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ABSTRACT
Elevated levels of low-density lipoprotein cholesterol 
(LDL-C) are associated with increased risk of coronary 
heart disease and stroke. Guidelines for the management 
of dyslipidaemia from the European Society of Cardiology 
(ESC) and the European Atherosclerosis Society (EAS) 
were updated in late 2019 in light of recent intervention 
trials involving the use of innovative lipid-lowering 
agents in combination with statins. The new guidelines 
advocate achieving very low LDL-C levels in individuals 
at highest risk, within the paradigm of ’lower is better’. 
With the advent of combination therapy using ezetimibe 
and/or proprotein convertase subtilisin/kexin type 9 
inhibitors in addition to statins, the routine attainment 
of extremely low LDL-C levels in the clinic has become a 
reality. Moreover, clinical trials in this setting have shown 
that, over the 5–7 years of treatment experience to date, 
profound LDL-C lowering leads to further reduction in 
cardiovascular events compared with more moderate 
lipid lowering, with no associated safety concerns. These 
reassuring findings are bolstered by genetic studies 
showing lifelong very low LDL-C levels (<1.4 mmol/L; 
<55 mg/dL) are associated with lower cardiovascular 
risk than in the general population, with no known 
detrimental health effects. Nevertheless, long-term safety 
studies are required to consolidate the present evidence 
base. This review summarises key data supporting the 
ESC/EAS recommendation to reduce markedly LDL-C 
levels, with aggressive goals for LDL-C in patients 
at highest risk, and provides expert opinion on its 
significance for clinical practice.

INTRODUCTION
All clinicians attest to the fact that guidelines, 
although helpful, do not match day-to-day practice. 
Many patients do not fit neatly into the categorised 
recommendations, and judgement must be made 
on the most prudent course of action. The recently 
updated guidelines for management of dyslipi-
daemia from the European Society of Cardiology 
(ESC) and European Atherosclerosis Society (EAS) 
present a further challenge since they recommend 
aggressive goals for low-density lipoprotein choles-
terol (LDL-C) lowering: <1.8 mmol/L (<70 mg/dL) 
for patients at high risk of atherosclerotic cardio-
vascular disease (ASCVD); <1.4 mmol/L (<55 mg/
dL) for patients at very high risk or with clini-
cally evident ASCVD; and <1.0 mmol/L (<40 mg/
dL) for very high-risk patients who experienced a 
second vascular event within 2 years.1 The ESC/
EAS approach of recommending these very low 
goals for LDL-C is in distinction to the recent 

American College of Cardiology/American Heart 
Association guidelines where a threshold of 70 mg/
dL was identified as a level at which addition of 
non-statin to maximally tolerated statin therapy 
could be considered, but no lower goal was set.2 The 
European guideline writers believe that the science 
is strong enough to state that ‘no level of LDL-C 
below which benefit ceases or harm occurs has 
been defined’.1 This approach prompts a number 
of questions—how do we translate this into clinical 
practice? Should it be applied universally or selec-
tively? This review briefly lays out the evidence that 
led the writers to recommend the most aggressive 
goals yet for LDL-C lowering, and explores a case-
based interpretation of the practicality of intensive 
LDL-C lowering.

WHAT IS THE RELATIONSHIP BETWEEN LDL-C 
AND CARDIOVASCULAR DISEASE RISK?
LDL, the main carrier of cholesterol in the blood, 
is a causal factor for ASCVD.3 4 Non-high-density 
lipoprotein (HDL) cholesterol, of which LDL-C 
is the major component, exhibits an approximate 
log-linear association (a doubling of risk per unit 
increase) with incidence of disease across the concen-
tration range seen in the population (figure 1A).4 5 
Moreover, this continuous relationship is replicated 
in genetic studies (figure 1B) and outcome trials of 
LDL-C lowering (figure 1C).4 6 It is the robustness 
and reproducibility of the association that consti-
tutes the first pillar of evidence for the ESC/EAS 
‘lower is better’ therapeutic paradigm.1 Further, it 
is now recognised that the cumulative exposure of 
the artery wall to high LDL-C over time is critical.4 
This concept is helpful in understanding the early 
appearance of ASCVD in people with inherited 
high LDL-C, as in familial hypercholesterolaemia 
(FH).3 4 7

In the management of other risk factors for 
ASCVD, such as blood pressure and blood glucose, 
a balance must be struck between the risk of having 
a high level (and accelerated atherosclerosis) and 
problems linked to too low a level (hypotension, 
hypoglycaemia).8 Management of LDL-C requires 
a distinct approach since there appears to be no 
‘downside’ to profound lowering of this lipopro-
tein.4 8 The key question is: can we lower LDL-C 
into the proximity of the goals identified in the 
2019 ESC/EAS guidelines without detriment to 
the patient? This is a particularly pertinent issue 
in secondary prevention where there is a perceived 
need to immediately and aggressively decrease the 
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exposure of atherosclerotic lesions to LDL-C with the objective 
of inducing lesion stabilisation and regression.9

WHAT IS THE EVIDENCE THAT INTENSIVE LDL-C LOWERING 
IS BENEFICIAL?
LDL-C lowering with statins alone and in combination with ezeti-
mibe and proprotein convertase subtilisin/kexin type 9 (PCSK9) 
inhibitors has been remarkably successful as an intervention 
strategy. Indeed, since the 1980s, the LDL-C concentration used 
for inclusion into cardiovascular outcome studies has dropped 
steadily—from >4.0 mmol/L (155 mg/dL) in early statin trials to 
>1.8 mmol/L in the latest combination therapy trials—and so, of 
course, has the mean LDL-C concentration achieved (figure 2).4 
Substantial numbers of patients have now been exposed to LDL-C 
levels well below 1.3 mmol/L (50 mg/dL).10 11 In terms of clinical 
benefit, there has been a stepwise decrement in ASCVD risk as 
LDL-C was reduced, and the ‘rule of thumb’ deduced from meta-
regression analysis is that a 1.0 mmol/L reduction in LDL-C leads 
to a 22% relative risk reduction.12

As evidence that ‘lower is better’ accrued, goals for LDL-C have 
evolved (figure 2). The studies that influenced recommendations 
included trials of statin versus placebo, more versus less intensive 
statin therapy, and statin monotherapy versus combination treat-
ment. Although specific LDL-C goals were not tested, all the drugs 
in these studies act on the same final mechanism—stimulation of 
LDL clearance from the circulation. Thus, it can be argued that, by 
proxy, ever more aggressive LDL-C goals were being assessed, and 
no floor has been uncovered below which further LDL-C reduction 
did not lead to incremental benefit. The Justification for the Use of 
statins in Prevention: an Intervention Trial Evaluating Rosuvastatin 
(JUPITER) study recruited participants with LDL-C <3.4 mmol/L. 
Compared with placebo, rosuvastatin lowered LDL-C by 50% 
and significantly reduced occurrence of cardiovascular events by 
44%.13 Further LDL-C reductions, beyond those seen with statin 
therapy alone, were achieved in IMProved Reduction of Outcomes: 
Vytorin Efficacy International Trial (IMPROVE-IT). Here, patients 
receiving placebo with optimised statin therapy had a median 
LDL-C of 1.8 mmol/L while those receiving ezetimibe plus statin 
had a level of 1.4 mmol/L. Combination therapy led to a modest 
but significant 6.4% risk reduction over 7 years of follow-up.14 It is 
noteworthy that treatment with simvastatin plus ezetimibe resulted 
in a median time-weighted LDL-C of 1.4 mmol/L (from a baseline 
of 2.4 mmol/L) demonstrating that for many patients at very high 
risk, the new ESC/EAS goal can be reached with generically avail-
able oral therapies.14

Inhibition of PCSK9 with the monoclonal antibodies evolo-
cumab and alirocumab, and more recently with inclisiran (an 
RNA-based agent that blocks PCSK9 synthesis),15 has made it 
possible to use combination therapy to attain even lower LDL-C 
levels. The Further cardiovascular OUtcomes Research with 
PCSK9 Inhibition in subjects with Elevated Risk (FOURIER) 
trial randomised patients with ASCVD and LDL-C levels 
≥1.8 mmol/L, despite being on a statin, to evolocumab or 
placebo.11 The PCSK9 inhibitor lowered LDL-C by 59% to 
a median of 0.8 mmol/L (30 mg/dL) and reduced risk of the 
primary endpoint (composite of cardiovascular death, myocar-
dial infarction (MI), stroke, hospitalisation for unstable angina 
or coronary revascularisation) by 15% over a median of 2.2-
years follow-up.11 Analysis of patients achieving the lowest 
LDL-C levels revealed that reductions in risk were still evident 
even when LDL-C was reduced below 0.7 mmol/L (25 mg/
dL) (or even 0.3 mmol/L (10 mg/dL)).16 ODYSSEY Outcomes 
randomised patients with a recent acute coronary syndrome 

event and LDL-C ≥1.8 mmol/L to alirocumab or placebo on top 
of maximally tolerated doses of statins. Alirocumab treatment 
decreased LDL-C by 63% and was associated with a 15% reduc-
tion in risk of the primary endpoint (composite of death from 
coronary heart disease, non-fatal MI, fatal or non-fatal isch-
aemic stroke or unstable angina requiring hospitalisation) after a 
median follow-up of 2.8 years.17 The relative risk reduction with 
inclisiran treatment is being examined in the ongoing ORION-4 
trial.18

The total benefit gained from profound LDL-C lowering 
was assessed by examining the impact of study drugs on total 
events within the follow-up period, that is, first occurrence 
of an ASCVD endpoint plus subsequent ASCVD events. In 
IMPROVE-IT, for example, first events accounted for only 56% 
of the overall number of recorded cardiovascular endpoints; 
total events prevented by more aggressive LDL-C lowering were 
approximately double that of the primary endpoint.19 FOURIER 
reported an 18% greater reduction in total cardiovascular events 
in patients on evolocumab compared with those on placebo, 
over 2.2 years of follow-up.20 In ODYSSEY Outcomes, patients 
receiving alirocumab had 13% fewer total non-fatal events and 
17% fewer fatal events than those receiving placebo, over 2.8 
years of follow-up.21 Thus, in the high-risk populations studied 
in intensive LDL-lowering trials, evaluation of total cardiovas-
cular events prevented makes this therapeutic strategy even more 
compelling.

WHAT ARE THE RISKS OF NATURALLY OCCURRING LOW 
LDL-C, OR INTENSIVELY LOWERING LDL-C?
Cholesterol is an essential molecule with many important cellular 
functions.4 Cells can acquire the lipid from circulating LDL 
or synthesise it for themselves. Presumably because the latter 
route is available to all tissues, very low levels of LDL are not 
associated with any known metabolic abnormalities or health 
concerns.22 Naturally occurring low LDL-C levels are present in 
a number of populations, and virtually all of us were born with 
LDL-C below 1.0 mmol/L—a concentration sufficient to support 
neonatal organ formation during which cholesterol requirements 
are very high.23 Lifelong LDL-C levels below 1.3 mmol/L have 
been observed in hunter–gatherer societies with no evidence of 
related health risks.22 Likewise, studies of individuals with very 
low levels due to genetic variants that promote LDL removal, 
such as PCSK9 loss of function (where LDL-C is <0.39 mmol/L) 
have not identified any major adverse outcomes associated with 
these inherited conditions while ASCVD risk is low.22 24

Risks associated with pharmacological LDL-C lowering can 
be divided into (1) risks linked to profoundly reducing LDL-C in 
people in whom it has been high for many years, and (2) adverse 
reactions associated with long-term use of hypolipidaemic agents. 
Statins are the benchmark and have been subject to intense inves-
tigation over decades of follow-up.1 2 12 25–28 There is widespread 
acceptance that these drugs have a good safety profile and offer 
persisting benefit.27 Side effects have been identified and quanti-
fied, such as an increased propensity to develop type 2 diabetes 
at a frequency of approximately 1 case per 1000 patients treated 
for 1 year.29 When this is placed in an overall risk–benefit eval-
uation, most commentators consider that the benefit of ASCVD 
reduction far outweighs the diabetes risk.1 27 29

In the FOURIER study of evolocumab, 10% (n=2669/25 982) 
of patients reached LDL-C levels <0.5 mmol/L (19 mg/dL). This 
subgroup exhibited the lowest risk of cardiovascular events, and 
there was no significant difference in treatment-emergent adverse 
events compared with those who had higher LDL-C on treatment 
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Figure 1  LDL-C and risk of ASCVD. (A) The approximately log-linear relationship between non-HDL-C and cardiovascular disease (CVD) risk as 
reported in epidemiological studies. The regression line and the quoted increase in CVD risk (1.56 x) per population standard deviation change in 
non-HDL-C (1.1 mmol/L) are taken from Di Angelantonio et al5. Also shown is the increase in non-HDL-C that gives rise to a doubling of risk. (B) 
the association of LDL-C with ASCVD risk in genetic studies6; and (C) the relationship between achieved LDL-C and CHD event rate in lipid lowering 
trials.4 ASCVD, atherosclerotic cardiovascular disease; CHD, coronary heart disease; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density 
lipoprotein cholesterol; SE, standard error. Adapted with permission from (B) Ference et al6 and (C) Ference et al.4
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(whether on active drug or placebo).16 In a substudy to assess any 
impact on cognition, the rates of neurological and neurocogni-
tive events were similar in patients with LDL-C <0.6 mmol/L 
(23 mg/dL) and those with LDL-C above this value.30 In 
IMPROVE-IT, more than 5000 patients receiving ezetimibe plus 
statin achieved an LDL-C <1.3 mmol/L, with approximately 
1000 patients achieving levels <0.8 mmol/L. Over 7 years of 
follow-up, neither subgroup showed an increased frequency of 
side effects, including new-onset diabetes, haemorrhagic stroke 
or neurocognitive derangements.31 The risk of developing type 
2 diabetes has been examined in the PCSK9 inhibitor trials and, 
to date, no excess incidence of diabetes or glucose intolerance 
has been reported in individual studies and in a meta-analysis of 
39 randomised controlled trials.10 11 32 33 These safety findings 
are supported with up to 5 years of data as observed in OSLER-
1.32 34 However, genetic studies indicate that variations in the 
genes for PCSK9 and hydroxymethylglutaryl-CoA reductase 
(surrogates for the action of PCSK9 inhibitors and statins) are 
both equally linked to higher risk of diabetes.27 35 Increased risk 
of haemorrhagic stroke has been a lingering concern from meta-
analyses of the statin trials, particularly in patients with very low 
LDL-C levels.28 This issue was examined in the PCSK9 inhibitor 
studies and no evidence for higher rates of haemorrhagic stroke 
was detected.11 16 17 32

An important additional factor in the safety discussion is 
the mechanism of action of lipid-lowering drugs. While those 
increasing LDL clearance (statins, PCSK9 inhibitors, ezetimibe, 
bile acid sequestrants) by upregulating LDL receptors are not 
associated with a high risk of adverse events, blocking lipopro-
tein production with agents such as mipomersen and lomitapide 
carries a risk of complications associated with fat accumulation 
in the liver.1

Keeping in mind that our clinical trial experience of reducing 
LDL-C to very low levels with PCSK9 inhibitors is limited to 
about a 5-year horizon, the totality of evidence to date indi-
cates that even at LDL-C levels below the goals recommended 
by the ESC/EAS, there is no discernible harm from either the 
very low level of LDL or from the drugs employed to induce 
intensive LDL-C lowering. This conclusion is the second pillar 
supporting the recommendation that aggressive LDL-C lowering 
is a safe and effective therapeutic strategy. There is, of course, 

an ongoing imperative for long-term pharmacovigilance of 
newer lipid-lowering agents along the lines of that achieved for 
statins.1 12 25 26 28

GUIDELINES AND GOALS FOR INTENSIVE LDL-C LOWERING 
IN THE 2020S
The case for intensive LDL-C lowering is well made, and for 
most individuals we now have the means to achieve whatever 
goal is deemed most appropriate for their level of cardiovascular 
risk. This presents an opportunity for a treatment approach 
where the ‘high-intensity statin’ concept in patients at highest 
risk is replaced by a tailored ‘high-intensity lipid-lowering’ 
strategy.36 The challenge is how to implement this strategy given 
that in most patients achieving the new goals will require add-
on, non-statin LDL-C-lowering therapy such as ezetimibe and/
or a PCSK9 inhibitor (monoclonal antibody or inclisiran), or 
possibly bempedoic acid—an inhibitor of cholesterol synthesis 
with complementary action to that of statins.8 15 37 For PCSK9 
inhibitors, cost-effectiveness considerations have been discussed 
in recent publications38 and have led to promotion of a ‘highest 
risk–highest benefit’ approach in guidelines.1 39 Results from 
studies such as EUROASPIRE V40 and DA VINCI41 indicate 
that achievement of the previous (2016) goals42 was already 
challenging. Addressing the newer, more ambitious LDL-C 
goals means that combination lipid-lowering therapy for many 
patients at high and very high risk will become the rule rather 
than the exception.

When deciding how aggressive an LDL-C-lowering regimen 
to prescribe, clinicians should be mindful that the absolute risk 
reduction is a function of both the absolute decrease in LDL-C 
concentration and the estimated ongoing ASCVD risk. The 
smaller the absolute drop in LDL-C, the less the relative risk 
reduction, and so the benefit gained from intervention depends 
on the risk status of the patient.1 12 39 At low LDL-C levels (eg, 
patients on statin) further lowering is recommended primarily 
for those in the highest risk categories.1 39 This approach is 
explored in figure  3 where we present typical patients with 
ASCVD at high/very high risk, who would fall into three of the 
categories of LDL-C goals set out in the guidelines.1

Patients considered at high enough risk to warrant treating to 
a goal of LDL-C <1.8 mmol/L and a greater than 50% decrease 
from baseline levels include, as in case 1 (figure 3), those who 
are asymptomatic but have a cardiometabolic disorder or high 
LDL-C due to inherited conditions such as FH. On combina-
tion therapy, case 1 should achieve both goals. Patients at very 
high risk, such as case 2, are recommended to reach an LDL-C 
<1.4 mmol/L and a greater than 50% decrease from baseline 
levels.1 In this example, statin-associated muscle symptoms 
limited the dose of statin used, and while the patient should be 
maintained on the maximum tolerated dose, the LDL-C goal 
will likely only be achieved with combination therapy.43 A clin-
ical judgement has to be made whether to (1) accept the slightly 
higher than optimal predicted LDL-C of 1.8 mmol/L on statin plus 
ezetimibe, while achieving a greater than 50% decrease from the 
notional baseline of 4.0 mmol/L (estimated from the measured 
LDL-C on statin monotherapy and the average LDL-C decrease 
on that statin dose),1 44 or (2) prescribe a PCSK9 inhibitor to 
achieve the more aggressive goal. The additional 0.9 mmol/L 
drop is predicted to deliver a further 20% reduction in risk12 
and the cost–benefit decision will be dependent on the perceived 
ongoing ASCVD risk for this patient. Case 3 is an example of 
ASCVD that follows an aggressive course with a major coronary 
event occurring a relatively short time after the initial clinical 
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presentation. Despite recommendations to use the maximum 
dose of a statin, the patient (as is common) was on a less than 
optimal dose of atorvastatin after angioplasty,45 which was only 
increased in steps to 80 mg after the second event. While the 
new guidelines set experiencing a second vascular event ‘within 
2 years’ as the benchmark for defining this highest risk category,1 
application of clinical judgement would again lead to the adop-
tion of the most aggressive goal of LDL-C <1.0 mmol/L.

In assessing progress towards goals, it should be noted that 
laboratory measurement of LDL-C at very low levels can present 
challenges especially when lipoprotein (a) or plasma triglyceride 
levels are elevated.46 47 In this context, secondary goals relating 
to non-HDL-C or apolipoprotein B can be useful when judging 
whether to prescribe add-on therapy.1 48

Figure 4 summarises the types of conditions that would lead 
to intensification of LDL-C-lowering therapy, that is, combina-
tion of statins with ezetimibe and/or PCSK9 inhibitors. Identifi-
cation of an individual with elevated risk of ASCVD, based on 
risk factor screening and evaluation of their SCORE (System-
atic COronary Risk Estimation),1 or the presence of disorders 

that predispose to the development of ASCVD, such as type 2 
diabetes or chronic kidney disease, would place them in the ‘high 
risk’ category with goals of LDL-C <1.8 mmol/L and at least 
a 50% reduction from baseline. Among individuals with estab-
lished ASCVD (on imaging or clinical presentation) and comor-
bidities (chronic kidney disease or history of diabetes with organ 
damage, proteinuria, hypertension), vascular imaging can aid in 
judging the most appropriate LDL-C goal. Where it is clear that 
a patient has atherosclerotic disease that is following an aggres-
sive course, as indicated by serial events within 2 years, a goal of 
<1.0 mmol/L is warranted.

In conclusion, preventing ASCVD requires a coordinated 
response across primary and secondary care to diagnose and 
manage patients according to their risk profile. As the major 
modifiable causal factor for atherosclerosis, lowering LDL-C is 
the primary target and appropriate modification of dietary and 
lifestyle risk factors is the starting point. The updated 2019 ESC/
EAS guidelines recommend a move towards intensive lowering 
of LDL-C, which is warranted on scientific grounds and achiev-
able in clinical practice. Implementation strategies are needed to 
apply current knowledge, guidelines and clinical judgement to 
the benefit of those at highest risk.
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