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Abstract Aims: Although adequate clinical management of patients with hypercholesterolemia
without a history of known cardiovascular disease is essential for prevention, these subjects are
often disregarded. Furthermore, the scientific literature on primary cardiovascular prevention is
not as rich as that on secondary prevention; finally, physicians often lack adequate tools for the
effective management of subjects in primary prevention and have to face some unsolved relevant
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issues. This document aims to discuss and review the evidence available on this topic and pro-
vide practical guidance.
Data synthesis: Available algorithms and risk charts represent the main tool for the assessment of
cardiovascular risk in patients in primary prevention. The accuracy of such an estimate can be
substantially improved considering the potential contribution of some additional risk factors
(C-reactive protein, lipoprotein(a), family history of cardiovascular disease) and conditions (envi-
ronmental pollution, sleep quality, socioeconomic status, educational level) whose impact on the
cardiovascular risk has been better understood in recent years. The availability of non-invasive
procedures to evaluate subclinical atherosclerosis may help to identify subjects needing an
earlier intervention. Unveiling the presence of these conditions will improve cardiovascular risk
estimation, granting a more appropriate intervention.
Conclusions: The accurate assessment of cardiovascular risk in subjects in primary prevention
with the use of algorithms and risk charts together with the evaluation of additional factors
will allow physicians to approach each patient with personalized strategies, which should
translate into an increased adherence to therapy and, as a consequence, a reduced cardiovas-
cular risk.
ª 2022 The Authors. Published by Elsevier B.V. on behalf of The Italian Diabetes Society, the
Italian Society for the Study of Atherosclerosis, the Italian Society of Human Nutrition and
the Department of Clinical Medicine and Surgery, Federico II University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The control of plasma LDL-cholesterol (LDL-C) levels is of
utmost importance in both primary and secondary pre-
vention of cardiovascular diseases (CVD) and, specifically,
coronary heart disease (CHD). Therefore, physicians and all
health professionals should actively manage this risk fac-
tor, either by properly identifying the patients’ needs and
prescribing, when appropriate, adequate therapy or by
referring the patient to a specialist, e. g. a lipidologist.
Interestingly, while remarkable attention is generally paid
to the clinical management of LDL-C levels in patients in
secondary prevention of CVD to reduce their risk of
recurrent events, subjects in primary prevention are often
disregarded, despite the higher absolute number of
atherosclerotic cardiovascular (CV) events occurring in this
much larger population [1].

On the other hand, the scientific literature on the pri-
mary prevention of CV events is not as rich as that on
secondary prevention; consequently, some relevant issues
are still a matter of debate, and physicians often lack
adequate tools for the effective management of subjects in
primary prevention.

This document aims to discuss and review the evidence
available on this topic and to share with the reader the
viewpoints on which consensus was found among partic-
ipants of this expert panel. The document has been
structured in a question-and-answer format to facilitate an
agile and simple approach by clinicians and health pro-
fessionals, who form its largest readership. Therefore, this
paper intends to provide answers to the many issues they
face in their professional activity.

Of note, heterozygous familial hypercholesterolemia
(FH) will be not addressed by this document, as FH pa-
tients must be always referred to a specialized center.
l., LDL-cholesterol control in the p
ls, Nutrition, Metabolism & Card
2. How should I approach and evaluate a patient in
primary prevention?

The approach to the patient in primary prevention must
include both a detailed clinical evaluation and an estimate
of his/her CV risk, to define the LDL-C goal to be reached
according to published guidelines [2] and, consequently, to
decide whether to start or not a specific pharmacological
intervention.

A schematic summary of the anamnesis and biochem-
ical evaluation routinely required in these patients is
provided in BOX 1; the estimate of CV risk, which repre-
sents one of this document’s key points, will be analyzed
and discussed in detail in the following chapters.

3. How can I appraise the CV risk of my patient and use
such an estimate to decide if he/she requires some LDL-
cholesterol-lowering intervention and to which extent?

It is now widely accepted that estimating the individual CV
risk using risk charts or algorithms is essential to properly
classify patients and adopt the most appropriate thera-
peutic approach [2,3].

Historically, risk charts were built using a limited
number of variables, i.e. the most predictive risk factors.
Although limiting the accuracy of the calculation, such a
decision was probably also intended to simplify and,
hence, facilitate the dissemination and application of risk
charts. However, this goal has not been fully reached: ac-
cording to available data, risk charts use is still unsatis-
factory in Europe [4]; in Italy, for example, CV risk has been
estimated in less than 5% of eligible patients in the period
2014e2017 [5].

Risk charts developed within the SCORE (Systematic
COronary Risk Evaluation) project represent probably the
rimary prevention of cardiovascular diseases: An expert opinion
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BOX 1

Anamnesis

� Unfold the family history of hypercholesterolemia, its
age of onset, concomitant pharmacological therapies
or the presence of specific diseases that may impact
LDL-C levels (see below), to identify any iatrogenic or
secondary forms of hypercholesterolemia. Use the
Dutch Lipid Clinic Network [2] score to identify
individuals with a probable or possible FH, who
must be referred to a specialized center.

� Investigate the presence of a family history of early
coronary and/or cardiovascular events (<55y for
men and <65y for women), especially in parents,
children, brothers, and sisters.

� Uncover any personal or pathological conditions
that may be associated with an increased cardio-
vascular (CV) risk, also independently from the
plasma lipid profile (e.g., rheumatoid arthritis, sys-
temic lupus erythematosus, chronic renal failure,
obesity, obstructive sleep apnoea syndrome,
depression, anxiety, sedentary lifestyle, social
isolation, deprivation, low educational level, etc.).

Physical examination

� Assess the presence of early corneal arch and/or
tendon xanthomas to identify a possible FH. Eval-
uate the presence of valve or vascular murmurs or
weakness or absence of peripheral pulses.

Biochemical parameters determination

� Routine lipid profile includes the determination of
plasma total cholesterol, triglycerides (TG), and
HDL-cholesterol (HDL-C) concentrations. LDL-C can
be either measured directly or estimated indirectly
using the Friedewald equation (or its variants) for
TG values <400 mg/dL; non-HDL-cholesterol (non-
HDL-C) can be calculated as the difference between
total cholesterol and HDL-C. TG need to be
measured in a fasting state (for at least 12 h). ApoB
plasma levels can be measured to assess the burden
of all atherogenic apoB-containing particles.

� C reactive protein (CRP) should also be determined,
using a high-sensitivity technique (hs-CRP), at a
sufficient distance from any inflammatory or in-
fectious disease, to improve CV risk stratification.

� As w90% of Lipoprotein(a) [Lp(a)] levels are
genetically determined and do not vary with age, it
is recommended to measure the levels of Lp(a) at
least once in a lifetime [2].

� To ascertain or exclude the presence of secondary
forms of hypercholesterolemia, it is recommended
to evaluate glycaemia and indicators of renal
(creatinine and proteinuria), thyroid, and hepatic
function.
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best available tool, nowadays, for estimating a patient’s CV
risk in Europe [2]. SCORE-2 is now available as an updated
algorithm tailored to European populations, which predicts
10-year risk of first-onset CVD, including either fatal or
non-fatal events (in contrast with SCORE which provided
CVD mortality only) [3]. On the other hand, risk charts can
and should be improved [6] and rapidly increasing evi-
dence suggests that additional factors, that are not included
in current risk charts or algorithms, might improve the CV
risk estimate. It is the opinion of this panel that some of
these factors should now be integrated into the risk esti-
mation process. Some candidate additional risk factors will
be discussed in the next sections of the document.

4. Do HDL-C concentrations still play a role in risk
estimate and the clinical management of patients at
risk of CVD?

A large number of epidemiological studies reported an
inverse correlation between plasma levels of HDL-C and
CV risk, leading to the hypothesis that increasing HDL-C
would have translated into some CV benefit [7]. Recent
observational studies, however, have shown that this in-
verse relationship exists only up to HDL-C levels of
70e90 mg/dL and that not only higher HDL-C concentra-
tions do not confer any additional CV protection, but,
conversely, they might be associated with an increased
risk of all-cause mortality, CV mortality, infections, and
dementia in the general population [8e11]. In addition,
randomized clinical trials with drugs aimed at substan-
tially increasing HDL-C levels failed to show any CV benefit
[12e15]. Therefore, HDL-C is not included in the secondary
goals in current guidelines, which, however, recommend
including HDL-C levels in the risk chart-guided CV risk
estimation [2].

5. Are there additional risk factors which could be
included in my patient’s risk estimation?

Current guidelines recommend measuring apoB and non-
HDL-C for risk assessment in people with high tri-
glycerides (TG) levels, diabetes mellitus, obesity, metabolic
syndrome, or very low LDL-C levels [2]. The assessment of
apoB offers a more accurate measure of atherogenic apoB-
containing lipoprotein particle number than the mere
determination of LDL-C levels; non-HDL-C level, easily
available at no additional costs, also provides useful in-
formation. Their contribution to risk determination, on the
other hand, is similar to that provided by the determina-
tion of LDL-C, which apoB will probably soon replace. In
the current guidelines’ context, essentially based on the
evaluation of LDL-C and its treatment, it is consequently
difficult to imagine a prompt translation of the determi-
nation of apo B and non-HDL-C to clinical practice.

Additional [modifiable or non-modifiable] risk factors
might improve the estimation of an individual’s CV risk.
Among them, available evidence suggests that the pres-
ence of a family history of premature CV events (<55y in
men and <65y in women), elevated levels of lipoprotein(a)
rimary prevention of cardiovascular diseases: An expert opinion
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[Lp(a)], and elevated levels of C-reactive protein may
significantly enhance the accuracy of CV risk prediction.

Family history of premature CVD. A positive family
history of CVD is associated with an increased CV risk
[16,17]. When it involves first-degree relatives, a roughly
two-fold increase in the risk for CVD is observed [18].
Positive CVD family history may also impact the relevance
of specific diet-associated risk factors [19]. Nowadays, the
assessment of the family history of premature CVD and its
possible contribution to the patient CV risk is often left to
the physician’s evaluation [20].

Lipoprotein(a). Lp(a) is an LDL-like lipoprotein, in which
apoB is covalently linked to apolipoprotein(a) [apo(a)] [21].
Lp(a) combines the ability of LDL to infiltrate the arterial
wall, contributing to the formation of atherosclerotic pla-
ques, with a pro-thrombotic effect attributable to the
structural analogies of apo(a) with plasminogen [22]. Lp(a)
levels are largely genetically determined (w90%, except in
renal failure, which causes an acquired increase in Lp(a)
levels) and guidelines recommend considering an Lp(a)
measurement at least once in a lifetime. Lp(a) evaluation
also helps identifying individuals with very high levels of
Lp(a) (>180 mg/dL), who have a CV risk comparable to that
conferred by FH [2]. The risk of myocardial infarction and
calcific aortic valve stenosis is significantly increased for
Lp(a) levels �30e50 mg/dL [23]. To date, its measurement
is only aimed at better stratifying individual CV risk, but
accumulating evidence suggests reducing its plasma con-
centrations as a secondary goal of CV prevention.

High sensitivity-C reactive protein (hs-CRP). Hs-CRP is a
marker of inflammation, a process playing a crucial role in
the pathogenesis of atherosclerotic CVD [24]. Although the
association between hs-CRP and CVD is unlikely to be
causal [25], a large body of evidence supports the use of
hs-CRP in primary prevention to drive therapeutic
decision-making, with values >3 mg/L indicating a
significantly higher relative CV risk [16,26].

Non-conventional CV risk factors. The possible contri-
bution of non-conventional factors (also referred to as
non-metabolic risk factors) to CV risk has recently
emerged; these risk factors include, among many others,
high air pollution, high psychosocial stress level, low sleep
quality, and low socio-economic level. Although some of
them are theoretically modifiable, proof that any inter-
vention that favourably modulates one of these factors also
favourably influences the CV risk is largely missing.
Furthermore, the precise quantification of their contribu-
tion to CV risk is still a matter of debate.

� Air pollution is a recognised risk factor for CVD, and fine
particulate matter<2.5 mm diameter (PM2.5) is the most
important environmental risk factor contributing to
global CV mortality and disability [27,28]. CV mortality
is doubled when PM2.5 exceeds 15 mg/m3 according to a
recent large cohort study performed in Europe [29].

� Psychosocial stress and stress conditions are indepen-
dently associated with CVD in a manner that depends
on the degree and duration of stress as well as the
Please cite this article as: Poli A et al., LDL-cholesterol control in the p
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individual response to a stressor. Clinical guidelines
are only now starting to recognize psychosocial stress
as an independent CVD risk factor, probably because
this condition is difficult to be clinically assessed and
the biological mechanisms beyond this association are
incompletely understood. Their role, on the other
hand, is increasingly acknowledged [17,30], and the
increase in CV risk associated with their presence falls
within the range 1,3e2,1 according to a recent AHA
statement [31].

� Several prospective studies and meta-analyses have
shown that insomnia and other sleep disorders are
associated with an increased risk of hypertension,
myocardial infarction, heart failure, arrhythmias, and
CVD risk and/or mortality [32,33]. A healthy sleep
pattern is associated with a roughly one-third reduction
of CV endpoints [34]. Furthermore, sleep-disordered
breathing is common in people with, or at risk of, CVD,
including obese individuals, or subjects having hyper-
tension, CHD, heart failure, or atrial fibrillation [35,36].

� The contribution of social determinants of health, as
best represented by socioeconomic status (SES), to CVD
risk is incompletely understood. Low SES, on the other
hand, has been linked to the development of CVD [37]
and may confer a CV risk equivalent to traditional risk
factors. The increased burden of CVD in people with low
SES can be ascribed to several biological, behavioural,
and psychosocial risk factors that are more prevalent in
disadvantaged individuals [38]. Only a small part of the
risk excess observed among persons with low SES, on
the other hand, can be explained by lifestyle charac-
teristics [39].

It is the opinion of this panel that information on these
risk factors (presence/absence, level, intensity) should be
obtained during the preliminary evaluation of the patient.
This information may be used to further improve the CV
risk estimate, as will be discussed later.

6. Are there genetic markers that I can use as tools to
improve the CV risk estimation of my patient?

Molecular genetics and pharmacogenetics can play a key
role in the diagnosis, prevention, and treatment of CVD. In
the last two decades, considerable progress in this area has
taken place, with new genes and their variants (often
single nucleotide polymorphism) being identified as
causally involved in atherogenesis and CVD development.
Some of these data can already theoretically be used to
improve CV risk estimation or predict the response to a
drug [40,41]. The complexity of gene-gene, gene-environ-
ment, and gene-drug interactions can, on the other hand,
substantially modify the impact of a gene on CV risk [19].

Molecular genetics also allowed for the identification of
a large number of gene polymorphisms causally associated
with the onset of CVD, which have been used to develop
genetic scores representing a valuable tool for screening,
diagnosis, and therapy in a single patient [42]. These
rimary prevention of cardiovascular diseases: An expert opinion
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scores may play an important role also in the primary
prevention of CV events [43]; their application in clinical
practice is, however, still difficult, both in terms of costs
and interpretation of the results.

Currently, obtaining accurate information on the family
CVD history can be approximatively as informative as a
risk assessment based on the best available genetic infor-
mation [44]; indeed, the use of genetic scores may prove
preferable to assess the CV risk in the near future.
7. Should cumulative exposure to LDL-C be considered a
more reliable parameter than the current LDL-C value
for the evaluation of the CV risk of my patient?

In recent times, attention has been drawn to the concept of
cumulative exposure to LDL-C, i.e. the combination of LDL-
C levels (but also other apoB-containing lipoproteins) and
the duration of exposure, which can be roughly approxi-
mated by multiplying an individual’s age by his average
LDL-C level [45]. This estimate of cumulative LDL-C expo-
sure is believed to represent a better indicator of the total
extent of vascular injury caused by hypercholesterolemia
rather than any single LDL-C level evaluation. The area
under the LDL-C curve, thus, is likely to be also a good
marker of the total plaque burden. A higher area under the
curve accumulated earlier in life significantly increases the
risk of experiencing CV events at a younger age and is
driven by the levels of LDL-C [45].

Despite its potential relevance, this parameter is hard to
be incorporated into the classic risk estimate based on
LDL-C, as it requires several measurements over a signifi-
cantly long time, which could be difficult to obtain in
clinical practice. So far, paying attention from early in life
to LDL-C levels, and their control when appropriate, is
likely to be the most effective approach.
8. Can a non-invasive assessment of the arterial
circulation status play a role in the assessment and
management of my primary prevention patient?

Plaque progression, and possibly rupture or erosion, are
modifiable steps in the evolution of atherosclerotic plaque,
suggesting the importance of identifying subjects with
subclinical atherosclerosis before they experience a clinical
event [46]. The non-invasive assessment of subclinical
atherosclerosis in individuals at intermediate CV risk may
have the greatest impact since any therapeutic in-
terventions could be started earlier when atherosclerotic
vascular damage is identified.

Subclinical atherosclerosis can be detected with cost-
effective procedures, such as carotid and abdominal ultra-
sound, but also using other diagnostic tools, including cor-
onary artery calcium (CAC) scoring and coronary computed
tomography angiography (CCTA) [47]. Several studies have
shown that the presence of subclinical atherosclerosis
negatively affects the clinical prognosis [46,48], and have
suggested considering it as a marker of increased CV risk
rather than simply local score damage [49].
Please cite this article as: Poli A et al., LDL-cholesterol control in the p
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The intima-media thickness (IMT) is an early indicator
of carotid disease, but has a lower predictive power
compared with ultrasound assessment of carotid or
femoral plaque burden, as also reported in the current
guidelines [2,50]. The ankle-brachial index does not offer
relevant information in addition to that provided by a
complete physical examination [51].

CAC is a highly accurate marker of CHD and is a
powerful tool for predicting CVD in asymptomatic in-
dividuals [52,53], with subjects having any positive CAC
value (particularly >100) showing a significantly increased
risk of CHD. The evaluation of CAC may improve the patient
classification, which may be particularly relevant for those
classified as having intermediate CV risk [54]. CCTA is the
method with the highest accuracy in detecting CHD and
may represent an effective approach also for stratifying the
risk in asymptomatic individuals [55e57]. However, its
potential a large-scale use raises issues regarding the
complex interplay between costs, risks, and benefits.

Based on the available evidence, current guidelines
state that arterial plaque burden evaluated by ultraso-
nography should be considered as a risk-modifier in in-
dividuals at low or moderate risk and that CAC score
assessment may be considered a risk-modifier in the CV
risk assessment of asymptomatic individuals at low or
moderate risk [2].

9. Taking for granted the LDL-C goals recommended by
the current ESC/EAS guidelines for each CV risk level,
can I ascertain whether my patient is at a further
increased CV risk and requires a more aggressive
approach?

The available evidence indicates that a positive CVD family
history, elevated Lp(a), elevated hs-CRP, the presence of
non-conventional risk factors, and the presence of sub-
clinical atherosclerosis should be included, as risk modi-
fiers, in the CV risk estimate for individuals in primary
prevention. Based on this, this panel advises the following:

� In the presence of at least two additional risk factors
(among the following: history of premature CVD in at
least two family members, Lp(a) >50 mg/dL, hs-CRP
>3 mg/L) the level of CV risk calculated using SCORE
algorithms is highly likely to be underestimated, and
the subject should be reclassified in the next higher risk
class category (with a correspondingly lower LDL-C goal).

� Physicians may consider the possibility of increasing the
level of CV risk detected by the SCORE algorithms also in
the presence of one or more non-conventional risk fac-
tors (among the following: pollution, stress, sleep dis-
orders, socio-economic status) when the severity of the
identified risk factor(s) is considered high, and a signif-
icant contribution to the patient’s CV risk is envisaged.

The increase of the risk level identified by SCORE risk
charts can take place only once, even if both the previously
described criteria are met. Patients with diabetes, already
at high CV risk, should not have their risk revised.
rimary prevention of cardiovascular diseases: An expert opinion
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The panel also suggests that the use of vascular imaging
investigations and/or CAC should be decided by the clinical
evaluation of the physician, who will have to pay particular
attention to “intermediate” risk subjects and consider the
cost-benefit ratio (including radiation exposure for CAC
determination). The detection of atheromatous plaques
classifies the patient at high CV risk, as suggested by the
ESC/EAS guidelines [2].

10. Does my patient require specific management of his/
her CV risk if he/she belongs to specific population
subgroups?

10.1. Women

Although sex-specific risk factors are associated with
increased CV risk in women [58], elevated LDL-C is a causal
CV risk factor in both genders [59]. Women have histori-
cally been underrepresented in clinical trials, but several
meta-analyses have unequivocally shown that lipid-
lowering interventions significantly reduce the CV risk in
women [60e63].

Menopause is associated with a progressive increase in
LDL-C, as well as changes in other lipid parameters (in-
crease in total cholesterol, apoB, and TG, and decrease in
HDL-C), with a lipid profile generally more atherogenic
than in pre-menopausal women [64].

This panel recommends treating elevated LDL-C in both
sexes, when the global CV risk is comparable, in a similar
way.

10.2. Older people

Hypercholesterolemia is a risk factor for CVD in primary
prevention at all ages; however, the relative risk of CHD
associated with elevated plasma cholesterol levels, in pri-
mary prevention, declines in older patients; in some
observational studies, as a consequence, elevated plasma
cholesterol levels are not associated with increased risk of
incident CHD in people >80 years of age in primary pre-
vention [65,66], whereas one study showed a significant
association up to 100 years of age [62]. On the other hand,
the absolute CV risk increases constantly with age, sup-
porting the concept of cumulative LDL-C burden over time
even in individuals in primary prevention: the absolute
benefit of cholesterol-lowering therapies, consequently, is
potentially larger in the elderly.

Data from clinical trials are not conclusive: a meta-
analysis of data from 28 clinical trials observed less clear
evidence of benefit among patients >75 years of age
without evidence of established vascular disease [67],
while another meta-analysis did not observe differences in
the protective effect of statin treatment in patients <75 or
>75 years of age [63].

The frequent presence of co-morbidities in older peo-
ple, often needing drug treatments that may increase the
chance of pharmacological interactions or side effects, or
that can limit the residual life expectancy, or its quality,
must also be considered.
Please cite this article as: Poli A et al., LDL-cholesterol control in the p
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This body of evidence suggests that any intervention
aimed at controlling LDL-C levels in patients >75e80 years
of age should take carefully into account risks and benefits,
as well as individual preferences so that the intervention
can fit the needs of the specific patient who is being
considered.

Elderly patients already taking a cholesterol-lowering
treatment should continue the therapy.

10.3. Hypertensive patients

High blood pressure and dyslipidaemia often coexist in
the same individual [68]. Hypertensive patients have a
higher prevalence of dyslipidaemia than matched
normotensive subjects [69]. At the same time, hypercho-
lesterolemic patients often have higher blood pressure
values than normocholesterolemic individuals [69].
Beyond the epidemiological association, each of the two
conditions represents a risk factor for the development of
the other.

Based on these observations, hypertensive patients
(often suffering from metabolic syndrome) should be
treated with drugs having a neutral effect on their lipid
profile, thus preferring, whenever possible, angiotensin-
converting enzyme inhibitors, angiotensin II type 1 receptor
antagonists, and dihydropyridine calcium channel blockers
rather than beta-blockers and thiazide diuretics [70].

The evidence supports an additive effect of statins and
antihypertensive drugs in reducing CV risk [71]; the
increasing use of combination therapies will allow for
better control of several CV risk factors, and ultimately a
significant reduction in major CV events.

10.4. Patients with diabetes

In diabetic patients, complex alterations of the lipid profile
(hypertriglyceridemia, low HDL-C) are often recorded;
nevertheless, LDL-C is the primary target of lipid-lowering
therapy in these patients [2]. Achieving recommended
LDL-C goals in patients with diabetes is at least as impor-
tant, for CV prevention, as optimal glycaemic and blood
pressure control [72]. Diabetic patients should have
checked their lipid profile (total cholesterol, LDL-C, HDL-C,
and TG) at least once a year, or even more frequently if the
therapeutic goals are not achieved and require adjust-
ments to their therapy.

10.5. Patients <40 years of age (excluding FH patients)

The CV risk of people under age 40 cannot be estimated
through the commonly used risk charts and algorithms;
this is a problem in terms of CVD prevention in young
individuals, also considering that they represent a large
proportion of the population. Reducing LDL-C levels earlier
in life, on the other hand, can significantly reduce the
cumulative LDL-C burden, slowing the progression of
atherosclerosis [45].

This panel recommends that physicians decide to adopt
or not interventions aimed at reducing LDL-C levels in
rimary prevention of cardiovascular diseases: An expert opinion
iovascular Diseases, https://doi.org/10.1016/j.numecd.2022.10.001
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these subjects based on their CV risk profile, which should
be estimated taking into account both the presence of
factors included in the risk charts and additional risk fac-
tors discussed above.

Any intervention should be discussed with the patient
to increase his/her awareness (particularly for long-term
interventions) and might consider the use of nutraceut-
icals or functional foods as an alternative to drug use
[73].

11. How can I manage LDL-C levels, once I have
estimated my patient’s CV risk?

All individuals should adopt healthy lifestyle habits,
regardless of their LDL-C levels (see below). Any inter-
vention with nutraceuticals, functional foods or lipid-
lowering drugs, on the other hand, must be calibrated
based on the individual distance from the LDL-C target,
that is, on the extent of LDL-C reduction required to ach-
ieve the recommended goal.

An estimate of this parameter (the distance from the
target, DfT) can be obtained by the following, simple
calculation:

DfTZ (basal LDL-C minus defined LDL-C target)/basal LDL-C

A diagnostic-therapeutic flow chart for individuals
>40-year-old is presented in Fig. 1.
Figure 1 Suggested treatment flowchart for subjects in primary preventio
after calculating the cardiovascular risk based on SCORE, and modifying it
Appropriate treatment to reach this target can then be selected based on the
effect of the intervention should be evaluated after about eight weeks; in th
be considered.
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12. Dietary approach and promotion of an active
lifestyle: what can I reasonably expect for my patient?

The available evidence indicates that an appropriate di-
etary approach has a favourable yet generally limited
impact on total cholesterol and LDL-C plasma levels [74].
Usually, the achieved reduction is w5%, and only rarely it
exceeds 10%. Reducing the consumption of foods rich in
saturated or trans-unsaturated fatty acids, and increasing
the intake of dietary fibre and linoleic acid, a poly-
unsaturated fatty acid of the omega-6 family, are consid-
ered the most effective interventions. Reducing dietary
cholesterol appears to be less relevant.

Interestingly, epidemiological studies have shown that
not all dietary interventions with a cholesterol-lowering
effect are associated with a reduction in CV risk; this has
been observed, as an example, for the reduction of dietary
saturated fatty acids, especially if derived from dairy foods
[75]. An appropriate diet, on the other hand, is expected to
play a cardioprotective role largely exceeding its possible
effect on LDL-C levels. Increasing the consumption of plant
foods rich in fibre and polyphenols (fruit, oily nuts, vege-
tables, and legumes), marine foods rich in polyunsaturated
omega-3 fatty acids, whole cereals rich foods, and seeds
likely plays an important role [76], together with reducing
the consumption of foods of animal origin, such as meat
and derivatives, whose contribution to diet-associated
deaths is, however, rather limited. The Mediterranean
n >40 years of age. The target value for the subject's LDL-C can be set
based on the risk factors to be considered according to this document.
distance between the baseline LDL-C value and the defined target. The

e presence of an unsatisfactory result, the next level of intervention can

rimary prevention of cardiovascular diseases: An expert opinion
ovascular Diseases, https://doi.org/10.1016/j.numecd.2022.10.001



8 A. Poli et al.
food pattern has been associated with a significant
reduction in the risk of CVD [77].

Based on these observations, this panel suggests that an
appropriate diet should be advised to all patients in pri-
mary prevention; if a specific need to reduce plasma LDL-C
emerges during the clinical evaluation of the patient,
nutraceuticals or functional foods or drug therapy should
be considered [73].

The impact of an active lifestyle on lipid profile is
generally limited to a modest increase in HDL-C. No sig-
nificant LDL-C reduction is usually observed. An active
lifestyle, however, is associated with a reduction in coro-
nary and CV risk, an effect likely independent of changes in
lipid profile and must, therefore, be convincingly pro-
moted [78].

13. When should I consider suggesting a nutraceutical
or a functional food with cholesterol-lowering
properties to my patient?

Nutraceuticals and functional foods containing active in-
gredients, or combinations thereof, with well-documented
LDL-cholesterol-lowering efficacy, are largely available in
western Europe markets. A summary of the effects of the
main active ingredients of available nutraceuticals and
functional foods on LDL-C levels is presented in Table 1.

It needs to be acknowledged that data showing that the
use of these compounds can effectively prevent CVD
events are currently limited [79]. Only one randomized
placebo-controlled intervention trial conducted in China
with a red yeast rice supplement reported reductions in CV
event incidence and mortality from any cause in a popu-
lation of patients in secondary prevention [80]. However,
as the causal role of LDL-C in atherogenesis is unequivo-
cally established, it is reasonable to anticipate a CV benefit
from their use.

The use of red yeast rice-based products is now allowed
in the European Union for a monacolin K (a naturally
occurring statin) content <3 mg/day [81], due to a few
cases of severe adverse events associated with their use
[82]. These rather rare events probably occurred because
these supplements can be used without any medical su-
pervision, which is, on the opposite, of the utmost
importance. Nutraceuticals and functional foods with
Table 1 Expected LDL-C reductions with the most commonly used
cholesterol-lowering nutraceuticals and functional foods.

Expected LDL-C
reduction

Red yeast rice, titrated <3 mg
in monacolin K/Ka

10e20%

Phytosterols/phytostanols 8e12%
Oat fibre 8e12%
Lactobacillus spp. 5e8%
Berberine 10e15%
Polyphenolic fraction of bergamot 10e12%
Artichoke standardized extract 10e12%

Modified from Cicero AFG et al., 2017 [101].
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cholesterol-lowering effects are indeed generally charac-
terized by excellent tolerability.

The decision to suggest these products to control LDL-C
levels in primary prevention patients can be made by the
clinician in specific conditions [83]. These compounds can
be considered for the management of mild-to-moderate
hypercholesterolemia in patients with slightly increased
CV risk and LDL-C levels not far from the recommended
goal (in whom, in other words, reductions up to 20% are
needed to achieve the LDL-C goal), who are not eligible for
a cholesterol-lowering drug prescription. In subjects under
age 40, in whom common algorithms and risk charts
cannot be used to estimate CV risk, the use of nutraceut-
icals or functional foods may be a valuable tool for
reducing LDL-C levels (and, thus, the cumulative LDL-C
burden) when CV risk is clinically estimated to be
increased. These products can also be used in statin-
intolerant subjects in primary prevention, taking into ac-
count that they could experience myalgia even with sup-
plements containing red yeast rice.

Advising the use of a red yeast rice food supplement as
an alternative to statin therapy in patients unwilling to
take these drugs for personal reasons may indeed help to
start a treatment the clinician may consider mandatory;
such approach, on the other hand, should be considered
cautiously, since it is conceptually and intrinsically
controversial, and is largely dependent on the relationship
physician-patient.

The use of a cholesterol-lowering a nutraceutical or
functional food combined with cholesterol-lowering drugs
can be considered for those with a larger distance from
their LDL-C therapeutic goal. Adding a red yeast rice sup-
plement to a statin is not advised. Nutraceuticals and
functional foods with LDL-cholesterol-lowering activity
should never substitute drug treatment in patients with
high or very high CV risk [84].
14. When should I suggest a cholesterol-lowering drug
(or an association thereof) to my patient?

Statin therapy represents the most consolidated thera-
peutic option to reduce CV morbidity and mortality by
reducing LDL-C, both in primary and secondary prevention
[2,85e87]. The well-known efficacy, safety, and side effects
profile of these molecules have been the subject of sys-
tematic reviews which can be referred to obtain more
detailed information [88,89].

Statins reduce LDL-C by 20e40%, depending on the
molecule and the dose, allowing the physician to reason-
ably predict the LDL-C reduction which will be obtained.
Side effects often attributed to statins (especially myalgia)
are much less frequent than usually perceived by the
public [89].

All these molecules have long been out of patent, and
their costs have consequently been reduced significantly,
increasing also the economic advantages both in terms of
expenditure for the national health systems and the pre-
vention of CV events. Despite all these considerations,
rimary prevention of cardiovascular diseases: An expert opinion
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lipid-lowering therapy is underutilized in patients both in
primary and secondary prevention in the real world [90].

Strategies involving the use of a combination of
different cholesterol-lowering drugs may represent an
essential therapeutic option for reducing LDL-C when CV
risk is very high. Combining statins and ezetimibe, and
eventually an anti-PCSK9 monoclonal antibody, offers
relevant opportunities both in terms of appropriateness
and personalization of therapy. New compounds such as
bempedoic acid [91] and inclisiran [92] will increase the
number of possible therapeutic alternatives.

Table 2 reports the expected LDL-C reductions with all
the available cholesterol-lowering therapies, either as
monotherapy or combination therapy [2], even in primary
prevention patients. In subjects with a distance between
the baseline LDL-C values and the appropriate therapeutic
goal over 50%, the achievement of the goal with a statin
monotherapy is unlikely, even at full dosage; thus, it would
be reasonable to initiate therapy with a statin-ezetimibe
combination. Such an approach, recently supported by
the results of a large randomized clinical trial [93], is un-
fortunately in formal disagreement with administrative
guidelines in countries such as Italy [94]. For patients with
high or very high CV risk, besides reaching the LDL-C goals,
guidelines recommend also an at least 50% reduction in
LDL-C from baseline [2], which, again, is generally
achievable exclusively with combination therapies; the
adoption of this strategy might avoid delay in the
achievement of the recommended goals.

There is no indication for cholesterol-lowering adjust-
ments in patients achieving very low LDL-C levels
(w25 mg/dL) since no convincing evidence of harmful
effects of such very low levels has been reported.

15. How can I optimize the adherence to therapy of my
patient?

Therapeutic adherence and persistence are key factors for
the success of all drug therapies. The benefits in terms of
CV protection of cholesterol-lowering treatments depend
not only on the extent of LDL-C reduction but also on
compliance with the prescriptions. Medication possession
ratio and proportion of days covered by therapy �80% are
considered indicators of an optimal level of adherence.

Several studies have shown that inadequate therapy
adherence and persistence increasemorbidity andmortality
Table 2 Expected LDL-C reductions with different lipid-lowering
approaches.

Treatment Mean LDL-C
reduction

Moderate-intensity statin w30%
High intensity statin w50%
High intensity statin þ ezetimibe w65%
PCSK9 inhibitor w60%
PCSK9 inhibitor þ high intensity statin w75%
PCSK9 inhibitor þ high intensity statin

þ ezetimibe
w85%

Modified from Mach F et al., 2019 [2].
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from a wide variety of diseases and, at the same time,
significantly increasehealth costs [95,96]. The absolute effect
of good vs. bad compliance to statin therapy in terms of
preventedCVeventscanbequite large, especially inhigh-risk
persons [97]. So far, adherence to therapy with cholesterol-
lowering drugs is still unsatisfactory [98,99]. For example,
in most studies involving patients who had received a statin
prescription, 25%e50% of new users discontinue therapy
during the first year, with a trend worsening over time,
especiallyamong subjects inprimaryprevention, showingan
adherence rate of only 25% after two years.

Non-adherence to drug treatment is a complex phe-
nomenon, determined by the interaction of different cau-
ses, which may depend on the patient, the doctor, and/or
the organization of the health system.

Patient-dependent causes (usually the most relevant)
range from simple forgetfulness to a negative attitude to-
ward drugs, preconceived beliefs about health and drug
treatments, and emotional distress [100]. Poor under-
standing of drug benefits and concerns about drug-related
adverse events may further contribute to the lack of
compliance. Hypercholesterolemic patients commonly
have additional risk factors or vascular diseases, thus
leading to the prescription of multiple drugs and frequent
administrations per day. The complexity of the regimens
and administration schedules may limit the effective
management of chronic diseases, including hypercholes-
terolemia. Any effort to simplify therapeutic schemes by
accurately indicating the importance of the various
ongoing therapies can improve adherence.

The efficacy of lipid-lowering therapy significantly in-
fluences adherence to therapy: the achievement of
favourable results during the first weeks of therapy may
play an important role in determining long-term adher-
ence. However, the need for several clinical checks and
even more the need for many posology or drug corrections
may represent an obstacle to adherence.

Indeed, there are no definite solutions to increase the
patient long-term adherence to therapy. The most satis-
factory solutions require cooperation between the physi-
cian and the patient (so-called concordance), by sharing
the importance of treatment, establishing goals for therapy,
and identifying factors that can negatively affect adherence.

Since the costs of nutraceuticals and functional foods
need to be paid for by patients, and since their use will
usually be long-lasting, patients must be advised of the
potential financial impact of their use.

16. Conclusions

Adequate clinical management of patients with hyper-
cholesterolemia in primary prevention is of utmost
importance for CVD prevention.

Except for patients with FH (whose high or very high CV
risk is established by definition), the estimate of CV risk,
using the available algorithms and risk charts, is the first
step of patients’ evaluation in primary prevention. This
panel believes that the accuracy of such an estimate can be
improved, even quantitatively, by considering the potential
rimary prevention of cardiovascular diseases: An expert opinion
ovascular Diseases, https://doi.org/10.1016/j.numecd.2022.10.001



Figure 2 Graphic representation of the different cholesterol lowering interventions that can be adopted in subjects with low or moderate
cardiovascular risk (calculated according to this document’s proposal, R-CV Risk), depending on the basal LDL-C levels and the expected response to
suggested treatments. In high risk patients (target 70 mg/dL, with a reduction from basal LDL-C level � 50%) diet and lifestyle changes and a
cholesterol lowering drugs combination are usually needed.
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contribution of some modifying risk factors (hs-CRP, Lp(a),
family history of CV events), as well as other conditions
(environmental pollution level, sleep quality, socioeco-
nomic status, educational level) whose impact on the CV
risk has been studied in recent years. Unveiling the pres-
ence of these conditions will allow for obtaining a more
accurate risk estimate, a better stratification of the indi-
vidual CV risk, and a more appropriate and probably more
effective intervention.

Based on the level of CV risk, the recommended LDL-C
goal can be identified and the distance from that goal can
be calculated, allowing the physician to adopt the most
appropriate intervention, which can include a general
improvement in lifestyles, the use of nutraceuticals and
functional foods when indicated, or the initiation of
pharmacological cholesterol-lowering therapy (Fig. 2).

Rapid achievement of therapeutic goals using the most
appropriate therapeutic prescriptions can positively affect
also adherence to therapy, in turn leading to the expected
reduction in the incidence of CV events.

Author contributions

AP, ALC, AC, EM and JPW prepared the outline and the first
draft of the document; all authors wrote parts of the
document, read, reviewed, and approved the final
manuscript.

Declaration of competing interest

ALC reports grant(s)/support from Akcea, Amarin, Amgen,
Menarini, Mylan, Sanofi, and Sanofi/Regeneron; consultant
Please cite this article as: Poli A et al., LDL-cholesterol control in the p
for clinicians and health professionals, Nutrition, Metabolism & Card
for Akcea, Amgen, Amarin, Daiichi-Sankyo, Eli Lilly, Espe-
rion, Kowa, Ionis Pharmaceuticals, Menarini, MSD, Mylan,
Novartis, Recordati, Regeneron, and Sanofi, outside the
submitted work. AFGC reports scientific advice and/or
speaking fees from Servier Italia, Fidia Farmaceutici, and
Sharper SpA; AC reports scientific advice and/or speaking
fees from Servier, DOC, Fidia, Amgen, Sanofi, Daichi San-
kyo, AstraZeneca, Novartis; DP reports scientific advice
with Merck Serono and Boehringer; GS reports scientific
advice and/or speaking fees from Novo Nordisk, Servier,
MSD, Sanofi, Daiichi Sankyo, Eli Lilly, Sobi, Vifor Pharma,
Amarin, Novartis, Sobi, Teva, and Amgen.

Other authors report no conflict of interest related to
the topic of this document.
Acknowledgements

The preparation of this document was made possible by an
unconditional and unrestricted grant from Viatris to NFI-
Nutrition Foundation of Italy. The sponsor had no role in
the planning, preparation, or review of the document.
References

[1] Jorgensen T, Capewell S, Prescott E, Allender S, Sans S, Zdrojewski T,
et al. Population-level changes to promote cardiovascular health.
Eur J Prev Cardiol 2013;20:409e21.

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

[3] SCORE2 working group and ESC Cardiovascular risk collaboration.
SCORE2 risk prediction algorithms: new models to estimate 10-
rimary prevention of cardiovascular diseases: An expert opinion
iovascular Diseases, https://doi.org/10.1016/j.numecd.2022.10.001

http://refhub.elsevier.com/S0939-4753(22)00413-6/sref1
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref1
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref1
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref1
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref2
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref2
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref2
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref2
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref2
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref3
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref3


LDL-cholesterol in primary prevention 11
year risk of cardiovascular disease in Europe. Eur Heart J 2021;42:
2439e54.

[4] Graham IM, Stewart M, Hertog MG, Cardiovascular Round Table
Task F. Factors impeding the implementation of cardiovascular
prevention guidelines: findings from a survey conducted by the
European Society of Cardiology. Eur J Cardiovasc Prev Rehabil 2006;
13:839e45.

[5] Istituto Superiore di Sanità. PASSI (Progressi delle Aziende Sanitarie
per la Salute in Italia) Surveillance System. Available from: https://
www.epicentro.iss.it/passi/dati/cardiovascolare?tab-container-
1Ztab1.

[6] Cooney MT, Dudina AL, Graham IM. Value and limitations of
existing scores for the assessment of cardiovascular risk: a review
for clinicians. J Am Coll Cardiol 2009;54:1209e27.

[7] Zvintzou E, Karampela DS, Vakka A, Xepapadaki E, Karavia EA,
Hatziri A, et al. High density lipoprotein in atherosclerosis and
coronary heart disease: where do we stand today? Vascul Phar-
macol 2021;141:106928.

[8] Madsen CM, Varbo A, Nordestgaard BG. Extreme high high-density
lipoprotein cholesterol is paradoxically associated with high mor-
tality in men and women: two prospective cohort studies. Eur
Heart J 2017;38:2478e86.

[9] Madsen CM, Varbo A, Tybjaerg-Hansen A, Frikke-Schmidt R,
Nordestgaard BG. U-shaped relationship of HDL and risk of infec-
tious disease: two prospective population-based cohort studies. Eur
Heart J 2018;39:1181e90.

[10] Kjeldsen EW, Thomassen JQ, Juul Rasmussen I, Nordestgaard BG,
Tybjaerg-Hansen A, Frikke-Schmidt R. Plasma high-density lipo-
protein cholesterol and risk of dementia: observational and ge-
netic studies. Cardiovasc Res 2022;118:1330e43.

[11] Liu C, Dhindsa D, Almuwaqqat Z, Ko YA, Mehta A, Alkhoder AA,
et al. Association between high-density lipoprotein cholesterol
levels and adverse cardiovascular outcomes in high-risk pop-
ulations. JAMA Cardiol 2022;7:672e80.

[12] Boden WE, Probstfield JL, Anderson T, Chaitman BR, Desvignes-
Nickens P, Koprowicz K, et al. Niacin in patients with low HDL
cholesterol levels receiving intensive statin therapy. N Engl J Med
2011;365:2255e67.

[13] Ginsberg HN, Elam MB, Lovato LC, Crouse 3rd JR, Leiter LA, Linz P,
et al. Effects of combination lipid therapy in type 2 diabetes
mellitus. N Engl J Med 2010;362:1563e74.

[14] Schwartz GG, Olsson AG, Abt M, Ballantyne CM, Barter PJ,
Brumm J, et al. Effects of dalcetrapib in patients with a recent
acute coronary syndrome. N Engl J Med 2012;367:2089e99.

[15] Lincoff AM, Nicholls SJ, Riesmeyer JS, Barter PJ, Brewer HB,
Fox KAA, et al. Evacetrapib and cardiovascular outcomes in high-
risk vascular disease. N Engl J Med 2017;376:1933e42.

[16] Ridker PM, Paynter NP, Rifai N, Gaziano JM, Cook NR. C-reactive
protein and parental history improve global cardiovascular risk
prediction: the Reynolds Risk Score for men. Circulation 2008;118:
2243e51.

[17] Woodward M, Brindle P, Tunstall-Pedoe H; SIGN group on risk
estimation. Adding social deprivation and family history to car-
diovascular risk assessment: the ASSIGN score from the Scottish
Heart Health Extended Cohort (SHHEC). Heart 2007;93:172e6.

[18] Lloyd-Jones DM, Nam BH, D’Agostino Rb Sr, Levy D, Murabito JM,
Wang TJ, et al. Parental cardiovascular disease as a risk factor for
cardiovascular disease in middle-aged adults: a prospective study
of parents and offspring. JAMA 2004;291:2204e11.

[19] Zhang H, Zeng Y, Yang H, Hu Y, Hu Y, ChenW, et al. Familial factors,
diet, and risk of cardiovascular disease: a cohort analysis of the UK
Biobank. Am J Clin Nutr 2021;114:1837e46.

[20] Imes CC, Lewis FM. Family history of cardiovascular disease,
perceived cardiovascular disease risk, and health-related
behavior: a review of the literature. J Cardiovasc Nurs 2014;29:
108e29.

[21] Bergmark C, Dewan A, Orsoni A, Merki E, Miller ER, Shin MJ, et al.
A novel function of lipoprotein [a] as a preferential carrier of
oxidized phospholipids in human plasma. J Lipid Res 2008;49:
2230e9.

[22] Tsimikas S. A test in context: lipoprotein(a): diagnosis, prognosis,
controversies, and emerging therapies. J Am Coll Cardiol 2017;69:
692e711.

[23] Kronenberg F. Lipoprotein(a). Handb Exp Pharmacol 2022;270:
201e32.
Please cite this article as: Poli A et al., LDL-cholesterol control in the p
for clinicians and health professionals, Nutrition, Metabolism & Cardi
[24] Lawler PR, Bhatt DL, Godoy LC, Luscher TF, Bonow RO, Verma S,
et al. Targeting cardiovascular inflammation: next steps in clinical
translation. Eur Heart J 2021;42:113e31.

[25] Zhuang Q, Shen C, Chen Y, Zhao X, Wei P, Sun J, et al. Association of
high sensitive C-reactive protein with coronary heart disease: a
Mendelian randomization study. BMC Med Genet 2019;20:170.

[26] Ridker PM. A test in context: high-sensitivity C-reactive protein. J
Am Coll Cardiol 2016;67:712e23.

[27] Al-Kindi SG, Brook RD, Biswal S, Rajagopalan S. Environmental
determinants of cardiovascular disease: lessons learned from air
pollution. Nat Rev Cardiol 2020;17:656e72.

[28] Rajagopalan S, Al-Kindi SG, Brook RD. Air pollution and cardio-
vascular disease: JACC state-of-the-art review. J Am Coll Cardiol
2018;72:2054e70.

[29] Strak M, Weinmayr G, Rodopoulou S, Chen J, de Hoogh K,
Andersen ZJ, et al. Long term exposure to low level air pollution
and mortality in eight European cohorts within the ELAPSE proj-
ect: pooled analysis. BMJ 2021;374:n1904.

[30] Dar T, Radfar A, Abohashem S, Pitman RK, Tawakol A, Osborne MT.
Psychosocial stress and cardiovascular disease. Curr Treat Options
Cardiovasc Med 2019;21:23.

[31] Levine GN, Cohen BE, Commodore-Mensah Y, Fleury J, Huffman JC,
Khalid U, et al. Psychological health, well-being, and the mind-
heart-body connection: a scientific statement from the American
heart association. Circulation 2021;143:e763e83.

[32] Manolis TA, Manolis AA, Apostolopoulos EJ, Melita H, Manolis AS.
Cardiovascular complications of sleep disorders: a better night’s
sleep for a healthier heart/from bench to bedside. Curr Vasc
Pharmacol 2021;19:210e32.

[33] Li J, Yin J, Luo Y, Ma T, He L, Xie H, et al. Association of healthy
sleep pattern with the risk of cardiovascular disease and all-cause
mortality among people with diabetes: a prospective cohort study.
Diabetes Res Clin Pract 2022;186:109822.

[34] Fan M, Sun D, Zhou T, Heianza Y, Lv J, Li L, et al. Sleep patterns,
genetic susceptibility, and incident cardiovascular disease: a pro-
spective study of 385 292 UK biobank participants. Eur Heart J
2020;41:1182e9.

[35] Cowie MR, Linz D, Redline S, Somers VK, Simonds AK. Sleep
disordered breathing and cardiovascular disease: JACC state-of-
the-art review. J Am Coll Cardiol 2021;78:608e24.

[36] Park JU, Urtnasan E, Kim SH, Lee KJ. A prediction model of incident
cardiovascular disease in patients with sleep-disordered breath-
ing. Diagnostics 2021;11:2212.

[37] Safford MM, Reshetnyak E, Sterling MR, Richman JS, Muntner PM,
Durant RW, et al. Number of social determinants of health and
fatal and nonfatal incident coronary heart disease in the REGARDS
study. Circulation 2021;143:244e53.

[38] Schultz WM, Kelli HM, Lisko JC, Varghese T, Shen J, Sandesara P,
et al. Socioeconomic status and cardiovascular outcomes: chal-
lenges and interventions. Circulation 2018;137:2166e78.

[39] Zhang YB, Chen C, Pan XF, Guo J, Li Y, Franco OH, et al. Associations
of healthy lifestyle and socioeconomic status with mortality and
incident cardiovascular disease: two prospective cohort studies.
BMJ 2021;373:n604.

[40] Assimes TL, Roberts R. Genetics: implications for prevention and
management of coronary artery disease. J Am Coll Cardiol 2016;
68:2797e818.

[41] Khera AV, Emdin CA, Drake I, Natarajan P, Bick AG, Cook NR, et al.
Genetic risk, adherence to a healthy lifestyle, and coronary dis-
ease. N Engl J Med 2016;375:2349e58.

[42] Mega JL, Stitziel NO, Smith JG, Chasman DI, Caulfield M, Devlin JJ,
et al. Genetic risk, coronary heart disease events, and the clinical
benefit of statin therapy: an analysis of primary and secondary
prevention trials. Lancet 2015;385:2264e71.

[43] Groenendyk JW, Greenland P, Khan SS. Incremental value of
polygenic risk scores in primary prevention of coronary heart
disease: a review. JAMA Intern Med 2022;182:1082e8.

[44] Paynter NP, Chasman DI, Pare G, Buring JE, Cook NR, Miletich JP,
et al. Association between a literature-based genetic risk score
and cardiovascular events in women. JAMA 2010;303:631e7.

[45] Ference BA, Graham I, Tokgozoglu L, Catapano AL. Impact of lipids
on cardiovascular health: JACC health promotion series. J Am Coll
Cardiol 2018;72:1141e56.

[46] Ahmadi A, Argulian E, Leipsic J, Newby DE, Narula J. From sub-
clinical atherosclerosis to plaque progression and acute coronary
rimary prevention of cardiovascular diseases: An expert opinion
ovascular Diseases, https://doi.org/10.1016/j.numecd.2022.10.001

http://refhub.elsevier.com/S0939-4753(22)00413-6/sref3
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref3
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref3
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref4
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref4
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref4
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref4
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref4
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref4
https://www.epicentro.iss.it/passi/dati/cardiovascolare?tab-container-1=tab1
https://www.epicentro.iss.it/passi/dati/cardiovascolare?tab-container-1=tab1
https://www.epicentro.iss.it/passi/dati/cardiovascolare?tab-container-1=tab1
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref6
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref6
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref6
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref6
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref7
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref7
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref7
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref7
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref8
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref8
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref8
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref8
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref8
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref9
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref9
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref9
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref9
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref9
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref10
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref10
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref10
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref10
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref10
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref11
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref11
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref11
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref11
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref11
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref12
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref12
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref12
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref12
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref12
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref13
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref13
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref13
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref13
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref14
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref14
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref14
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref14
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref15
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref15
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref15
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref15
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref16
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref16
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref16
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref16
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref16
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref17
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref17
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref17
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref17
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref17
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref18
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref18
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref18
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref18
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref18
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref19
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref19
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref19
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref19
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref20
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref20
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref20
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref20
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref20
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref21
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref21
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref21
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref21
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref21
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref22
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref22
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref22
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref22
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref23
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref23
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref23
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref24
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref24
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref24
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref24
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref25
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref25
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref25
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref26
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref26
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref26
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref27
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref27
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref27
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref27
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref28
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref28
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref28
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref28
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref29
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref29
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref29
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref29
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref30
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref30
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref30
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref31
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref31
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref31
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref31
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref31
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref32
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref32
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref32
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref32
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref32
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref33
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref33
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref33
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref33
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref34
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref34
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref34
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref34
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref34
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref35
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref35
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref35
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref35
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref36
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref36
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref36
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref37
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref37
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref37
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref37
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref37
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref38
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref38
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref38
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref38
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref39
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref39
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref39
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref39
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref40
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref40
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref40
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref40
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref41
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref41
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref41
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref41
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref42
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref42
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref42
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref42
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref42
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref43
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref43
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref43
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref43
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref44
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref44
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref44
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref44
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref45
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref45
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref45
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref45
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref46
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref46


12 A. Poli et al.
events: JACC state-of-the-art review. J Am Coll Cardiol 2019;74:
1608e17.

[47] Greenland P, Lloyd-Jones DM. Coronary artery calcium test for
heart disease risk assessment. JAMA Cardiol 2022;7:1083.

[48] Casolo G, Gabrielli D, Colivicchi F, Murrone A, Grosseto D,
Gulizia MM, et al. [ANMCO Position paper: prognostic and ther-
apeutic relevance of non-obstructive coronary atherosclerosis]. G
Ital Cardiol 2021;22:767e77.

[49] Arbab-Zadeh A, Fuster V. The risk continuum of atherosclerosis
and its implications for defining CHD by coronary angiography. J
Am Coll Cardiol 2016;68:2467e78.

[50] Den Ruijter HM, Peters SA, Anderson TJ, Britton AR, Dekker JM,
Eijkemans MJ, et al. Common carotid intima-media thickness
measurements in cardiovascular risk prediction: a meta-analysis.
JAMA 2012;308:796e803.

[51] Ankle Brachial Index Collaboration, Fowkes FG, Murray GD,
Butcher I, Heald CL, Lee RJ, Chambless LE, et al. Ankle brachial
index combined with Framingham Risk Score to predict cardio-
vascular events and mortality: a meta-analysis. JAMA 2008;300:
197e208.

[52] Shreya D, Zamora DI, Patel GS, Grossmann I, Rodriguez K, Soni M,
et al. Coronary artery calcium score - a reliable indicator of cor-
onary artery disease? Cureus 2021;13:e20149.

[53] Greenland P, Blaha MJ, Budoff MJ, Erbel R, Watson KE. Coronary
calcium score and cardiovascular risk. J Am Coll Cardiol 2018;72:
434e47.

[54] Al-Kindi S, Tashtish N, Rashid I, Gupta A, AnsariGilani K, Gilkeson R,
et al. Effect of No-charge coronary artery calcium scoring on car-
diovascular prevention. Am J Cardiol 2022;174:40e7.

[55] American College of Cardiology Foundation Task Force on Expert
Consensus Documents, Mark DB, Berman DS, Budoff MJ, Carr JJ,
Gerber TC, et al. ACCF/ACR/AHA/NASCI/SAIP/SCAI/SCCT 2010
expert consensus document on coronary computed tomographic
angiography: a report of the American College of Cardiology
Foundation Task Force on Expert Consensus Documents. Circula-
tion 2010;121:2509e43.

[56] Palumbo P, Cannizzaro E, Bruno F, Schicchi N, Fogante M,
Agostini A, et al. Coronary artery disease (CAD) extension-derived
risk stratification for asymptomatic diabetic patients: usefulness
of low-dose coronary computed tomography angiography (CCTA)
in detecting high-risk profile patients. Radiol Med 2020;125:
1249e59.

[57] Tota-Maharaj R, Blaha MJ, McEvoy JW, Blumenthal RS, Muse ED,
Budoff MJ, et al. Coronary artery calcium for the prediction of
mortality in young adults <45 years old and elderly adults >75
years old. Eur Heart J 2012;33:2955e62.

[58] Agarwala A, Michos ED, Samad Z, Ballantyne CM, Virani SS. The
use of sex-specific factors in the assessment of women’s cardio-
vascular risk. Circulation 2020;141:592e9.

[59] Peters SA, Singhateh Y, Mackay D, Huxley RR, Woodward M. Total
cholesterol as a risk factor for coronary heart disease and stroke in
women compared with men: a systematic review and meta-
analysis. Atherosclerosis 2016;248:123e31.

[60] Kostis WJ, Cheng JQ, Dobrzynski JM, Cabrera J, Kostis JB. Meta-
analysis of statin effects in women versus men. J Am Coll Cardiol
2012;59:572e82.

[61] Cholesterol Treatment Trialists’ (CTT) Collaboration, Fulcher J,
O’Connell R, Voysey M, Emberson J, Blackwell L, Mihaylova B, et al.
Efficacy and safety of LDL-lowering therapy among men and
women: meta-analysis of individual data from 174,000 partici-
pants in 27 randomised trials. Lancet 2015;385:1397e405.

[62] Mortensen MB, Nordestgaard BG. Elevated LDL cholesterol and
increased risk of myocardial infarction and atherosclerotic car-
diovascular disease in individuals aged 70-100 years: a contem-
porary primary prevention cohort. Lancet 2020;396:1644e52.

[63] Gencer B, Marston NA, Im K, Cannon CP, Sever P, Keech A, et al.
Efficacy and safety of lowering LDL cholesterol in older patients: a
systematic review and meta-analysis of randomised controlled
trials. Lancet 2020;396:1637e43.

[64] Schnatz PF, Schnatz JD. Dyslipidemia in menopause: mechanisms
and management. Obstet Gynecol Surv 2006;61:608e13.

[65] Iversen A, Jensen JS, Scharling H, Schnohr P. Hyper-
cholesterolaemia and risk of coronary heart disease in the elderly:
Please cite this article as: Poli A et al., LDL-cholesterol control in the p
for clinicians and health professionals, Nutrition, Metabolism & Card
impact of age: the Copenhagen City Heart Study. Eur J Intern Med
2009;20:139e44.

[66] Lewington S, Whitlock G, Clarke R, Sherliker P, Emberson J,
Halsey J, et al. Blood cholesterol and vascular mortality by age, sex,
and blood pressure: a meta-analysis of individual data from 61
prospective studies with 55,000 vascular deaths. Lancet 2007;
370:1829e39.

[67] Cholesterol Treatment Trialists’ Collaboration. Efficacy and safety of
statin therapy in older people: a meta-analysis of individual
participant data from 28 randomised controlled trials. Lancet 2019;
393:407e15.

[68] Goode GK, Miller JP, Heagerty AM. Hyperlipidaemia, hypertension,
and coronary heart disease. Lancet 1995;345:362e4.

[69] Volpe M, Tocci G, Trimarco B, Rosei EA, Borghi C, Ambrosioni E,
et al. Blood pressure control in Italy: results of recent surveys on
hypertension. J Hypertens 2007;25:1491e8.

[70] Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M,
Burnier M, et al. ESC/ESH Guidelines for the management of
arterial hypertension. Eur Heart J 2018;39:3021e104.

[71] Sundstrom J, Gulliksson G, Wiren M. Synergistic effects of blood
pressure-lowering drugs and statins: systematic review and meta-
analysis. BMJ Evid Based Med 2018;23:64e9.

[72] Cosentino F, Grant PJ, Aboyans V, Bailey CJ, Ceriello A, Delgado V,
et al. ESC Guidelines on diabetes, pre-diabetes, and cardiovascular
diseases developed in collaboration with the EASD. Eur Heart J
2019;41:255e323.

[73] Poli A, Barbagallo CM, Cicero AFG, Corsini A, Manzato E,
Trimarco B, et al. Nutraceuticals and functional foods for the
control of plasma cholesterol levels. An intersociety position
paper. Pharmacol Res 2018;134:51e60.

[74] Rees K, Dyakova M, Wilson N, Ward K, Thorogood M, Brunner E.
Dietary advice for reducing cardiovascular risk. Cochrane Database
Syst Rev 2013:CD002128.

[75] Soedamah-Muthu SS, de Goede J. Dairy consumption and car-
diometabolic diseases: systematic review and updated meta-
analyses of prospective cohort studies. Curr Nutr Rep 2018;7:
171e82.

[76] Meier T, Grafe K, Senn F, Sur P, Stangl GI, Dawczynski C, et al.
Cardiovascular mortality attributable to dietary risk factors in 51
countries in the WHO European Region from 1990 to 2016: a
systematic analysis of the Global Burden of Disease Study. Eur J
Epidemiol 2019;34:37e55.

[77] Gomez-Delgado F, Romero-Cabrera JL, Perez-Martinez P. Diet and
vascular risk. Curr Opin Cardiol 2022;37:343e9.

[78] Yang Y, Dixon-Suen SC, Dugue PA, Hodge AM, Lynch BM,
English DR. Physical activity and sedentary behaviour over
adulthood in relation to all-cause and cause-specific mortality: a
systematic review of analytic strategies and study findings. Int J
Epidemiol 2022;51:641e67.

[79] Poli A, Visioli F. Pharmacology of nutraceuticals with lipid lowering
properties. High Blood Press Cardiovasc Prev 2019;26:113e8.

[80] Lu Z, Kou W, Du B, Wu Y, Zhao S, Brusco OA, et al. Effect of
Xuezhikang, an extract from red yeast Chinese rice, on coronary
events in a Chinese population with previous myocardial infarc-
tion. Am J Cardiol 2008;101:1689e93.

[81] Commission Regulation (EU) 2022/860 of 1 June 2022 amending
Annex III to Regulation (EC) No 1925/2006 of the European
Parliament and of the Council as regards monacolins from red
yeast rice. OJ. 2022;L151:37e41.

[82] Cicero AFG, Fogacci F, Zambon A. Red yeast rice for hypercho-
lesterolemia: JACC focus seminar. J Am Coll Cardiol 2021;77:
620e8.

[83] Cicero AFG, Fogacci F, Stoian AP, Vrablik M, Al Rasadi K, Banach M,
et al. Nutraceuticals in the management of dyslipidemia: which,
when, and for whom? Could nutraceuticals help low-risk in-
dividuals with non-optimal lipid levels? Curr Atheroscler Rep
2021;23:57.

[84] Banach M, Patti AM, Giglio RV, Cicero AFG, Atanasov AG,
Bajraktari G, et al. The role of nutraceuticals in statin intolerant
patients. J Am Coll Cardiol 2018;72:96e118.

[85] Razavi AC, Mehta A, Sperling LS. Statin therapy for the primary
prevention of cardiovascular disease: Pros. Atherosclerosis 2022;
356:41e5.
rimary prevention of cardiovascular diseases: An expert opinion
iovascular Diseases, https://doi.org/10.1016/j.numecd.2022.10.001

http://refhub.elsevier.com/S0939-4753(22)00413-6/sref46
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref46
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref46
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref47
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref47
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref48
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref48
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref48
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref48
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref48
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref49
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref49
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref49
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref49
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref50
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref50
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref50
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref50
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref50
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref51
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref51
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref51
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref51
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref51
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref51
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref52
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref52
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref52
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref53
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref53
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref53
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref53
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref54
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref54
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref54
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref54
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref55
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref55
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref55
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref55
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref55
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref55
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref55
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref55
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref56
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref56
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref56
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref56
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref56
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref56
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref56
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref57
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref57
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref57
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref57
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref57
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref57
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref57
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref58
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref58
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref58
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref58
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref59
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref59
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref59
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref59
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref59
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref60
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref60
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref60
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref60
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref61
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref61
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref61
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref61
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref61
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref61
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref62
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref62
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref62
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref62
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref62
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref63
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref63
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref63
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref63
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref63
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref64
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref64
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref64
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref65
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref65
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref65
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref65
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref65
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref66
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref66
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref66
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref66
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref66
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref66
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref67
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref67
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref67
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref67
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref67
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref68
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref68
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref68
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref69
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref69
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref69
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref69
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref70
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref70
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref70
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref70
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref71
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref71
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref71
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref71
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref72
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref72
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref72
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref72
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref72
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref73
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref73
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref73
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref73
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref73
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref74
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref74
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref74
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref75
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref75
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref75
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref75
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref75
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref76
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref76
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref76
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref76
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref76
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref76
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref77
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref77
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref77
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref78
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref78
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref78
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref78
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref78
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref78
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref79
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref79
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref79
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref80
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref80
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref80
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref80
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref80
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref81
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref81
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref81
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref81
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref81
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref82
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref82
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref82
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref82
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref83
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref83
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref83
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref83
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref83
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref84
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref84
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref84
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref84
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref85
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref85
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref85
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref85


LDL-cholesterol in primary prevention 13
[86] Stone NJ, Greenland P, Grundy SM. Statin usage in primary
prevention-comparing the USPSTF recommendations with the
AHA/ACC/multisociety guidelines. JAMA Cardiol 2022;7:997e9.

[87] US Preventive Services Task Force, Mangione CM, Barry MJ,
Nicholson WK, Cabana M, Chelmow D, et al. Statin use for the
primary prevention of cardiovascular disease in adults: US pre-
ventive services task force recommendation statement. JAMA
2022;328:746e53.

[88] Newman CB, Preiss D, Tobert JA, Jacobson TA, Page 2nd RL,
Goldstein LB, et al. Statin safety and associated adverse events: a
scientific statement from the American heart association. Arte-
rioscler Thromb Vasc Biol 2019;39:e38e81.

[89] Ruscica M, Ferri N, Banach M, Sirtori CR, Corsini A. Side effects of
statins-from pathophysiology and epidemiology to diagnostic and
therapeutic implications. Cardiovasc Res 2022 cvac020. Epub
ahead of print.

[90] Ray KK, Molemans B, Schoonen WM, Giovas P, Bray S, Kiru G, et al.
EU-wide cross-sectional observational study of lipid-modifying
therapy use in secondary and primary care: the DA VINCI study.
Eur J Prev Cardiol 2021;28:1279e89.

[91] Ballantyne CM, Banach M, Mancini GBJ, Lepor NE, Hanselman JC,
Zhao X, et al. Efficacy and safety of bempedoic acid added to
ezetimibe in statin-intolerant patients with hypercholesterolemia:
a randomized, placebo-controlled study. Atherosclerosis 2018;
277:195e203.

[92] Wright RS, Ray KK, Raal FJ, Kallend DG, Jaros M, Koenig W, et al.
Pooled patient-level analysis of inclisiran trials in patients with
familial hypercholesterolemia or atherosclerosis. J Am Coll Cardiol
2021;77:1182e93.

[93] Kim BK, Hong SJ, Lee YJ, Hong SJ, Yun KH, Hong BK, et al. Long-
term efficacy and safety of moderate-intensity statin with ezeti-
mibe combination therapy versus high-intensity statin mono-
therapy in patients with atherosclerotic cardiovascular disease
Please cite this article as: Poli A et al., LDL-cholesterol control in the p
for clinicians and health professionals, Nutrition, Metabolism & Cardi
(RACING): a randomised, open-label, non-inferiority trial. Lancet
2022;400:380e90.

[94] Agenzia Italiana del Farmaco. https://www.aifa.gov.it/documents/
20142/632048/Nota13_2019_Modifica_Triveram.pdf/9e8a0473-
dd94-8051-981d-8cb004841f6b.

[95] De Vera MA, Bhole V, Burns LC, Lacaille D. Impact of statin
adherence on cardiovascular disease and mortality outcomes: a
systematic review. Br J Clin Pharmacol 2014;78:684e98.

[96] May HT, Knowlton KU, Anderson JL, Lappe DL, Bair TL,
Muhlestein JB. High-statin adherence over 5 years of follow-up is
associated with improved cardiovascular outcomes in patients with
atherosclerotic cardiovascular disease: results from the IMPRES
study. Eur Heart J Qual Care Clin Outcomes 2022;8:352e60.

[97] Malmborg M, Schmiegelow MDS, Gerds T, Schou M, Kistorp C,
Torp-Pedersen C, et al. Compliance in primary prevention with
statins and associations with cardiovascular risk and death in a
low-risk population with type 2 diabetes mellitus. J Am Heart
Assoc 2021;10:e020395.

[98] Banach M, Stulc T, Dent R, Toth PP. Statin non-adherence and re-
sidual cardiovascular risk: there is need for substantial improve-
ment. Int J Cardiol 2016;225:184e96.

[99] Mazhar F, Hjemdahl P, Clase CM, Johnell K, Jernberg T, Carrero JJ.
Lipid-lowering treatment intensity, persistence, adherence and
goal attainment in patients with coronary heart disease. Am Heart
J 2022;251:78e90.

[100] Lissaker CT, Wallert J, Held C, Olsson E. Emotional distress as a
predictor of statin non-adherence among Swedish first-time
myocardial infarction patients, 2006-2013. J Psychosom Res
2017;97:30e7.

[101] Cicero AFG, Colletti A, Bajraktari G, Descamps O, Djuric DM,
Ezhov M, et al. Lipid-lowering nutraceuticals in clinical practice:
position paper from an International Lipid Expert Panel. Nutr Rev
2017;75:731e67.
rimary prevention of cardiovascular diseases: An expert opinion
ovascular Diseases, https://doi.org/10.1016/j.numecd.2022.10.001

http://refhub.elsevier.com/S0939-4753(22)00413-6/sref86
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref86
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref86
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref86
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref87
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref87
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref87
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref87
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref87
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref87
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref88
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref88
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref88
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref88
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref88
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref89
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref89
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref89
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref89
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref90
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref90
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref90
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref90
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref90
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref91
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref91
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref91
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref91
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref91
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref91
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref92
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref92
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref92
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref92
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref92
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref93
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref93
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref93
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref93
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref93
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref93
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref93
https://www.aifa.gov.it/documents/20142/632048/Nota13_2019_Modifica_Triveram.pdf/9e8a0473-dd94-8051-981d-8cb004841f6b
https://www.aifa.gov.it/documents/20142/632048/Nota13_2019_Modifica_Triveram.pdf/9e8a0473-dd94-8051-981d-8cb004841f6b
https://www.aifa.gov.it/documents/20142/632048/Nota13_2019_Modifica_Triveram.pdf/9e8a0473-dd94-8051-981d-8cb004841f6b
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref95
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref95
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref95
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref95
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref96
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref96
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref96
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref96
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref96
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref96
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref97
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref97
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref97
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref97
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref97
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref98
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref98
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref98
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref98
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref99
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref99
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref99
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref99
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref99
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref100
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref100
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref100
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref100
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref100
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref101
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref101
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref101
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref101
http://refhub.elsevier.com/S0939-4753(22)00413-6/sref101

	LDL-cholesterol control in the primary prevention of cardiovascular diseases: An expert opinion for clinicians and health p ...
	1. Introduction
	2. How should I approach and evaluate a patient in primary prevention?
	3. How can I appraise the CV risk of my patient and use such an estimate to decide if he/she requires some LDL-cholesterol-low ...
	4. Do HDL-C concentrations still play a role in risk estimate and the clinical management of patients at risk of CVD?
	5. Are there additional risk factors which could be included in my patient's risk estimation?
	6. Are there genetic markers that I can use as tools to improve the CV risk estimation of my patient?
	7. Should cumulative exposure to LDL-C be considered a more reliable parameter than the current LDL-C value for the evaluation ...
	8. Can a non-invasive assessment of the arterial circulation status play a role in the assessment and management of my primary ...
	9. Taking for granted the LDL-C goals recommended by the current ESC/EAS guidelines for each CV risk level, can I ascertain wh ...
	10. Does my patient require specific management of his/her CV risk if he/she belongs to specific population subgroups?
	10.1. Women
	10.2. Older people
	10.3. Hypertensive patients
	10.4. Patients with diabetes
	10.5. Patients <40 years of age (excluding FH patients)

	11. How can I manage LDL-C levels, once I have estimated my patient's CV risk?
	12. Dietary approach and promotion of an active lifestyle: what can I reasonably expect for my patient?
	13. When should I consider suggesting a nutraceutical or a functional food with cholesterol-lowering properties to my patient?
	14. When should I suggest a cholesterol-lowering drug (or an association thereof) to my patient?
	15. How can I optimize the adherence to therapy of my patient?
	16. Conclusions
	Author contributions
	Declaration of competing interest
	Acknowledgements
	References


