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Abstract: Background: Cardiovascular disease is a global health concern and reducing plasma LDL-C
levels is a major goal in cardiovascular prevention. Our study aimed to evaluate the effectiveness of a
nutraceutical formulation including leucoselect® phytosome®, red yeast rice, policosanol and folic
acid on LDL-c levels in patients at low cardiovascular risk with dyslipidemia. Materials and Methods:
We prospectively enrolled all consecutive patients with dyslipidemia at low cardiovascular risk
who were unresponsive to diet and physical activity. Clinical assessments and laboratory analyses,
encompassing lipid profile, hepatic function, and CPK levels, were performed at baseline prior
to initiating treatment and repeated at the 12-week mark following administration of the study
nutraceutical. Results: Sixty (60) consecutive patients (mean age 48.02 ± 10.1 years; 60% male) were
included. At the 12-week follow-up, a statistically significant reduction in Total Cholesterol (13.1%)
and LDL-c serum level (20.4%) was observed. Hepatic and muscular function remain stable over
the time. The adherence to therapy was 99% and the persistence was maximum. Conclusions: The
nutraceutical formulation including leucoselect® phytosome® red yeast rice, policosanol and folic
acid significantly reduced the LDL-c plasma levels, consistent with previous research showing that
the bioactive component in red yeast rice—lovastatin—is effective in addressing problems with lipid
metabolism. Importantly, it was safe and well-tolerated among patients with dyslipidemia in a
real-world setting.

Keywords: cardiovascular risk; cholesterol; nutraceuticals; adherence; leucoselect phytosome; red
yeast rice; policosanol; berberine; folic acid; safety profile

1. Introduction

Cardiovascular diseases (CVDs) include several heterogeneous conditions mainly due
to the atherosclerosis and are considered the leading cause of premature mortality and
morbidity worldwide to date [1–3]. Atherosclerosis is a complex immuno-inflammatory
process in which the low-density lipoprotein cholesterol (LDL-c) plays a role of pivotal
importance in the genesis, progression and rupture of the lipid plaque; this latter condition
may lead to thrombus formation, myocardial infarction and stroke [4–7]. The role of LDL-C
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as a causal factor in atherosclerosis is widely acknowledged. Specifically, the impact of
LDL-C on the risk of atherosclerotic cardiovascular disease (ASCVD) is influenced by
both the absolute level and the cumulative duration of exposure to LDL-C [8]. Moreover,
several studies showed a direct relationship between plasma levels of LDL-c and the
occurrence of cardiovascular acute events [9–12]. Reducing LDL cholesterol (LDL-C) levels
in the blood proportionally decreases the risk of ASCVD, correlating with the absolute
reduction achieved in LDL-C levels [8,10]; consequently, a main target of the cardiovascular
prevention is to reduce the plasma level of LDL-c according to the individual risk.

The current European Society of Cardiology (ESC) guidelines recommend assessing
the total cardiovascular risk using a calibrated country-specific version of the SCORE
(Systematic Coronary Risk Estimation) system [13]. Patients are considered at low risk
when the calculated SCORE is < 1% for 10-year risk of fatal CVD; among this subgroup,
a serum level of LDL-c < 116 mg/dL may be considered to reduce the major vascular
events; consequently, it is highly recommended to adopt healthy lifestyle measures, such
as maintaining healthy eating habits, engaging in regular exercise, and abstaining from
smoking [14].

In line with the ESC guidelines, which emphasize the importance of comprehensive
cardiovascular risk assessment and lifestyle modifications, recent attention has turned
to the potential role of nutraceutical interventions in managing dyslipidemias. Several
studies have explored the efficacy of various nutraceutical combinations in addressing
lipid abnormalities [15]. Recently, a novel nutraceutical combination including leucoselect®

phytosome® (an association between grape seed standardized extract and lecithin), red
yeast rice, policosanol and folic acid (Ostacol Plus, Agaton) has been formulated for the
first-line treatment of dyslipidemia in patients at low cardiovascular risk not responsive
to diet and physical activity. The aim of our study was to evaluate the effect of this
nutraceutical combination on LDL-c serum levels among patients with dyslipidaemia at
low cardiovascular risk in a real-world setting.

2. Results

Sixty (60) consecutive patients (mean age 48.02 ± 10.1 years; 60% male) were included
in the present study. The mean body mass index (BMI) was 25.7 ± 3.1 Kg/m2; 16 patients
(26%) were smokers (Table 1). All patients showed a basal serum level of LDL-c higher than
116 mg/dL, despite at least 6 months of hypercholesteraemic diet and physical exercise and
were treated with Ostacol Plus once daily. The nutraceutical formulation was continued
for at least 12 weeks. The nutraceutical intervention exhibited exceptional tolerability, as
evidenced by the absence of any adverse events among the study participants. There were
no instances of temporary or definitive interruptions reported throughout the duration of
the study. Furthermore, the adherence rate to the therapy regimen reached 99%, indicating
strong compliance among the participants.

Table 1. Baseline characteristics of study population.

Characteristics n = 60

Age—yr 48.02 ± 10
BMI—Kg/m2 25.7 ± 3.1

Heart rate—beats/min 77 ± 18
Systolic blood pressure—mmHg 116 ± 15
Diastolic blood pressure—mmHg 67 ± 11

Total Cholesterol, mg/dL 219 ± 24.6
LDL-C, mg/dL 137.1 ± 19.3
PLA2, ng/mL 118.48 ± 42.1
CRP, mg/dL 0.82 ± 0.45

At 12 weeks follow-up, a statistically significant reduction in TC (219 ± 24.6 vs. 190.3 ±
19.9 mg/dL; −13.1%; p < 0.0001) and LDL-c serum level (137.1 ± 19.3 vs. 109.1 ± 18.4 mg/dL;
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−20.4%; p < 0.0001) was shown (Figure 1A,B). No significant changes in TG (133 ± 73.8 vs.
129.3 ± 71.3 mg/dL; p = 0.7690) and HDL-c (55.1 ± 15.4 vs. 55.3 ± 13.9 mg/dL; p = 0.9378)
plasma levels were observed. The AST (23.5 ± 10.6 vs. 24.8 ± 11.1 U/L; +1.34%; p = 0.5002),
ALT (24.6 ± 10.1 vs. 25.9 ± 10.2 U/L; p = 0.5009) and CPK (85.7 ± 37.4 vs. 89.4 ± 40.6 U/L;
+4.3%; p = 0.6086) serum levels remained stable.
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Figure 1. Scatter plots of baseline (blue) and follow-up (orange) plasma levels of total cholesterol
(TG) (panel A) and LDL cholesterol (LDL-C) (panel B).

At the end of follow-up period, 45 (75%) patients achieved the LDL-C therapeutic
range; the remain 15 patients who did not achieve the therapeutical goals were switched to
statin therapy.

A significant reduction in phospholipase A2 (PLA2) was shown (118.48 ± 42.1 vs.
103.5 ± 39.42 ng/mL; p = 0.001). Fifteen (15) patients showed high CRP serum levels at base-
line with a significant reduction at 12-week follow-up (0.82 ± 0.45 vs. 0.60 ± 0.28 mg/dL;
p = 0.03); among them, seven (46.7%) showed the normalization of the absolute PCR value
(<0.4 mg/dL) (Figure 2A,B).
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3. Discussion

The main findings of the present study are as follows: the use of a nutraceutical
formulation including leucoselect® phytosome®, red yeast rice, policosanol and folic acid
determines a significant reduction of 20% in the LDL-C serum level among patients at low
cardiovascular risk with dyslipidaemia not responsive to diet and physical exercise; 75%
of treated patients achieved the LDL-C therapeutical level within 12 weeks of treatments.
The use of this novel nutraceutical combination is safe and well-tolerated in a real-world
setting and it is characterized by maximum persistence and high adherence. A pleiotropic
effect on inflammatory biomarkers has been shown.

3.1. Nutritional Intervention

The Mediterranean diet, known for its emphasis on plant-based foods like fruits,
vegetables, legumes, nuts, and whole grains, as well as the inclusion of healthy fats from
sources such as olive oil and fish, is widely recognized for its ability to improve CVD
risk factors. Additionally, it has beneficial effects on disease endpoints [16], because it
significantly reduces the TC by 11%, LDL-C by 13%, and triglycerides by 7% [17]. Foods
rich in unsaturated and low in saturated and trans fatty acids, such as rapeseed or canola
oil, supplemented with plant sterols/stanols, and high in soluble fiber from sources like
oats, barley, and psyllium, have been shown to induce at least moderate reductions in
LDL cholesterol levels. Additionally, consumption of soy protein, tomatoes, flaxseeds, and
almonds has been associated with small reductions in LDL cholesterol. Avocados and
turmeric have demonstrated moderate to large reductions in LDL cholesterol levels with
moderate evidence. Pulses, hazelnuts, walnuts, high-fiber/whole grain foods, and green
tea consumption have been linked to small to moderate reductions in LDL cholesterol
levels [18]. Combining nutraceuticals with different lipid-lowering activities, along with a
healthy lifestyle, presents a potential alternative to medication for individuals in primary
prevention of CVD who have mildly elevated LDL-C levels [19]. This approach is especially
beneficial for patients who have not reached their LDL-C target and for some statin-
intolerant patients [19].

3.2. Lipid Lowering Nutraceuticals

Nutraceuticals with lipid-lowering properties play an important role in CVD preven-
tion among patients at low cardiovascular risk with dyslipidaemia not responsive to diet
and physical exercise [20]. Among them, the most studied are monacolin of fermented red
rice, polycosanol and berberine [21].

Red yeast rice (RYR) is a nutraceutical made from fermenting a specific yeast in white
rice, resulting in a red color [22]; the fermentation process enriches the rice with compounds
that have lipid-lowering properties, such as monacolins [23]. Among them, the monacolin
K (MonK) has a similar biochemical structure of the lovastatin (Figure 3) and works by
inhibiting HMG-CoA reductase, an enzyme involved in cholesterol production [24,25].
Lovastatin is a statin derived by the fungus Aspergillus terreus (ATCC 20542) [26]. Neverthe-
less, despite sharing a similar structure, their pharmacological profiles exhibit differences.
Lovastatin is considered a pro-drug, existing as an inactive gamma-lactone in its native
state. However, within the body, it undergoes hydrolysis to the active beta-hydroxy acid
open-ring form, which is the most bioavailable and pharmacologically active. In RYR, the
ratio of monacolin K lactone to acid varies significantly, ranging from 5% to 100% of the
total monacolin K content. This variation strongly influences the molecule’s bioavailability.
The process of lactone ring opening can occur through metabolism in alkaline conditions
or enzymatically by the cytochrome P450 3A family in the small intestine and liver [27].
Additionally, recent evidence suggests that gut microbiota do not convert monacolin K into
the beta-hydroxy acid form but instead catabolize it. This indicates that gut microbiota may
impede the lipid-lowering effects of both lovastatin and monacolin K by degrading their
active metabolite [28].
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A meta-analysis of 20 randomized controlled trials found that supplementation with
RYR for 2–24 months led to an average reduction of 1.02 mmol/L in LDL cholesterol
compared to placebo [29]; moreover, RYR increased HDL-C and reduced triglycerides
when compared to placebo [29]. Several studies have shown that RYR can also improve
inflammatory biomarkers, endothelial function, and pulse wave velocity [29].

Polycosanols are a mixture of saturated aliphatic primary alcohols derived from
various sources such as sugar cane wax, beeswax, rice bran, and other plants [30]. The
main components of this mixture are octacosanol, triacontanol, hexacosanol, and other
heptacontanols [21]. Its supplementation inhibits cholesterol biosynthesis by activating 5′

adenosine monophosphate-activated protein kinase (AMPK) and deactivating 3-hydroxy-3-
methylglutartl coenzyme A (HMG-CoA) reductase. Moreover, it facilitates the excretion of
cholesterol and bile acids while augmenting the uptake of LDL cholesterol by LDL receptors
in the bloodstream, especially in the context of hypercholesterolemia [31]. However, it is
important to recognize that the effectiveness of polycosanols can vary among individuals
due to the different polyalcohols present in the mixture. Although clinical studies have
shown a 20% decrease in LDL-C, more recent studies have raised questions about their
ability to lower lipids in different populations [32]. Tolerability appears to be good in
the short and medium term [32]. The oral bioavailability of Policosanol, its sole route of
administration, is typically below 10%. However, research suggests that its absorption can
be enhanced through methods such as nanoemulsification [33] or esterification with oleic
acid [34].

Berberine is a natural alkaloid that is found in various medicinal plants. Its mecha-
nism of action is not fully understood, but it primarily targets the liver and affects various
metabolic structures [21]. One potential mechanism of action is the inhibition of proprotein
convertase subtilisin/kexin type 9 (PCSK9). This mechanism extends the half-life of hepatic
LDL-receptors, responsible for capturing LDL-cholesterol from the bloodstream. Another
potential pathway involves the activation of the AMPK, which regulates energy balance and
lipid synthesis [35,36]. Another proposed mechanism is the inhibition of aldo-keto reduc-
tase family 1 member C3 (AKR1C3), which modulates steroid hormone action by converting
estrone to 17β-estradiol or androstenedione to testosterone [37]. Berberine does not exhibit
dose-dependent effects, as a daily intake of 500 mg can already reduce LDL-cholesterol by
approximately 20% and triglycerides by 25% [38]. Berberine has demonstrated positive
effects on insulin resistance in individuals with various conditions, including hypercholes-
terolemia, mixed dyslipidemia, type 2 diabetes, and hepatopathies [21]. Overall, it exhibits
potential as a natural alternative for managing cholesterol and metabolic disorders [21].
Even though berberine exhibits low systemic bioavailability following oral administration
due to its poor absorption in the gut and rapid metabolism within the body [39], in vivo
studies have demonstrated significant biological activities of berberine, with its major
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metabolites including berberrubine, thalifendine, demethyleneberberine, and jatrorrhizine
being present at relatively high concentrations [40,41].

Polyphenols are a group of functional food ingredients derived from plants. These
nutraceuticals possess distinct molecular structures and exhibit a diverse range of biological
activities, encompassing antioxidant, anti-inflammatory, and anticancer properties, among
others [42]. Red wine contains phenolic compounds that increase antioxidant activity in
the blood [43], preventing the oxidation of LDL cholesterol and delaying the formation of
atheroma [44]. Research suggests that red wine can protect LDL from oxidation [45] due to
the antioxidant capacity of these phenolic compounds [46], including grape procyanidins
that act as free radical scavengers and work together with other antioxidants like vitamin
E [47]. Polyphenols can be extracted and purified from grape seeds to create a standardized
pharmaceutical preparation. In a study, a dosage of 300 mg of polyphenols from grape seed
extract called leucoselect® phytosome® was shown to increase total antioxidant activity in
the blood without impact on levels of serum vitamin E and C [48]. Moreover, phytosomes,
among vesicular drug carriers, facilitate the formation of a complex between phytochemi-
cals and phospholipids. This interaction leads to enhanced absorption and bioavailability
of bioactive molecules, accompanied by improved overall compound stability [49,50].

3.3. Clinical Studies

Numerous clinical investigations [51] have explored the lipid-lowering efficacy of
nutraceuticals in individuals with mild to moderate dyslipidemia, revealing a spectrum
of LDL-C reduction rates ranging from 19.8% to 25.7%, depending on the specific clinical
context [51,52]. Notably, a combination formulation comprising red yeast rice, policosanol,
berberine, folic acid, astaxanthin, and coenzyme Q10 (marketed as Armolipid Plus®, AP)
has garnered significant attention across various studies [53–58]. These studies collec-
tively demonstrated reductions in total cholesterol (TC) and LDL-C levels spanning from
10% to 20% and 15% to 31%, respectively. Moreover, in patients intolerant to statins or
those unable to achieve target lipid levels with ezetimibe, AP supplementation exhibited
promising results, yielding an additional 10% improvement in TC and LDL-C levels [59].
Importantly, adverse events associated with AP therapy were infrequent, with only 2.2%
of patients reporting adverse effects, primarily consisting of constipation (0.5%), elevated
creatine phosphokinase (CPK) levels > 5 times the upper limit of normal (ULN), myalgia,
and dyspepsia [59]. These findings underscore the favorable safety profile and potential
clinical utility of AP as an adjunctive therapy in the management of dyslipidemia, par-
ticularly in statin-intolerant individuals or those with suboptimal lipid control despite
standard therapy.

Few studies [60–64] evaluated the effect of nutraceuticals on inflammatory biomarkers
with contrasting findings. The regular intake of intake of PS-enriched foods did not
significantly change CRP, whilst LDL-C concentrations were significantly reduced [65]. In
contrast, a nutraceutical combination including phytosterols, red yeast and hydroxytyrosol
had beneficial effect on CRP [65]. Lovastatin, like other statins, has been shown to improve
CRP plasma levels [66]. However, whether this effect extends to compounds derived from
RYR remains a matter of debate [66]. The inflammation plays a key role in the genesis of
CVD [7,67–75] and cardiovascular drugs with pleiotropic anti-inflammatory effects showed
a beneficial impact on cardiovascular mortality [7,67–75]. The results of our study suggest
that nutraceutical combination of leucoselect® phytosome®, red yeast rice, policosanol
and folic acid is effective in term of LDL-C serum level reduction and shows an anti-
inflammatory effect, reducing both the CPR and PLA2. The explanation of this pleiotropic
activity is based on leucoselect® phytosome® [48].

The antioxidant power of grape seed has been tested in human studies [50,75–77].
Administering daily doses of the active ingredient (300 mg) twice a day to 20 young
volunteers resulted in an increase in the total antioxidant capacity (TAC) among the treated
individuals [48]. Additionally, incorporating grape seed extract into a meal regimen has
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been shown to mitigate postprandial oxidative stress by reducing oxidants and boosting
antioxidant levels in plasma [78].

Encouraging but inconclusive findings arose from a randomized, double-blind,
crossover study involving 24 healthy heavy smokers. In this study, participants were
administered 75 mg of the active ingredient twice a day for a duration of 4 weeks.
Following this regimen, individuals taking leucoselect® phytosome® exhibited a signif-
icant decrease in thiobarbituric acid-reactive substances (TBARS), indicating reduced
oxidative stress [75]. Leucoselect® phytosome® is a formulation combining standard-
ized grape seed extract and soy lecithin, featuring a high concentration of oligomeric
proanthocyanidins (OPCs) obtained from the seeds of Vitis vinifera L [79]. The chemical
composition is well-defined: 80% (−)-epicatechin gallate, dimers, trimers, tetramers and
their gallates, 15% (+)-catechin, (−)-epicatechin, 5% pentamers, hexamers, heptamers
and their gallates [62].

In order to enhance their bioavailability, leucoselect® has been reformulated with
soy phospholipids at a ratio of approximately 1:2.6 (w/w), resulting in the creation of
leucoselect® phytosome® [80]. The antioxidant molecules act as powerful scavengers of
free radicals and contrast the oxidation of low-density lipoprotein cholesterol (LDL-C),
helping to preserve the vessels free from plaques [81]. Its cardiovascular protecting activity
is supported by four clinical trials, and by extensive pharmacological data [48,75–77].

The current investigation presents several limitations that warrant considerations. The
observational nature of the study lead to potential biases and confounding factors may
have influenced the observed outcomes; the lack of control group and the small number
of included patients limited our ability to evaluate the magnitude of the LDL-c reduction
among the study population. The short-term follow-up, limited to 12 weeks, did not allow
us to evaluate the maintenance in LDL-c lowering over the time. However, this is the
first real-world clinical experience on the use of a nutraceutical combination including
leucoselect® phytosome®, red yeast rice, policosanol and folic acid which evaluated both
the lipid lowering effect and the antinflammatory proprieties. A randomized controlled
trial is needed to validate our preliminary findings and to explore the potential interplay
among the effects of each nutraceutical included in the formulation used in our study.

Finally, despite the potential insights offered by quantifying monacolin K in the nu-
traceutical using liquid chromatography mass spectrometry and establishing a calibration
curve, this information was neither provided by the manufacturer nor independently
conducted in our study.

Looking ahead, further research in the field of nutraceutical interventions holds
promise for advancing our understanding and management of dyslipidemia and cardio-
vascular risk. Future studies could delve into elucidating the mechanistic underpinnings of
the observed lipid-lowering and pleiotropic effects of nutraceutical formulations, shedding
light on their potential synergistic interactions and long-term impacts on cardiovascular out-
comes. Additionally, exploring the efficacy of combined nutraceutical and pharmacological
approaches may offer novel strategies for optimizing lipid management in diverse patient
populations, including those with refractory dyslipidemia or heightened cardiovascular
risk. Furthermore, investigations into personalized approaches, considering individual ge-
netic predispositions and metabolic profiles, could pave the way for tailored nutraceutical
interventions tailored to specific patient needs. Overall, continued research efforts in this
area hold the potential to reshape clinical practice guidelines and enhance patient-centered
care in the realm of cardiovascular health.

4. Materials and Methods

This is a prospective single-arm observational study that enrolled all consecutive
patients with an established diagnosis of dyslipidaemia, not responsive to diet and physical
activities, and considered at low cardiovascular risk according to ESC guidelines [82].
The inclusion period was from January 2023 to March 2023. Patients who were taking
lipid-lowering drugs or other nutraceuticals were excluded (Figure 4).
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All patients were treated a novel nutraceutical formulation (Ostacol Plus, Agaton srl,
Avellino, Italy) once daily. This formulation included: leucoselect® phytosome® 300 mg,
red yeast rice extract: 99 mg, monacolin K 2.97 mg (approximately), polycosanols 10 mg,
octacosanol 9 mg (approximately), folic acid 200 mcg [83].

Clinical evaluation and blood laboratory tests, collected after an 8 h overnight fast,
were conducted at baseline, before starting treatment, and 12 weeks after study drug ad-
ministration. The laboratory assessment included including lipid profile (Total Cholesterol
(TC), LDL-C, high-density lipoprotein cholesterol (HDL-C), and tryglicerides (TG)), hepatic
profile (Alanine Aminotransferase (ALT) and Aspartate Aminotransferase (AST) and mus-
cular status (Creatine Phosphokinase (CPK)), C-reactive protein (CPR) and phospholipase
A2 (PLA2).

The primary outcome was to assess the reduction of the serum levels of LDL-c at the
end of the observational period. The secondary outcomes included the effect of this novel
nutraceutical combination on TC, HDL, ALT/AST, CPK, CRP and PLA2. Furthermore, the
study aimed to evaluate the persistence and adherence to this nutraceutical formulation
among the study population.

Patients’ adherence to treatment was measured through the medication possession
ratio (MPR), dividing the total number of treatment days by the specific time of monitoring.
Persistence to therapy was considered the non-temporary or definitive interruption due
to side effects. Written informed consent for data storage and analysis was obtained from
all patients. The study was conducted in compliance with the Declaration of Helsinki and
its later amendments and received approval from the local ethics committee (Ethical Com-
mittee of University of Campania “Luigi Vanvitelli”—Monaldi Hospital; ID 23263/2022;
approval date: 15 December 2022).

Statistical Analysis

The data distribution was examined using both the Kolmogorov–Smirnov and Shapiro–
Wilk tests. Continuous variables were presented either as mean ± SD or as median with
interquartile ranges, depending on the gaussian distribution. The categorical variables were
expressed as percentages. The paired Student’s t-test/Mann-Whitney test or the chi-square
test/Fisher’s exact test were used for continuous and categorical variables, respectively.
To assess the differences between mean data over time, the repeated-measures analysis of
variance with Bonferroni’s correction was performed. A two-sided p < 0.05 was considered
significant for all tests. The visual representation of differences in LDL, HDL, PLA2, and
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CRP levels was achieved using the scatter plots. Data analysis was performed using SPSS
11.0 software for Windows (SPSS Inc., Chicago, IL, USA).

5. Conclusions

A nutraceutical formulation including leucoselect® phytosome®, red yeast rice, poli-
cosanol and folic acid determines a significant reduction of 20% in LDL-C serum level in
patients with dyslipidaemia at low cardiovascular risk not responsive to diet and physical
exercise. A pleiotropic effect on the reduction of serum inflammatory biomarkers was
shown. In a real-world setting, the use of a nutraceutical formulation including leucoselect®

phytosome®, red yeast rice, policosanol and folic acid is characterized by commendable
safety profile and excellent tolerability, coupled with maximum persistence and high ad-
herence. However, it is essential to recognize that regular monitoring and reassessment
of cardiovascular risk factors remain crucial in guiding ongoing management decisions.
Future studies should further explore the long-term efficacy and safety of this nutraceutical
formulation and its potential role in comprehensive cardiovascular risk reduction strategies.
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Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Roth, G.A.; Johnson, C.; Abajobir, A.; Abd-Allah, F.; Abera, S.F.; Abyu, G.; Ahmed, M.; Aksut, B.; Alam, T.; Alam, K.; et al.

Global, Regional, and National Burden of Cardiovascular Diseases for 10 Causes, 1990 to 2015. J. Am. Coll. Cardiol. 2017, 70, 1–25.
[CrossRef] [PubMed]

2. Yusuf, S.; Reddy, S.; Ôunpuu, S.; Anand, S. Global Burden of Cardiovascular Diseases. Circulation 2001, 104, 2855–2864. [CrossRef]
[PubMed]

3. Wang, W.; Jiang, B.; Sun, H.; Ru, X.; Sun, D.; Wang, L.; Wang, L.; Jiang, Y.; Li, Y.; Wang, Y.; et al. Prevalence, Incidence, and
Mortality of Stroke in China. Circulation 2017, 135, 759–771. [CrossRef] [PubMed]

4. Tardif, J.C.; Kouz, S.; Waters, D.D.; Bertrand, O.F.; Diaz, R.; Maggioni, A.P.; Pinto, F.J.; Ibrahim, R.; Gamra, H.; Kiwan, G.S.;
et al. Efficacy and Safety of Low-Dose Colchicine after Myocardial Infarction. N. Engl. J. Med. 2019, 381, 2497–2505. [CrossRef]
[PubMed]

5. Nidorf, S.M.; Eikelboom, J.W.; Budgeon, C.A.; Thompson, P.L. Low-dose colchicine for secondary prevention of cardiovascular
disease. J. Am. Coll. Cardiol. 2013, 61, 404–410. [CrossRef] [PubMed]

6. Ridker, P.M.; Everett, B.M.; Thuren, T.; MacFadyen, J.G.; Chang, W.H.; Ballantyne, C.; Fonseca, F.; Nicolau, J.; Koenig, W.; Anker,
S.D.; et al. Antiinflammatory Therapy with Cana-kinumab for Atherosclerotic Disease. N. Engl. J. Med. 2017, 377, 1119–1131.
[CrossRef] [PubMed]

7. Falco, L.; Tessitore, V.; Ciccarelli, G.; Malvezzi, M.; D’Andrea, A.; Imbalzano, E.; Golino, P.; Russo, V. Antioxidant Properties of
Oral Antithrombotic Therapies in Atherosclerotic Disease and Atrial Fibrillation. Antioxidants 2023, 12, 1185. [CrossRef]

8. Ference, B.A.; Ginsberg, H.N.; Graham, I.; Ray, K.K.; Packard, C.J.; Bruckert, E.; Hegele, R.A.; Krauss, R.M.; Raal, F.J.; Schunkert,
H.; et al. Low-density lipoproteins cause atherosclerotic cardiovascular disease. 1. Evidence from genetic, epidemiologic, and
clinical studies. A consensus statement from the European Atherosclerosis Society Consensus Panel. Eur. Heart J. 2017, 38,
2459–2472. [CrossRef] [PubMed]

9. Barter, P.J.; Caulfield, M.; Eriksson, M.; Grundy, S.M.; Kastelein, J.J.; Komajda, M.; Lopez-Sendon, J.; Mosca, L.; Tardif, J.C.; Waters,
D.D.; et al. Effects of Torcetrapib in Patients at High Risk for Coronary Events. N. Engl. J. Med. 2007, 357, 2109–2122. [CrossRef]

https://doi.org/10.1016/j.jacc.2017.04.052
https://www.ncbi.nlm.nih.gov/pubmed/28527533
https://doi.org/10.1161/hc4701.099488
https://www.ncbi.nlm.nih.gov/pubmed/11733407
https://doi.org/10.1161/CIRCULATIONAHA.116.025250
https://www.ncbi.nlm.nih.gov/pubmed/28052979
https://doi.org/10.1056/NEJMoa1912388
https://www.ncbi.nlm.nih.gov/pubmed/31733140
https://doi.org/10.1016/j.jacc.2012.10.027
https://www.ncbi.nlm.nih.gov/pubmed/23265346
https://doi.org/10.1056/NEJMoa1707914
https://www.ncbi.nlm.nih.gov/pubmed/28845751
https://doi.org/10.3390/antiox12061185
https://doi.org/10.1093/eurheartj/ehx144
https://www.ncbi.nlm.nih.gov/pubmed/28444290
https://doi.org/10.1056/NEJMoa0706628


Pharmaceuticals 2024, 17, 447 10 of 13

10. Baigent, C.; Keech, A.; Kearney, P.M.; Blackwell, L.; Buck, G.; Pollicino, C.; Kirby, A.; Sourjina, T.; Peto, R.; Collins, R.; et al. Efficacy
and safety of cholesterol-lowering treatment: Prospective meta-analysis of data from 90,056 participants in 14 randomised trials
of statins. Lancet 2005, 366, 1267–1278.

11. Fulcher, J.; O’Connell, R.; Voysey, M.; Emberson, J.; Blackwell, L.; Mihaylova, B.; Simes, J.; Collins, R.; Kirby, A.; Colhoun, H.; et al.
Efficacy and safety of LDL-lowering therapy among men and women: Meta-analysis of individual data from 174,000 participants
in 27 randomised trials. Lancet 2015, 385, 1397–1405. [PubMed]

12. Ference, B.A.; Kastelein, J.J.; Ray, K.K.; Ginsberg, H.N.; Chapman, M.J.; Packard, C.J.; Laufs, U.; Oliver-Williams, C.; Wood, A.M.;
Butterworth, A.S.; et al. Association of Triglyceride-Lowering LPL Variants and LDL-C–Lowering LDLR Variants with Risk of
Coronary Heart Disease. JAMA 2019, 321, 364. [CrossRef] [PubMed]

13. Raygor, V.; Khera, A. New Recommendations and Revised Concepts in Recent Guidelines on the Management of Dyslipidemias to
Prevent Cardiovascular Disease: The 2018 ACC/AHA and 2019 ESC/EAS Guidelines. Curr. Cardiol. Rep. 2020, 22, 87. [CrossRef]
[PubMed]

14. Catapano, A.L.; Graham, I.; De Backer, G.; Wiklund, O.; Chapman, M.J.; Drexel, H.; Hoes, A.W.; Jennings, C.S.; Landmesser,
U.; Pedersen, T.R.; et al. 2016 ESC/EAS Guidelines for the Management of Dyslipidaemias. Atherosclerosis 2016, 253, 281–344.
[CrossRef] [PubMed]

15. Jacobson, T.A.; Maki, K.C.; Orringer, C.E.; Jones, P.H.; Kris-Etherton, P.; Sikand, G.; La Forge, R.; Daniels, S.R.; Wilson, D.P.;
Morris, P.B.; et al. National Lipid Association Recommendations for Patient-Centered Management of Dyslipidemia: Part 2. J.
Clin. Lipidol. 2015, 9, S1–S122.e1. [CrossRef] [PubMed]

16. Estruch, R.; Ros, E.; Salas-Salvadó, J.; Covas, M.I.; Corella, D.; Arós, F.; Gómez-Gracia, E.; Ruiz-Gutiérrez, V.; Fiol, M.; Lapetra, J.;
et al. Primary Prevention of Cardiovascular Disease with a Mediterranean Diet. N. Engl. J. Med. 2013, 368, 1279–1290. [CrossRef]
[PubMed]

17. Sialvera, T.E.; Papadopoulou, A.; Efstathiou, S.P.; Trautwein, E.A.; Ras, R.T.; Kollia, N.; Farajian, P.; Goumas, G.; Dimakopoulos, I.;
Papavasiliou, K.; et al. Structured advice provided by a dietitian increases adherence of consumers to diet and lifestyle changes
and lowers blood low-density lipoprotein (LDL)-cholesterol: The Increasing Adherence of Consumers to Diet & Lifestyle Changes
to Lower (LDL) Cholesterol (ACT) randomised controlled trial. J. Hum. Nutr. Diet. 2018, 31, 197–208. [PubMed]

18. Schoeneck, M.; Iggman, D. The effects of foods on LDL cholesterol levels: A systematic review of the accumulated evidence
from systematic reviews and meta-analyses of randomized controlled trials. Nutr. Metab. Cardiovasc. Dis. 2021, 31, 1325–1338.
[CrossRef]

19. Cicero, A.F.G.; Colletti, A. Combinations of phytomedicines with different lipid lowering activity for dyslipidemia management:
The available clinical data. Phytomedicine 2016, 23, 1113–1118. [CrossRef]

20. Cicero, A.F.G.; Ferroni, A.; Ertek, S. Tolerability and safety of commonly used dietary supplements and nutraceuticals with
lipid-lowering effects. Expert Opin. Drug. Saf. 2012, 11, 753–766. [CrossRef]

21. Cicero, A.F.G.; Parini, A.; Rosticci, M. Nutraceuticals and cholesterol-lowering action. IJC Metab. Endocr. 2015, 6, 1–4. [CrossRef]
22. Ma, J.; Li, Y.; Ye, Q.; Li, J.; Hua, Y.; Ju, D.; Zhang, D.; Cooper, R.; Chang, M. Constituents of Red Yeast Rice, a Traditional Chinese

Food and Medicine. J. Agric. Food Chem. 2000, 48, 5220–5225. [CrossRef]
23. Cicero, A.F.G.; Fogacci, F.; Banach, M. Red Yeast Rice for Hypercholesterolemia. Methodist Debakey Cardiovasc. J. 2019, 15, 192.

[CrossRef] [PubMed]
24. Cicero, A.F.; Fogacci, F.; Stoian, A.P.; Vrablik, M.; Al Rasadi, K.; Banach, M.; Toth, P.P.; Rizzo, M. Nutraceuticals in the Management

of Dyslipidemia: Which, When, and for Whom? Could Nutraceuticals Help Low-Risk Individuals with Non-optimal Lipid
Levels? Curr. Atheroscler. Rep. 2021, 23, 57. [CrossRef] [PubMed]

25. Banach, M.; Catapano, A.L.; Cicero, A.F.G.; Escobar, C.; Foger, B.; Katsiki, N.; Latkovskis, G.; Rakowski, M.; Reiner, Z.; Sahebkar,
A.; et al. Red yeast rice for dyslipidaemias and cardiovascular risk reduction: A position paper of the International Lipid Expert
Panel. Pharmacol. Res. 2022, 183, 106370. [CrossRef]

26. Alberts, A.W. Discovery, biochemistry and biology of lovastatin. Am. J. Cardiol. 1988, 62, 10J–15J. [CrossRef]
27. Li, Y.G.; Zhang, F.; Wang, Z.T.; Hu, Z.B. Identification and chemical profiling of monacolins in red yeast rice using high-

performance liquid chromatography with photodiode array detector and mass spectrometry. J. Pharm. Biomed. Anal. 2004, 35,
1101–1112. [CrossRef]

28. Beltrán, D.; Frutos-Lisón, M.D.; Espín, J.C.; GarcíaVillalba, R. Re-examining the role of the gut microbiota in the conversion of the
lipid-lowering statin monacolin K (lovastatin) into its active bhydroxy acid metabolite. Food Funct. 2019, 10, 1787–1791. [CrossRef]

29. Gerards, M.C.; Terlou, R.J.; Yu, H.; Koks, C.H.W.; Gerdes, V.E.A. Traditional Chinese lipid-lowering agent red yeast rice results in
significant LDL reduction but safety is uncertain—A systematic review and meta-analysis. Atherosclerosis 2015, 240, 415–423.
[CrossRef]

30. Irmak, S.; Dunford, N.T. Policosanol Contents and Compositions of Wheat Varieties. J. Agric. Food Chem. 2005, 53, 5583–5586.
[CrossRef]

31. Nam, D.E.; Yun, J.M.; Kim, D.; Kim, O.K. Policosanol Attenuates Cholesterol Synthesis via AMPK Activation in Hypercholes-
terolemic Rats. J. Med. Food 2019, 22, 1110–1117. [CrossRef]

32. Marinangeli, C.P.F.; Jones, P.J.H.; Kassis, A.N.; Eskin, M.N.A. Policosanols as Nutraceuticals: Fact or Fiction. Crit. Rev. Food Sci.
Nutr. 2010, 50, 259–267. [CrossRef] [PubMed]

https://www.ncbi.nlm.nih.gov/pubmed/25579834
https://doi.org/10.1001/jama.2018.20045
https://www.ncbi.nlm.nih.gov/pubmed/30694319
https://doi.org/10.1007/s11886-020-01331-z
https://www.ncbi.nlm.nih.gov/pubmed/32647997
https://doi.org/10.1016/j.atherosclerosis.2016.08.018
https://www.ncbi.nlm.nih.gov/pubmed/27594540
https://doi.org/10.1016/j.jacl.2015.09.002
https://www.ncbi.nlm.nih.gov/pubmed/26699442
https://doi.org/10.1056/NEJMoa1200303
https://www.ncbi.nlm.nih.gov/pubmed/23432189
https://www.ncbi.nlm.nih.gov/pubmed/28891084
https://doi.org/10.1016/j.numecd.2020.12.032
https://doi.org/10.1016/j.phymed.2015.10.011
https://doi.org/10.1517/14740338.2012.705827
https://doi.org/10.1016/j.ijcme.2014.10.009
https://doi.org/10.1021/jf000338c
https://doi.org/10.14797/mdcj-15-3-192
https://www.ncbi.nlm.nih.gov/pubmed/31687098
https://doi.org/10.1007/s11883-021-00955-y
https://www.ncbi.nlm.nih.gov/pubmed/34345932
https://doi.org/10.1016/j.phrs.2022.106370
https://doi.org/10.1016/0002-9149(88)90002-1
https://doi.org/10.1016/j.jpba.2004.04.004
https://doi.org/10.1039/C8FO02594K
https://doi.org/10.1016/j.atherosclerosis.2015.04.004
https://doi.org/10.1021/jf050508r
https://doi.org/10.1089/jmf.2019.4491
https://doi.org/10.1080/10408391003626249
https://www.ncbi.nlm.nih.gov/pubmed/20301014


Pharmaceuticals 2024, 17, 447 11 of 13

33. Ishaka, A.; Umar Imam, M.; Mahamud, R.; Zuki, A.B.; Maznah, I. Characterization of rice bran wax policosanol and its
nanoemulsion formulation. Int. J. Nanomed. 2014, 9, 2261–2269. [CrossRef] [PubMed]

34. Haim, D.; Valenzuela, A.; Brañes, M.C.; Fuenzalida, M.; Videla, L.A. The oleic acid esterification of policosanol increases its
bioavailability and hypocholesterolemic action in rats. Grasas Aceites 2012, 63, 345–354. [CrossRef]

35. Chang, W.; Li, K.; Guan, F.; Yao, F.; Yu, Y.; Zhang, M.; Hatch, G.M.; Chen, L. Berberine Pretreatment Confers Cardioprotection
Against Ischemia-Reperfusion Injury in a Rat Model of Type 2 Diabetes. J. Cardiovasc. Pharmacol. Ther. 2016, 21, 486–494.
[CrossRef] [PubMed]

36. Richter, E.A.; Ruderman, N.B. AMPK and the biochemistry of exercise: Implications for human health and disease. Biochem. J.
2009, 418, 261–275. [CrossRef] [PubMed]

37. Skarydova, L.; Hofman, J.; Chlebek, J.; Havrankova, J.; Kosanova, K.; Skarka, A.; Hostalkova, A.; Plucha, T.; Cahlikova, L.; Wsol,
V. Isoquinoline alkaloids as a novel type of AKR1C3 inhibitors. J. Steroid. Biochem. Mol. Biol. 2014, 143, 250–258. [CrossRef]

38. Cicero, A.; Ertek, S. Metabolic and cardiovascular effects of berberine: From preclinical evidences to clinical trial results. Clin.
Lipidol. 2009, 4, 553–563. [CrossRef]

39. Wang, K.; Feng, X.; Chai, L.; Cao, S.; Qiu, F. The metabolism of berberine and its contribution to the pharmacological effects. Drug.
Metab. Rev. 2017, 49, 139–157. [CrossRef]

40. Caliceti, C.; Franco, P.; Spinozzi, S.; Roda, A.; Cicero, A.F. Berberine: New Insights from Pharmacological Aspects to Clinical
Evidences in the Management of Metabolic Disorders. Curr. Med. Chem. 2016, 23, 1460–1476. [CrossRef]

41. Zuo, F.; Nakamura, N.; Akao, T.; Hattori, M. Pharmacokinetics of berberine and its main metabolites in conventional and pseudo
germ-free rats determined by liquid chromatography/ion trap mass spectrometry. Drug. Metab. Dispos. 2006, 34, 2064–2072.
[CrossRef] [PubMed]

42. Zhang, Z.; Li, X.; Sang, S.; McClements, D.J.; Chen, L.; Long, J.; Jiao, A.; Jin, Z.; Qiu, C. Polyphenols as Plant-Based Nutraceuticals:
Health Effects, Encapsulation, Nano-Delivery, and Application. Foods 2022, 11, 2189. [CrossRef] [PubMed]

43. Maxwell, S.; Cruickshank, A.; Thorpe, G. Red wine and antioxidant activity in serum. Lancet 1994, 344, 193–194. [CrossRef]
[PubMed]

44. Kendall, M.J.; Nuttall, S.L.; Martin, U. Antioxidant therapy—A new therapeutic option for reducing mortality from coronary
artery disease. J. Clin. Pharm. Ther. 1998, 23, 323–325. [CrossRef] [PubMed]

45. Fuhrman, B.; Lavy, A.; Aviram, M. Consumption of red wine with meals reduces the susceptibility of human plasma and
low-density lipoprotein to lipid peroxidation. Am. J. Clin. Nutr. 1995, 61, 549–554. [CrossRef]

46. Abu-Amsha, R.; Croft, K.D.; Puddey, I.B.; Proudfoot, J.M.; Beilin, L.J. Phenolic Content of Various Beverages Determines the
Extent of Inhibition of Human Serum and Low-Density Lipoprotein Oxidation In Vitro: Identification and Mechanism of Action
of Some Cinnamic Acid Derivatives from Red Wine. Clin. Sci. 1996, 91, 449–458. [CrossRef] [PubMed]

47. Facino, R.; Carini, M.; Aldini, G.; Calloni, M.; Bombardelli, E.; Morazzoni, P. Sparing Effect of Procyanidins from Vitis vinifera on
Vitamin E: In vitro Studies. Planta Med. 1998, 64, 343–347. [CrossRef] [PubMed]

48. Nuttall, S.L.; Kendall, M.J.; Bombardelli, E.; Morazzoni, P. An evaluation of the antioxidant activity of a standardized grape seed
extract, Leucoselect®. J. Clin. Pharm. Ther. 1998, 23, 385–389. [CrossRef] [PubMed]

49. Barani, M.; Sangiovanni, E.; Angarano, M.; Rajizadeh, M.A.; Mehrabani, M.; Piazza, S.; Gangadharappa, H.V.; Pardakhty, A.;
Mehrbani, M.; Dell’Agli, M.; et al. Phytosomes as Innovative Delivery Systems for Phytochemicals: A Comprehensive Review of
Literature. Int. J. Nanomed. 2021, 16, 6983–7022. [CrossRef]

50. Mao, J.T.; Xue, B.; Fan, S.; Neis, P.; Qualls, C.; Massie, L.; Fiehn, O. Leucoselect Phytosome Modulates Serum Eicosapentaenoic
Acid, Docosahexaenoic Acid, and Prostaglandin E3 in a Phase I Lung Cancer Chemoprevention Study. Cancer Prev. Res. 2021, 14,
619–626. [CrossRef]

51. Cicero, A.F.G.; D’Addato, S.; Borghi, C. A Randomized, Double-Blinded, Placebo-Controlled, Clinical Study of the Effects of a
Nutraceutical Combination (LEVELIP DUO®) on LDL Cholesterol Levels and Lipid Pattern in Subjects with Sub-Optimal Blood
Cholesterol Levels (NATCOL Study). Nutrients 2020, 12, 3127. [CrossRef] [PubMed]

52. Ruscica, M.; Pavanello, C.; Gandini, S.; Macchi, C.; Botta, M.; Dall’Orto, D.; Del Puppo, M.; Bertolotti, M.; Bosisio, R.; Mombelli, G.;
et al. Nutraceutical approach for the management of cardiovascular risk—A combination containing the probiotic Bifidobacterium
longum BB536 and red yeast rice extract: Results from a randomized, double-blind, placebo-controlled study. Nutr. J. 2019, 18, 13.
[CrossRef]

53. Affuso, F.; Ruvolo, A.; Micillo, F.; Saccà, L.; Fazio, S. Effects of a nutraceutical combination (berberine, red yeast rice and polico-
sanols) on lipid levels and endothelial function randomized, double-blind, placebo-controlled study. Nutr. Metab. Cardiovasc. Dis.
2010, 20, 656–661. [CrossRef]

54. Marazzi, G.; Cacciotti, L.; Pelliccia, F.; Iaia, L.; Volterrani, M.; Caminiti, G.; Sposato, B.; Massaro, R.; Grieco, F.; Rosano, G.
Long-term effects of nutraceuticals (berberine, red yeast rice, policosanol) in elderly hypercholesterolemic patients. Adv. Ther.
2011, 28, 1105–1113. [CrossRef]

55. Cicero, A.F.G.; De Sando, V.; Benedetto, D.; Cevenini, M.; Grandi, E.; Borghi, C. Long-term efficacy and tolerability of a
multicomponent lipid-lowering nutraceutical in overweight and normoweight patients. Nutrafoods 2012, 11, 55–61. [CrossRef]

56. Gonnelli, S.; Caffarelli, C.; Stolakis, K.; Cuda, C.; Giordano, N.; Nuti, R. Efficacy and Tolerability of a Nutraceutical Combination
(Red Yeast Rice, Policosanols, and Berberine) in Patients with Low-Moderate Risk Hypercholesterolemia: A Double-Blind,
Place-bo-Controlled Study. Curr. Ther. Res. Clin. Exp. 2015, 77, 1–6. [CrossRef] [PubMed]

https://doi.org/10.2147/IJN.S56999
https://www.ncbi.nlm.nih.gov/pubmed/24872689
https://doi.org/10.3989/gya.010612
https://doi.org/10.1177/1074248415627873
https://www.ncbi.nlm.nih.gov/pubmed/26846272
https://doi.org/10.1042/BJ20082055
https://www.ncbi.nlm.nih.gov/pubmed/19196246
https://doi.org/10.1016/j.jsbmb.2014.04.005
https://doi.org/10.2217/clp.09.41
https://doi.org/10.1080/03602532.2017.1306544
https://doi.org/10.2174/0929867323666160411143314
https://doi.org/10.1124/dmd.106.011361
https://www.ncbi.nlm.nih.gov/pubmed/16956957
https://doi.org/10.3390/foods11152189
https://www.ncbi.nlm.nih.gov/pubmed/35892774
https://doi.org/10.1016/S0140-6736(94)92795-2
https://www.ncbi.nlm.nih.gov/pubmed/7912786
https://doi.org/10.1046/j.1365-2710.1998.00179.x
https://www.ncbi.nlm.nih.gov/pubmed/9875678
https://doi.org/10.1093/ajcn/61.3.549
https://doi.org/10.1042/cs0910449
https://www.ncbi.nlm.nih.gov/pubmed/8983870
https://doi.org/10.1055/s-2006-957448
https://www.ncbi.nlm.nih.gov/pubmed/9619118
https://doi.org/10.1046/j.1365-2710.1998.00180.x
https://www.ncbi.nlm.nih.gov/pubmed/9875688
https://doi.org/10.2147/IJN.S318416
https://doi.org/10.1158/1940-6207.CAPR-20-0585
https://doi.org/10.3390/nu12103127
https://www.ncbi.nlm.nih.gov/pubmed/33066334
https://doi.org/10.1186/s12937-019-0438-2
https://doi.org/10.1016/j.numecd.2009.05.017
https://doi.org/10.1007/s12325-011-0082-5
https://doi.org/10.1007/s13749-012-0018-y
https://doi.org/10.1016/j.curtheres.2014.07.003
https://www.ncbi.nlm.nih.gov/pubmed/26649075


Pharmaceuticals 2024, 17, 447 12 of 13

57. Ruscica, M.; Gomaraschi, M.; Mombelli, G.; Macchi, C.; Bosisio, R.; Pazzucconi, F.; Pavanello, C.; Calabresi, L.; Arnoldi, A.; Sirtori,
C.R.; et al. Nutraceutical approach to moderate car-diometabolic risk: Results of a randomized, double-blind and crossover study
with Armolipid Plus. J. Clin. Lipidol. 2014, 8, 61–68. [CrossRef]

58. Sola, R.; Valls, R.M.; Puzo, J.; Calabuig, J.R.; Brea, A.; Pedret, A.; Morina, D.; Villar, J.; Millan, J.; Anguera, A. Effects of poly-
bioactive compounds on lipid profile and body weight in a moderately hypercholesterolemic population with low cardiovascular
disease risk: A multicenter randomized trial. PLoS ONE 2014, 9, e101978. [CrossRef]

59. Barrios, V.; Escobar, C.; Cicero, A.F.G.; Burke, D.; Fasching, P.; Banach, M.; Bruckert, E. A nutraceutical approach (Armolipid
Plus) to reduce total and LDL cholesterol in individuals with mild to moderate dyslipidemia: Review of the clinical evidence.
Atheroscler. Suppl. 2017, 24, 1–15. [CrossRef] [PubMed]

60. Ras, R.T.; Fuchs, D.; Koppenol, W.P.; Schalkwijk, C.G.; Otten-Hofman, A.; Garczarek, U.; Greyling, A.; Wagner, F.; Trautwein, E.A.
Effect of a plant sterol-enriched spread on biomarkers of endothelial dysfunction and low-grade inflammation in hypercholes-
terolaemic subjects. J. Nutr. Sci. 2016, 5, e44. [CrossRef]

61. Rocha, V.Z.; Ras, R.T.; Gagliardi, A.C.; Mangili, L.C.; Trautwein, E.A.; Santos, R.D. Effects of phytosterols on markers of
inflammation: A systematic review and meta-analysis. Atherosclerosis 2016, 248, 76–83. [CrossRef]

62. Ho, X.L.; Liu, J.J.H.; Loke, W.M. Plant sterol-enriched soy milk consumption modulates 5-lipoxygenase, 12-lipoxygenase, and
myeloperoxidase activities in healthy adults—A randomized-controlled trial. Free Radic. Res. 2016, 50, 1396–1407. [CrossRef]

63. Vilahur, G.; Ben-Aicha, S.; Diaz-Riera, E.; Badimon, L.; Padró, T. Phytosterols and Inflammation. Curr. Med. Chem. 2018, 26,
6724–6734. [CrossRef] [PubMed]

64. Domenech, M.; Casas, R.; Ruiz-León, A.M.; Sobrino, J.; Ros, E.; Estruch, R. Effects of a Novel Nutraceutical Combination (Aquilea
Colesterol®) on the Lipid Profile and Inflammatory Biomarkers: A Randomized Control Trial. Nutrients 2019, 11, 949. [CrossRef]
[PubMed]

65. Albert, M.A.; Danielson, E.; Rifai, N.; Ridker, P.M.; PRINCE Investigators. Effect of statin therapy on C-reactive protein levels: The
pravastatin inflammation/CRP evaluation (PRINCE): A randomized trial and cohort study. JAMA 2001, 286, 64–70. [CrossRef]

66. Cicero, A.F.; Morbini, M.; Parini, A.; Urso, R.; Rosticci, M.; Grandi, E.; Borghi, C. Effect of red yeast rice combined with antioxidants
on lipid pattern, hs-CRP level, and endothelial function in moderately hypercholesterolemic subjects. Ther. Clin. Risk Manag.
2016, 12, 281–286. [CrossRef]

67. Badimon, L.; Peña, E.; Arderiu, G.; Padró, T.; Slevin, M.; Vilahur, G.; Chiva-Blanch, G. C-reactive protein in atherothrombosis and
angiogenesis. Front. Immunol. 2018, 9, 430. [CrossRef]

68. Russo, V.; Fabiani, D.; Leonardi, S.; Attena, E.; D’Alterio, G.; Cotticelli, C.; Rago, A.; Sarpa, S.; Maione, B.; D’Onofrio, A.; et al.
Dual Pathway Inhibition with Rivaroxaban and Aspirin Reduces Inflammatory Biomarkers in Atherosclerosis. J. Cardiovasc.
Pharmacol. 2023, 81, 129–133. [CrossRef] [PubMed]

69. Cardillo, G.; Viggiano, G.V.; Russo, V.; Mangiacapra, S.; Cavalli, A.; Castaldo, G.; Agrusta, F.; Bellizzi, A.; Amitrano, M.; Iannuzzo,
M.; et al. Antithrombotic and Anti-Inflammatory Effects of Fondaparinux and Enoxaparin in Hospitalized COVID-19 Patients:
The FONDENOXAVID Study. J. Blood Med. 2021, 12, 69–75. [CrossRef]

70. Conte, M.; Petraglia, L.; Campana, P.; Gerundo, G.; Caruso, A.; Grimaldi, M.G.; Russo, V.; Attena, E.; Leosco, D.; Parisi, V. The
role of inflammation and metabolic risk factors in the pathogenesis of calcific aortic valve stenosis. Aging Clin. Exp. Res. 2021, 33,
1765–1770. [CrossRef]

71. Conte, M.; Petraglia, L.; Poggio, P.; Valerio, V.; Cabaro, S.; Campana, P.; Comentale, G.; Attena, E.; Russo, V.; Pilato, E.; et al.
Inflammation and Cardiovascular Diseases in the Elderly: The Role of Epicardial Adipose Tissue. Front. Med. 2022, 9, 844266.
[CrossRef] [PubMed]

72. Caso, V.M.; Manzo, V.; Pecchillo Cimmino, T.; Conti, V.; Caso, P.; Esposito, G.; Russo, V.; Filippelli, A.; Ammendola, R.; Cattaneo,
F. Regulation of Inflammation and Oxidative Stress by Formyl Peptide Receptors in Cardiovascular Disease Progression. Life
2021, 11, 243. [CrossRef] [PubMed]

73. Russo, V.; Fabiani, D. Put out the fire: The pleiotropic anti-inflammatory action of non-vitamin K oral anticoagulants. Pharmacol.
Res. 2022, 182, 106335. [CrossRef] [PubMed]

74. Russo, V.; Falco, L.; Tessitore, V.; Mauriello, A.; Catapano, D.; Napolitano, N.; Tariq, M.; Caturano, A.; Ciccarelli, G.; D’Andrea,
A.; et al. Anti-Inflammatory and Anticancer Effects of Anticoagulant Therapy in Patients with Malignancy. Life 2023, 13, 1888.
[CrossRef] [PubMed]

75. Vigna, G.B.; Costantini, F.; Aldini, G.; Carini, M.; Catapano, A.; Schena, F.; Tangerini, A.; Zanca, R.; Bombardelli, E.; Morazzoni,
P.; et al. Effect of a standardized grape seed extract on low-density lipoprotein susceptibility to oxidation in heavy smokers.
Metabolism 2003, 52, 1250–1257. [CrossRef] [PubMed]

76. Evans, M.; Wilson, D.; Guthrie, N. A randomized, double-blind, placebo-controlled, pilot study to evaluate the effect of whole
grape extract on antioxidant status and lipid profile. J. Funct. Foods 2014, 7, 680–691. [CrossRef]

77. Kar, P.; Laight, D.; Rooprai, H.K.; Shaw, K.M.; Cummings, M. Effects of grape seed extract in Type 2 diabetic subjects at
high cardiovascular risk: A double blind randomized placebo controlled trial examining metabolic markers, vascular tone,
inflammation, oxidative stress and insulin sensitivity. Diabet. Med. 2009, 26, 526–531. [CrossRef] [PubMed]

78. Ursini, F.; Tubaro, F.; Rong, J.; Sevanian, A. Optimization of nutrition: Polyphenols and vascular protection. Nutr. Rev. 1999, 57,
241–249. [CrossRef]

https://doi.org/10.1016/j.jacl.2013.11.003
https://doi.org/10.1371/journal.pone.0101978
https://doi.org/10.1016/j.atherosclerosissup.2016.10.003
https://www.ncbi.nlm.nih.gov/pubmed/27998714
https://doi.org/10.1017/jns.2016.40
https://doi.org/10.1016/j.atherosclerosis.2016.01.035
https://doi.org/10.1080/10715762.2016.1252839
https://doi.org/10.2174/0929867325666180622151438
https://www.ncbi.nlm.nih.gov/pubmed/29932029
https://doi.org/10.3390/nu11050949
https://www.ncbi.nlm.nih.gov/pubmed/31035469
https://doi.org/10.1001/jama.286.1.64
https://doi.org/10.2147/TCRM.S91817
https://doi.org/10.3389/fimmu.2018.00430
https://doi.org/10.1097/FJC.0000000000001382
https://www.ncbi.nlm.nih.gov/pubmed/36607629
https://doi.org/10.2147/JBM.S285214
https://doi.org/10.1007/s40520-020-01681-2
https://doi.org/10.3389/fmed.2022.844266
https://www.ncbi.nlm.nih.gov/pubmed/35242789
https://doi.org/10.3390/life11030243
https://www.ncbi.nlm.nih.gov/pubmed/33804219
https://doi.org/10.1016/j.phrs.2022.106335
https://www.ncbi.nlm.nih.gov/pubmed/35781059
https://doi.org/10.3390/life13091888
https://www.ncbi.nlm.nih.gov/pubmed/37763292
https://doi.org/10.1016/S0026-0495(03)00192-6
https://www.ncbi.nlm.nih.gov/pubmed/14564675
https://doi.org/10.1016/j.jff.2013.12.017
https://doi.org/10.1111/j.1464-5491.2009.02727.x
https://www.ncbi.nlm.nih.gov/pubmed/19646193
https://doi.org/10.1111/j.1753-4887.1999.tb06951.x


Pharmaceuticals 2024, 17, 447 13 of 13

79. Gabetta, B.; Fuzzati, N.; Griffini, A.; Lolla, E.; Pace, R.; Ruffilli, T.; Peterlongo, F. Characterization of proanthocyanidins from
grape seeds. Fitoterapia 2000, 71, 162–175. [CrossRef]

80. Mao, J.T.; Smoake, J.; Park, H.K.; Lu, Q.Y.; Xue, B. Grape Seed Procyanidin Extract Mediates Antineoplastic Effects against Lung
Cancer via Modulations of Prostacyclin and 15-HETE Eicosanoid Pathways. Cancer Prev. Res. 2016, 9, 925–932. [CrossRef]

81. Niki, E. Do free radicals play causal role in atherosclerosis? Low density lipoprotein oxidation and vitamin E revisited. J. Clin.
Biochem. Nutr. 2011, 48, 3. [CrossRef] [PubMed]

82. Mach, F.; Baigent, C.; Catapano, A.L.; Koskinas, K.C.; Casula, M.; Badimon, L.; Chapman, M.J.; De Backer, G.G.; Delgado, V.;
Ference, B.A.; et al. 2019 ESC/EAS Guidelines for the management of dyslipidaemias: Lipid modification to reduce cardiovascular
risk. Eur. Heart J. 2020, 41, 111–188. [CrossRef] [PubMed]

83. Foglietto Illustrativo.net. Available online: https://www.fogliettoillustrativo.net/bugiardino/ostacol-30cps-921581803 (accessed
on 21 March 2024).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/S0367-326X(99)00161-6
https://doi.org/10.1158/1940-6207.CAPR-16-0122
https://doi.org/10.3164/jcbn.11-007FR
https://www.ncbi.nlm.nih.gov/pubmed/21297905
https://doi.org/10.1093/eurheartj/ehz455
https://www.ncbi.nlm.nih.gov/pubmed/31504418
https://www.fogliettoillustrativo.net/bugiardino/ostacol-30cps-921581803

	Introduction 
	Results 
	Discussion 
	Nutritional Intervention 
	Lipid Lowering Nutraceuticals 
	Clinical Studies 

	Materials and Methods 
	Conclusions 
	References

