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The widespread use of statins has largely improved the treatment of hypercholesterolemia, but many
patients still fail to achieve the LDL-C targets recommended by guidelines. Furthermore, some patients
continue to present a very high cardiovascular (CV) risk or even an extreme risk despite being well
treated, mainly due to the presence of co-morbidities such as diabetes or peripheral artery disease, which
significantly increase their global CV risk. For these very high CV risk patients, the most recent European
guidelines have reviewed the LDL-C goals and recommend an LDL-C reduction of at least 50% and a goal
of <55 mg/dL or even <40 mg/dL. Recent clinical trials have shown that patient stratification based on
the presence or absence of atherothrombotic risk factors may represent a valuable tool to identify pa-
tients at extremely high CV risk who may benefit more from an aggressive LDL-C-lowering approach. In
these patients it may be appropriate to aim for the lowest LDL-C level, independently of recommended
goals, with all the available pharmacological approaches.
© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Despite the substantial improvement in the treatment of hy-
percholesterolemia, essentially due to the widespread use of sta-
tins, many patients still fail to achieve the LDL-C targets
recommended by guidelines, thus resulting in a loss of clinical
benefit [1,2]. Among patients at very high cardiovascular (CV) risk
[3], some categories may be considered at extreme risk and include
patients with recurrent acute coronary syndrome (ACS) despite
LDL-C levels <70 mg/dL, patients with CV disease (CVD) and dia-
betes, advanced chronic kidney disease (CKD) or familial hyper-
cholesterolemia (FH). For such patients the most recent European
guidelines have reviewed the LDL-C goals and recommend an LDL-
C reduction of at least 50% and a goal of <55mg/dL or even<40mg/
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dL [3], in agreement with AACE/ACE guideline indications [4].
Here we discuss the evidence of the clinical effects of further

reducing LDL-C levels in these very high risk patients.

2. Patients at very high CV risk

Among patients with stable coronary artery disease (CAD), a
high proportion presents an extreme CV risk, due to the presence of
specific risk factors, including diabetes mellitus or FH [5]. Despite
being on lipid-lowering treatment, only a small percentage ach-
ieves LDL-C<70 mg/dL (20.3%) or <55 mg/dL (5.3%) [5]. This results
from the inappropriateness of the therapy, as most of them (~77%)
were on statin monotherapy [5,6]. This represents a substantial
therapeutic gap, that could be tackled by using high intensity statin
therapy, even in combination with ezetimibe and PCSK9 inhibitors
when required [3], with the aim to obtain substantial reductions of
LDL-C levels. The clinical benefit related to additional reductions of
LDL-C levels has been proven by the IMPROVE-IT trial, which
recruited patients within the first 10 days after an ACS, treated with
simvastatin þ ezetimibe or simvastatin monotherapy. After a
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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median follow-up of 6 years, the addition of ezetimibe to simva-
statin lowered LDL-C by ~24%, which translated into a significant 2%
absolute risk reduction in the primary composite endpoint of CV
death, major coronary events or nonfatal stroke [7]. Although this
result is overall suggestive of a clinical benefit of adding ezetimibe
to simvastatin in post-ACS patients, risk stratification based on the
presence of specific atherothrombotic risk indicators (including
congestive heart failure, hypertension, diabetes mellitus, age�75,
prior stroke, prior CABG, peripheral artery disease, moderate-to-
severe CKD, smoking) allows the identification of higher risk pa-
tients who would experience the greatest absolute benefit from
this combination therapy [8]. Thus, when this 9-point risk strati-
fication tool is applied to the IMPROVE-IT population, the cumu-
lative incidence of CV death, myocardial infarction (MI) or ischemic
stroke during a follow-up period of 7 years increases from 8.6%
with none of these indicators up to 68% in the presence of �5 in-
dicators [8]. Using this tool, patients enrolled in the IMPROVE-IT
study were divided into a low risk category (0e1 risk indicators),
intermediate-risk (2 risk indicators) and high risk (�3 risk in-
dicators); as expected, the cumulative incidence of CV events
significantly increased across these categories [8]. The extent of CV
risk reduction observed when ezetimibe was added to simvastatin
was strictly dependent on the risk category: low-risk patients
showed no risk reduction, patients at intermediate risk showed a
11% relative risk reduction (�2.2% absolute risk) and high risk pa-
tients had a 19% relative risk reduction (�6.3% absolute risk) [8].

When this risk score, integrated with the presence of prior MI as
additional indicator, was applied to the population of the FOURIER
trial on evolocumab, intermediate-risk patients (79% of the whole
population) showed a 1.9% absolute risk reduction in CV death, MI
or stroke at 3 years with evolocumab compared to placebo; a
greater benefit was obtained in highest-risk patients (16% of the
population) who showed a 3.6% absolute risk reduction [9]. These
findings have been received by the recent European guidelines,
which now recognize that some patients need a more aggressive
approach with lower cut-off levels and suggest to consider PCSK9
inhibitors in these patients on a best available statin therapy with
ezetimibe [3,10].

Similar results were obtained when the population of the
FOURIER trial was stratified according to the presence of diabetes at
baseline, the number of previous MI or the presence of multivessel
disease (Table 1); in the placebo arm, the risk was higher if patients
had anMI within the first 2 years, or had�2MI compared with just
an episode of MI prior the enrolment, or in the presence of multi-
vessel disease [11]. We must acknowledge that the placebo arm in
this trial was in high intensity (70%) or moderate statin treatment
(25e30%), with baseline LDL-C ~90 mg/dL [11]. The two subgroups
Table 1
Evolocumab-induced risk reduction in patients stratified according to the presence
of specific pathological conditions.

Underlying condition RRR ARR NNT

Diabetes at baseline [13]
Yes 17% 2.7% 37
No 13% 1.6% 62
Number of prior MIs [11]
≥2 21% 2.6% 38
1 16% 1.7% 60
Multivessel disease [11]
Yes 30% 3.4% 29
No 11% 1.3% 78
Presence of PAD [12]
Yes 27% 3.5% 29
No 19% 1.4% 72

MI: myocardial infarction; PAD: peripheral artery disease; RRR: relative risk
reduction; ARR: absolute risk reduction; NNT: number needed to treat.
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(�2 MI or multivessel disease) in the placebo arm identify patients
that, despite treated with high intensity statin regimen, remain at
remarkable risk for events [11]. In patients with �2 prior MI the
addition of evolocumab leads to a remarkable reduction in LDL-C
levels (~60%), translating into a 3.7% absolute risk reduction for
the primary endpoint and 18% relative risk reduction; in patients
with only 1 prior MI, the decrease in absolute risk was 1.3% (8%
relative risk reduction) [11]. Thus, although patients with the
greatest burden of coronary atherosclerosis had the greatest clinical
benefit from aggressive LDL-C lowering, they were still at higher
risk compared with the subgroups of patients with 1 prior MI or no
multivessel disease on placebo, and despite their very low LDL-C
levels [11]. Another major point arisen from the FOURIER trial is
the relevance of peripheral artery disease (PAD) in increasing the
CV risk: the stratification of patients based on the presence of PAD
(which greatly increases the CV risk) shows that the clinical benefit
of adding evolocumab to their current therapy is greater in patients
with PAD [12]. Similar results were obtained when patients were
stratified according to the presence of diabetes at baseline [13].
Altogether these observations indicate that patient stratification
based on the presence or absence of atherothrombotic risk factors
may represent a valuable tool in clinical practice to identify patients
at extremely high cardiovascular risk who may have the greatest
benefit from an aggressive LDL-C-lowering. In these patients it may
be appropriate to aim for the lowest LDL-C level, independently of
recommended goals, with all the available pharmacological ap-
proaches (Fig. 1). We must acknowledge, however, that many pa-
tients with very low LDL-C levels may still present a residual CV risk
due to the presence of independent risk factors (such as inflam-
mation or high levels of Lp(a)).

3. Familial hypercholesterolemia

Familial hypercholesterolaemia is a genetic disorder affecting
the hepatic clearance of LDL particles, resulting in a marked
elevation of plasma LDL-C and early atherosclerosis [14]. FH is a
unique amplifying risk factor for premature coronary disease; in
fact, compared with the background population, a subject with
heterozygous FH reaches the LDL-C burden sufficient to develop
coronary heart disease 20 years earlier (if untreated), and for a
homozygous FH this occurs during adolescence [14]. However,
despite the clinical relevance of FH and its high prevalence in the
general population, there are several gaps in detection and care
[14]. FH is in fact a common disorder, with an estimated prevalence
of 1 in 200/300 in the general population (for the heterozygous
form), and therefore it can be viewed as a public health issue; this
prevalence is, as expected, even higher among patients with acute
coronary disease (about 1 in 21), and this represents a great op-
portunity to detect the disorder [15].

Several detection strategies exist, including universal screening,
systematic screening (such as cascade testing) and opportunistic
screening (in coronary care units or primary care). Cascade testing
for FH is an evidence-based detection method: it leads to early
detection and initiation of preventive therapy, a better adherence to
therapy and attainment of LDL-C goals, it reduces coronary events,
it is proven to be cost effective and it proves reassurance for rela-
tives who screen negative. Cascade screening starts with the
identification of an index case, and proceeds with the DNA testing
in family members at any age [16]. Some difficulties may present,
however, with cascade testing, including lack of skills among pro-
viders, poor communication within families and family dynamics,
as well as issues with privacy policy and healthcare systems
[17e21]. Universal screening of children may represent a relevant
clinical tool, as it gives the opportunity for early interventions (both
lifestyle and therapeutic), significantly reducing cumulative LDL-C



Fig. 1. Model of therapeutic approach in patients at high and extreme cardiovascular risk.
*Extreme CV Risk: diabetes and CHD, multivessel CV disease, PAD, recurrent MI, HeFH and CHD, HeFH with other CVD risk factors; ** LDL-C assessed after 4e6 weeks.
CV: cardiovascular; HeFH: Heterozygous familial hypercholesterolemia, LDL-C: low density lipoprotein cholesterol; PCSK9: proprotein convertase subtilisin/kexin type 9 Adapted
from: Mach F et al. Eur Heart J 2020; 41(1):111e188.
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burden and their CV risk in adulthood [22,23]. This approach may
be integrated with a reverse cascade screening, by testing the
parents and then, eventually, the rest of the family [24,25], thus
allowing to identify FH patients before the occurrence of a clinical
event.

Diagnosis and genetic testing. The most widely recommended
approach for the clinical diagnosis of FH is the application of the
Dutch Lipid Clinic Network (DLCN) score, based on data on family
history, clinical history, presence of specific physical signs, LDL-C
levels, and DNA testing [14]. Despite being costly, genetic testing
in FH increases considerably the precision of the diagnosis, im-
proves risk prediction, facilitates cascade screening, improves the
use of genetic counseling, enables good therapeutic choices and
improves adherence to therapy [26e28].

Treatment and targets. The new ESC/EAS guidelines for the
management of dyslipidemias have introduced new/upgraded
recommendations for the treatment of patients with FH. As first,
individuals with FH and ASCVD or another major risk factor are
classified as very-high risk patients, for whom an LDL-C reduction
of �50% from baseline and an LDL-C goal of <1.4 mmol/L (<55 mg/
dL) should be considered, and if the goal cannot be achieved, a drug
combination is recommended [3]; patients with FH without other
major risk factors are high risk patients and for them an LDL-C
reduction of �50% from baseline and an LDL-C goal of
<1.8 mmol/L (<70 mg/dL) are recommended [3]. Treatment with a
PCSK9 inhibitor is now recommended in very-high-risk FH patients
when the treatment goal is not achieved on maximally tolerated
statin plus ezetimibe. Treatment options for FH should consider
four principles: earlier, lower, longer and safer, and must include
the adoption of a healthy lifestyles, therapies with established
drugs (statins, ezetimibe, resin, niacin) commonly combined with
more recent lipid-lowering agents (apoB antisense, PCSK9 in-
hibitors, MTP inhibitors) [3], or advanced and radical therapies such
as lipoprotein apheresis (that has a major role in the management
of homozygous FH) and liver transplantation for the most severe
homozygous cases. Although monoclonal antibodies (mAbs)
against PCSK9 effectively reduce LDL-C levels in HeFH patients
[29e31], we must acknowledge that in HoFH PCSK9 mAbs are
effective only in patients carrying LDLR defective mutations, who
have a residual LDLR expression, whereas patients with null mu-
tations do not respond to this therapy [32]. This implies that
knowing the causative mutation in HoFH helps in the choice of the
appropriate therapy, which represents a relevant issues, since the
risk of death from any cause and from cardiovascular events are
32
strictly related to the on-treatment plasma cholesterol levels [33].
New approaches for the management of HoFH include evinacumab,
a monoclonal antibody targeting ANGPTL3, that has been shown to
halve LDL-C levels in HoFH patients independently of LDLR [34].
4. High CV risk patients: adherence and persistence to
therapy

Although many recent trials have shown that aggressive lipid
lowering therapies with combination of drugs significantly reduce
both LDL-C and atherosclerotic burden in very high risk patients
[35,36], a major concern in CV prevention is the adherence and
persistence of these patients to therapy in the daily practice. In fact,
an early discontinuation of therapy translates into an increased
cumulative incidence of cardiovascular events and death compared
with prolonged use of lipid-lowering drugs [37].

In clinical practice, cholesterol-lowering drugs, particularly
statins, are associated with a poor adherence (ranging from 30% to
60% within 1 year after therapy initiation), despite the persistence
of treatment over time according to guideline-recommendations
always associated with improved clinical outcomes [38]. Several
factors are associated with non-adherence to therapy, which may
be classified into three categories: patient-related factors (either
voluntary or involuntary), physician-related factors (including poor
awareness about patient adherence, multiple physicians providing
advice), and health care system-related factors [39]. A major issue
related with statin therapy is the occurrence of statin-associated
muscle symptoms, but the notion of the “nocebo effect” has chal-
lenged this causal association [40], at least for most muscle adverse
events reported during statin treatment. Specific interventions,
aimed at increasing the knowledge of a long-term statin benefit
may result in an improved medication adherence, which in turn
will reduce morbidity and increase life expectancy [39].
5. Conclusion

Some categories of patients present a very high cardiovascular
risk; the availability of established LDL-C-lowering drugs and the
most recent pharmacological approaches allows an effective
reduction of plasma cholesterol levels when used in combination.
This represents the best approach tomanage patients with extreme
CV risk, in whom it may be appropriate to aim for the lowest LDL-C
achievable, and who may benefit more from an aggressive
approach compared with patients at a lower CV risk.



G.F. Watts, A.L. Catapano, L. Masana et al. Atherosclerosis Supplements 42 (2020) e30ee34
CRediT authorship contribution statement

Gerald F. Watts: Supervision. Alberico L. Catapano: Concep-
tualization, Supervision. Luis Masana: Supervision. Alberto Zam-
bon: Supervision. Angela Pirillo: Writing - review & editing. Lale
Tokg€ozoglu: Supervision.

Declaration of competing interest

GFW reports honorary expenses from Amgen, Kowa, MSD,
Sanofi; Consulting/Advisory board for Amgen, Sanofi, Regeneron,
Gemphire; funded Research fromAmgen, Sanofi, Regeneron, Pfizer;
ALC reports grants from Amgen, Sanofi, Regeneron personal fees
from Merck, Sanofi, Regeneron, AstraZeneca, Amgen, Novartis,
outside the submitted work; LM reports fees for lectures and
advisory work from: Amgen; Sanofi-Regeneron; Mylan; Servier;
Danone; AZ reports grants, consulting fees and/or honoraria and
delivering lectures for Abbott, AstraZeneca, Merck Sharp & Dohme,
Amgen, Sanofi, Lilly, Mylan, Chiesi Amryt e Daiichi Sankyo; A. Pirillo
reports no conflict of interest; LT is Company consultant for Abbott,
Amgen, Bayer, MSD, Mylan, Sanofi, and has received honorarium as
speaker from Abbott, Actelion, Amgen, Astra, Bayer, Daiichi Sankyo
MSD, Mylan, Novartis, Novo Nordisk, Sanofi, Servier, Pfizer,
Recordati.

Acknowledgments

The presentation of data contained in this work at the annual
meeting of SITeCS (Societ�a Italiana di Terapia Clinica e Sper-
imentale) was supported by an unrestricted educational grant from
Mylan. Mylan had no role in writing of the paper. The work of ALC
has been supported byMinistry of Health - Ricerca Corrente - IRCCS
MultiMedica, PRIN 2017H5F943 and ERANET ER-2017-2364981.
This article is part of a Supplement entitled “Plasma lipids and
cardiovascular risk: Nutritional and therapeutic approaches” pub-
lished with support from Societ�a Italiana di Terapia Clinica e
Sperimentale (SITeCS).

References

[1] Kotseva K, De Bacquer D, De Backer G, et al. Lifestyle and risk factor man-
agement in people at high risk of cardiovascular disease. A report from the
European Society of Cardiology European Action on Secondary and Primary
Prevention by Intervention to Reduce Events (EUROASPIRE) IV cross-sectional
survey in 14 European regions. Eur J Prev Cardiol 2016;23:2007e18.

[2] Gitt AK, Lautsch D, Ferrieres J, et al. Cholesterol target value attainment and
lipid-lowering therapy in patients with stable or acute coronary heart disease:
results from the Dyslipidemia International Study II. Atherosclerosis
2017;266:158e66.

[3] Mach F, Baigent C, Catapano AL, et al. ESC/EAS Guidelines for the management
of dyslipidaemias: lipid modification to reduce cardiovascular risk. Eur Heart J
2019;41:111e88. 2020.

[4] Jellinger PS, Handelsman Y, Rosenblit PD, et al. American association of clinical
endocrinologists and american college of endocrinology guidelines for man-
agement of dyslipidemia and prevention of cardiovascular disease - executive
summarycomplete appendix to guidelines. Endocr Pract 2017;23:479e97.
available at: http://journals.aace.com. official journal of the American College
of Endocrinology and the American Association of Clinical Endocrinologists.

[5] Rallidis LS, Kiouri E, Katsimardos A, et al. Extreme-risk category: high prev-
alence among stable coronary patients and an emerging widening treatment
gap in achieving LDL-cholesterol less than 55mg/dL. Atherosclerosis
2018;275:262e4.

[6] Rallidis LS, Kotakos C, Sourides V, et al. Attainment of optional low-density
lipoprotein cholesterol goal of less than 70 mg/dl and impact on prognosis
of very high risk stable coronary patients: a 3-year follow-up. Expet Opin
Pharmacother 2011;12:1481e9.

[7] Cannon CP, Blazing MA, Giugliano RP, et al. Ezetimibe added to statin therapy
after acute coronary syndromes. N Engl J Med 2015;372:2387e97.

[8] Bohula EA, Morrow DA, Giugliano RP, et al. Atherothrombotic risk stratifica-
tion and ezetimibe for secondary prevention. J Am Coll Cardiol 2017;69:
911e21.

[9] Bohula EA, Morrow DA, Pedersen TR, et al. Atherothrombotic risk stratification
33
and magnitude of benefit of evolocumab in FOURIER. Circulation 2017;136:
A20183.

[10] Landmesser U, Chapman MJ, Stock JK, et al. Update of ESC/EAS Task Force on
practical clinical guidance for proprotein convertase subtilisin/kexin type 9
inhibition in patients with atherosclerotic cardiovascular disease or in familial
hypercholesterolaemia. Eur Heart J 2017;39:1131e43. 2018.

[11] Sabatine MS, De Ferrari GM, Giugliano RP, et al. Clinical benefit of evolocumab
by severity and extent of coronary artery disease. Circulation 2018;138:
756e66.

[12] Bonaca MP, Nault P, Giugliano RP, et al. Low-density lipoprotein cholesterol
lowering with evolocumab and outcomes in patients with peripheral artery
disease: insights from the FOURIER trial (Further Cardiovascular Outcomes
Research with PCSK9 Inhibition in Subjects with Elevated Risk). Circulation
2018;137:338e50.

[13] Sabatine MS, Leiter LA, Wiviott SD, et al. Cardiovascular safety and efficacy of
the PCSK9 inhibitor evolocumab in patients with and without diabetes and
the effect of evolocumab on glycaemia and risk of new-onset diabetes: a
prespecified analysis of the FOURIER randomised controlled trial. Lancet
Diabetes Endocrinol 2017;5:941e50.

[14] Nordestgaard BG, Chapman MJ, Humphries SE, et al. Familial hyper-
cholesterolaemia is underdiagnosed and undertreated in the general popu-
lation: guidance for clinicians to prevent coronary heart disease: consensus
statement of the European Atherosclerosis Society. Eur Heart J 2013;34:
3478e3490a.

[15] Kramer AI, Trinder M, Brunham LR. Estimating the prevalence of familial
hypercholesterolemia in acute coronary syndrome: a systematic review and
meta-analysis. Can J Cardiol 2019;35:1322e31.

[16] Louter L, Defesche J, Roeters van Lennep J. Cascade screening for familial
hypercholesterolemia: practical consequences. Atherosclerosis Suppl
2017;30:77e85.

[17] Roberts MC, Dotson WD, DeVore CS, et al. Delivery of cascade screening for
hereditary conditions: a scoping review of the literature. Health Aff 2018;37:
801e8.

[18] Sturm AC. Cardiovascular cascade genetic testing: exploring the role of direct
contact and technology. Front Cardiovasc Med 2016;3:11.

[19] George R, Kovak K, Cox SL. Aligning policy to promote cascade genetic
screening for prevention and early diagnosis of heritable diseases. J Genet
Counsel 2015;24:388e99.

[20] Knowles JW, Rader DJ, Khoury MJ. Cascade screening for familial hypercho-
lesterolemia and the use of genetic testing. Jama 2017;318:381e2.

[21] Zimmerman J, Duprez D, Veach PM, et al. Barriers to the identification of fa-
milial hypercholesterolemia among primary care providers. J Commun Genet
2019;10:229e36.

[22] Henneman L, McBride CM, Cornel MC, et al. Screening for familial hyper-
cholesterolemia in children: what can we learn from adult screening pro-
grams? Healthcare 2015;3:1018e30.

[23] Wiegman A, Gidding SS, Watts GF, et al. Familial hypercholesterolaemia in
children and adolescents: gaining decades of life by optimizing detection and
treatment. Eur Heart J 2015;36:2425e37.

[24] Wald DS, Wald NJ. Integration of child-parent screening and cascade testing
for familial hypercholesterolaemia. J Med Screen 2019;26:71e5.

[25] Wald DS, Bestwick JP, Wald NJ. Child-parent screening for familial hyper-
cholesterolaemia: screening strategy based on a meta-analysis. Br Med J
2007;335:599.

[26] Khera AV, Won HH, Peloso GM, et al. Diagnostic yield and clinical utility of
sequencing familial hypercholesterolemia genes in patients with severe hy-
percholesterolemia. J Am Coll Cardiol 2016;67:2578e89.

[27] Defesche J, Gidding SS, Harada-Shiba M, et al. Familial hypercholesterolemia.
Nat Rev Dis Primers 2017;3:17093.

[28] Sturm AC, Knowles JW, Gidding SS, et al. Clinical genetic testing for familial
hypercholesterolemia: JACC scientific expert panel. J Am Coll Cardiol 2018;72:
662e80.

[29] Raal FJ, Stein EA, Dufour R, et al. PCSK9 inhibition with evolocumab (AMG
145) in heterozygous familial hypercholesterolaemia (RUTHERFORD-2): a
randomised, double-blind, placebo-controlled trial. Lancet 2015;385:331e40.

[30] Kastelein JJ, Ginsberg HN, Langslet G, et al. ODYSSEY FH I and FH II: 78 week
results with alirocumab treatment in 735 patients with heterozygous familial
hypercholesterolaemia. Eur Heart J 2015;36:2996e3003.

[31] Ginsberg HN, Rader DJ, Raal FJ, et al. Efficacy and safety of alirocumab in
patients with heterozygous familial hypercholesterolemia and LDL-C of 160
mg/dl or higher. Cardiovasc Drugs Ther 2016;30:473e83.

[32] Raal FJ, Honarpour N, Blom DJ, et al. Inhibition of PCSK9 with evolocumab in
homozygous familial hypercholesterolaemia (TESLA Part B): a randomised,
double-blind, placebo-controlled trial. Lancet 2015;385:341e50.

[33] Thompson GR, Blom DJ, Marais AD, et al. Survival in homozygous familial
hypercholesterolaemia is determined by the on-treatment level of serum
cholesterol. Eur Heart J 2018;39:1162e8.

[34] Gaudet D, Gipe DA, Pordy R, et al. ANGPTL3 inhibition in homozygous familial
hypercholesterolemia. N Engl J Med 2017;377:296e7.

[35] Sabatine MS, Giugliano RP, Keech AC, et al. Evolocumab and clinical outcomes
in patients with cardiovascular disease. N Engl J Med 2017;376:1713e22.

[36] Schwartz GG, Steg PG, Szarek M, et al. Alirocumab and cardiovascular out-
comes after acute coronary syndrome. N Engl J Med 2018;379:2097e107.

[37] Nielsen SF, Nordestgaard BG. Negative statin-related news stories decrease
statin persistence and increase myocardial infarction and cardiovascular

http://refhub.elsevier.com/S1567-5688(21)00008-8/sref1
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref1
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref1
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref1
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref1
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref1
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref2
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref2
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref2
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref2
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref2
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref3
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref3
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref3
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref3
http://journals.aace.com
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref5
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref5
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref5
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref5
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref5
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref6
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref6
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref6
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref6
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref6
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref7
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref7
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref7
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref8
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref8
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref8
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref8
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref9
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref9
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref9
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref10
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref10
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref10
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref10
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref10
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref11
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref11
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref11
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref11
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref12
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref12
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref12
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref12
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref12
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref12
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref13
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref13
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref13
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref13
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref13
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref13
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref14
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref14
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref14
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref14
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref14
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref14
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref15
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref15
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref15
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref15
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref16
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref16
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref16
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref16
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref17
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref17
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref17
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref17
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref18
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref18
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref19
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref19
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref19
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref19
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref20
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref20
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref20
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref21
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref21
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref21
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref21
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref22
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref22
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref22
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref22
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref23
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref23
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref23
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref23
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref24
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref24
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref24
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref25
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref25
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref25
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref26
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref26
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref26
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref26
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref27
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref27
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref28
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref28
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref28
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref28
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref29
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref29
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref29
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref29
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref30
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref30
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref30
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref30
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref31
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref31
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref31
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref31
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref32
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref32
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref32
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref32
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref33
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref33
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref33
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref33
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref34
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref34
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref34
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref35
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref35
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref35
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref36
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref36
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref36
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref37
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref37


G.F. Watts, A.L. Catapano, L. Masana et al. Atherosclerosis Supplements 42 (2020) e30ee34
mortality: a nationwide prospective cohort study. Eur Heart J 2016;37:
908e16.

[38] Vonbank A, Agewall S, Kjeldsen KP, et al. Comprehensive efforts to increase
adherence to statin therapy. Eur Heart J 2017;38:2473e9.

[39] Lansberg P, Lee A, Lee ZV, et al. Nonadherence to statins: individualized
intervention strategies outside the pill box. Vasc Health Risk Manag 2018;14:
34
91e102.
[40] Gupta A, Thompson D, Whitehouse A, et al. Adverse events associated with

unblinded, but not with blinded, statin therapy in the Anglo-Scandinavian
Cardiac Outcomes Trial-Lipid-Lowering Arm (ASCOT-LLA): a randomised
double-blind placebo-controlled trial and its non-randomised non-blind
extension phase. Lancet 2017;389:2473e81.

http://refhub.elsevier.com/S1567-5688(21)00008-8/sref37
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref37
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref37
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref38
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref38
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref38
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref39
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref39
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref39
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref39
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref40
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref40
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref40
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref40
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref40
http://refhub.elsevier.com/S1567-5688(21)00008-8/sref40

	Hypercholesterolemia and cardiovascular disease: Focus on high cardiovascular risk patients
	1. Introduction
	2. Patients at very high CV risk
	3. Familial hypercholesterolemia
	4. High CV risk patients: adherence and persistence to therapy
	5. Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	References


