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Abstract: Coronary heart disease (CHD) remains the leading cause of disability and death in industrialized Coun-
tries. Among many conditions, which contribute to the etiology and progression of CHD, the presence of high
low density lipoprotein-cholesterol (LDL-C) levels represents the major risk factor. Therefore, the reduction of
LDL-C levels plays a key role in the management of patients with high or very high cardiovascular risk. Although
statins represent the gold standard therapy for the reduction of cholesterol levels, these drugs do not allow to
achieve target levels of LDL-C in all patients. Indeed, a significant number of patients resulted intolerants, espe-
cially when the dosage increased. The availability of new lipid-lowering drugs, such as ezetimibe and PCSK9
inhibitors, may represent an important alternative or complement to the conventional lipid-lowering therapies.
However, long-term studies are still needed to define both efficacy and safety of use of these latter new drugs.
Some nutraceuticals may become an adequate and effective support in the management of some patients. To date,
several nutraceuticals with different mechanism of actions that provide a good tolerability are available as lipid-
lowering agents. In particular, the most investigated are red yeast rice, phytosterols, berberine, beta-glucans and
soy. The aim of this review was to report recent data on the efficacy and safety of principle hypocholesterolemic
drugs available and to evaluate the possible role of some nutraceuticals as support therapy in the management of

patients with dyslipidemias.
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1. INTRODUCTION

Despite the observed progressive reduction of cardiovascular
mortality in industrialized Countries, atherosclerosis and subse-
quent coronary heart diseases (CHD) still remain the major causes
of premature death and permanent disability in the Western popula-
tion [1]. These diseases are multi-factorial because they are caused
by multiple genes with the interaction of environmental factors
(genetic and epigenetic causes), some are modifiable with lifestyle
interventions such as stop smoking, accurate dietary interventions
and increased physical activity to contrast the negative effects of
overweight and obesity [2, 3]. However, changes in lifestyle are
often considered as a deprivation for the patients and in the vast
majority of cases are not able to significantly reduce alterations in
the lipid profile. Other risk factors including dyslipidemias, hyper-
tension and diabetes, require additional pharmacological treatments.

Dyslipidemias are the most important risk factors for cardiovas-
cular disease, with over 30% of elders that are hypertrigly-
ceridemics and alterations in cholesterol levels affect more than
50% of subjects in adulthood [4]. It has been widely demonstrated
that alterations of the lipid profile, in particular of low-density lipo-
proteins cholesterol (LDL-C), in association with other risk factors
can negatively influence the development and progression of CHD
and cerebrovascular disease [5]. In the last decades, epidemiologi-
cal studies characterized by very large populations such as MRFIT
(Multiple Risk Factor Intervention Trial) [6], or with extremely
long observational periods, such as the Framingham Study [7], have
shown a linear relationship between LDL-C levels and inci-
dence/mortality of such diseases.
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An interesting survey, conducted in Italy on 7912 adults (aged
35-74 years) between 2008 and 2012 provided the prevalence data
of hypercholesterolemia, resulting >240 mg/dl for 34% of men and
36% of women [8]. When compared with a previous survey real-
ized in period 1998-2002, these data demonstrated an increase in
prevalence in men (+39%) and women (+33%) [4]. The most wor-
rying aspect was that about 40% of the subjects affected by dyslipi-
demias did not know that they had this pathology, and a similar
percentage of patients with established diagnosis did not follow a
specific diet or drug therapy. Furthermore, another problem for
those who followed a lipid-lowering therapy is that they maintain
normal exceeding eating habits comparable to that of subjects with-
out pathology.

The treatment of hypercholesterolemia should be considered as
an integral part in the prevention and management interventions of
cardiovascular diseases. Different lipid-lowering drugs are now
available that allow an effective reduction of cholesterol levels
using pharmacological mono- or combined therapy [9, 10]. In par-
ticular, statins are the most commonly prescribed cholesterol-
lowering agents worldwide to manage and prevent CHD and
ischemic cerebrovascular [11-13]. However, there is a great propor-
tion of patients that does not reach the desirable targets after phar-
macological treatment or does not tolerate the drugs [14]. Instead,
the other drugs introduced to replace or supplement the statins, need
further clinical trials to verify the beneficial effect on the treatment
of disease.

To overcome the limits presented by lipid-lowering drugs, die-
tary supplementation with natural compounds has been evaluated as
a potential integrative treatment approach for hypercholesterolemia.
To date, the number of nutraceuticals compounds that appear to
have an effect on reducing LDL-C levels is continuously increasing
[15]. Among that, the most investigated are red yeast rice (RYR),
phytosterols, berberine, dietary fibers (i.e. beta-glucans), and soy.
The main advantage of these nutraceuticals seems to be the differ-
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ent mechanism of action and good tolerability when used at appro-
priate doses in comparison to conventional drugs [16].

The aim of this review was to report recent data on the efficacy
and safety of main hypocholesterolemic drugs available and to
evaluate the possible role of some nutraceuticals as support therapy
in the management of patients with dyslipidemias.

2. LIPID-LOWERING DRUGS

2.1. Statins

Statins represent the first choice therapy for the treatment of
hypercholesterolemia and mixed dyslipidemia in patients not re-
sponder to dietary treatment or increased physical activity. In addi-
tion, the use of statins is strongly recommended in patients with
very high LDL-C and cholesterol levels [17, 18].

Statins act through the selective and competitive inhibition of 3-
hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase,
which is the key enzyme of endogenous cholesterol genesis, deter-
mining a reduction of circulating LDL. The inhibition of this en-
zyme determines a decrease of cholesterol synthesis in the liver, but
successively as compensatory mechanism, there is an increased
expression of LDLR and HMG-CoA reductase. The increase of
LDLR leads to a fewer number of very low density lipoprotein
(VLDL) and intermediate density lipoprotein (IDL) circulating,
with consequently reduced conversion of these precursors into LDL
molecules. As a consequence, there is increased endocytosis of the
circulating LDL and a decrease of cholesterol transported by LDLs
from 30% to over 50% [19].

Statins differ for pharmacokinetic parameters such as plasma
protein binding, absorption, bioavailability and interactions with
other drugs. In order to exert the hypocholesterolemia activity, lo-
vastatin and simvastatin must be converted in vivo into active forms
through hydrolysis reactions [20]. Compared to other statins,
atorvastatin and rosuvastatin have the longest terminal half-life
(11-20 h vs. 1-4 h) [21]. Moreover, particular attention should be
given to the interaction between statins and other drugs such as
fibrates, niacin, cyclosporine, and all inhibitors of cytochrome 3A4
(CYP3A4); the consequences of such combinations can be severe
myopathy or rthabdomyolysis [22]. Likewise, co-administration of
warfarin with fluvastatin, lovastatin and rosuvastatin can signifi-
cantly increase anticoagulant activity [23]. The knowledge of these
characteristics is necessary for an adequate personalization of drug
therapy. Despite the existence of a class-effect common to all the
statins, the hypocholesterolemic efficacy varies according to the
different molecules and the relative dosages. The American College
of Cardiology categorized statin regimens as low intensity (<30%
LDL-C reduction with simvastatin 10 mg daily), moderate intensity
(30%-50% reduction with simvastatin 20-40 mg, atorvastatin 10—
20 mg, or rosuvastatin 5-10 mg daily), or high intensity (>50%
reduction with atorvastatin 40-80 mg or rosuvastatin 20-40 mg
daily) [24].

The benefit of treatment with statins have been confirmed by
meta-analysis of several randomized controlled trials on more than
170,000 patients of Cholesterol Treatment Trialists' Collaboration
[25, 26]. In particular, it was found that a reduction of 38 mg/dl of
LDL-C is associated with a 20-25% reduction in the relative risk of
new major cardiovascular events (cardiovascular mortality and
nonfatal infarction) [27]. However, the absolute benefit of the
treatment is greater in patients with higher baseline LDL-C levels
(baseline effect). All these findings are confirmed by the consider-
able reduction in age-related cardiovascular mortality rates ob-
served in recent years, passing from 62/100000 people per year in
1980 to approximately 19 in 2008 in men, and from 13 to 4 in
women [28].

The most recent guidelines have clearly indicated that there are
different categories of cardiovascular risk, which correspond to a
specific target of LDL-C. For patients with very high cardiovascu-

Scognamiglio et al.

lar risk the target of LDL-C is <70 mg/dl (or a reduction of more
than 50% of basal LDL-C) providing the best benefits in the man-
agement of disease. In these cases, only high doses of atorvastatin
(80 mg) and rosuvastatin (40 mg) may reduce of approximately
50% the values of LDL-C, greatly increasing the risk of incurring
side effects and serious adverse reactions [29]. In patients with
moderate or high risk, the target value of LDL-C could be respec-
tively <100 mg/dl and 115 mg/dl. In asymptomatic subjects, the
first step is to evaluate the overall cardiovascular risk and identify
all modifiable risk factors such as diet, not smoking and sedentary
lifestyle.

Despite the high hypocholesterolemic efficacy of statins, a sig-
nificant proportion of patients on pharmacological treatment with
statins does not reach cholesterol levels target. Others patients are
intolerant to statins even at low daily doses, determining high rates
of discontinuation in therapy as well as a proportion of subjects
who refuse treatment with these drugs for the apprehension of pos-
sible adverse events [30]. Moreover, patients have been reported
that while achieving target cholesterol levels already develop car-
diovascular disease (residual cardiovascular risk) [31]. In these
cases, a quantification of the residual risk in the population and an
improved comprehension of molecular mechanisms at the base of
vascular events could be essential to reduce the burden of cardio-
vascular disease.

Different adverse events associated with statin therapy have
been reported such as myopathy, hypertransaminases, nephropathy
and onset of type II diabetes [30, 32-34]. Myopathy typically mani-
fests with muscle pain (more or less intense) and can be associated
with up to 10-fold increase in serum creatine kinase (CK) concen-
tration [35]. The severe form of myopathy is rhabdomyolysis char-
acterized by marked CK and myoglobin levels, which can lead to
acute renal failure. Hepatic intolerance to statins typically manifests
with a significant increase in serum transaminases up to 3-fold
compared to the normal values which disappears with treatment
discontinuation and reappears after re-challenge. Furthermore, data
emerging from randomized clinical trials demonstrated an increased
risk of development of type II diabetes in predisposed subjects
(obese, familiarity, sedentary lifestyle) treated with statins [36, 37]
Anyway, even if confirmed this risk would be counterbalanced by
the benefit of the reduction of cardiovascular events and mortality
in subjects receiving statins.

2.2. Ezetimibe

When the treatment with statins result ineffective because not
lead to LDL-C target values, the addition of ezetimibe may be an
appropriate choice. The hypocholesterolemic action of ezetimibe is
achieved through a selective reduction of intestinal cholesterol ab-
sorption at the duodenum-jejunum level mediated by the Niemann-
Pick Cl1-like protein 1 (NPCIL1) sterol transporter block. [38] As a
result, the reduction of cholesterol absorption leads to improved
receptor-mediated LDL-C uptake; however, when the drug is used
in monotherapy, in response to lower cholesterol absorption, an
increased LDL-C biosynthesis can occur. Thus, the compensatory
effect limit hypocholesterolemic activity of ezetimibe.

IMPROVE-IT is the first clinical trial that evaluated the effi-
cacy of ezetimibe in combination with statins compared to statin
monotherapy in hypercholesterolemic patients [39]. In patients
intolerant to statins, the ezetimibe used alone leads to the reduction
of LDL-C for values ranging between 15-20%. The association
with statins would be able to guarantee a reduction of the LDL-C
values by a further 20% [40] and also provides the decrease of
Apoliprotein B (ApoB) in patients with primary hypercholes-
terolemia [41]. In addition to the potent lipid-lowering activity, the
results of the IMPROVE-IT study have clearly demonstrated that
statin-ezetimibe association guarantees a significant improvement
in the clinical prognosis through reduction of cardiovascular events
[42]. The benefit of adding ezetimibe was largely improved in pa-
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tients with diabetes mellitus, but also in non-diabetic patients with
high cardiovascular risk [43]. Moreover, several studies have re-
ported the efficacy of ezetimibe combined with different statins in
the reduction of coronary plaque volume in patients with chronic
kidney disease (CKD) that have a higher cholesterol absorption
compared to patients without CKD [44, 45]. The American College
of Cardiology proposed the use of ezetimibe (daily dose recom-
mended of 10 mg for adults) as the first choice in patients who fail
to reach the corresponding LDL-C target levels at their cardiovas-
cular risk level with statin therapy alone [46].

Interestingly, it has been observed that ezetimibe unlike other
cholesterol-lowering agents (with a similar mechanism of action)
not interfere with the absorption of other molecules such as triglyc-
erides, liposoluble vitamins, fatty acids, bile acids, progesterone
and also ethinyl estradiol [47]. Furthermore, the absence of hepatic
metabolism involving CYP450 allows ezetimibe to significantly
reduce all possible drug interactions, potentially dangerous.

2.3. PCSKD9 Inhibitors

In addition to the well-known capacity of increase of LDLR
expression, the use of statins also activates the expression of a par-
ticular protein of 692 amino acids, proprotein convertase
subtlysin/kexina type 9 (PCSK9), which acts as a negative control
mechanism by reducing the number of LDLR. This protein plays a
key role in the metabolism of cholesterol, with principal expression
in liver and bowel. Normally, the presence of a ApoB domain at the
LDLR allows the binding to LDL-C and the subsequent internaliza-
tion of the complex thus formed, in a clathrin-coated vesicle. In the
presence of an acidic environment such as the inside of the en-
dosomes, the dissociation of LDL-C from its receptor occurs [48].
As a consequence, LDLR can return to the cell surface, while its
ligand is degraded to the lysosomal level. In the endoplasmic reticu-
lum of hepatocyte, PCSKO is first cleaved and then secreted into the
circulatory stream. When LDL-C is fixed to the receptor in the
presence of PCSK9, the recycling of LDLR on the surface is greatly
reduced. In this way, the amount of LDLR on the cell surface de-
creases as well as the uptake of the LDL-C from the circulatory
stream [48].

Different studies have observed that a loss-of-function muta-
tions of the PCSK9 gene lead to a significant reduction in plasma
levels of LDL-C and cardiovascular risk, proving the key role
played by this protein in the metabolism of cholesterol [49, 50].
Contrarily, an inverse relationship between the density of LDLR
expressed on the hepatocyte surface and the levels of PCSK9 have
been observed [51]. Thus, it is evident that there is a direct relation-
ship between the levels of circulating LDL-C and PCSK9. This
observation have encouraged an intense research activity on PCSK9
with consequent development of a new class of hypocholes-
terolemic drugs represented by PCSK9 inhibitors.

The hypocholesterolemic efficacy of these drugs has been con-
firmed by several clinical trials both in monotherapy and in associa-
tion with statins or ezetimibe, ensuring a mean reduction in choles-
terol levels above 50% [52-54]. In the recent years, at least 6 differ-
ent monoclonal antibodies have been developed as PCSK9 inhibi-
tors, among which the most investigated are evolocumab (Re-
patha®) and alirocumab (Praluent®) [55] These antibodies, specifi-
cally binding to circulating PCSK9 inhibit the degradation of LDLR
and increase its expression on the hepatocyte surface. The ability of
these drugs to exercise control over the entire lipid profile is
particular interesting. It has also been observed that the increased
expression of LDLR is followed by a greater clearance of VLDL
and IDL residues, thus determining a reduction of ApoB, non-high
density lipoprotein (HDL) cholesterol, Lp(a) and triglycerides [53,
56]. PCSK9 inhibitors, in line with the recommendations of the
main International regulatory organization (EMA, FDA) are indi-
cated only for patients with primary hypercholesterolemia and
mixed dyslipidemia, which do not satisfactorily respond to the

Current Pharmaceutical Design, 2018, Vol. 24, No. 00 3

maximum tolerated dose of statins or in those patients for whom
there are contraindications to the use of statins [57-59].

For its particular pharmacokinetic, alirocumab and evolocumab
have a bioavailability approximately of 80% and a half-life of about
15 days (from 11 days to 20 days) which allows for subcutaneous
or intravenous administration every two weeks. According to base-
line cholesterol levels in patients, the recommended adult dose of
alirocumab is 75 mg or 150 mg every two weeks. Similarly, the
recommended dose of evolocumab is 140 mg every two weeks or
420 mg once a month [60]. However, its use in clinical practice is
strongly conditioned by the high cost (100-fold greater than statins),
which can only be partially justified by the possible reduction of
cardiovascular events and days of hospitalization.

2.4. Nicotinic Acid (Niacin)

Nicotinic acid and its amide are pyridine derivatives with vita-
min activity. Because of similarity between the terms nicotine and
nicotinic acid, to avoid that the alkaloid contained in the tobacco
was considered an essential nutrient, it was preferred to use nico-
tinic acid referring to niacin and its amide (niacinamide). The
mechanism of action of the lipid-lowering activity of nicotinic acid
has been unknown for a long time and also today remain many
ambiguous aspects. In recent years, it has been shown that many
cell types such as adipocytes, immune cells and keratinocytes ex-
press on their surface a specific nicotinic acid receptor (GPR109A)
or HCA receptor 2 (HCA2) through which it exerts its different
pharmacological effects [61]. The anti-lipolytic effect mediated by
the activation of HCA2 is well known and consists into a reduced
release of free fatty acids from adipose tissue to the liver [61]. This
results in decreased hepatic production and secretion of VLDL-
triglycerides as well as decreased circulating LDL-C levels [62-64].
Different experimental evidence has shown the ability of this agent
to decrease also the clearance of HDL-ApoAl [65, 66]. However,
the mechanism underlying the increase in HDL-C concentration is
less clear at the moment.

The nicotinic acid assumed at dosages between 1.5-3 g/day may
reduce LDL cholesterol, triglycerides, free fatty acids and Lp(a)
levels as well as markedly increase HDL-C concentration [67, 68].
Particularly, Lp(a) is an emerging cardiovascular risk factor inde-
pendent of traditional markers such as total cholesterol, LDL cho-
lesterol and ApoB. However, the reduction of Lp(a) levels by niacin
result extremely variable, ranging between 10% and 40% in com-
parison to baseline levels [67, 68]. This is due to the differences in
drug dose, duration of treatment and detection methods as well as
inter-individual patients characteristics [69]. Interestingly, different
studies conducted on patients with hyperlipidemia or dyslipidemia
evaluated niacin/simvastatin combination therapy, resulting more
efficacy and safety compared to statins monotherapy [70-72].

Although the anti-dyslipidemic action of nicotinic acid is
widely documented, numerous safety and efficacy aspects remain to
be evaluated. The most common adverse events reported were
flushing (mainly located on the face and neck), dizziness, blurred
vision, abnormal liver function and gastro-intestinal disorders such
as diarrhea and nausea that require suspension of treatment [73].
Nicotinic acid was authorized in combination with laropripant.
Laropripant has no effect on cholesterol but reduces hot flushes
which are the principle side effect of nicotinic acid at cholesterol-
lowering dosage. As the consequence of these numerous side effect,
its use is contraindicated for diabetics and patients with reduced
hepatic or renal function.

3. FROM LIPID-LOWERING DRUGS TO NUTRACEUTI-
CALS

The first approach in the management of the patient with mild
or moderate hypercholesterolemia is the improvement of lifestyle
considering the optimization of dietary habits, increase of physical
activity and smoking abolition. This approach must be maintained
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and consolidated even in the case of pharmacological interventions.
In recent years, there is an increased interest on nutraceuticals and
in particular on their hypocholesterolemic activity.

The term nutraceutical was coined in 1989 from the fusion of
the terms “nutrition” and “pharmaceutical”. It represents the science
that identifies and investigates foods or particular components with
recognized health benefits. A large number of compounds are in-
cluded in this group, such as food supplements, functional foods,
and medicinal plant preparations. According to the recent scientific
evidence and literature available, the European Food Safety Author-
ity (EFSA) has authorized specific nutritional and healthy indica-
tions for nutraceuticals regulating the communication to the final
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users [74]. Frequently, the nutraceuticals formulations for the con-
trol of cholesterol levels are proposed as associations; thus, it is
possible to use the different mechanisms of action of the com-
pounds and to reduce the quantities of the single components in
order to limit their toxicity. Despite the growing interest of con-
sumers and manufacturers on nutraceuticals, many aspects remain
unclear. Indeed, in many cases the results obtained have proven
conflicting, often showing methodological limitations. In particular,
large clinical studies to evaluate their efficacy and safety as well as
the assessment of the related health claims and successively market-
ing are needed. In Table 1 was listed the most important nutraceuti-
cals compounds that was investigated in different clinical trials,

Table 1. Dosage, duration of treatment and main features of single nutraceutical compounds evaluated in clinical studies.
Patients charac Mean dura-
Compound Dosage ! . rae Protective effects Concerns tion of treat- | References
teristics
ment
Mild/moderate VLDL-C <25% vs baseline; Risk of contamination (citrinin); [79]: [80]
h; holes- ’ ’
RYR 3-10 mg/day ypere ,0 e VCV risk; High costs; 12-24 weeks [81]; [82];
terolemia and i i [84];
low CV risk Good tollerability; No for statins intollerant; ’
Y Absorpti f fat-soluble vita-
. VLDL-C <10% vs baseline; sorption 0, atsoluble vita
Mild mins; P
Phytosterols | 1.5-3.0 g/day | hypercholes- 10-12 weeks [86]: [871;
. Low cost [88]; [90];
terolemia and
low CV risk
VLDL-C <20% vs baseline; RCT only in asiatic people;
Mild/moderate
R - VTG; High costs; . .
Berberine 500 /11500 thyplerclllolesd £ 12 weeks [9?1];)([)35]’
mg/day erolemia an ) ;
low CV risk MHDL-C; Additive effect with PCSK9 inhibi-
Improve of glucose metabolism tors;
VLDL-C 5-6% vs baseline; High dose = intestinal discomfort;
. VTG; Possible anti-nutritional action;
Mild
. [105]; [106];
Beta-glucans 3-5 g/day hypercholes- Improve of glucose metabolism 4-6 weeks [107]: [108];
terolemia and L ’ ’
low CV risk ow cost
Support for dietary control
Mild/moderate VLDL-C <10% vs baseline; Allergenic risk;
h; holes- 4 ks-1 111]; [112];
Soy 25-30 g/day | Yperenoles AHDL-C; GMO?; weeks [111]: [112];
terolemia and years [113];
low CV risk
VLDL-C <15% vs baseline; Possible interaction with drugs;
Mild
150 mg-13 . i ; ability- 115]; [116];
Polyphenols me hypercholes- MHDL-C; Limited bioavailability; 4-12 weeks [H5];116];
g/day . [123]; [124];
terolemia and o
low CV risk Incomplete pharmacokinetic data;
VLDL-C <25% vs baseline; Mixed data?;
Mild . S )
ANHDL-C; RCT mainly in Cuban people; [132]; [133];
Policosanol | 5-80 mg/day hypercholes- 8-24 weeks ? ?
. [134]; [135];
terolemia and V' Total cholesterol;
low CV risk
Good tollerability;

CV: Cardiovascular Risk; GMO: Genetically Modified Organism; HDL-C: High Density Lipoprotein-Cholesterol; LDL-C: Low Density Lipoprotein-Cholesterol; Lp(a): Lipopro-

tein(a); RCT: Randomized Clinical Trials; RYR: Red Yeast Rice; TG: Triglycerides
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Table 2. Main food containing nutraceuticals with hypocholesterolemic activity and their healthy daily intake considering a bal-

anced diet.

Food source

Nutraceuticals

Daily intake

Whole grains (bran, barley, oats)

Beta-glucan/fibers

80-100g

Vegetable oils, dried fruits, nuts, legumes and en-

30-150ml of oil/

Apple, bergamot and pomegranate

. Phytosterols
riched foods 80-100g of fruits or vegetables
300g of fruits/
Grapes and red wine Resveratrol
125-250ml of wine
Capers and onions Quercetin 100g of raw vegetables
200g of fruits/

Anthocianins and anthocyanidins

240 ml of juice

Soy foods

Isoflavones, lecithin and PUFA

25-100g

Yoghurt and dairy products

Probiotics

125-200¢g

PUFA: Polyunsatured fatty acids. Data from http://www.euro.who.int/__data/assets/pdf file/0017/150083/E79832.pdf?ua=1.

considering the advantages and relative contraindications for their
use. Main food containing nutraceuticals with hypocholesterolemic
activity and their healthy daily intake was reported in Table 2.

4. NUTRACEUTICALS

4.1. Red Yeast Rice

The extract obtained from the rice (Oryza Sativa) fermentation
by yeasts as Monascus Purpureus and other microorganisms of the
same group is one of the most studied and effective hypocholes-
terolemic nutraceutical. During fermentation, the yeasts produce a
wide series of metabolites that have important biological activity,
including monacolins with a mean concentration of around 2%
[75]. The most effective components of RYR extracts is represented
by monacolin K, a molecule with a chemical structure very similar
to lovastatin. It reduces endogenous cholesterol synthesis by inhib-
iting HMG-CoA reductase. In addition to the monacolin K, it is
possible to find other molecules with important bioactivities such as
sterols, isoflavones, mono-unsaturated fatty acids and other mona-
colins (J, L, X, M) that could increase the hypocholesterolemic
activity and modify the monacolin K bioavailability [76].

Notably, compared to lovastatin, monacolin K may exist in two
different chemical forms: the lactonic and acidic form (particularly
active and bioavailable). The proportion between the two forms can
vary considerably, depending on the fermentation conditions and
the type of yeast used. The conversion from lactonic to acidic form
can also occur in alkaline environment or enzymatically through the
activity of intestinal or hepatic CYP3A4 [77]. However, despite the
structural analogy with lovastatin, monacolin K has a different
pharmacokinetic profile and different bioavailability. Instead, mon-
acolin K shows greater bioavailability compared to purified lovas-
tatin at the same doses. Therefore, the therapy with RYR extract
using a minor quantity of active ingredient seems to guarantee re-
duced risk of adverse events and a greater adherence to therapy.

The hypocholesterolemic action of RYR has been confirmed by
numerous studies [78], reporting efficacy data that can be compared
to those of “older” generation statins. It has been observed that the
daily dose intake of 3 mg of monacolin K may reduce LDL-C lev-
els <4.14 mmol/L in 51% of the participants and 26% achieved the
threshold level of homocysteine <10 pmol/L [79]. The additive
synergistic action of other components present in RYR, including
non-monacolin K seems contribute to the hypocholesterolemic
effect of monacolin K with a greater efficacy compared to “old

generation” statins also at significant lower doses [80]. Randomized
double-blind controlled trials have shown a reduction in total cho-
lesterol and LDL-C of 15-20% and 22-25% respectively, with daily
doses of 10 mg of monacolin K for periods of 8-12 weeks [81, 82].
Magno S et al. have confirmed the efficacy of a dietary supple-
ments monacolin K-based (Argicolina®) on the significant reduc-
tion of LDL-C levels, also evaluating its association with L-
arginine, coenzyme Q10 and ascorbic acid [83]. In addition, a
significant reduction of triglycerides levels was observed, while it
have not been found differences in HDL-C levels.

In addition to the hypocholesterolemic activity, RYR also
seems to guarantee a significant reduction in C-reactive protein
levels, an important inflammatory index and cardiovascular risk
factor as well as other vascular remodeling plasma markers such as
matrix metalloproteinases 2 and 9 [84].

The greater tolerability of the preparations based on RYR com-
pared to the statins could be due to several reasons including the
lower amount of monacolin K required and no less importantly also
a psychological component related to the belief of assuming a natu-
ral product. In any case to prevent the occurrence of adverse events
in particularly sensitive individuals (even at minimal doses of stat-
ins), it is preferable to avoid co-administration of RYR-based
preparations with drug that inhibits CYP3A4. Particular attention
must be paid to quality and purity of products based on RYR, be-
cause it is frequent the risk of contamination, especially from ci-
trinin, a toxic mycotoxin for the liver and kidney [76].

4.2. Phytosterols (Plant Sterols and Stanols)

Plant sterols and stanols (also known as phytosterols) are com-
pounds naturally and exclusively present in variable quantity in
vegetables. Principal food sources of phytosterols are represented
by refined vegetable oils (corn, rape, soybean, grape seed, etc.) and
whole grains where these molecules are located in the germ of the
seeds. Thanks to a molecular structure very similar to the choles-
terol, they reduce its absorption by competing for cholesterol as
components of mixed micelles [85]. As consequence of reduced
cholesterol intestinal absorption, phytosterols promote a slight in-
crease in its synthesis in the liver and at the same time a greater
expression of LDLR on the hepatocyte surface, increasing their
capacity of uptake. The hypocholesterolemic action of phytosterols
is also enhanced by their ability to form crystals with cholesterol,
increasing its fecal excretion.



6 Current Pharmaceutical Design, 2018, Vol. 24, No. 00

As reported by different studies, the hypocholesterolemic effi-
cacy of plant sterols contained in functional food at dosages of 1.5-
2 g/day is generally around 10% compared to baseline values and a
further moderate reduction of cholesterol levels (12.5%) has been
observed at dosages of 2.5-3 g/day [86-88]. Unlike other nutraceu-
ticals after the intake of plant sterols there are no changes in HDL-
C and triglycerides plasma levels. It has been estimated that in
Western countries, the intake of plant sterols through foods is
around 500 mg/day [89]. Therefore, the therapeutically active dose
in the cholesterol control of plant sterols is difficult to reach only
with diet and require additional supplementation for hypocholes-
terolemic activity.

According to EFSA recommendation, the same effects and
dosages are also necessary in the case of stanols considering a
minimum period of supplementation at least 2-3 weeks [87, 88].
For a better treatment yield, the assumption of plant sterols and
vegetable stanols must occur during main meals. Thus the greater
amount of alimentary cholesterol in the intestine and the biliary
secretion induced by the cholesterol-containing meal, increase the
hypocholesterolemic action [90]. Although the intake of phytosterol
supplements is well tolerated and without significant side effects,
their repeated intake can reduce the absorption of essential nutrients
such as carotenoids and fat-soluble vitamins [91]. Thus, in patients
undergoing nutraceutical treatments it is recommended to increase
intake of food containing these nutrients.

4.3. Berberine

The plants of the Berberis species contain especially in the
roots, but also in rhizomes and cortex, an interesting alkaloid
known as berberine with documented hypocholesterolemic and
hypoglycemic activity. Berberine seems to have different mecha-
nisms of action, actually not fully understood. In particular, regard-
ing its hypocholesterolemic activity, has been reported that berber-
ine can reduce the levels of PCSK9 mRNA and at the same time
promotes encoding of LDLR mRNA [92, 93]. As discussed above,
PCSK9 promotes the internalization of LDLR from the hepatocyte
surface into the cytosol and here their degradation by lysosomes
occur. Thus, the action of berberine determine an increased expres-
sion of hepatic receptors with a higher LDL-C uptake.

Several studies have evaluated that the assumption of 0.5-1.5
g/day berberine may lead to a mean LDL-C reduction of 10-25%
[94-96]. However, these results cannot be generalized because they
have been predominantly conducted on Asian subjects, while its
assumption in the Western population is always associated with
RYR. In recent years, the numerous evidences support the role of
nutraceuticals in the management of lipid profile especially as com-
binations of multiple compounds; this allowed to use different
mechanisms of action that operate on the cholesterol levels, reduc-
ing the dosage of individual components without decreasing their
effectiveness [97, 98]. Marazzi et al. have evaluated the efficacy of
berberine when associated to RYR and polycosanols in elderly
hypercholesterolemic patients that were intolerant to statins [99]. In
these subjects treated with the combination of nutraceuticals, a
reduction of about 20% of total cholesterol and over 30% of LDL-C
was documented. Another interesting study have observed a reduc-
tion >32% of LDL-C in patients after co-administration of simvas-
tatin and berberine, which in monotherapy reduced of 14.3% and
23.8%, respectively [100]. Also a significant reduction of triglyc-
erides levels was found. This is the example of combination therapy
that uses complementary actions of different agents.

In addition, different others beneficial properties of berberine
have been reported such as reduction of triglyceride and glucose
plasma levels as well as the increment of HDL-C concentration
[93]. These actions could be particularly favorable in patients with
metabolic syndrome, in which these alterations very often coexist.
The hypoglycemic activity of berberine seems to be achieved
through a dual mechanism: a reduction of intestinal glucose absorp-
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tion and an increase of glucose uptake in muscle and liver [101].
Moreover, several studies both in vitro and in vivo has showed that
berberine is able to exert vascular protective effect through an anti-
oxidant and anti-inflammatory activity [102, 103].

However, although data related to efficacy of berberine-based
compounds on hypocholesterolemic activity are encouraging, it is
necessary to consider that the low bioavailability of berberine ad-
ministered by os (<3%) can significantly reduce its effectiveness.
For this reason, usually it is used in combination with other nu-
traceuticals including RYR and polycosanols.

4.4. Beta-Glucan

Beta-glucans are non-starch polysaccharides that consist of D-
glucose units linked by B glycosidic bonds (1-3, 1-4 and 1-6 beta-
D-glucans). Primary sources of B-glucans is represented by the
cereal grains, particularly oats and barley, mushrooms and sea-
weeds. Due to their high molecular weight and high solubility in
water, B-glucans are able to form viscous masses typical of soluble
fiber (gel-forming). The mechanism of action of these polymers on
the control of cholesterol is not fully understood; however, their
anti-dyslipidemic effect seems to be achieved through a reduction
in intestinal absorption and an increased fecal excretion of fats in-
troduced with food [104].

It has been showed that B-glucans may reduce cholesterol and
in particular LDL-C levels by 5-6% at dosages of about 3 g/day,
without changing in HDL cholesterol [105-108]. As consequence,
the consumption of cereal-based foods (representing the main
source of B-glucans) may reduce the risk of develop cardiovascular
diseases. Other dietary fibers such as psyllium or chitosan seems to
have similar effect [109].

Similarly to soluble fibers as pectin, B-glucan in addition to the
anti-dyslipidemic and anti-cholesterol action exert other beneficial
metabolic effects of a prebiotic type, optimizing the growth and the
selective development of certain bacterial strains. Moreover, it has
been demonstrated the capacity of B-glucans to modulate circulat-
ing post-prandial glucose levels. This effect may results of particu-
lar interest in diabetic patients or in subject with impaired glucose
tolerance [110]. At the same time, the gel-forming fiber can stimu-
late a sense of fullness resulting of particular interest in the course
of dietary regimens required in patients with impaired glucose or
lipid metabolism.

4.5. Other lipid-lowering Agents

In the recent years, other substances have been evaluated for
their lipid-lowering capacity. Among these, the most important
seems to be the soy (Glycine max) which represents an important
source of fiber, phytosterols, isoflavone, lecithin and proteins. All
these substances (phytocomplex) promote hypocholesterolemic
effect through two distinct mechanisms: increased hepatic LDLR
expression and reduced intestinal absorption of cholesterol. Data
from clinical studies confirm that soy derivatives at a dose of 25-30
g/day for treatment periods between 4 weeks to one year lead to a
reduction of 4.8 mg/dl (2-7%) [111-114].

Other compounds has attracted the attention of the scientific
community for their lipid-lowering activity including several plant
polyphenols such as flavonoids, epicatechin, anthocyanins, procya-
nidin or stilbenes (i.e. resveratrol) [115-118]. Although the effective
mechanism of action on lipid metabolism is still unclear, they
appear mainly to exert a competitive inhibition of HMG-CoA re-
ductase [119]. Moreover, it has been demonstrated that resveratrol
may exert a positive effect on LDLR gene expression, with a
consequent reduction of cardiovascular risk [120]. Bondonno et al.
have shown that also flavonoid-rich apples may influence cardio-
vascular health through the improvement of endothelial function
and reduction of blood pressure [121]. Similarly, their strong anti-
oxidant activity could help to inhibit LDL oxidation, playing an
important cardioprotective role [122]. Another interesting study has
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demonstrated that a particular cultivar of apple (Malus pumila
Miller cv. Annurca) can be considered a functional food at a
quantity of 200 g/day (2 apples) capable of decreasing total choles-
terol and LDL-C by 8.3% and 14.5%, respectively [123]. The most
considerable result is the simultaneous increase of HDL-C levels by
15.2%, since only few natural or synthetic substances have shown a
similar capacity. Also, efficacy of supplementation with bergamot
(Citrus bergamia) juice extract in patients with dyslipidemia for a
short period (6 months) was observed [124]. In particular, a signifi-
cant reduction of triglycerides, total and LDL cholesterol as well as
an increase of HDL-C, was reported. The authors have attributed
these beneficial effects to high amounts of flavonoids contained in
bergamot fruit juice including neoeriocitrin, neohesperidin, naringin
[124]. In addition to the compounds described above, other differ-
ent plant-derivative agents through their high polyphenolic content
may have beneficial effects on various risk factors of cardiovascular
disease. It is the case of pomegranate, a fruit polyphenol-rich with
different bioactivity as high anti-oxidant, anti-atherogenic, anti-
hypertensive, and anti-inflammatory effects [125]. Several studies
demonstrated that the assumption of pomegranate juice decrease
significantly atherosclerotic lesion in patients with type 2 diabetes
and reduce systolic blood pressure in atherosclerotic patients
through the inhibition of serum angiotensin converting enzyme
[126-128]. However, considering its controversial effect on the
reduction of serum cholesterol in patients with hypercholes-
terolemia, pomegranate juice currently cannot be included in the
category of hypocholesterolemic nutraceuticals [129-131].

Finally, also policosanols are included in the list of hypocholes-
terolemic agents. These compounds represent a mix of long chain
aliphatic alcohols found in some vegetable sources such as sugar-
cane and potatoes. Several clinical trials have evaluated the efficacy
of policosanols on patients with hypercholesterolemia in Cuba,
showing encouraging clinical data. In particular, at daily dosage of
policosanols between 5-10 mg, a significant decrease of total cho-
lesterol (between 13-17%) and LDL-C (between 17-27%) was ob-
served [132-134]. However, successive studies conducted on
dyslipidemic patients outside Cuba, have shown that at various
dosages (10-80 mg/day) their hypocholesterolemic activity remains
extremely heterogeneous, although with a good tolerability profile
[135]. It may depend on different sampling bias due to policosa-
nol’s origin, dosage and extraction method.

5. PROBIOTICS

An independent discussion deserve the probiotics, which have
demonstrated a strong correlation between numerous systemic pa-
thologies including alterations of the lipid profile and the loss of the
qualitative-quantitative balance of different microbial species that
harbor at intestinal level [136]. Several studies have emphasized the
aspect that different probiotics can modulate the composition of
intestinal microflora and act on some of the metabolic-
cardiovascular risk factors such as hypercholesterolemia, obesity,
arterial hypertension, and type 2 diabetes [137-141]. At the base of
the lipid-lowering effect observed with probiotics there would be
different mechanisms of action [142]. The first is related to the
increased production of short-chain fatty acids, which include
propionic and butyric acids with direct inhibitory effect on HMG-
CoA reductase. Another important mechanism of probiotic strains
is represented by enzymatic deconjugation of bile salts by bile-salt
hydrolase. In particular, the hydrolysis of bile salts conjugated to
glycine or taurine determines an increase in non-conjugated bile
acids that are less soluble and reabsorbed less efficiently than the
corresponding conjugates, resulting eliminated in the feces.

Numerous clinical studies have evaluated the effect of different
probiotics predominantly inserted within a food matrix including
fermented milk and yogurt also in association with prebiotics in
subjects with normal or moderately increased cholesterol levels
with a duration of treatment between 3 weeks [143] and 6 months
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[144]. However, the results of these studies appear in any case
rather variable and modest reporting a reduction of total cholesterol
of 0-5% and of LDL-C approximately of 0-10%, as well as a sig-
nificant increase of HDL-C. Conversely, an interesting meta-
analysis [145] observed that the intake of specific probiotics has a
beneficial effect for total cholesterol and LDL-C, but report a neu-
tral effect for HDL-C and triglycerides. Moreover, long-term (>4
week) probiotic supplementation resulted statistically more effec-
tive in reducing triglycerides and LDL-C compared to short-term (<
4-week) supplementation. Particular recommendations for the use
of probiotics in patients with enterocolitis, diarrhea, inflammatory
bowel disease, irritable bowel syndrome and Clostridium difficile
diarrhea are needed [146].

CONCLUSION

Several scientific studies have confirmed that different lipid-
lowering drugs such as statins reduce significantly cholesterol lev-
els in both primary and secondary prevention, leading to a decrease
in cardiovascular morbidity [24]. However, in clinical practice there
are numerous conditions where conventional drugs should not be
used for intolerance, cannot be prescribed, and also circumstances
where not taken for fear of adverse events (nocebo effect) [30, 31].
For this last occurrence could be useful to comply with the patient's
request by using natural substances, considered less harmful and
more tolerated rather than completely renounce to pharmacological
treatment of sure effectiveness.

Therefore, nutraceuticals could assume a role of "first actors"
for some patients and in other cases effective support to conven-
tional pharmacological therapies. In mild hypercholesterolemia
subjects with low cardiovascular risk, nutraceuticals are indicated
as pre-pharmacological treatment in addition to specific dietary and
lifestyle interventions. The importance of physical activity in addi-
tion to a balanced nutritional intake in the reduction of elevated
LDL-C levels as well as in the increase of low HDL-C levels, has
already been highlighted [2]. Nutraceuticals may have also a health
benefits in hypercholesterolemia patients with moderate-high car-
diovascular risk, who did not reach LDL-C target in add-on therapy
despite the maximum tolerated dose of statins assumed. Thus, dur-
ing statin therapy is needed to choose nutraceuticals with mecha-
nisms of action different to the inhibition of HMG-CoA reductase,
to avoid the risk of serious adverse events.

Single nutraceutical compounds or their combination showed
wide lipid-lowering efficacy (5%-25%), significantly below what is
observed with statins in monotherapy or in association with
ezetimibe. In particular, it has been observed that the treatment with
RYR and berberine as single compound or in combination may
impact favorably on LDL-C levels. Instead, the beneficial effects of
the other nutraceutical compounds as phytosterols, B-glucan, niacin,
soy and polyphenols in terms of LDL-C reduction, are widely de-
bated. However, their benefits may exceed the hypocholesterolemic
activity, extending also to other cardiovascular risk factors such as
triglyceride reduction, increase of HDL-C levels, modulation of
glucose metabolism or enhancing the sense of fullness (dietary
fibers) useful in overweight/obese patients. The use of probiotics in
patients with hypercholesterolemia is limited by their weak effect in
the reduction of LDL-C, but their action at the level of intestinal
microbiota could improve the efficacy of other drugs/nutraceuticals.

Currently, numerous combinations of nutraceuticals are com-
mercially available. The purpose of these hypocholesterolemic co-
formulations is to use different mechanisms of action in a synergis-
tic-additive approach, reducing both the single active compound
dosages and the pill burden with a lower risk of adverse events.
Moreover, considering that the efficacy of these treatments is de-
pendent on their continued assumption, also nutraceuticals may be
subject to problems of poor adherence. Thus, the development of
nutraceutical formulations with high tolerability, which ensure full
compliance to treatment, is particularly important.
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Despite many studies seem to confirm the efficacy and safety of
different nutraceuticals, there are still many open questions regard-
ing their use. In particular, successive post-marketing nutritional
studies (similar to pharmacovigilance for conventional drugs)
aimed to describe any unexpected side effects, as well as drugs-
food or other nutraceutical interactions, are needed. Another impor-
tant aspect is widespread use of nutraceutical supplements available
online that could induce patients to self-medication interrupting or
discontinuing pharmacological therapies, as a consequence of sim-
ple advertising tips or recommendations of nutritionist without
medical consensus. Furthermore, daily cost of nutraceutical sup-
plements that are not reimbursed by the NHS, may be higher than
statin with low intensity such as simvastatin (5-10 mg) and pravas-
tatin (20 mg).

Recently, a new class of therapeutic agents based on RNA in-
terference strategy has been developed, which cleaves and inacti-
vates mRNA encoding for PCSK9 [147, 148]. Despite preliminary
data are encouraging, further studies are needed to confirm the
safety and efficacy of these oligonucleotide-based drugs.

In conclusion, the targeted use of nutraceuticals according to
the clinical characteristics of the subject associated with a healthy
lifestyle can help to prevent or limit the pharmacological approach.
Future clinical trials conducted on large populations may clarify the
aspects related to dosage, time treatment and safety of the various
nutraceuticals, considering the possible synergy between nutraceu-
ticals and lipid-lowering drugs. Furthermore, the re-modulation of
the intestinal microbiota by specific probiotics capable of
modulating positively the different components of cardiovascular
risk could be a promising field of research.
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