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Intensive LDL-cholesterol lowering
and inhibition of inflammation to
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Summary
•	Cardiovascular disease and in particular coronary heart disease (CHD) are
major causes of mortality and low density lipoprotein-cholesterol is causally related to CHD.
•	Risk prevention requires a global approach for patient management, including lifestyle and dietary changes for all.
•	Pharmaceutical lipid-lowering therapy using statins and non-statin combinations significantly improves cardiovascular outcomes.
•	Severe hypercholesterolaemia and familial forms require aggressive lipid-lowering therapy.
•	New approaches with anti-PCSK9 antibodies enable more therapeutic
goals to be achieved.
•	Residual inflammatory assessment may help guide risk evaluation and
become a therapeutic target.
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Why envisage intensive LDL-cholesterol
lowering and inhibition of inflammation?
Some of the first epidemiological studies associating
coronary heart disease (CHD) with baseline cardio
vascular risk factor variables date back to the 1960s,
prior to therapeutic and Mendelian studies [3], and
point at both systolic blood pressure and serum cholesterol as risk factors for the development of CHD. The
role of lifestyle and modifiable physical characteristics,
initially investigated by Ancel Keys, was then further
explored in the Framingham Heart Study, funded by
the US Public Health Service [3].
The first interventional studies aiming at establishing
a causal relationship between CHD and cardiovascular
risk began to emerge in the 1970s. One example is the
co-operative trial in the primary prevention of ischaemic heart disease using clofibrate published in 1978,
which included 15 745 males aged 30 to 59 years and
with high cholesterol levels [4]. Treatment with clofibrate (ethyl-chlorophenoxyisobutyrate) resulted in an
overall decrease in cholesterol levels by 9% versus placebo. Furthermore, the percentage of males free from
all major ischaemic heart disease or nonfatal MI was
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Introduction

higher in the clofibrate treatment arm, albeit associated with an excess mortality rate. Although this ex-

Despite a decreasing incidence rate of acute myocar-

cess death rate was later attributed to issues not related

dial infarction (MI) per person-years of follow-up, car-

to the drug, at the time it did lead to widespread scepti-

diovascular disease remains a major health and eco-

cism regarding the benefit of cholesterol reduction in

nomic burden to society, accounting for the greatest

the prevention of CHD. Controversy over the benefit of

proportion of deaths in both men and women above

lowering cholesterol continued until the end of the

the age of 65 years [1, 2]. Over recent decades, research

1980s as further studies on clofibrate and other lipid

into the causes and mechanisms driving the develop-

lowering drugs were published, and culminated with

ment of cardiovascular disease has rapidly evolved

the results of a trial on the effect of partial ileal bypass

from focusing purely on blood pressure or lipid man-

surgery on CHD mortality and morbidity in patients

agement, to treating the inflammatory processes

with hypercholesterolaemia, which concluded that, in

closely associated with it. In everyday real life, this

patients who had had an MI, this procedure resulted in

translates into ever more targeted treatment strategies

sustained improvements in blood lipid levels while at

that can be adapted to each individual’s cardiovascular

the same time reducing subsequent morbidity due to

history and risk.

CHD [5].
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In parallel to these interventional studies, basic sci-

phy, carotid plaque on ultrasound), previous MI, acute

ence research on the pathophysiology of atheroscle-

coronary syndrome (ACS), coronary revascularisation

rotic plaque formation was able to demonstrate that

and other arterial revascularisation procedures, is-

when the process of low-density lipoprotein-choles-

chaemic stroke, peripheral arterial disease, patients

terol (LDL-C) transport becomes unregulated, complex

with type 2 diabetes, patients with type 1 diabetes with

inflammatory processes cause oxidised LDL uptake by

target organ damage (such as microalbuminuria), pa-

macrophages in the arterial walls. As the macrophages

tients with moderate to severe chronic kidney disease

become engorged they form foam cells, which contrib-

or a calculated 10-year risk SCORE >10% [8]. These indi-

ute to the process of atherosclerosis through the con-

viduals all have theoretical indications for intensive

comitant activation of inflammatory cascades [6]. This

secondary cardiovascular prevention which, as a func-

process ultimately leads to cardiovascular events such

tion of total CVD risk and LDL-C levels, most often re-

as thrombosis, MI and stroke [6]. Sufficient data and ge-

quires therapeutic intervention strategies combining

netic Mendelian population studies have now been

lifestyle advice and concomitant drug therapy.

generated to confirm the causal association of LDL-C

Individuals with the severe hypercholesterolaemia

and atherosclerosis, and are laid out in a consensus

phenotype (SHP) can also benefit from intensive lipid

statement by the European Society of Cardiology (ESC)

lowering strategies. SHP refers to all subjects with LDL-

[7]. In summary, LDL-C is not only causally related to

C levels above 5 mmol/l (190 mg/dl), regardless of the

the risk of cardiovascular disease (CVD), but also dis-

cause as the clinical consequences of extreme hyper-

plays a cumulative effect proportional to the duration

cholesterolaemia are the same [9]. The main cause re-

of exposure (fig. 1).

mains primary dyslipidaemias, namely familial hypercholesterolaemia (FH), although secondary causes can
also lead to high LDL-C levels. The major molecular
causes of FH are mutations in the gene coding for the

80

LDL receptor (LDLR) that binds to an isoform (APOB100) of apolipoprotein B on the LDL particle [9]. The

Percent reduction in risk of CHD

Mendelian randomization studies

low-density lipoprotein receptor adaptor protein 1
(LDLRAP1) gene is then responsible for transferring
LDLR-mediated LDL to the coated pits and to propro-

Prospective cohort studies

50

tein convertase subtilisin/kexin type 9 (PCSK9), which
causes LDLR degradation [9]. Depending on their site of
action, down- or up-regulating mutations in these
genes can lead to increased levels of circulating LDL-C
(table 1).

Randomized controlled trials

Based on current knowledge on the effect of prolonged
exposure to high levels of circulating LDL-C, it appears

0.0

1.0

2.0

Magnitude of exposure to low levels of LDL-C (mmol/l)

Figure 1: Causal and cumulative effects of exposure to LDL-cholesterol (LDL-C) on the
risk of c oronary heart disease (CHD). (Adapted from: Eur Heart J. 2017;38:2459–72 [7])

Intensive LDL-cholesterol lowering
In daily practice, therefore, the important task remains
to identify those individuals who may benefit from intensive LDL-C lowering therapy. Among these are individuals who are at high risk of developing coronary
artery disease (CAD) or of presenting recurrent cardiovascular events. The ESC and the Swiss Atherosclerosis
Association (AGLA-GSLA) have defined very high risk
individuals as those with CVD documented by means

increasingly important to identify early individuals
with heterozygous FH. Indeed, the risk of premature
CHD is estimated to be 20 times higher in untreated FH
patients. In an analysis of 4534 patients following an

Table 1: Major molecular causes of familial hypercholesterolaemia.
I Molecular defects in the low density lipoprotein receptor
(LDLR) pathway
• Mutations in LDLR affecting receptor function
• M
 utations in apolipoprotein B (APOB) that affect the ability
of the ligand to recognise LDLR
• G
 ain-of-function mutations in PCSK9 causing a reduction in
LDLR on the cell surface
• M
 utations in LDLR accessory protein 1 (LDLRAP1) causing
improper placement of LDLR on the hepatocyte membrane
II Polygenic hypercholesterolaemia

of invasive or noninvasive testing (such as coronary

III Other monogenic, epigenetic and nongenetic forms

angiography, nuclear imaging, stress echocardiogra-

(Adapted from J Am Coll Cardiol. 2014;63:1935–47 [9])
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Table 2: Dutch Lipid Clinic Network criteria for diagnosing familial hypercholesterolaemia in adults.
Category

Points

Family history
• F
 irst degree relative with known premature coronary and/or vascular disease
(men aged <55 years, women aged <60 years)
• OR
• First degree relative with known LDL-cholesterol above the 95th percentile for age and gender
• First degree relative with tendinous xanthomata and/or arcus cornealis
• OR
• Children aged <18 years with LDL-cholesterol above the 95th percentile for age and gender

1

2

Clinical history
• Patients with premature coronary artery disease (men aged <55 years, women aged <60 years)

2

• Patients with premature cerebral or peripheral vascular disease (men aged <55 years, women aged <60 years)

1

Physical examination
• Tendinous xanthomata

6

• Arcus cornealis before 45 years of age

4

LDL-cholesterol level (mmol/l)
• ≥8.5

8

• 6.5–8.4

5

• 5.0–6.4

3

• 4.0–4.9

1

Molecular genetic testing (DNA analysis)
• C ausative mutation shown in the LDLR, APOB or PCSK9 genes

8

ACS, Nanchen et al. showed that patients with FH and

more, the proportion of patients free of major CHD

ACS have a greater than two-fold adjusted risk of coro-

events or without any CHD event, who were free of ath-

nary event recurrence within the first year after dis-

erosclerosis-related events or did not require revascu-

charge as compared with patients without FH, despite

larisation also increased [15]. This landmark trial paved

widespread use of statins [10]. The Dutch Lipid Clinic

the road to further statin trials, notably with pravasta-

Network criteria [11, 12] enable the diagnosis of FH on

tin, in which a reduction of major cardiovascular event

the basis of family and clinical history, as well as on

rates over 5 years was systematically associated with

physical examination, LDL-C levels and molecular ge-

statin therapy [16]. These promising results rapidly led

netic testing through DNA analysis (table 2).

to the question as to how low LDL-C goals should be set,
and whether was there a linear relationship between

Drug options for intensive LDL-cholesterol reduction and achieving therapeutic
goals

further lowering of LDL-C and clinical benefits, both in
primary and secondary prevention [17].
In the PROVE-IT trial, intensive versus moderate lipid
lowering with statins was investigated in the immediate setting after an ACS [18]. In this study, high-dose

How then to achieve intensive LDL-C lowering? Bile

(80 mg atorvastatin) as compared with moderate

acid resins or sequestrants will not be further covered

(40 mg pravastatin) statin therapy led to a decrease in

in this review, nor will fibrates or nicotinic acid. In 1971,

LDL-C levels by 51% versus 21%, respectively, and was

the search for microbial metabolites that would inhibit

associated with a 16% relative risk (RR) reduction for

3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)

death or major cardiovascular events. In a later study,

reductase began, and in 1990 the first statin was dis-

LaRosa et al. were able to demonstrate similar findings

covered [13]. This discovery, coupled with that of the

in the context of stable CAD, where high- (80 mg) vs

LDLR pathway for which Joseph Goldsmith and Mi-

low-dose (10 mg) atorvastatin was associated with a

chael Brown were awarded the Nobel Prize for Medi-

2.2% absolute risk reduction and a 22% RR reduction in

cine in 1985, provided a genetic cause for MI in FH [14].

major cardiovascular events, at the expense, however,

In 1994, the first randomised trial of cholesterol lower-

of increased alanine transaminase (ALT) levels [19]. In

ing with simvastatin versus placebo was published. In

these studies, LDL-C levels were reduced to approxi-

this trial, which included 4444 patients with CHD who

mately 1.8 mmol/l (70 mg/dl), and the linear associa-

were followed up for a median of 5.4 years, simvastatin

tion between event rates and LDL-C levels was main-

led to a 31% relative risk reduction of death; further-

tained.
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It took almost ten more years before a major trial was

variations in lipid reduction [28]. The efficacy and

able to show that the addition of a substance that re-

safety of two fully human PCSK9 inhibitors, ali-

duces the absorption of cholesterol from the gastroin-

rocumab [29] and evolocumab [30], was recently dem-

testinal tract, namely ezetimibe, to background statin

onstrated, with a decrease in LDL-C levels of nearly

therapy could lower LDL-C by a further 24%; these re-

60% beyond that accomplished with statins alone or in

sults were observed in a post-ACS patient population,

combination with ezetimibe. These results heralded a

whose baseline LDL-C levels already complied to guide-

new era in the management of hyperlipidaemia, with

line recommendations [20]. A practical approach to

the prospect of achieving extreme levels of reduction

achieving LDL-C targets was summarised in the 2016

in LDL-C in patients intolerant to statins, and also in

ESC/EAS guidelines for the management of dyslipidae-

high-risk patients such as those with FH. Evolocumab

mias [21]. In brief, baseline LDL-C levels >3.9 mmol/l

was, furthermore, able to demonstrate a decrease ath-

(150 mg/dl) will most likely require combination ther-

eroma volume, as assessed with intravascular ultra-

apy including statins and ezetimibe in order to reach

sound, with possibly even plaque regression [31].

LDL-C goals <1.8 mmol/l (~70 mg/dl); this observation

Based on the encouraging phase I and II results

is further reflected in the 2016 ESC guidelines on CVD

achieved with PCSK9 inhibitors, large outcome trials

prevention [22], which state that if the target LDL-C

were designed. The first evolocumab outcome trial in-

level is not reached with statins alone, combination

cluded 27 564 patients and showed a sustained LDL-C

with either a cholesterol absorption inhibitor, a bile

reduction of 59% over a median follow-up of 26 months,

acid sequestrant or nicotinic acid may be considered

with an attained median LDL-C level of 0.78 mmol/l

(class IIb, level of evidence C). But this approach has

(30 mg/dl), associated with a decrease in hazard ratio

proved to be insufficient in many clinical situations for

(HR) of 15% for the cumulative incidence of the pri-

a multitude of reasons. For one, adherence to therapy

mary study endpoint, a composite of cardiovascular

has shown to be suboptimal at best, with frequent

death, MI, stroke, hospitalisation for unstable angina

treatment discontinuations linked to a lack of motiva-

or coronary revascularisation, and a 20% HR reduction

tion, side effects or overt statin intolerance. Alterna-

for the key secondary efficacy endpoint, a composite of

tive strategies, such as doubling statin doses, were only

cardiovascular death, MI or stroke. No benefit could be

able to achieve a 6% additional LDL-C reduction, with

shown for mortality alone, possibly owing to the rela-

high-dose statin at best leading to a maximum LDL-C

tively short duration of follow-up for an event-driven

reduction of approximately 50% compared with base-

trial. Data presented from an outcome trial with ali-

line values [23, 24]. Further considerations that need to

rocumab in the setting of ACS as opposed to stable CAD

be taken into account are the counter-regulation of

showed similar LDL-C reductions and a 15% HR reduc-

cholesterol absorption and synthesis by homeostatic

tion in major adverse cardiovascular events (MACE).

mechanisms that can intervene, as well as patients’

No safety signal emerged in this study, including for

genetic variability that can lead to wide differences in

cognitive function [32, 33]. Furthermore, the clinical

responses to cholesterol-lowering therapy [25, 26].

efficacy and safety of evolocumab was demonstrated

In 2006, new data demonstrated that PCSK9 gene

even when very low LDL-C concentrations were

sequence variations causing moderate lifelong reduc-

achieved [34]. This is important as there has been con-

tions in LDL-C plasma levels were associated with a

cern regarding the safety of achieving very low levels

substantial reduction in the incidence of coronary

of LDL-C, in particular with regard to short- and long-

events. This observation could, furthermore, be ex-

term neurocognitive function, haemorrhagic stroke,

tended to populations with a high prevalence of non-

incidence of cancer and incidence of glucose intoler-

lipid-related cardiovascular risk factors [27]. The im-

ance or new onset diabetes. Analysis of the IMPROVE-

portance of these findings led to intense research into

IT cohort had previously addressed this concern and

the mechanisms surrounding PCSK9 inhibition, which

showed that the safety profile of patients achieving an

revealed that PCSK9 inhibition prevents LDL-receptor

LDL-C level below 0.78 mmol/l (30 mg/dl) was similar

degradation, thereby increasing LDL-C removal from

to those achieving higher concentrations [35]. Addi-

the blood stream. Humanised and fully human anti-

tionally, the cumulative incidence of new-onset diabe-

bodies directed against PCSK9 have since been devel-

tes over a 3-year follow-up period in the FOURRIER trial

oped and been investigated in phase I and II trials. Cur-

was not statistically significantly increased in the evo-

rently, only the fully human molecules have been

locumab group as compared with the placebo group

selected for further investigation, as the chimeric part

[36]. When interpreting these results, potential adverse

of the humanised antibodies has been revealed to be

effects of very low LDL-C must be distinguished from

linked to antidrug antibody formation, causing large

those attributable to specific therapeutic agents. Anti-
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PCSK9 antibodies have now been included in ESC/EAS

dothelial cells is paramount in the development of ath-

guidelines as a treatment option for very high-risk

erosclerotic plaques. In the process of atherosclerosis,

patients with persistent high LDL-C levels despite


leucocyte adhesion molecules are secreted, leading to

maximally tolerated statin doses used in combination

monocyte adhesion, migration and differentiation

with ezetimibe, or in patients intolerant to statins [21,

into macrophages which secrete inflammatory cy-

37, 38].

tokines (interferon-γ, interleukin-1, tumour necrosis

The value of decreasing LDL-C levels through PCSK9 in-

factor [TNF]), chemokines, proteases and radicals. T-cell

hibition has prompted interest in other approaches,

activation and activated immune cells in plaques lead

one of which is the use of oligonucleotide therapies

to the production of interleukin-6 (IL-6), which in turn

targeting hepatic production of PCSK9. This method

stimulates the production of acute-phase reactants, in-

involves use of small interfering RNAs (siRNAs) which

cluding C-reactive protein (CRP) and fibrinogen (fig. 2)

selectively and catalytically silence the translation of

[42, 43].

their complementary target messenger RNA [39]. Craig

In a retrospective analysis of 543 men who had suffered

Mello and Andrew Fire were awarded a Nobel prize for

MI or stroke, baseline plasma CRP concentrations were

discovering this method in 2006. Single subcutaneous

shown to be predictive of the risk of these events,

injections have since been shown to significantly lower

whereas the use of aspirin was associated with a reduc-

LDL-C for up to 6 months, reducing levels of circulating

tion in the relative risk of MI [2]. This was the first study

PCSK9 by up to 84% and LDL-C levels by approximately

to demonstrate a clinical benefit from anti-inflamma-

60% [40, 41].

tory agents in preventing cardiovascular disease. In a
further retrospective study, CRP and LDL-C baseline

The role of inflammation in atherosclerosis

measurements were made in 27 939 apparently healthy
women who were then followed up for the occurrence

The concomitant activation of inflammatory cascades

of MI, ischaemic stroke, coronary revascularisation or

resulting from the infiltration of oxidised LDL into en-

death from cardiovascular disease; over a mean follow-

Coronary artery with
atherosclerotic plaque

Interferon-Ȗ
Interleukin-1
Tumor necrosis factor

Adipose
tissue

Interleukin-1
Tumor necrosis factor

Inflammasome

Interleukin-1B

CANAKINUMAB
Interleukin-6

Acute-phase reactants
Serum amyloid A
C-reactive protein
Fibrinogen

Liver

Figure 2: Inflammatory cytokine cascade and novel targets for atheroprotection.
(Adapted from N Engl J Med. 2005;352:1685–95 [43] and Circulation Res. 2016;118:145–56 [47])

CARDIOVASCULAR MEDICINE – KARDIOVASKULÄRE MEDIZIN – MÉDECINE CARDIOVASCULAIRE

2018;21(12):310–315

Published under the copyright license “Attribution – Non-Commercial – NoDerivatives 4.0”. No commercial reuse without permission.

See: http://emh.ch/en/services/permissions.html

315

Review article

up period of 8 years both CRP and LDL-C quintiles were

that anti-inflammatory therapy alone, in this case tar-

proven to be associated with the probability of event-

geting the IL-1B innate immunity pathway, can posi-

free survival, with a synergistic association between

tively impact on the rate of recurrence of cardiovascu-

the two [44]. More recently, the IMPROVE-IT trial

lar events, independent of any lipid-lowering effect. In

showed that patients on statin therapy who had

the case of canakinumab, these results were achieved

achieved low levels of high-sensitive CRP (hsCRP) had

at the expense of mild neutropenia, an increased risk

better clinical outcomes than those with higher hsCRP

of infection and osteoarthritis, whereas cancer mortal-

levels, independently of the level of LDL-C reached [45].

ity was significantly lower [46].

In the Jupiter study, 17 802 apparently healthy men and
women with normal LDL-C values of <3.4 mmol/l but

Perspectives

CRP values elevated to >2.0 mg/l at baseline were randomly assigned to rosuvastatin 20 mg/d or placebo

Current evidence favours applying risk stratification

[46]. After a mean follow-up period of 1.9 years, both

based on LDL-C levels to high-risk patients. Risk strati-

LDL-C and CRP levels were significantly reduced in the

fication might eventually be further improved by a

rosuvastatin arm (by 50% and 37%, respectively); fur-

better understanding of the role played by other serum

thermore, rosuvastatin was associated with a signifi-

lipids, such as lipoprotein(a) (Lp(a)). For example, if the

cant reduction in the incidence of cardiovascular

latter proves capable of indicating residual cholesterol

events compared with placebo, thereby demonstrating

risk, it could become an interesting therapeutic target

the positive effect of LDL-C-lowering on inflammation

[51]. Plasma levels of inflammatory biomarkers do, nev-

[46]. The question then arose as to whether reducing

ertheless, also appear to be strongly correlated with re-

inflammation alone could reduce cardiovascular

current cardiovascular events, independent of lipid

events.

levels [52]. Further studies are, however, needed to un-

In inflammatory diseases, the inflammasome plays a

derstand how to integrate this residual inflammatory

key role in translating organic insult into an inflam-

risk, as assessed by hsCRP measurement, into patient

matory response. Canakinumab is a high-affinity hu-

management. In primary prevention, individuals with

man monoclonal anti-human antibody designed to

elevated baseline hsCRP and non-elevated LDL-C

bind and functionally neutralise the bioactivity of the

treated with statins who achieve both low CRP and low

pro-inflammatory cytokine interleukin-1B (IL-1B),

LDL-C levels seem to benefit most from statin therapy

thereby reducing inflammation [47]. In two IL-1B-

[46, 47, 53]. In secondary prevention, it may eventually

driven inflammatory diseases, namely cryopyrin-

be beneficial to distinguish patients with a residual

associated periodic syndrome and systemic juvenile

cholesterol risk from those with a residual inflamma-

idiopathic arthritis, canakinumab has already been

tory risk, as the latter may also become a separate ther-

shown to lead to rapid remission of symptoms [48, 49].

apeutic target. Statins, as opposed to PCSK9 inhibitors,

In the field of cardiovascular disease, the effect of re-

have both lipid lowering and anti-inflammatory prop-

ducing inflammation without affecting lipid levels was

erties and will therefore probably remain an integral

tested in the Canakinumab Anti-inflammatory Throm-

part of therapy in secondary prevention, at least in the

bosis Outcomes Study (CANTOS), which investigated

short to medium term. A more comprehensive ap-

the effect of three dosages (50 mg, 150 mg and 300 mg

proach to risk assessment will, moreover, be necessary

every 3 months) of canakinumab administered sub

in order to achieve a more personalised approach to

cutaneously compared with placebo in 10 061 stable

patient management, integrating parameters such as

CAD patients with persistently elevated hsCRP levels

genetic profiling, a complete lipid screening panel in-

(>2 mg/l) over a period of 48 months. As expected,

cluding Lp(a) and perhaps multiple hsCRP measure-

canakinumab did not lead to reductions in LDL-C lev-

ments to clearly evaluate the potential inflammatory

els; on the other hand, hsCRP levels were reduced by

risk.

between 26% (50 mg) and 41% (300 mg) compared with
Correspondence:

baseline values [50]. At a median follow-up of 3.7 years,
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the primary endpoint of nonfatal MI, nonfatal stroke
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or cardiovascular death had been achieved for the 150
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mg dose, with a risk reduction of 15% compared with

Rue Gabrielle-Perret-Gentil 4
CH-1211 Geneva
David.Carballo[at]hcuge.ch

placebo, an effect probably dependent on the level of
hsCRP reduction. This study was able to demonstrate
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