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The short-term supplementation of monacolin
K improves the lipid and metabolic patterns of
hypertensive and hypercholesterolemic subjects
at low cardiovascular risk

Alberto Mazza, & ** Laura Schiavon,® Gianluca Rigatelli,® Gioia Torin,¢
Fabio Montanaro ) © and Salvatore Lentif

Background — The clinical hypocholesterolemic effect of nutraceutical compounds (NCs) containing red
yeast rice extracts providing a daily dose of 2.5-10 mg of monacolin K is now well established. For this
reason, NCs may be a viable alternative to the statin drugs commonly used to lower cholesterol levels.
However, in order to avoid some possible statin-like side effects, most NCs available on the market
contain low doses of monacolin K, which could reduce their efficacy. The aim of this study was to investi-
gate the efficacy and safety of a NC containing high doses of monacolin K (10 mg) in improving the lipid
profile and glucose metabolism when added to the diet versus the diet alone in a group of hypertensive
and hyper-cholesterolemic subjects at low cardiovascular risk. Methods — Thirty subjects with grade-1
essential hypertension (mean age 51.5 + 7.8 years, 62.9% males) were enrolled in the treatment group
(NC group). These subjects followed a programmed diet and took one tablet a day of a NC containing red
yeast rice, policosanols, resveratrol and chromium picolinate for 1 month and were compared with an
equivalent group of subjects that followed only a diet program. Differences in serum total cholesterol
(TC), low-density- and high-density-lipoprotein cholesterol (LDLC and HDLC), triglycerides (TG) and
blood glucose between groups were compared by analysis of variance. Results — In both groups, a signifi-
cant reduction of TC, TG and LDLC was observed. In the treatment group from the baseline to the
follow-up the reduction of TC (230.93 + 28.0 vs. 188.63 + 18.1, p < 0.001) and LDLC (153.10 + 22.5 vs.
116.54 + 17.7, p < 0.001) was significantly greater compared to the control group (differences between
treatments = 9.19% and 12.29%, respectively); in addition a significant higher reduction in blood glucose
(89.1+ 7.6 vs. 83.7 + 4.6, p < 0.001) was also observed (differences between treatments = 4.28%). HDLC
levels remained unchanged in both groups. Conclusions — In summary, the NC containing high doses of
monacolin K appeared to be safe, well tolerated and effective at improving lipid and glucose patterns.

Introduction

Hypercholesterolemia is well known to be the main risk factor
for cardiovascular disease," which represents the most fre-
quent cause of mortality and morbidity in the world.
Cardiovascular risk seems to be correlated directly to blood
low-density lipoprotein cholesterol (LDLC) levels' and several
epidemiological studies and guidelines have highlighted a
relationship between atherosclerosis risk, myocardial infarc-
tion and LDLC levels,>® hence lowering LDLC levels could
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reduce cardiovascular risk. The primary preventive approach
would be a lifestyle change, with a particular attention to the
diet.*”” However, since it is not easy for everyone to change
their life habits, and above all, to maintain a healthy lifestyle
for a long time, many hypercholesterolemic subjects need to
take hypocholesterolemic drugs. Statins are the drugs of first

Food Funct.,, 2018, 9, 3845-3852 | 3845


www.rsc.li/food-function
http://orcid.org/0000-0003-2358-7759
http://orcid.org/0000-0002-1609-2216
http://crossmark.crossref.org/dialog/?doi=10.1039/c8fo00415c&domain=pdf&date_stamp=2018-07-12
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/c8fo00415c
https://pubs.rsc.org/en/journals/journal/FO
https://pubs.rsc.org/en/journals/journal/FO?issueid=FO009007

Open Access Article. Published on 21 June 2018. Downloaded on 3/13/2026 1:27:28 AM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Paper

choice to reduce high cholesterol levels, but in the clinical
practice, 10-15% of patients are found to be intolerant to any
statin drugs® and many other refuse them for fear of any
adverse events. In fact, statin drugs can cause possible side
effects such as muscle pain and damage,’ liver damage,'® dia-
betes'' and neurological problems.'” Various clinical trials
have proved that some nutraceutical blends can provide a
benefit, diminishing serum LDLC levels, thus representing a
viable natural alternative to statin drugs. In particular, in
recent years, research interest has been focusing on the poss-
ible lipid-lowering effects of red yeast rice (RYR) sup-
plements,>**'* so that their use is recommended in the ESC/
EAS guidelines and international documents.>'>'® RYR is pro-
duced by fermentation of white rice by the mold fungus
Monacus purpureus that, by its fermenting activity, enriches the
rice of a group of substances called monacolines, which
possess a marked and scientifically proven hypocholesterole-
mic activity. Among them, monacolin K (MK), which has a
structure identical to levostatin,'” inhibits the activity of
3-hydroxy-3-methylglutaryl coenzyme A reductase, a key
enzyme in cholesterol biosynthesis.”'® Another statin-like
property of RYR, containing a fraction of monacolin K, seems
to be the cardio-protective effect,'® likely due to a synergistic
effect of other products present in the nutraceutical blend.

RYR food supplements can vary in the quality and quantity
of their components,*® with the daily MK dose ranging from
2.5 to 10 mg. The European Food Safety Authority (EFSA)
defined 10 mg of MK as the daily intake dose that effectively
contributes to the maintenance of the blood cholesterol
level.>' Some case report studies have shown possible side
effects related to RYR administration, such as muscle weak-
ness and pain, which tend to subside upon cessation of the
treatment,*>** hepatitis, and symptoms like nausea, vomiting,
diarrhea, chills, and daily fever, which improved -clinically
after RYR discontinuation.®® Currently, most nutraceutical
compounds present on the market contain lower doses of MK
for fear that a high dose (10 mg) of MK could cause negative
side effects similar to those caused by statin drugs.
Nutraceutical compounds (NCs) with low doses of MK might
be safer, but they are likely less effective.

The aim of the present study was to investigate the efficacy
and safety of a NC containing a high dose (10 mg) of MK
added to the diet versus the diet alone, in improving the lipid
and glucose patterns in a group of hypertensive and hypercho-
lesterolemic subjects at low cardiovascular risk.

Materials and methods

A single site, randomized, open-label, post-market clinical
investigation was conducted in accordance with The
International Council on Harmonisation of Technical
Requirements for Registration of Pharmaceuticals for Human
Use Harmonized Tripartite Guideline for Good Clinical Practice
and according to the set of ethical principles laid down in the
Declaration of Helsinki. Subjects were consecutively enrolled in
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our Hypertension Centre after signing and endorsing the
informed consent form for the study participation. Enrolled
subjects were free to withdraw from the study at any time.

The study complied with all institutional and national
guidelines, as per the legislative decree no. 211/2013 (Decreto
legislativo 24 giugno 2003, n.211). The protocol was approved
by the local ethical committee (Comitato Etico dell’Azienda
ULSS 5 - Ethical committee of the ULSS 5 Agency) and all par-
ticipants provided written informed consent.

Inclusion and exclusion criteria

Eligible candidates were men and women aged >18 years, with
hypocholesterolemia evaluated as the total cholesterol serum
level >200 mg dI™* and the LDLC serum level range between
130 and 190 mg dI™".

Exclusion criteria were secondary forms of hypertension,
diabetes mellitus, presence of neoplastic or hepatic diseases,
chronic heart or renal failure, positive history or clinical signs
of ischemic heart disease, disabilities like dementia or
inability to cooperate, pregnancy or breast-feeding, use of lipid
lowering drugs and organ damage (left ventricular hypertrophy
diagnosed by electrocardiogram and carotid plaque by
ultrasonography).

Treatment and assessments

The study consisted of a one-month treatment period with two
time points for assessments: a baseline examination and a
final examination at the end of the treatment.

Sixty hypertensive and hypercholesterolemic subjects with
grade 1 essential hypertension were enrolled in two study
groups. A group was composed of 30 subjects that followed a
diet program and took one tablet a day of a nutraceutical
blend (Colenorm Plus®) for 1 month. Each tablet of this NC
was composed of: 333 mg red yeast rice (10 mg monacolin K),
20 mg policosanols (12 mg octacosanol), 20 mg resveratrol,
50 pg chromium picolinate and 3.15 mg black pepper (2.99 mg
piperine) added to the compound to increase the enteric level
absorption of resveratrol. The pill count method was used to
assess treatment compliance. A control group of 30 subjects
with similar characteristics followed only the diet program. The
prescribed diet was based on a standardized Mediterranean diet
regimen, including a high intake of fish, fruit, vegetables,
legumes, olive oil, unrefined whole grains and a moderate
intake of lean meats and alcohol.>® The recommended foods to
be consumed weekly are summarized in Table 1. Furthermore,
the participants had to avoid the consumption of the following
foods and ingredients: (1) added sugar (candies, ice cream and
table sugar); (2) refined grains (white bread and pasta made
with refined wheat); (3) trans fatty acids (i.e. margarine); (4)
refined oils (i.e. soybean oil) and (5) processed meat (processed
sausages and hot dogs). Participants filled dietary question-
naires and diet regimen compliance was checked by the ques-
tionnaire at follow-up (Table 2).

During the study period blood samples were taken twice: at
the beginning of the study (baseline visit) and at the end of
the study (follow-up visit, after one month of treatment), to
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Table 1 Weekly dietary regimen followed by the patients
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Foods 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day

Cereals 100 g 100 g 100 g 100 g 100 g 100 g 100 g
Vegetables, pasta 200 g fresh salad 150 g pasta 200 g fresh salad 200 g fresh salad 150 g pasta 200 g fresh salad 200 g fresh salad
and olive oils with olive oil with olive oil  with olive oil with olive oil with tomato  with olive oil with olive oil
Yogurt 150 g 150 g 150 g 150 g 150 g 150 g 150 g

Fruit 150 g fresh 150 g fresh 150 g fresh 150 g fresh 150 g fresh 150 g fresh 150 g fresh

Fish and meat 150 g fish 100 g meat 100 g fish 150 g fish 100 g meat 150 g fish 150 g fish

Red wine 1 glass 1 glass 1 glass 1 glass 1 glass 1 glass 1 glass

Eggs One — — One — — One

Cheese — 100 g 100 g — 100 g 100 g —

Table 2 Dietary intake data weekly in both the treatment groups, col-
lected through the answers of the dietary questionnaire

Control ~ Treatment  p-Values

All subjects  group group between
Foods (N=160) (N=30) (N=30) groups
Cereals (%) 84.0 76.7 95.0 0.087
Vegetables, pasta 96.0 96.7 95.0 0.645
and olive oils (%)
Yogurt (%) 78.0 73.3 85.0 0.269
Fruit (%) 92.0 90.0 95.0 0.472
Fish and meat (%)  74.0 76.7 70.0 0.418
Red wine (%) 82.0 76.7 90.0 0.207
Eggs (%) 80.0 86.7 70.0 0.140
Cheese (%) 94.0 93.3 95.0 0.651

assess the serum levels of total cholesterol (TC), LDLC and
high-density-lipoprotein cholesterol (HDLC), triglycerides (TG),
glucose, creatinine (SCr), aspartate aminotransferase (AST),
alanine aminotransferase (ALT) and creatine kinase (CK).
Fasting total cholesterol, triglycerides, HDLC, serum glycae-
mia, creatinine, CK and transaminase levels were measured by
the enzymatic method, while LDLC was calculated using
Friedewald’s formula. Moreover, Body Mass Index (BMI) was
calculated as the ratio of weight (in kilograms) to squared

height (in meters). In addition, the heart rate (HR), systolic
blood pressure (SBP) and diastolic blood pressure (DBP) were
measured for all study participants. Subjects were classified
into current smokers (>1 cigarette daily) and nonsmokers. The
general characteristics of the study group at the baseline are
shown in Table 3. BMI, AST, ALT, CK, glycaemia and SCr were
evaluated as safety parameters to be monitored. All subjects
had normal SCr levels at the baseline (<1.2 mg dI™" in men
and <0.9 mg d1™" in women).

Statistical analyses

Continuous variables were summarized as mean and standard
deviation, and compared with analysis of covariance (ANCOVA)
and the Bonferroni’s post hoc test. Comparison between categ-
orical variables was performed using the y* test. Analysis of
variance for repeated-measure was used to compare the mean
changes of serum lipids, glucose and BMI at the baseline and
at the follow-up visit.

It was estimated that a sample size of 23 subjects in each
group would have had a 90% power to detect a percent differ-
ence in means of 15 points in the total cholesterol between the
treatment groups at follow-up (i.e., a difference of about 7%
between a Group 1 mean, x4, of 210 and a Group 2 mean, x,,

Table 3 General characteristics of the study groups. MK 10: monacolin 10 mg. BP: blood pressure; SBP: systolic blood pressure; DBP: diastolic
blood pressure; TC: total cholesterol; HDLC and LDLC: high-density-lipoprotein and low-density-lipoprotein cholesterol; TG: triglycerides; SCr:
creatinine; AST: aspartate aminotransferase, ALT: alanine aminotransferase; CK: creatine kinase; SD: standard deviation

All subjects (mean + SD)

Control group (mean + SD)

Treatment group (mean + SD) p-Value between

(N=60) (N=130) (N =30) groups

Age (years) 52.2+7.9 53.0 + 8.1 51.5+7.8 NS
Men (%) 58.5 37.1 62.9 <0.01
Body mass index (kg m~?) 26.8 + 4.1 27.3+4.8 26.3 +3.0 NS
Clinic BP values

SBP (mmHg) 141.6 £ 6.0 140.1 £ 6.2 142.0 £ 5.8 NS

DBP (mmHg) 85.0 + 4.8 85.8 % 5.0 84.3 +4.9 NS
Heart rate (bpm) 76.5+ 6.8 77.1+6.6 76.0 7.0 NS
TC (mg dI™h) 233.9 +22.6 236.8 + 15.6 231.0 + 28.0 NS
LDLC (mg dI™) 153.4 +18.3 153.8 + 13.2 153.1 + 22.5 NS
HDLC (mg dI™?) 52.9 +13.7 55.8 + 14.7 49.9 +12.1 NS
TG (mg dI™Y) 137.9 + 75.2 136.5 + 81.4 139.2 + 69.8 NS
Glucose (mg dI™Y) 91.3+7.5 93.0 +7.7 89.7 +7.1 NS
SCr (mg dI™) 0.88 + 0.2 0.86 + 0.2 0.90 + 0.2 NS
AST (UL 21.1+5.6 20.0 = 4.8 22.7 6.3 NS
ALT (U LY 25.6 + 6.8 23.8+4.7 27.3+7.5 NS
CK (U L_l) 89.8 +12.0 87.4+15.4 91.5 +11.2 NS
Smokers (%) 26.7 23.3 30.0 NS
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of 195), assuming a common standard deviation of 15 and
using a two group t-test with a 5% two-sided significance level
(p < 0.05). Similar estimates were done on other parameters.
The number of subjects has been increased to 30 per group
(about 20% more) to allow the use of ANCOVA.

All statistical analyses were performed using the SPSS
package version 17.0 for Windows (SPSS, Chicago, IL, USA).
The null hypothesis was always rejected for values of p < 0.05.

Results

In this study, a group of 30 hypertensive and hypercholestero-
lemic patients, subjected to both a diet program and the oral
administration of a NC with a high dose of MK, was compared
to a control group composed of 30 hypertensive and hypercho-
lesterolemic subjects that followed only a diet program. Weekly
dietary intake data within both treatment groups, collected
through the answers to the dietary questionnaire, are shown in
Table 2.

Concerning patient’s characteristics, no difference was
found in the age distribution of the two groups, while a signifi-
cant difference was found in the percentage of men, higher in
the treatment group than in the control group (62.9% vs.
37.1%; p < 0.01) (Table 3).

At the baseline, several parameters were measured in
serum: TC, LDLC, HDLC, TG, AST, ALT, CK, glucose and creati-
nine, besides other subject’s characteristics as BMI, SBP, DBP,
HR and smoking habits. No significant difference was found
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at the baseline between the treatment group and the control
group for the above listed parameters.

At the end of the treatment, one month after the baseline,
all parameters chosen for this study were re-evaluated. In the
control group a significant reduction was found between the
baseline and follow-up levels of TC, TG and LDLC (respectively:
—9.13%; —20.82%; —11.59%; all p < 0.05). No statistical differ-
ence was found for HDLC and glucose (Table 4 and Fig. 1A).

In the treatment group, the reduction between the baseline
and follow-up for the lipidic profile parameters was greater
than in the control group (TC: —18.32%; TG: —24.51%;j; LDLC:
—23.88%; all p < 0.001). Moreover, a significant reduction was
found also for glucose levels (reduction of —6.09%; p < 0.001)
while no difference was found for HDLC values (Table 4 and
Fig. 1B).

Statistical differences emerged between groups (treatment
vs. the control group) for TC, LDLC and glucose (differences
between treatments = 9.19%, 12.29% and 4.28%, respectively;
all p < 0.0001). These data show a significantly greater
reduction of TC, LDLC and glucose in the treatment group
when compared to the control group, after one month of treat-
ment. However, no differences were found for TG and HDLC
values (Table 4 and Fig. 1B).

To assess the safety of the product, safety parameters (AST,
ALT, CK, and SCr) were monitored in both groups; the physical
well-being was monitored by measuring BMI and blood
glucose levels. In the control group, a significant reduction in
BMI was found between the baseline and follow-up (27.3 + 4.8
vs. 26.7 + 4.6; p < 0.0001). In the treatment group a significant

Table 4 Serum total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDLC), low-density lipoprotein cholesterol (LDLC)
and glucose values at the baseline and follow-up points of control and treatment groups

Control group

Treatment group

Basal (mean + SD)  Follow-up

Basal (mean + SD)  Follow-up p-Value

(N=30) (mean + SD) (N =30) p-Value (N=30) (mean + SD) (N =30) p-Value between groups
TC (mg dI™) 234.80 +£15.6 213.37 £13.43 <0.05 230.93 +28.00 188.63 +18.10 <0.001  <0.0001
TG (mg dl™) 136.53 + 81.42 108.10 = 47.16 <0.05 139.23 £ 69.85 105.10 = 30.84 <0.001 NS
HDLC (mg dI™") 55.77 + 14.74 54.63 £ 1.50 NS 49.97 £12.01 51.07 + 11.10 NS NS
LDLC (mg dl_1) 153.72 +13.12 135.90 £ 13.00 <0.05 153.10 £ 22.50 116.54 £ 17.68 <0.001 <0.0001
Glucose (mg dI™")  92.37 + 8.76 90.70 + 7.30 NS 89.13 + 7.64 83.70 + 4.66 <0.001  <0.0001
Control group Treatment group
280 1 (N° =30 pts) 280 - (N°= 30 pts)
e OBaseline
230 - iy 230 4 et
— 180 — 180 1
3 " g
(=)
£ 4 * £ ] £33 %%t
130 NS 130
%t
80 Ns r@ﬁ 80 NS "Lg_'
TC TG HDLC LDLC Glucose TC TG HDLC LDLC Glucose

Fig. 1 Serum total cholesterol (TC), low-density lipoprotein cholesterol (LDLC), triglycerides (TG), high-density lipoprotein cholesterol (HDLC) and
serum glucose changes from the baseline to the follow-up in both groups. *p < 0.05 vs. the baseline; **p < 0.001 vs. the baseline. 'p < 0.0001 vs.

control group; NS: non-significant.
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Table 5 Safety parameter monitoring values. BMI: body mass index; AST: aspartate aminotransferase ALT: alanine aminotransferase; CK: creatine
kinase; SCr: creatinine; SD: standard deviation; NS: not statistically significant

Control group

Treatment group

Basal (mean + SD)  Follow-up

Basal (mean + SD) Follow-up P-value

(N=30) (mean + SD) (N =30) p-Value (N=30) (mean + SD) (N =30) p-Value between groups
BMI (kg mfz) 27.3 +4.8 26.7 £ 4.6 <0.0001 26.3 +3.0 25.7+2.3 <0.0001 NS
Glycemia (mg dl™") 93.0+7.7 90.7 +7.3 NS 89.7 +7.1 84.7 + 4.6 <0.0001 NS
SCr (mg dI™) 0.86 + 0.2 0.86 + 0.3 NS 0.90 + 0.2 0.90 + 0.1 NS NS
AST (U Lfl) 20.0 +4.8 28.4+6.7 NS 22.7+6.3 24.3+6.0 NS NS
ALT (U Lfl) 23.8+4.7 27.3+£9.2 NS 27.3+7.5 31.3+6.8 NS NS
CK (mU mL_l) 87.4+15.4 85.4 +16.2 NS 91.5+11.2 97.0 +14.5 NS NS

reduction was also found between the baseline and follow-up
BMI (26.3 + 3.0 vs. 25.7 = 2.3; p < 0.0001), furthermore the
glycemic level was also lower at follow up (89.7 = 7.1 vs.
84.7 + 4.6; p < 0.0001). No differences were found for the other
parameters considered and no differences were found between
groups (Table 5).

No adverse event was observed during the study.

Discussion

The present single-site, randomized, open-label, post-market
study gives evidence that in hypertensive and hypercholestero-
lemic subjects with low cardiovascular risk, the supplemen-
tation of a NC to the diet results in an improved lipid serum
profile and glucose pattern. The main result that emerged
from this study is that the NC with a high dose of monacolin K
(10 mg) used was safe and well tolerated.

Nutraceutical combinations based on RYR may be a valid
alternative to statin drugs in hypercholesterolemic subjects
with a history of statin drugs’ adverse effects,”®>” and some
studies have proved the efficacy of RYR treatment in statin
intolerant patients.>'®> Since NCs are not classified as drugs,
red rice supplements were not always subjected to strict
adverse event monitoring programs. Therefore, attention is
increasing for potential risk factors related to the use of nutra-
ceuticals to ensure safety. In fact, the safety of the raw
material, the presence of allergenic compounds, the use of
vegetable or animal foodstuffs, and the absence of toxicology
are parameters to watch out for.”® Several studies focused in
proving the efficacy and safety of NCs based on RYR.**7?
However, products containing RYR can cause adverse effects,”>
therefore, in order to limit them, before taking any nutraceuti-
cal, several factors must be considered, such as the com-
ponents contained in the blend and their dosage, the dosage
of RYR and the amount of MK. MK is the most important
molecule among monacolins produced by the fermentation of
red rice by the yeast Monacus purpureus; it has a molecular
structure similar to lovostatin,'® the precursor of an entire
class of statin drugs considered the elective treatment of dysli-
pidemia and cholesterol control. The ability of monacolin K to
act on cholesterol biosynthesis by reducing the function of
HMG-CoA reductase as a competitive inhibitor is now known,

This journal is © The Royal Society of Chemistry 2018

and many studies have been conducted on several NCs
containing RYR with different dosages of monacolin K to
study its efficacy and/or safety in hypercholesterolemic sub-
jects. Although monascin and ankaflavin are more potent
hypolipidemic agents than monacolin K,** as far as we know,
currently there are no nutraceutical compounds containing
monascin and ankaflavin available on the Italian nutraceutical
market. On the other hand, our research group has experience
with monacolin K at the concentration of 3 mg,** therefore, we
wanted to broaden our experience by testing monocolin K at
higher doses (i.e. 10 mg).

The NC tested in this study, is composed, other than RYR,
of policosanols, resveratrol, and chromium picolinate.
Policosanols (the most important component of which is octa-
cosanol) are natural substances contained in beeswax, pota-
toes, rice bran and sugarcane, with high hypocholesterolemic
activity;*” resveratrol is a polyphenol of vegetable origin mainly
extracted from the roots of Polygonum cuspidatum with anti-
oxidant and cardiovascular properties;**?” while chromium
picolinate is able to decrease blood glucose, insulin resistance
and lipids in the blood.’®?° According to a previous observa-
tional clinical study, but conducted in people with mild/mod-
erate dyslipidemia, resveratrol had a positive effect on the
metabolic profile and improved the lipid profile with the
absence of side effects.’® Additionally, while synthetic pharma-
ceuticals are based on single chemicals, many nutraceutical
compounds exert their beneficial effects through the additive
or synergistic interactions among the different chemical com-
pounds acting at single or multiple target sites associated with
a physiological process. In our study, regarding the inter-
actions among the different components of Colenorm Plus,
monacolin K, policosanols and resveratrol may interact
during lipid metabolism through different mechanisms. In
detail, MK may act on cholesterol biosynthesis by reducing the
HMG-CoA reductase activity as a competitive inhibitor,
whereas policosanols may inhibit intestinal cholesterol absorp-
tion and increase the fatty acid f-oxidation. On the other
hand, resveratrol may increase the LDLC receptor binding
activity and gene expression, suggesting that red wine polyphe-
nols may regulate the major pathways involved in lipoprotein
metabolism.

The present study was conducted on a NC characterized by
a higher dose of MK (10 mg), showing that a daily intake of

Food Funct, 2018, 9, 3845-3852 | 3849
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10 mg of MK, added to a diet program, reduced significantly
the TC levels by 9.19%, the LDLC levels by 12.29% and the
glucose level by 4.28%, compared to subjects that only fol-
lowed the diet, after one month of treatment. The safety was
also evaluated measuring AST, ALT, CK and SCr levels before
and after the treatment in both groups, demonstrating the
good tolerability of the NC, without any intolerance and
adverse reactions. Moreover, this study has demonstrated that
one month of diet is enough to reduce BMI, while glycemic
levels can be lowered only by the diet combined with the
treatment. In particular, our study confirmed the role of
Mediterranean diet in reducing the surrogates of the cardio-
vascular disease such as lipids and glucose levels, highlighting
the potential for the Mediterranean diet to act as a key player
in cardiovascular disease prevention.’

The results obtained with the NC tested have certainly high-
lighted its hypocholesterolemic activity, which is a valid
alternative to statins and a valuable support to the change in
dietary lifestyle. Future results obtained under the same con-
ditions and with the same study design will give us more
sound information.

Considering the data obtained in our studies and the data
already present in the literature, at this stage it is not yet poss-
ible to draw a conclusion on the correlation between the MK
dosage and the improvement of the lipid pattern, because
most studies don’t provide the daily MK dose but only indicate
the RYR dosage. Equal amounts of RYR can provide different
amounts of MK, and then, to correctly understand the hypo-
cholesterolemic effect of MK, it is crucial to know the quanti-
tative of MK effectively contained in RYR food supplements.*'
Commercial RYR products have in fact variable amounts of
total monacolin and monacolin K.*> Moreover, to detect the
efficacy of the commercial product, the other components of
the nutraceutical should be considered, as they can have an
additional hypocholesterolemic effect.

Our study has some limitations. The first limitation is the
short duration of the treatment period that was chosen to
detect the short-term effect of the tested NC. The other limit-
ation is that this is a single site study conducted on a limited
population.

On the other hand, the study has also many strengths. In
fact, we have chosen a randomized and controlled study
design, even if open label, and the amount of monacolin K
was determined. Moreover, particular attention was put in
detecting any adverse effects, and then, the fact that no
adverse event was detected, highlights the safety of the
product.

Conclusions

The data emerging from this study showed that a nutraceutical
compound, containing 10 mg of MK, appears to be safe and
able to improve the lipid serum profile and glucose pattern in
hypertensive and hypercholesterolemic subjects. These results
need to be confirmed by further studies, by recruiting more
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subjects and verifying the effect of the NC in a long-term
study.
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ALT Alanine aminotransferase

ANCOVA Analysis of covariance

AST Aspartate aminotransferase
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LDLC Low-density-lipoprotein cholesterol
MK Monacolin K

NC Nutraceutical compound

RYR Red yeast rice

SBP Systolic blood pressure

SCr Serum creatinine

SD Standard deviation

TC Total cholesterol

TG Triglycerides
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