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H I G H L I G H T S

• LDL-C-lowering is the key strategy to prevent cardiovascular (CV) disease.

• Statins are essential to achieve LDL-C level reduction.

• Alternative strategies to achieve LDL-C goal are available.

• Combination therapies can increase efficacy and reduce adverse events.

• PCSK9 inhibition significantly reduce LDL-C levels and CV outcomes.
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A B S T R A C T

A key strategy in preventing cardiovascular (CV) disease is the reduction of low-density lipoprotein cholesterol
(LDL-C). Statins are a crucial therapy for achieving LDL-C reductions, with the highest tolerated dose often
prescribed, especially for patients who are at the greatest risk of CV disease. However, statin intolerance, het-
erogeneous responses to statins and non-adherence make alternative therapies necessary in some cases. Statins
can be combined with a multitude of therapies with synergistic mechanisms of action to effectively manage lipid
profiles, while improving safety and tolerability profiles. Addition of a cholesterol absorption inhibitor, bile acid
sequestrant or fibrate to statin therapy leads to greater numbers of patients achieving and maintaining LDL-C
goals. Furthermore, combination therapies can alter the plasma profiles of other molecules involved in hy-
percholesterolaemia, including triglycerides and high-density lipoprotein cholesterol. An additional strategy is
proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibition therapy, for use in patients who are statin
intolerant, patients with heterozygous or homozygous familial hypercholesterolaemia, and patients at very high
CV risk, as a potential means for achieving large LDL-C reductions and maintaining LDL-C goals. Clinical trials
have demonstrated that PCSK9 inhibition therapy is not only effective but can also be combined with statin
therapy to ensure greater reductions in LDL-C. Current, ongoing studies are investigating the efficacy of novel
therapies, including selective peroxisome proliferator-activated receptor (PPAR) alpha modulators, PCSK9-
specific ribonucleic acid (RNA) interference and anti-inflammatory therapies.

1. Introduction

Lowering levels of low-density lipoprotein cholesterol (LDL-C) is a
key strategy in preventing cardiovascular (CV) disease (CVD) [1,2].
When lifestyle interventions prove ineffective in lowering LDL-C levels,

a variety of pharmaceutical therapies can be considered. While statins
are most often prescribed as a primary treatment, other therapies that
may be considered include cholesterol absorption inhibitors, bile acid
sequestrants and proprotein convertase subtilisin/kexin type 9 (PCSK9)
inhibitory monoclonal antibodies [1]. These monotherapies are
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generally efficacious and well tolerated but may be associated with low
compliancy rates, heterogeneous efficacy and the occurrence of adverse
events [3]. Monotherapy is often adequate in achieving LDL-C goals,
although patients with very high LDL-C or at very high risk of CVD may
require additional treatment, and in these situations, combination
therapy is often recommended [1]. This overview will discuss mono-
therapies and combination therapies further.

2. The importance of potency in statin monotherapy

The joint European Society of Cardiology and European
Atherosclerosis Society (ESC/EAS) 2016 guidelines dictate that the
greatest LDL-C reductions lead to the greatest reductions in CVD risk,
with the highest potency statins proving the most effective at de-
creasing LDL-C levels [1,4]. Statin potency differs according to the type
of statin and the dose used. Equal doses of atorvastatin and rosuvastatin
lead to the greatest reductions in LDL-C compared with those of other
statins, such as fluvastatin [5,6]. Atorvastatin and rosuvastatin are both
recommended for use in patients with the highest CVD risk [4]. In
pairwise dose-to-dose comparisons with atorvastatin, rosuvastatin leads
to a significantly greater decrease in LDL-C (p=0.001) and an increase
in high-density lipoprotein cholesterol (HDL-C) (p=0.001) [7], while
changes in triglyceride (TG) levels are similar (with the exception of
10mg atorvastatin vs 10mg rosuvastatin, p < 0.001) [8]. Contrary to
LDL-C, high levels of HDL-C may provide protection against CVD, while
high TG levels are considered a direct cause of CVD [1].

The greatest reductions in the occurrence of CVD can be achieved by
decreasing LDL-C in patients who have the greatest CVD risk (Table 1)
[9]. High-potency statins should be used in patients with the greatest
CVD risk [4]. Furthermore, prolonged statin therapy leads to the
greatest reduction of CVD risk [9]. However, prolonged use of high-
potency statins may not be possible for every patient. Response to
statins is heterogeneous [3], and elevated dosage of high-potency sta-
tins may increase the likelihood of statin intolerance and statin-related
adverse events, including myalgia [1]. In these patients, the highest
tolerable dose or an alternative dosing schedule may be considered [1].
Alternative therapies can also be employed to achieve and maintain a
desired LDL-C goal.

Great variation in the level of LDL-C reduction achieved exists be-
tween individuals on the same fixed-dose statin regimen [3]. Conse-
quently, prescribed doses can vary across a 64-fold range, with great
variation between individual statins [10]. Another source of hetero-
geneity in response to statin therapy is the patient demographic. Small
but significant differences in LDL-C reduction have been reported in
female patients compared with male patients treated with atorvastatin
(p < 0.05) and rosuvastatin (p=0.02) monotherapies [11,12]. Dif-
ferences in rosuvastatin efficacy have also been observed between dif-
ferent ethnic populations [13].

3. Alternative strategies to achieve LDL-C goal

Many patients with a high CVD risk or very high LDL-C levels are
not able to achieve LDL-C goals through statins alone. Additionally, a

number of patients are either statin intolerant, or unable to tolerate
high doses of statins [1]. The EURIKA study found that only 41.2% of
patients from 12 European countries achieved target total cholesterol
and LDL-C goals when treated with lipid-lowering drugs [14]. Although
full adherence is associated with a reduced rate of CV-related morbidity
and mortality, non-adherence is commonplace [15].

For patients who are unable to achieve LDL-C goal, the two main
recommended strategies are to: 1) increase statin dose to the maximum
tolerated, or 2) use a combination of therapies after statin mono-
therapies have been unsuccessful [1].

3.1. Intensive statin therapy

By using uptitrated doses of high-potency statins, lower LDL-C goals
can be achieved compared with standard doses of lower-potency sta-
tins, decreasing the occurrence of major CV events [16,17]. However,
due to the heterogeneity in individual response to intensive statin
therapy,> 40% of patients still do not achieve an LDL-C goal of< 70
mg/dl, with non-adherence a major factor due to dose-related adverse
events and patient-related issues [3].

3.2. Combination therapy

The ESC/EAS 2016 guidelines recommend that “If the [LDL-C] goal
is not reached [with statin monotherapy], statin combination with a
cholesterol absorption inhibitor should be considered” [1]. Combina-
tion therapy can increase efficacy and reduce the occurrence of adverse
events [18]. Multiple combination therapies have been developed for
the improvement of lipid profiles (Fig. 1).

Statins are often combined with cholesterol absorption inhibitors,
most commonly ezetimibe, due to their synergistic mechanisms of ac-
tion [1]. The IMPROVE-IT trial found that the addition of ezetimibe to
simvastatin led to a significant additional decrease in LDL-C levels of
24% compared with simvastatin alone (p < 0.001), and significantly
lowered the risk of myocardial infarction (MI) (p=0.002) and
ischaemic stroke (p=0.008) [19]. High-potency statins can also be
combined with other therapies, as demonstrated by the EZ-PATH trial,
where the addition of ezetimibe to atorvastatin led to a significant in-
crease in the number of patients achieving an LDL-C goal of< 70mg/dl
compared with those receiving atorvastatin alone (p < 0.001) [20].
Significant improvements in coronary plaque regression have been
observed with combined ezetimibe–atorvastatin therapy compared
with atorvastatin alone (p=0.001) [21]. Other combined therapies
include combinations of statins and bile acid sequestrants, which have
been shown to lead to a significant decrease in LDL-C of 17.5% com-
pared with co-administration of simvastatin and placebo (p < 0.001)
[22].

Alternative lipids and other CV-related molecules can be targeted in
the management of lipid profiles. Fibrate monotherapy has been shown
to decrease serum TG and increase HDL-C levels in patients with hy-
percholesterolaemia [23], and decrease levels of C-reactive protein
[24]. In addition, combination therapy with fenofibrate–simvastatin
decreased the rate of non-fatal MI, stroke or CV death by 31% in a
subgroup of patients with type 2 diabetes with elevated TG and low
HDL-C levels in the ACCORD Lipid trial [25]. Combined use of fibrates
and statins, therefore, can be considered for use in patients with high
LDL-C, low HDL-C and high TG levels [2].

Low rates of adherence can greatly affect the efficacy of therapy,
leading to increased CV-related morbidity and mortality [26]. One so-
lution is a combined treatment of multiple CV drugs, in the form of a
fixed-dose ‘polypill’, in order to increase adherence in a cost-effective
manner [1]. The UMPIRE trial showed that the use of a polypill con-
taining simvastatin (alongside other molecules) significantly increased
adherence (treatment effect= 1.33 [95% confidence interval 1.26,
1.41], p < 0.001) and significantly decreased LDL-C (treatment ef-
fect=−4.2 [95% confidence interval −6.6, −1.9], p < 0.001)

Table 1
Reduction in major vascular events as determined by LDL-C reduction and 5-
year risk of major vascular event. Adapted from Collins et al. (2016) [9]

Major vascular events avoided, per
10,000 patients treated for 5 years

5-year risk of major vascular event, %

5–9 10–19 20–29 ≥30

LDL-C reduction
achieved with statin
treatment,
mmol/L

1.00 170 370 540 730
1.50 250 540 800 1130
2.00 310 680 1010 1440

LDL-C: low-density lipoprotein cholesterol.
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compared with separate, concomitant treatments [27].

4. PCSK9, a new therapeutic target

Loss of function mutations within the PCSK9 gene are associated
with reduced plasma LDL-C levels and large reductions in the risk of
coronary heart disease [28]. Inhibition of PCSK9 represents a new
therapeutic target to help achieve LDL-C goals in patients at high risk of
CV events [29]. Meta-analysis on the efficacy of PCSK9 inhibition in
patients with hypercholesterolaemia demonstrated a mean LDL-C level
decrease from baseline of approximately 50%, and a decrease in MI
event rate [30]. A separate meta-analysis demonstrated a reduced in-
cidence of all-cause mortality, but found a higher rate of neurocognitive
adverse events [31].

Three monoclonal antibodies have been developed as therapies to
lower LDL-C levels in patients with hypercholesterolaemia: bococi-
zumab, alirocumab and evolocumab. Bococizumab, a humanised
monoclonal antibody that inhibits PCSK9, demonstrated no benefit over
placebo with respect to major adverse CV events in a randomised trial
involving lower-risk patients (SPIRE-1), but did have a significant
benefit in a parallel trial of higher-risk patients (SPIRE-2) [32], al-
though the studies were terminated early after the sponsor discontinued
development of bococizumab. The GAUSS-3 trial demonstrated a sig-
nificantly greater reduction in mean LDL-C in patients intolerant to
statins following treatment with evolocumab for 24 weeks compared
with ezetimibe (52.8% and 16.7%, respectively; p < 0.001) [33]. The
ODYSSEY ALTERNATIVE trial produced similar efficacy results in pa-
tients with statin intolerancy, with alirocumab leading to greater re-
ductions in mean LDL-C compared with ezetimibe after 24 weeks
compared with baseline (54.8% and 20.1%, respectively) [34].

The ODYSSEY FHI and FHII trials described similar efficacy levels in
patients with heterozygous familial hypercholesterolaemia (FH) treated
with alirocumab, leading to significant LDL-C reductions from baseline
of 48.8% (FHI; p < 0.0001 vs placebo) and 48.7% (FHII; p < 0.0001
vs placebo) [35]. The TAUSSIG study in patients with homozygous FH
showed that PCSK9 inhibition therapy lead to LDL-C reductions of
20.6% and 23.3% after 12 and 48 weeks, respectively, compared with
baseline (p < 0.0001 for both timepoints) [36].

The first PCSK9 inhibition therapy clinical outcome study, the
FOURIER trial, examined the efficacy of evolocumab in reducing the
risk of CV events in high-risk patients. Evolocumab significantly re-
duced the composite risk of CV death, MI, stroke, hospitalisation for
unstable angina or coronary revascularisation by 15%, and specifically
reduced the composite risk of CV death, MI and stroke by 20%, com-
pared with placebo (p < 0.001 for both composite risks) (Fig. 2) [37].

The ESC/EAS 2016 guidelines recommend PCSK9 inhibition

therapy for use in patients who are statin intolerant, patients with
heterozygous FH and homozygous FH, and patients at very high CV
risk, as a potential means for achieving and maintaining LDL-C goals
[1].

The ESC/EAS Task Force updated clinical guidance for the use of
these novel agents and recommends consideration of PCSK9 inhibition
therapy in very high-risk patients with atherosclerotic CVD and with FH
without a prior clinical event, specifically in those not adequately
controlled with maximally tolerated statin with or without ezetimibe
therapy, or those who do not tolerate appropriate doses of at least three
statins [29].

5. Conclusion

The greatest reductions in LDL-C are most needed in patients at the
highest risk of CVD [1]. Statin potency differs according to type of
statin and dose [5,6], which can be strategically exploited in treating
patients of varying CVD risk. However, the vast heterogeneity in patient
statin responses and the possibility of developing statin intolerance
often means that elevated statin monotherapy may not be optimal [3].
Combination therapy is recommended in patients not achieving LDL-C
goal at the highest tolerated statin dose, and in patients who are statin
intolerant [1,18]. Multiple combination therapies can be re-
commended, which may not only increase efficacy in lowering LDL-C

Fig. 1. Combination therapies for the management of LDL-C.
LDL-C: low-density lipoprotein cholesterol; PCSK9: proprotein convertase subtilisin/kexin type 9.

Fig. 2. The percentage of patients achieving the primary and key secondary
endpoints from the FOURIER clinical trial. Data from Sabatine et al. (2017)
[37].
***p < 0.001.
aThe primary endpoint was the occurrence of major cardiovascular events,
defined as the composite of cardiovascular death, myocardial infarction, stroke,
hospitalisation for unstable angina or coronary revascularisation.
bThe key secondary endpoint was the composite of cardiovascular death,
myocardial infarction or stroke.
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due to synergistic mechanisms of action (statin–ezetimibe combination
therapy) but also reduce levels of other molecules involved in hy-
percholesterolaemia (statin–fibrate combinations in lowering TG)
[1,2,19,23]. Following the observed decrease in CV events in patients
with type 2 diabetes and low HDL-C and elevated TG levels (a pre-
specified subgroup with atherogenic dyslipidaemia) with fenofi-
brate–simvastatin combination therapy in the ACCORD Lipid trial [25],
the PROMINENT study (NCT03071692, https://clinicaltrials.gov) is
currently evaluating a new selective peroxisome proliferator-activated
receptor alpha modulator, pemafibrate, in addition to statin therapy.
Additional benefits of combination therapy include increased ad-
herence [27], which is a key strategy in increasing therapeutic efficacy
[1].

PCSK9 inhibition therapy is capable of reducing LDL-C levels by
50% [30]. The ESC/EAS Task Force recommend consideration of PCSK9
inhibition therapy for very high-risk patients with atherosclerotic CVD
or FH with inadequately controlled LDL-C levels [29]. Clinical data
released after the authors’ workshop provides further evidence re-
garding the efficacy of PCSK9 inhibition therapy. Alirocumab treatment
has recently been shown in the ODYSSEY OUTCOMES trial to lead to a
significant 15% decrease in major adverse cardiac events compared
with placebo (p=0.0003), after 48 months of treatment in patients
who experienced an acute coronary syndrome within 1–12 months
prior to randomisation. This was accompanied by significant reductions
in all-cause mortality (p=0.026), MI (p=0.006), ischaemic stroke
(p=0.01), ischaemia-driven coronary revascularisation (p=0.02) or
unstable angina (p=0.02) compared with placebo. Furthermore, LDL-
C was reduced by 62.7% at 4 months and 54.7% at 48 months, com-
pared with placebo [38]. The ORION-1 study has demonstrated that a
single dose of inclisiran, a small interfering ribonucleic acid (RNA) that
produces PCSK9-specific RNA silencing, produced a 27.9–41.9% re-
duction in LDL-C after 180 days, compared with baseline (p < 0.001
for all doses). ORION-1 showed inclisiran could reduce LDL-C safely but
also maintain reductions consistently over time [39].

Therapies that decrease the risk of major CV events by mechanisms
independent of LDL-C reduction present alternative therapeutic op-
tions, including anti-inflammatory therapies. Canakinumab, a mono-
clonal antibody targeting interleukin-1β, has recently been shown in
the CANTOS trial to significantly reduce the rate of recurrent CV events
and decrease the levels of C-reactive protein, compared with placebo
(p=0.02 and p < 0.001, respectively), in patients with previous MI
and elevated C-reactive protein levels [40]. Low-dose methotrexate, a
dihydrofolate inhibitor used as an anti-inflammatory agent, is currently
being evaluated in lowering the risk of CV events in patients with
diabetes and previous MI [41].
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