and it is known to lower total
cholesterol, triglycerides and apolipoprotein B-con-
taining lipoproteins (i.e., very-low density lipo-
protein and LDL), and to increase apolipoprotein
Al-containing lipoproteins (i.e., HDL) [11, 43, 44].

As well as its effects on lipid metabolism, ni-
acin is known to be of benefit against cardio-
vascular risk factors through its inhibition of the
generation of reactive oxygen species and of LDL
oxidation. This results in inhibition of foam cell
formation and monocyte-endothelial cell adhe-
sion and chemotaxis [1, 44]. Lipszyc et al. report-
ed that niacin can reduce IL-1, IL-6 and TNF-a in
macrophages, which suggested that it has a role
in plaque stabilisation and prevention of progres-
sion of atherosclerosis [1].

Interleukin-1, TNF-a, vascular adhesion mole-
cule-1 (VCAM-1) and monocyte chemoattractant
protein-1 (MCP-1) are cytokines that are import-
ant in the development of atherosclerosis, and
they are under the control of nuclear factor-xB
(NF-kB) [44, 45]. Through its inhibition of NF-«xB
activation, niacin inhibits VCAM-1 and MCP-1
expression in endothelial cells induced by TNF-a
and IL-1 [44]. This indicates that independent of
its effects on lipid metabolism, niacin has vascular
anti-inflammatory and potentially anti-atheroscle-
rotic properties [44].

The lipoprotein-independent and potentially
anti-atherogenic effects of niacin are mediated
by the receptor GPR109A, which is expressed not
only in adipocytes but also in monocytes and mac-
rophages [45]. These are key mediators of inflam-
mation, and therefore they represent an import-
ant therapeutic target in atherosclerosis [45].

Hamoud et al. studied the effects of niacin in
patients with hypercholesterolaemia and low lev-
els of HDL cholesterol [46]. This resulted in signif-
icant increases in HDL cholesterol and apolipopro-
tein A1, and decreased triglycerides (by 23%; p <
0.05) and IL-6 (by 45%; p = 0.044) at 12 weeks
[46]. Although serum CRP levels were not affected,
there was an inverse linear correlation between
serum CRP and HDL cholesterol levels, which il-
lustrated the reduction in oxidative stress of the
treated patients [46]. Also, in patients with meta-
bolic syndrome, treatment with extended release
niacin 1 g daily for 52 weeks improved endothe-
lial function by 22%, decreased CRP by 20%, in-
creased HDL cholesterol, and decreased LDL cho-
lesterol and triglycerides [47].

In the Atherothrombosis Intervention in Meta-
bolic Syndrome with Low HDL/High Triglycerides
trial (AIM-HIGH), 3,414 patients with established
cardiovascular disease were treated with sim-
vastatin (without or with ezetimibe) to maintain
LDL cholesterol at 40-80 mg/dl (1.0-2.0 mmol/l),
and then randomly assigned to receive added ex-
tended-release niacin or placebo [48]. All eligible
patients had low baseline HDL cholesterol (men,
< 40 mg/dl (1.0 mmol/l); women, < 50 mg/dl
(1.3 mmol/l)), elevated triglycerides (150-400 mg/dl
(1.7-4.5 mmol/l)) and LDL cholesterol < 180 mg/dl
(4.65 mmol/l) [48]. Despite a significant increase
in HDL cholesterol and a decrease in triglycerides,
there were no significant differences in cardiovas-
cular events across the two arms, and the trial
was stopped after 36 months [48].

The Heart Protection Study 2 — Treatment of
HDL to Reduce Incidence of Vascular Events (HPS2-
THRIVE) trial included 25,673 patients with vascu-
lar disease who received simvastatin (without or
with ezetimibe) plus either extended-release nia-
cin plus laropiprant, or placebo [49]. Similarly to
AIM-HIGH, there were no significant differences in
the incidence of major vascular events across the
treatment arms after 3.9 years [49]. Furthermore,
the niacin plus laropiprant treatment increased
the incidence of diabetes and serious adverse
events [49]. Although data regarding the influence
of this extended-release niacin on CRP or other
inflammatory parameters are not available from
AIM-HIGH or HPS2-THRIVE, in patients with stable
coronary artery disease, extended-release niacin
without laropiprant was shown to significantly
decrease CRP levels [50].
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Several studies have shown effects of niacin
treatment on the levels of the atheroprotective
hormone adiponectin [51-53]. The increased plas-
ma adiponectin and the dose-dependent increase
in gene expression of adiponectin promoted by
niacin treatment indicate another of the pleiotro-
pic roles of niacin, as adipose tissue contributes to
systemic and local inflammation associated with
atherosclerosis [53].

Fibrates

Fibrates activate peroxisome proliferator-ac-
tivated receptor (PPAR)-a, and through lowering
serum triglycerides and raising HDL cholesterol,
they modulate fat metabolism [11, 54]. Along
with lipid-modifying properties, fibrates have
shown significant reductions in cardiovascular
events [54, 55].

Independent of lipid-lowering, fibrates reduce
the levels of some inflammatory markers, includ-
ing CRR VCAM-1, intercellular adhesion mole-
cule-1 (i.e., ICAM-1) and TNF-a. [56, 57]. Through
reduction of the nuclear p50-NF-kB-C/EBP-B
complex, fibrates down-regulate the expression
of CRP in hepatocytes, thus reducing CRP levels
[54, 58]. Decreased CRP levels correlate with in-
creased HDL cholesterol, with greater effects seen
for patients with dyslipidaemia and higher mean
baseline CRP (> 3 mg/l) [54, 55].

In contrast, in the Fenofibrate Intervention and
Event Lowering in Diabetes (FIELD) substudy, after
5 years of treatment with fenofibrate, there were
no beneficial changes in inflammation biomarkers
in patients with type 2 diabetes [59]. Also, de-
spite reducing recurrent coronary events among
patients with high triglycerides or with metabolic
syndrome, bezafibrate treatment in the 6-year Be-
zafibrate Infarction Prevention (BIP) study did not
reduce CRP levels [60, 61].

The Diabetes and Combined Lipid Therapy Reg-
imen (DIACOR) trial studied the effects of statin
plus fibrate combination therapy on hsCRP in pa-
tients with type 2 diabetes, mixed dyslipidaemia,
and no history of coronary heart disease [62]. Af-
ter 12 weeks of daily treatments with simvastatin
20 mg or fenofibrate 160 mg or their combination,
hsCRP was significantly reduced from baseline,
with the greatest reduction seen for patients with
baseline hsCRP > 2.0 mg/l[62]. However, although
the statins and fibrates have different mecha-
nisms of action, this combination therapy was not
more effective for reduction of hsCRP levels than
either simvastatin or fenofibrate alone [62].

Similarly, there were no additional benefits for
the combination therapy of rosuvastatin 10 mg
and fenofibrate 200 mg versus monotherapy with
rosuvastatin 40 mg [63]. Non-HDL cholesterol,
LDL cholesterol and hsCRP levels were reduced for

both study arms, although the changes were more
evident with rosuvastatin monotherapy [63].

On the other hand, fenofibrate 160 mg co-ad-
ministered with ezetimibe 10 mg for patients
with mixed hyperlipidaemia was more efficient
for the reduction of LDL cholesterol, triglycerides
and non-HDL cholesterol than fenofibrate 160 mg
alone [64]. The reductions in hsCRP that were
seen for both arms were similar here [64].

PCSK9 inhibitors

The PCSK9 inhibitors represent a new class of
lipid-lowering agents. Through their inhibition of
PCSK9 degradation of LDL receptors, these human
monoclonal antibodies increase LDL receptor ac-
tivity [11, 55, 65]. When alirocumab, evolocumab
and bococizumab were administered subcutane-
ously as monotherapies or in combination with
statins or ezetimibe, they were shown to lower
LDL cholesterol levels by 50% to 60% [11, 55, 66,
67]. These PCSK9 inhibitors have also been shown
to reduce plasma apolipoprotein B and Lp(a)
levels, and therefore have beneficial effects on
cardiovascular events [65, 66]. Although inflam-
mation increases PCSK9 liver expression, PCSK9
inhibitors have no significant effects on hsCRP
levels, and therefore do not reduce the risk of in-
flammation [55, 67, 68].

In the 104-week Efficacy and Safety of Aliro-
cumab versus Ezetimibe on Top of Statin in High
Cardiovascular Risk Patients with Hypercholes-
terolaemia (ODYSSEY COMBO II) study, patients
with high cardiovascular risk, elevated LDL cho-
lesterol, and on maximum-tolerated statins were
treated with subcutaneous alirocumab 75 mg ev-
ery 2 weeks compared to oral ezetimibe 10 mg
daily [69]. After 24 weeks, the reduction in LDL
cholesterol was greater with alirocumab (50.6%)
than ezetimibe (29.8%) [69]. However, alirocumab
reduced hsCRP levels by 10.9% in comparison to
15.6% by ezetimibe, although none of these ef-
fects reached significance [69].

The Further Cardiovascular Outcomes Research
with PCSK9 Inhibition in Patients with Elevated
Risk (FOURIER) trial investigated the effects of evo-
locumab on prevention of cardiovascular events
by baseline hsCRP [70, 71]. Here, 27,564 patients
with established atherosclerosis, LDL cholesterol
> 70 mg/dl (1.8 mmol/l) and on statin therapy re-
ceived evolocumab versus placebo for a median
of 2.2 years [70, 71]. Compared to placebo, evo-
locumab reduced LDL cholesterol levels by 59%,
with a consequent 20% greater reduction in the
risk of major adverse cardiovascular events [70].
Also, evolocumab decreased the inflammatory risk
and hsCRP levels (by 17.7%), while the patients
with higher baseline hsCRP tended to have great-
er benefit [70]. In addition, both LDL cholesterol
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and hsCRP levels were independently associated
with adverse cardiovascular events, the rates of
which were lowest in the patients with the lowest
baseline LDL cholesterol and hsCRP [70].

Similarly, in the Studies of PCSK9 Inhibition
and Reduction of Vascular Events trials (SPIRE-1,
2) with bococizumab, there was a connection be-
tween elevated hsCRP levels and increased rates
of non-fatal myocardial infarction, cardiovascu-
lar death and all-cause mortality [72]. Although
large reductions in LDL cholesterol were seen for
the patients receiving both the statin therapy and
bococizumab for 14 weeks, treatment with boco-
cizumab had no effects on hsCRP [72]. Also, this
PCSK9 inhibition with bococizumab resulted in
the development of high levels of neutralising an-
tidrug antibodies, and therefore these SPIRE trials
were closed prematurely [72].

Although these PSCK9 inhibitors had no signif-
icant effects on hsCRP levels, these studies show
that even with the large reductions in LDL choles-
terol seen (i.e., to < 30 mg/dl), CRP remained a risk
marker for future cardiovascular events, thus re-
gardless of the LDL cholesterol levels achieved
[73]. We can assume that other factors besides
LDL cholesterol contributed to the increased in-
flammation and residual risk. However, in the
FOURIER study, the patients with higher hsCRP
were seen to benefit most [70].

Inclisiran was the first small interfering (si)RNA
to be used for the reduction of proatherogenic lipo-
protein cholesterol levels [74]. Although the ultimate
aim of all of the drugs from this group is to decrease
PCSK9 activity, the mechanism of action of inclisir-
an is completely different. While evolocumab, ali-
rocumab and bococizumab are antibodies against
PCSK9, and thus exert their effects extracellularly,
inclisiran inhibits the synthesis of PCSK9 in hepatic
tissue. It specifically binds to the PCSK9 messenger
RNA (mRNA) in hepatocytes [75], thus targeting
both circulating and intracellular PCSK9 in the liver.
Whether this difference is clinically important needs
to be established in further clinical trials.

In the Trial to Evaluate the Effect of ALN-PCSSC
Treatment on Low-Density Lipoprotein Cholester-
ol (ORION-1) study, the patients were randomly
assigned to receive placebo or inclisiran as single
doses (inclisiran, 200, 300, 500 mg; day 1) or as
two doses (inclisiran, 100, 200, 300 mg; days 1,
90) [76]. Although not reaching significance for
the single doses (probably due to the wide dis-
tribution), inclisiran 300 mg and 500 mg showed
indications of decreased hsCRP (16.2%, 19.8%,
respectively). However, patients on the two-dose
regime of inclisiran 300 mg showed a significant
16.7% decrease in hsCRP levels.

Taking these trials together, it appears that
PCSK9 is not involved in the atherogenic process-
es with proinflammatory effects.

Bempedoic acid

Bempedoic acid is an oral lipid-lowering pro-
drug that up-regulates LDL receptor expression
and increases LDL cholesterol clearance from the
plasma, and it acts through inhibition of adenos-
ine triphosphate-citrate lyase, a key enzyme in
the cholesterol synthesis pathway. Activation of
bempedoic acid to its active form is achieved by
very long-chain acyl-coenzyme A synthetase-1, an
enzyme that is expressed in the liver and not in
skeletal muscle, but that results in reduced risk of
muscle-related adverse effects [77, 78].

Several studies have shown reductions in LDL
cholesterol levels by up to 30% with bempedoic
acid monotherapy, plus a 24% additional decrease
when bempedoic acid was added to stable statin
therapy, or a 48% additional decrease in combina-
tion with ezetimibe [79-81]. Furthermore, in four
phase 3 randomised clinical trials, bempedoic
acid provided significant reductions in LDL cho-
lesterol levels: CLEAR Harmony (NCT02666664)
[13]; CLEAR Wisdom (NCT029911118) [18]; CLEAR
Tranquility (NCT03001076) [82]; and CLEAR Seren-
ity (NCT02988115) [17]. Across all of these stud-
ies, a total of 3623 patients received bempedoic
acid 180 mg or placebo, once daily for 12 to 52
weeks. After 12 weeks, among the patients with
hypercholesterolaemia or high cardiovascular risk,
or both, who were on maximally tolerated statin
therapy, the mean decrease in LDL cholesterol
levels was 17.8%, and for hsCRP levels, 18.1%.
A greater treatment effect was seen for the pa-
tients with hypercholesterolaemia and history of
statin intolerance, with a mean change in LDL
cholesterol levels of 24.5% and for hsCRP levels
of 27.4% [78].

To determine whether bempedoic acid has car-
diovascular protective effects in patients at high
vascular risk and with statin intolerance and ele-
vated LDL cholesterol levels, the CLEAR Outcomes
study is in progress [15].

Ethyl eicosapentaenoic acid

Ethyl eicosapentaenoic acid (icosapent ethyl) is
a highly purified eicosapentaenoic acid ethyl es-
ter that is known to reduce triglyceride levels, and
might also have anti-inflammatory, antioxidative,
and plaque-stabilising and membrane-stabilis-
ing effects [16]. The Reduction of Cardiovascular
Events with Icosapent Ethyl-Intervention Trial (RE-
DUCE-IT) involved 8179 patients on stable statin
therapy with elevated triglycerides and either es-
tablished cardiovascular disease or diabetes and
other risk factors [83]. After a median of 4.9 years
of treatment, icosapent ethyl 4 g daily promoted
reduced ischaemic events, less need for revascu-
larisation, and a 12.6% reduction in hsCRP levels
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[14, 19, 83]. Also, LDL cholesterol levels increased
by 3.1% in the icosapent ethyl group compared to
10.2% in the placebo group [83].

Antisense oligonucleotides

Elevated Lp(a) levels represent an independent
and highly prevalent risk factor for cardiovascular
disease and calcific aortic valve stenosis [84, 85].
ASOs are short synthetic analogues of the natural
nucleic acids that bind to target mRNAs via Wat-
son—Crick hybridisation, which results in selective
degradation of the mRNA or inhibition of its trans-
lation into the protein [86, 87]. Treatment with
ASOs that target hepatic apo(a) mMRNA have been
shown to reduce the plasma levels of Lp(a) [85].

Viney et al. reported on their studies on IO-
NIS-APO(a),, and IONIS-APO(a)-L, . The latter ASO
here, IONIS-APO(a)-L,, is conjugated with a tri-
antennary N-acetyl galactosamine complex and
is hepatocyte-directed via an asialoglycoprotein
complex [61]. Both of these ASOs have shown not
only significant reductions in Lp(a) levels, but also
reductions in LDL cholesterol, apoB and oxidised
phospholipids [61]. IONIS-APO(a)-L,, is 30 times
more potent than its parent ASO, with a mean
92.4% reduction in Lp(a) levels, thus providing
lower dosing and enhanced tolerability [84]. Ir-
respective of coronary artery disease, treatment
with IONIS-APO(a)-L,, of patients with Lp(a) lev-
els > 80" percentile and > 99" percentile showed
decreased hsCRP of 13% and 43%, respectively.
However, these changes were not significant com-
pared to placebo, where hsCRP was decreased by
27%. It needs to be borne in mind here that pa-
tients with Lp(a) > 80" percentile had the lowest
hsCRP levels, while patients with Lp(a) > 99" per-
centile had the highest hsCRP levels; hence, the
decreases were proportional to the initial hsCRP
levels.

Tsimikas et al. studied antisense oligonucle-
otides further, where they then referred to IONIS-
APO(a)-L,, as AKCEA-APO(a)-L,, [85]. In patients
with elevated Lp(a) levels and established cardio-
vascular disease, treatment with AKCEA-APO(a)-
L, resulted in dose-dependent decreases in Lp(a)
levels, with the largest reduction of 80% reached
at the highest dose of 20 mg weekly [85]. In this
study 286 patients with established cardiovascu-
lar disease and Lp(a) > 600 mg/!| received a saline
placebo or AKCEA-APO(a)-L,, as: 20, 40 or 60 mg
every 4 weeks; 20 mg every 2 weeks; or 20 mg ev-
ery week; subcutaneously for 6 to 12 months. The
baseline hsCRPs were between 2 mg/l and 3 mg/!
across these treatment groups. After 6 months,
the absolute mean changes in hsCRP were —0.8
+5.2 mg/lin the placebo group, and respectively for
the 5 active treatments above as —0.9 +4.2 mg/|,
-0.7 4.2 mg/l, -0.3 £2.8 mg/l, 0.5 +2.2 mg/|

and -0.1 +6.3 mg/l [85]. However, it is not clear
whether any of these changes reached statistical
significance as hsCRP was measured as a safety
outcome, and not as a primary or secondary out-
come. Additionally, there were dose-dependent
reductions in oxidised phospholipids on apolipo-
protein B and apolipoprotein A, which might be
important because oxidised phospholipids are
responsible for the inflammatory properties of
Lp(a). Whether all of these changes are clinical-
ly relevant will be answered by the Assessing the
Impact of Lipoprotein(a) Lowering with TQJ230 on
Major Cardiovascular Events in Patients with Car-
diovascular Disease (HORIZON; NCT04023552)
trial, which is currently enrolling patients.

Mipomersen is an antisense DNA drug that in-
hibits apolipoprotein B synthesis, and it has been
shown to promote reductions in LDL cholester-
ol [55, 87]. Although mipomersen improved the
overall lipid profile and decreased adverse car-
diovascular events, its safety is questionable [88].
Its major side effects included flu-like symptoms,
injection site reactions and elevated liver enzymes
[55, 88]. Mipomersen therapy has been associated
with variable increases in hepatic fat content. The
long-term safety of increased hepatic fat content
in patients receiving this therapy is uncertain. Mi-
pomersen caused elevated transaminase in some
patients, but no cases of severe liver injury have
been reported [89]. This might be why data on its
effects on inflammatory parameters are scarce at
present. In a study by Flaim et al. [90], there was
a transient increase in hsCRP shortly after mipo-
mersen subcutaneous injection, but no long-term
changes were reported.

Statins

Residual risk

{ LDL-
cholesterol

Residual risk

PCSK9 inhibitors

Residual
risk

sapnospnuosijo
asuasiuy

Figure 1. Schematic representation of the known
and unknown effects on cardiovascular risk factors
of statins, PCSK9 inhibitors and antisense oligonu-
cleotides

Arch Med Sci 4, 15t July / 2022

865



Sabina Ugovaek, Janja Zupan, Andreja Rehberger Likozar, Miran Sebestjen

In conclusion, although the rates of morbid-
ity and mortality due to coronary artery disease
have been dramatically decreased over the last
30 years, the residual cardiac risk is still substan-
tial (Figure 1). The major, but not only, contribu-
tors to reduced morbidity and mortality are the
lipid-lowering drugs that generally reduce LDL
cholesterol levels. One of the main reasons for
the residual risk here is inflammation within the
arterial walls, which can be best characterised by
the systemic hsCRP levels. Among the lipid-low-
ering drugs, statins have been shown to decrease
cardiovascular morbidity and mortality beyond
their LDL cholesterol lowering effect. Other drugs
used in secondary prevention of cardiovascular
events, such as fibrates and ezetimibe, have less
pronounced effects on cardiovascular events. This
might be the result of their weaker LDL reduction,
as well as their weaker anti-inflammatory effects.

Considering instead the PCSK9 inhibitors,
these have little or no effect on inflammatory
parameters. However, they can dramatically de-
crease LDL cholesterol, even in patients treated
with the highest doses of statins, and they also
further decrease cardiovascular morbidity and
mortality. The patients who benefit the most from
PCSK9 inhibitors are those with increased base-
line hsCRP. Whether these PCSK9 inhibitors have
other anti-inflammatory effects than those that
reduce CRP levels remains to be determined.

For ASOs, their effects on cardiovascular mor-
bidity and mortality remain largely unknown, al-
though it is known that they have no effects on
LDL cholesterol, and that they promote large re-
ductions in Lp(a), and apparently modest reduc-
tions in hsCRP. Furthermore, the clinical relevance
for some ASOs remains to be determined in terms
of their reduction of oxidised phospholipids on
apolipoproteins B and A, which are responsible for
the inflammatory properties of Lp(a).

It appears that the future direction of lipid-low-
ering therapies in patients with cardiovascular
disease will be for statins without or with eze-
timibe to be combined with PCSK9 inhibitors in
patients who do not reach their target LDL choles-
terol levels. In these patients with elevated Lp(a),
the addition of ASOs might also be needed. This
last aspect here will become clear with the results
of future studies, and in particular with the results
of the HORIZON study, which are now fortunately
not so far in the future.

From the current perspective of our under-
standing of the atherosclerotic process, it would
be reasonable for future clinical trials that eval-
uate anti-atherosclerotic drugs to measure their
effects on both components, i.e., on lipid markers
and on markers of inflammation. Similarly, future
strategies in the development of drugs that target
atherosclerotic processes should have the dual

effects of lowering both lipids and inflammation.
However, according to the current knowledge on
the mechanisms involved in this lowering of lipids
and inflammation, as summarized in the current
review, it appears that we are still missing a large
piece of the puzzle.

Acknowledgments

The authors acknowledge Chris Berrie for sci-
entific English editing of the manuscript.

Conflict of interest
The authors declare no conflict of interest.

References

1. Lipszyc PS, Cremaschi GA, Zorrilla Zubilete M, et al. Ni-
acin modulates pro-inflammatory cytokine secretion.
a potential mechanism involved in its anti-atheroscle-
rotic effect. Open Cardiovasc Med ) 2013; 7: 90-8.

2. Ross R. Atherosclerosis — an inflammatory disease.
N Engl) Med 1999; 340: 115-26.

3. Lorenzatti AJ, Servato ML. New evidence on the role of
inflammation in CVD risk. Curr Opin Cardiol 2019; 34:
418-23.

4. Geovanini GR, Libby P. Atherosclerosis and inflamma-
tion: overview and updates. Clin Sci 2018; 132: 1243-52.

5. Mizuno Y, Francis Jacob R, Mason RP. Inflammation
and the development of atherosclerosis. J Atheroscler
Thromb 2011; 18: 351-8.

6. Devaraj S, Rogers J, Jialal I. Statins and biomarkers of
inflammation. Curr Atheroscler Rep 2007; 9: 33-41.

7. Moriarty PM, Gibson CA, Shih J, Matias MS. C-reactive
protein and other markers of inflammation among pa-
tients undergoing HELP LDL apheresis. Atherosclerosis
2001; 158: 495-8.

8. Bivona G, Agnello L, Bellia C, Lo Sasso B, Ciaccio M. Diag-
nostic and prognostic value of H-FABP in acute coronary
syndrome: still evidence to bring. Clin Biochem 2018;
58: 1-4.

9. Agnello L, Bellia C, Lo Sasso B, et al. Establishing the
upper reference limit of Galectin-3 in healthy blood do-
nors. Biochem Medica 2017; 27: 030709.

10. Agnello L, Bellia C, Scazzone C, et al. Establishing the
99th percentile for high sensitivity cardiac troponin
i in healthy blood donors from southern italy. Biochem
Medica 2019; 29: 402-6.

11. Bertrand MJ, Tardif JC. Inflammation and beyond: new
directions and emerging drugs for treating atherosclero-
sis. Expert Opin Emerg Drugs 2017; 22: 1-26.

12. Banach M, Burchardt P Chlebus K, et al. PoLA/CFPiP/
PCS/PSLD/PSD/PSH guidelines on diagnosis and thera-
py of lipid disorders in Poland 2021. Arch Med Sci 2021;
17: 1447-547.

13. Ray KK, Bays HE, Catapano AL, et al. Safety and effica-
cy of bempedoic acid to reduce LDL cholesterol. N Engl
J Med 2019; 380: 1022-32.

14. Peterson BE, Bhatt DL, Steg PG, et al. Reduction in re-
vascularization with icosapent ethyl: insights from RE-
DUCE-IT revascularization analyses. Circulation 2021;
143: 33-44.

15. Nicholls SJ, Lincoff AM, Bays HE, et al. Rationale and de-
sign of the CLEAR-outcomes trial: evaluating the effect
of bempedoic acid on cardiovascular events in patients
with statin intolerance. Am Heart ) 2021; 235: 104-12.

866

Arch Med Sci 4, 15t July / 2022



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

Influence of lipid-lowering drugs on inflammation: what is yet to be done?

Nelson JR, Wani O, May HT, Budoff M. Potential benefits
of eicosapentaenoic acid on atherosclerotic plaques.
Vascul Pharmacol 2017; 91: 1-9.

Laufs U, Banach M, Mancini GBJ, et al. Efficacy and safe-
ty of bempedoic acid in patients with hypercholester-
olemia and statin intolerance. ] Am Heart Assoc 2019;
8:e011662.

Goldberg AC, Leiter LA, Stroes ESG, et al. Effect of be-
mpedoic acid vs placebo added to maximally tolerated
statins on low-density lipoprotein cholesterol in patients
at high risk for cardiovascular disease: the CLEAR wis-
dom randomized clinical trial. JAMA 2019; 322: 1780-8.
Bhatt DL, Steg PG, Miller M, et al. Effects of icosapent
ethyl on total ischemic events: from REDUCE-IT. ] Am
Coll Cardiol 2019; 73: 2791-802.

Cicero AFG, Derosa G, Parini A, et al. Red yeast rice im-
proves lipid pattern, high-sensitivity C-reactive protein,
and vascular remodeling parameters in moderately hy-
percholesterolemic Italian subjects. Nutr Res 2013; 33:
622-8.

Mazidi M, Kengne AR Mikhailidis DR Cicero AF, Ba-
nach M. Effects of selected dietary constituents on
high-sensitivity C-reactive protein levels in U.S. adults.
Ann Med 2018; 50: 1-6.

Cicero AFG, Colletti A, Bajraktari G, et al. Lipid lowering
nutraceuticals in clinical practice: position paper from
an International Lipid Expert Panel. Arch Med Sci 2017;
13: 965-1005.

Diamantis E, Kyriakos G, Quiles-Sanchez LV, Farmaki P
Troupis T. The anti-inflammatory effects of statins on
coronary artery disease: an updated review of the liter-
ature. Curr Cardiol Rev 2017; 13: 209-16.

Devaraj S, Siegel D, Jialal I. Statin therapy in metabolic
syndrome and hypertension post-JUPITER: what is the
value of CRP? Curr Atheroscler Rep 2011; 13: 31-42.
Dolezelova E, Stein E, Derosa G, Maffioli B Nachtigal R
Sahebkar A. Effect of ezetimibe on plasma adipokines:
a systematic review and meta-analysis. Br J Clin Phar-
macol 2017; 83: 1380-96.

G6 Mez-Gerique JA, Ros E, Olivan J, et al. Effect of ator-
vastatin and bezafibrate on plasma levels of C-reactive
protein in combined (mixed) hyperlipidemia. Athero-
sclerosis 2002; 162: 245-51.

Storey BC, Staplin N, Haynes R, et al. Lowering LDL cho-
lesterol reduces cardiovascular risk independently of
presence of inflammation. Kidney Int 2018; 93: 1000-7.
Ridker PM, Danielson E, Fonseca FA, et al. Reduction in
C-reactive protein and LDL cholesterol and cardiovascular
event rates after initiation of rosuvastatin: a prospective
study of the JUPITER trial. Lancet 2009; 373: 1175-82.
Ballantyne CM, Weiss R, Moccetti T, et al. Efficacy and
safety of rosuvastatin 40 mg alone or in combination
with ezetimibe in patients at high risk of cardiovascular
disease (results from the EXPLORER study). Am J Cardiol
2007; 99: 673-80.

Clearfield M. C-reactive protein levels and outcomes
after statin therapy. Curr Atheroscler Rep 2006; 8: 8-9.
Nissen SE, Tuzcu EM, Schoenhagen P, et al. Statin ther-
apy, LDL cholesterol, C-reactive protein, and coronary
artery disease. N Engl ) Med 2005; 352: 29-38.

Sacks FM, Pfeffer MA, Moye LA, et al. The effect of
pravastatin on coronary events after myocardial infarc-
tion in patients with average cholesterol levels. N Engl
J Med 1996; 335: 1001-9.

. Ridker PM, Rifai N, Pfeifer MA, Sacks F Braunwald E.

Long-term effects of pravastatin on plasma concentra-
tion of C-reactive protein. Circulation 1999; 100: 230-5.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Albert MA, Danielson E, Rifai N, Ridker PM. Effect of sta-
tin therapy on C-reactive protein levels: the pravastatin
inflammation/CRP evaluation (PRINCE): a randomized
trial and cohort study. ) Am Med Assoc 2001; 286: 64-70.
Arévalo-Lorido JC. Clinical relevance for lowering C-re-
active protein with statins. Ann Med 2016; 48: 516-24.
Arnaud C, Burger F, Steffens S, et al. Statins reduce inter-
leukin-6-induced C-reactive protein in human hepato-
cytes: new evidence for direct antiinflammatory effects
of statins. Arterioscler Thromb Vasc Biol 2005; 25: 1231-6.
Shakour N, Ruscica M, Hadizadeh F, et al. Statins and
C-reactive protein: in silico evidence on direct interac-
tion. Arch Med Sci 2020; 16: 1432-9.

Chu AY, Guilianini F Barratt BJ, Nyberg F Chasman DI,
Ridker PM. Pharmacogenetic determinants of statin-in-
duced reductions in C-reactive protein. Circ Cardiovasc
Genet 2012; 5: 58-65.

Gupta M, Szmitko PE, Tsigoulis M, et al. Effects of ezeti-
mibe add-on to statin therapy on adipokine production
in patients with metabolic syndrome and stable vascu-
lar disease. ) Cardiovasc Pharmacol 2010; 56: 241-5.
Kastelein JJR Akdim F, Stroes ESG, et al. Simvastatin with
or without ezetimibe in familial hypercholesterolemia.
N Engl) Med 2008; 358: 1431-43.

Cannon CP, Blazing MA, Giugliano RR et al. Ezetimibe
added to statin therapy after acute coronary syndromes.
N Engl) Med 2015; 372: 2387-97.

Bohula EA, Giugliano RR Cannon CR et al. Achieve-
ment of dual low-density lipoprotein cholesterol and
high-sensitivity c-reactive protein targets more fre-
quent with the addition of ezetimibe to simvastatin and
associated with better outcomes in IMPROVE-IT. Circu-
lation 2015; 132: 1224-33.

Adiels M, Chapman MJ, Robillard B Krempf M, Laville M,
Borén J. Niacin action in the atherogenic mixed dyslip-
idemia of metabolic syndrome: insights from metabolic
biomarker profiling and network analysis. J Clin Lipidol
2018; 12: 810-21.el.

Ganji SH, Qin S, Zhang L, Kamanna VS, Kashyap ML. Ni-
acin inhibits vascular oxidative stress, redox-sensitive
genes, and monocyte adhesion to human aortic endo-
thelial cells. Atherosclerosis 2009; 202: 68-75.

Digby JE, Martinez F, Jefferson A, et al. Anti-inflammatory
effects of nicotinic acid in human monocytes are medi-
ated by GPR109A dependent mechanisms Europe PMC
Funders Group. Arter Thromb Vasc Biol 2012; 32: 669-76.
Hamoud S, Kaplan M, Meilin E, et al. Niacin adminis-
tration significantly reduces oxidative stress in patients
with hypercholesterolemia and low levels of high-densi-
ty lipoprotein cholesterol. Am ) Med Sci 2013; 345: 195-9.
Thoenes M, Oguchi A, Nagamia S, et al. The effects of
extended-release niacin on carotid intimal media thick-
ness, endothelial function and inflammatory markers in
patients with the metabolic syndrome. Int J Clin Pract
2007; 61: 1942-8.

Nicholls SJ. The AIM-HIGH (Atherothrombosis Inter-
vention in Metabolic Syndrome with Low HDL/High
Triglycerides: Impact on Global Health Outcomes) trial:
to believe or not to believe? ) Am Coll Cardiol 2012; 59:
2065-7.

Group HTC, Landray MJ, Haynes R, et al. Effects of ex-
tended-release niacin with laropiprant in high-risk pa-
tients. N EnglJ Med 2014; 371: 203-12.

Kuvin JT, Dave DM, Sliney KA, et al. Effects of extend-
ed-release niacin on lipoprotein particle size, distribu-
tion, and inflammatory markers in patients with coro-
nary artery disease. Am J Cardiol 2006; 98: 743-5.

Arch Med Sci 4, 15t July / 2022

867



Sabina Ugovaek, Janja Zupan, Andreja Rehberger Likozar, Miran Sebestjen

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Westphal S, Borucki K, Taneva E, Makarova R, Luley C.
Extended-release niacin raises adiponectin and leptin.
Atherosclerosis 2007; 193: 361-5.

Plaisance EPR, Lukasova M, Offermanns S, Zhang Y, Cao G,
Judd RL Niacin stimulates adiponectin secretion through
the GPR109A receptor. Am J Physiol Endocrinol Metab
2009; 296: 549-58.

Digby JE, McNeill E, Dyar OJ, Lam V, Greaves DR, Choud-
hury RP. Anti-inflammatory effects of nicotinic acid in
adipocytes demonstrated by suppression of fractalkine,
RANTES, and MCP-1 and upregulation of adiponectin.
Atherosclerosis 2010; 209: 89-95.

Hao Y, Zhang H, Yang X, Wang L, Gu D. Effects of fibrates
on C-reactive protein concentrations: a meta-analysis of
randomized controlled trials. Clin Chem Lab Med 2012;
50: 391-7.

Ruscica M, Ferri N, Macchi C, Corsini A, Sirtori CR. Lipid
lowering drugs and inflammatory changes: an impact
on cardiovascular outcomes? Ann Med 2018; 50: 461-84.
Ghani RA, Yaakob | Bin, et al. The influence of fenofi-
brate on lipid profile, endothelial dysfunction, and
inflammatory markers in type 2 diabetes mellitus pa-
tients with typical and mixed dyslipidemia. J Clin Lipidol
2013; 7: 446-53.

Rosenson RS. Effect of fenofibrate on adiponectin and
inflammatory biomarkers in metabolic syndrome pa-
tients. Obesity 2009; 17: 504-9.

Kleemann R, Gervois PP Verschuren L, Staels B, Princen
HMG, Kooistra T. Fibrates down-regulate IL-1-stimulated
C-reactive protein gene expression in hepatocytes by
reducing nuclear p50-NFkB-C/EBP-B complex formation.
Blood 2003; 101: 545-51.

Hiukka A, Westerbacka J, Leinonen ES, et al. Long-term
effects of fenofibrate on carotid intima-media thickness
and Augmentation Index in subjects with type 2 diabe-
tes mellitus. ) Am Coll Cardiol 2008; 52: 2190-7.

Behar S, Brunner D, Kaplinsky E, Mandelzweig L, Bend-
erly M. Secondary prevention by raising HDL cholesterol
and reducing triglycerides in patients with coronary ar-
tery disease: the bezafibrate infarction prevention (BIP)
study. Circulation 2000; 102: 21-7.

Tanne D, Benderly M, Goldbourt U, et al. C-reactive pro-
tein as a predictor of incident ischemic stroke among
patients with preexisting cardiovascular disease. Stroke
2006; 37: 1720-4.

Muhlestein JB, May HT, Jensen JR, et al. The reduction
of inflammatory biomarkers by statin, fibrate, and com-
bination therapy among diabetic patients with mixed
dyslipidemia. The DIACOR (Diabetes and Combined Lip-
id Therapy Regimen) Study. J Am Coll Cardiol 2006; 48:
396-401.

Agouridis AR Tsimihodimos V, Filippatos TD, et al. The
effects of rosuvastatin alone or in combination with
fenofibrate or omega 3 fatty acids on inflammation and
oxidative stress in patients with mixed dyslipidemia.
Expert Opin Pharmacother 2011; 12: 2605-11.
McKenney JM, Farnier M, Lo KW, et al. Safety and effi-
cacy of long-term co-administration of fenofibrate and
ezetimibe in patients with mixed hyperlipidemia. J Am
Coll Cardiol 2006; 47: 1584-7.

Kolski B, Tsimikas S. Emerging therapeutic agents to
lower lipoprotein (a) levels. Curr Opin Lipidol 2012; 23:
560-8.

Koch CA, Krabbe S, Hehmke B. Statins, metformin, pro-
protein-convertase-subtilisin-kexin type-9 (PCSK9) in-
hibitors and sex hormones: immunomodulatory proper-
ties? Rev Endocr Metab Disord 2018; 19: 363-95.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Sahebkar A, Di Giosia P Stamerra CA, et al. Effect of
monoclonal antibodies to PCSK9 on high-sensitivity
C-reactive protein levels: a meta-analysis of 16 ran-
domized controlled treatment arms. Br J Clin Pharmacol
2016; 81: 1175-90.

Momtazi-Borojeni AA, Sabouri-Rad S, Gotto AM, et al.
PCSK9 and inflammation: a review of experimental and
clinical evidence. Eur Hear J Cardiovasc Pharmacother
2019; 5: 237-45.

Cannon CR Cariou B, Blom D, et al. Efficacy and safety
of alirocumab in high cardiovascular risk patients with
inadequately controlled hypercholesterolaemia on maxi-
mally tolerated doses of statins: the ODYSSEY COMBO Il
randomized controlled trial. Eur Heart ) 2015; 36: 1186-94.
Bohula EA, Giugliano RP Leiter LA, et al. Inflammatory
and cholesterol risk in the FOURIER trial. Circulation
2018; 138: 131-40.

Giugliano RR Pedersen TR, Saver JL, et al. Stroke pre-
vention with the PCSK9 (Proprotein Convertase Subtili-
sin-Kexin Type 9) inhibitor evolocumab added to statin
in high-risk patients with stable atherosclerosis. Stroke
2020; 51: 1546-54.

Pradhan AD, Aday AW, Rose LM, Ridker PM. Residual
inflammatory risk on treatment with PCSK9 inhibition
and statin therapy. Circulation 2018; 138: 141-9.
Ruscica M, Tokgozoglu L, Corsini A, Sirtori CR. PCSK9
inhibition and inflammation: a narrative review. Athero-
sclerosis 2019; 288: 146-55.

Wang Y, Wang J, Wang S. Comparative effectiveness of
inclisiran 100, 300, and 500 mg in a population with hy-
perlipidemia: a network meta-analysis of randomized
controlled trials. Am ] Cardiovasc Drugs 2018; 18: 271-82.
Cohen JC, Boerwinkle E, Mosley TH, Hobbs HH. Se-
quence variations in PCSK9, low LDL, and protection
against coronary heart disease. N Engl ) Med 2006; 354:
1264-72.

Ray KK, Landmesser U, Leiter LA, et al. Inclisiran in pa-
tients at high cardiovascular risk with elevated LDL cho-
lesterol. N Engl ) Med 2017; 376: 1430-40.

Ruscica M, Corsini A, Ferri N, Banach M, Sirtori CR. Clini-
cal approach to the inflammatory etiology of cardiovas-
cular diseases. Pharmacol Res 2020; 159: 104916.
Banach M, Banach M, Duell PB, et al. Association of be-
mpedoic acid administration with atherogenic lipid lev-
els in phase 3 randomized clinical trials of patients with
hypercholesterolemia. JAMA Cardiol 2020; 5: 1124-35.
Thompson PD, MacDougall DE, Newton RS, et al. Treat-
ment with ETC-1002 alone and in combination with eze-
timibe lowers LDL cholesterol in hypercholesterolemic
patients with or without statin intolerance. J Clin Lipidol
2016; 10: 556-67.

Ballantyne CM, McKenney JM, MacDougall DE, et al.
Effect of ETC-1002 on serum low-density lipoprotein
cholesterol in hypercholesterolemic patients receiving
statin therapy. AmJ Cardiol 2016; 117: 1928-33.
Ballantyne CM, Davidson MH, MacDougall DE, et al. Effi-
cacy and safety of a novel dual modulator of adenosine
triphosphate-citrate lyase and adenosine monophos-
phate-activated protein kinase in patients with hyper-
cholesterolemia: results of a multicenter, randomized,
double-blind, placebo-controlled, parallel-group trial.
J Am Coll Cardiol 2013; 62: 1154-62.

Ballantyne CM, Banach M, Mancini GB)J, et al. Efficacy
and safety of bempedoic acid added to ezetimibe in
statin-intolerant patients with hypercholesterolemia:
a randomized, placebo-controlled study. Atherosclerosis
2018; 277: 195-203.

868

Arch Med Sci 4, 15t July / 2022



83.

84.

85.

86.

87.

88.

89.

90.

Influence of lipid-lowering drugs on inflammation: what is yet to be done?

Bhatt DL, Steg PG, Miller M, et al. Cardiovascular risk
reduction with icosapent ethyl for hypertriglyceridemia.
N Engl) Med 2019; 380: 11-22.

Viney NJ, van Capelleveen JC, Geary RS, et al. Antisense
oligonucleotides targeting apolipoprotein(a) in peo-
ple with raised lipoprotein(a): two randomised, dou-
ble-blind, placebo-controlled, dose-ranging trials. Lancet
2016; 388: 2239-53.

Tsimikas S, Karwatowska-Prokopczuk E, Gouni-Ber-
thold I, et al. Lipoprotein(a) reduction in persons with
cardiovascular disease. N EnglJ Med 2020; 382: 244-55.
Gouni-Berthold I. The role of antisense oligonucleotide
therapy against apolipoprotein-Clil in hypertriglyceri-
demia. Atheroscler Suppl 2017; 30: 19-27.

Visser ME, Witztum JL, Stroes ESG, Kastelein JJP. Anti-
sense oligonucleotides for the treatment of dyslipidae-
mia. Eur Heart ) 2012; 33: 1451-8.

Macchi C, Sirtori CR, Corsini A, Santos RD, Watts GF, Rus-
cica M. A new dawn for managing dyslipidemias: the
era of rna-based therapies. Pharmacol Res 2019; 150:
104413.

Blom DJ, Raal FJ, Santos RD, Marais AD. Lomitapide and
mipomersen — inhibiting microsomal triglyceride trans-
fer protein (MTP) and apoB100 Synthesis. Curr Athero-
scler Rep 2019; 21: 48.

Flaim JD, Grundy JS, Baker BE McGowan MR Kastelein
JJP. Changes in mipomersen dosing regimen provide
similar exposure with improved tolerability in random-
ized placebo-controlled study of healthy volunteers.
J Am Heart Assoc 2014; 3: e000560.

Arch Med Sci 4, 15t July / 2022

869



