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Abstract
Introducion  Treatment strategies for patients with pre-hypertension and low–moderate cardiovascular (CV) risk may include 
nutraceutical compounds (NCs).
Aim  To investigate the efficacy and safety of a new-generation of NC in lowering BP values and improving metabolic profile, 
in a group of hyper-cholesterolemic subjects with pre-hypertension.
Methods  131 subjects with pre-hypertension (systolic BP 130–139 mmHg and/or diastolic BP 85–89 mmHg) without organ 
damage and history of CV diseases were enrolled. 66 subjects were treated with a once-daily oral formulation of a NC (red 
yeast rice, Berberine, Coenzyme Q10, folic acid and chrome) added to diet for 3 months, while 65 patients followed a diet 
only. Differences in serum total cholesterol (TC), low- and high-density lipoprotein cholesterol (LDLC and HDLC), triglyc-
erides (TG), glycemia, creatine phosphokinase (CPK), aspartate aminotransferase (AST) alanine aminotransferase (ALT) 
and body mass index (BMI) were evaluated.
Results  At the end of treatment, significant reductions of TC, LDLC, TG glucose levels were observed in both treatment 
groups, while HDLC values increased in the active treatment group only. A greater reduction of TC, LDLC and glycemia was 
observed in the treatment group. TG levels were not different within the two groups. BP and BMI levels remained unchanged, 
as well AST, ALT; CPK slightly increased in both groups, but it remained in the normal range.
Conclusions  In patients with pre-hypertension, NC supplementation was safe, well tolerated and effective in improving lipid 
pattern and glucose levels and in preventing the progression to overt hypertension.
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1  Introduction

Pre-hypertension is defined as having a systolic blood pres-
sure (BP) reading of between 120 and 139 and/or a diastolic 
BP reading of 80–89 values [1]. As observed in clinical 
studies and in the real-life population, pre-hypertension is 
frequently associated with different metabolic abnormali-
ties that increase the cardiovascular (CV) risk regardless of 
BP. In this respect, the TECUMSEH BP study reported that 
people with pre-hypertension were significantly more likely 
to be overweight, and have higher total cholesterol (TC), 
triglycerides (TG), insulin, glucose levels, and lower high-
density lipoprotein cholesterol (HDLC), than normotensive 
study participants [2]. Furthermore, patients with either pre-
hypertension or the above-mentioned CV risk factors have 
a 2–3 times higher risk to develop a sustained hyperten-
sion, compared to the patients with normal BP values [1, 3, 
4]. However, in these patients, pharmacological treatments 
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failed to demonstrate a reduction in CV events as found in 
high-risk patients [1, 5, 6] and the potential side effects of 
the anti-hypertensive pharmacological therapy lead to the 
unfavorable risk benefit ratio [7].

For these reasons, the 2018 ESH/ESC hypertension 
guidelines recommend that patients with pre-hypertension 
and low–moderate CV risk should be treated with non-
pharmacological interventions and should be offered life-
style advice (i.e. low salt and alcohol intake, high consump-
tion of vegetables and fruits, weight reduction and regular 
physical activity), because this approach reduces their risk 
of progressing to established hypertension [1, 8]. Unfortu-
nately, lifestyle changes alone do not seem to be effective on 
long-term, as the reduction in low density lipoprotein cho-
lesterol (LDLC) levels with diet is observed only in 3–6% 
of cases [9, 10]. In the last years, the non-pharmacological 
interventions have been combined to the use of nutraceutical 
compounds (NCs), that proved to be helpful in improving 
BP values and metabolic alterations in people with hyperten-
sion, dyslipidemia and at low CV risk [11, 12].

The aim of this study was to investigate the efficacy and 
safety of a new-generation of nutraceutical compounds 
(NC), added to diet and lifestyle management versus diet 
alone, in lowering BP values and improving lipid and glu-
cose profile, in a group of hyper-lipidemic subjects with 
pre-hypertension.

2 � Methods

2.1 � Study Design

We conducted a prospective, single center, randomized open 
post-market trial to evaluate the effect of adding a NC to 
a diet regimen on BP values and metabolic parameters in 
patients with pre-hypertension and at low CV risk. The study 
protocol was approved by local Ethics Committee and insti-
tutional review boards and conducted in accordance with 
ICH Harmonized Tripartite Guidelines for Good Clinical 
Practice and the Declaration of Helsinki Principles, and was 
conducted from 2017 to 2018. All patients gave informed 
consent for the study participation.

2.2 � Patients and Treatment

131 subjects, recruited in the Hypertension Centre, were 
enrolled in the study. Inclusion criteria were age ≥ 18 years, 
pre-hypertension, hyper-lipidemia defined as TC ≥ 200 mg/
dl and LDLC between 130 and 190 mg/dl. Exclusion criteria 
were diabetes mellitus, positive history or clinical signs of 
ischemic heart disease, organ damage (left ventricular hyper-
trophy diagnosed by electrocardiogram and carotid plaque 
by ultrasonography), presence of neoplastic or hepatic 

diseases, chronic renal failure, disabilities that prevent the 
patient from collaborating, pregnancy or breast-feeding, use 
of lipid lowering drugs. All patients were prescribed a stand-
ardized Mediterranean diet, including a high intake of fish, 
fruits, vegetables, legumes, olive oil, unrefined whole grains 
and a moderate intake of lean meats and alcohol intake [13]. 
Patients were randomized into two groups: 66 (Group A) 
were treated for 3 months with a once-daily oral formulation 
of a NC that combines red yeast rice (equivalent of 3 mg of 
Monacolin K), 500 mg of Berberine, 30 mg of Coenzyme 
Q10, 200 mcg of folic acid and 40 mg of chrome (Liposcudil 
BBR, Piam Farmaceutici, GE, Italy). The compound was 
included in a gastro-resistant tablet, with an inner content 
of a Chitosan polymer and sulphurated N-acetylcysteine, an 
acidic molecule that in the enteric fluid causes cationiza-
tion of Chitosan, and has a well-known mucolytic action. 
A second group of 65 patients followed a diet program only 
(Group B).

2.3 � Assessments

Assessment visits were performed twice: at the enrollment 
(baseline visit) and at the end of the study (follow-up visit, 
after three month of treatment). At the baseline, demo-
graphic and lifestyle data were collected after obtaining 
informed written consent from all the recruited patients. Sys-
tolic BP, diastolic BP, heart rate (HR) were measured, and 
subjects were classified into current smokers (≥ 1 cigarette 
daily) and non-smokers. A blood sample was taken to assess 
the serum levels of TC, LDLC, HDLC, TG, glucose, cre-
atinine (SCr), uricemia, aspartate aminotransferase (AST), 
alanine aminotransferase (ALT) and creatine phosphoki-
nase (CPK). Fasting TC, TG, HDLC, serum glycaemia, 
creatinine, CPK and transaminases levels were measured 
by enzymatic method, while LDLC was calculated using 
Friedewald’s formula. Body mass index (BMI) was calcu-
lated as the ratio of weight (in kg) to squared height (in m). 
At the end of treatment, the assessment of PAS, PAD, TC, 
LDLC, HDLC, TG, glucose, BMI, AST, ALT and CPK was 
repeated, and the possible adverse events were collected.

2.4 � Statistical Analysis

Continuous variables are indicated as mean ± standard 
deviation. The effect of the diet or the treatment with the 
NC on the different biomarkers was calculated with the T 
student two-tailed test with a significance level α = 0.05. 
As for HDLC, given the difference in the initial averages, 
even if not significant, the significance of the means of the 
difference between the basal and final measurements was 
calculated. Statistical analysis was performed using StatPlus 
software, Analyst Soft Version v6 package. The null hypoth-
esis was always rejected for values of p < 0.05.
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3 � Results

The general characteristics of the study groups at baseline 
are showed in Table 1. All subjects had normal glycemia, 
uricemia, CPK, transaminases and SCr levels at baseline. 
No differences were found between the two groups.

The mean age was 55.7 ± 9.6 years; 53% of subjects 
were males. Mean BP levels were 136/85 mmHg (group 
A) and 136/84 mmHg (group B). At the follow up visit, 
a significant decrease was observed in glycemia, TC, TG, 
LDLC, PAS and PAD in both treatment groups, but the 
difference was significantly greater in the active treat-
ment groups for TC (203 ± 16 vs 234 ± 15 vs, − 13.6%, 
p < 0.001), LDLC (128 ± 17 vs 155 ± 15, − 17.7%, 
p < 0.001) and serum glucose 87.5 ± 7.3 vs 94.9 ± 9.5, 
− 7.7%, p < 0.001). HDLC significantly increased only 
in NC treated group (54.1 ± 9.1 vs 51.5 ± 9.3, + 4.8%, 
p < 0.001) (Table 2 and Fig. 1).

TG levels were significantly different from baseline to 
the end of treatment in both group (106 ± 34 vs 139 ± 54 
vs, p < 0.001 for the treatment group and 109 ± 45 vs 
134 ± 65, p < 0.001 for the control group, respectively), but 
no difference was found at the end of treatment between 
groups.

No significant differences between groups and between 
baseline and the end of treatment were found in BMI, AST 

and ALT in both groups. Either in Group A or in group 
B a slight increase was observed in CPK, but it remained 
in the normal range. Gender difference was not found in 
either group. 1 subject in the active and 1 in the control 
group withdrew from the study due to dyspepsia; other 
two subjects (1 in the active treatment and 1 in the control 
group) refused to continue the study.

4 � Discussion

Many studies have shown that in hypertensive and hyper-
cholesterolemic subjects, NCs are able to improve BP levels 
and metabolic parameters [8, 10, 14], endothelial dysfunc-
tion [15] and aortic stiffness [16]. The present post-market 
study has evidenced that the NC compound tested containing 
a combination of red yeast rice, berberine, coenzyme Q10 
and chrome, resulted able in improving lipid serum profile 
and glucose pattern when added to the diet. These changes 
were higher than the improvement obtained with diet alone.

The role of NCs in the primary prevention of CV dis-
eases is not necessarily due to a single compound but to an 
additive and synergistic effect of several combined com-
ponents [17]. Monacolin K, an active component of red 
yeast rice, is a lovastatin analogue that inhibits 3-Hydroxy-
3-methyl-glutaryl-coenzyme A (HMG-CoA) reductases, 
showing a lipid-lowering effect in different conditions, like 
metabolic syndrome [18] and dyslipidemia [19], even in 
patients intolerant to statins [20] and in elderly hypercho-
lesterolemic patients [21]. Its efficacy in reducing total 
and LDLC has been well documented in randomized clini-
cal trials [12, 22]. Berberine is an alkaloid extracted from 
several plants [23, 24], that stabilizes the mRNA of LDL-
receptors and counteracts their degradation [25], inhibits 
lipolysis and synthesis of cholesterol and triglycerides, 
and increases the liver uptake of LDL, with a consequent 
reduction of plasmatic levels of total and LDLC [24]. In a 
meta-analysis of randomized controlled trials, Dong et al. 
reported that the administration of berberine induced a 
significant reduction of total cholesterol, triglycerides and 
LDL, and a remarkable increase of HDL, without caus-
ing serious adverse effects [26]. Kong et al. reported that 
the administration of berberine to hyper-cholesterolemic 
patients allowed a reduction of TC by 29%, TG by 35%, 
and LDLC by 25% [25]. Recent reviews report that ber-
berine seems to reduce insulin resistance and to improve 
glycemic control, increasing the expression of insulin 
receptors, promoting the regeneration and the activity of 
pancreatic β cells, and enhancing the muscle uptake of 
glucose [24, 28, 29]. The effects of berberine are syner-
gistic with the action of monacolin K, due to inhibition 
of Proprotein convertase subtilsin-kexin type 9 (PCSK9) 
transcription [25, 27]. Treatment with a combination of 

Table 1   Distribution of demographic, somatometric and biochemical 
variables between the two study groups

NC + diet Diet p value

Patients 66 65 –
Men (N) 37 33 –
Women (N) 29 32 –
Age (years) 55 ± 10.6 56 ± 8.8 NS
Smokers (N) 18 17 NS
Weight (kg) 77.8 ± 11.4 74.9 ± 13.0 NS
BMI (kg/m2) 26.2 ± 3.7 26.9 ± 3.4 NS
Creatininemia (mg/dl) 0,84 ± 0.18 0,85 ± 0.17 NS
Uricemia (mg/dl) 4.93 ± 0.97 5.34 ± 1.01 NS
PAS (mmHg) 136 ± 2 136 ± 2 NS
PAD (mmHg) 85 ± 3 84 ± 3 NS
FC (pulses) 71 ± 9 73 ± 8 NS
Glycemia (mg/dl) 95 ± 10 94 ± 10 NS
Total cholesterol (mg/dl) 237 ± 19 239 ± 19 NS
HDL (mg/dl) 51 ± 9 54 ± 9 NS
Triglycerides (mg/dl) 144 ± 69 133 ± 64 NS
LDL (mg/dl) 157 ± 16 159 ± 16 NS
CPK (U/l) 101 ± 16 94 ± 26 NS
AST (U/l) 18 ± 9 20 ± 8 NS
ALT (U/l) 24 ± 9 23 ± 12 NS
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monacolin K, berberine and policosanols reduces choles-
terol levels and improves aortic stiffness in low-moderate 
risk hypercholesterolemic patients [16, 28–32]. In a ran-
domized trial in hyper-cholesterolemic patients intolerant 
to statins, the combination of berberine and red yeast rice 
resulted more effective than ezetimibe in reducing TC, 
LDLC and non-HDLC [33]. Coenzyme Q10 (CoQ10) is 
a free radical scavenger with a potent antioxidant activ-
ity and a significant antihypertensive effect [34]; in this 
respect, a Cochrane meta-analysis reported that high doses 

of Coenzyme Q10 (i.e. 100 mg) reduces either systolic or 
diastolic BP [35]. In addition, CoQ10 improves also the 
lipid profile, insulin sensitivity and myocardial left ven-
tricular function, decreases heart rate, and reduces plasma 
catecholamine levels [34]. Finally, chrome supplementa-
tion has shown to significantly improve glycaemia among 
patients with diabetes [36], and in a randomized, con-
trolled clinical trial a combination of chrome and amino 
acids decreased the glucose peak by almost 30% compared 
to placebo [37].

In our study, Liposcudil™ BBR showed a positive trend 
in lowering BP values, without reaching statistical sig-
nificance. In this respect, hypertension is a disease char-
acterized by inflammation, oxidative stress and immune 
dysfunction in the vascular system [1]. The increase in 
BP levels is a bidirectional issue with vascular endothelial 
dysfunction, leading to hypertension. In turn, hypertension 
increases the endothelial dysfunction [15], and as conse-
quence, a logical approach to the prevention of hyperten-
sion is to improve vascular function. In this respect, the 
literature supports a positive interaction between the use 
of NCs and the BP levels [10]. In our study, after 3 months 
of treatment with NCs, the BP values remained unchanged, 
thus preventing the progression to overt hypertension that 
is frequently observed in the subject with pre-hypertension 

Fig. 1   Comparison of changes in metabolic parameters (Group A vs 
Group B). *p < 0.001. **p < 0.0001

Table 2   Statistical analysis of differences between baseline and end of treatment and between the two groups (patients with evaluable data)

a As for HDLC, given the difference in the initial averages, even if not significant, the significance of the means of the difference between the 
basal and final measurements was calculated

Parameter Treatment Baseline mean (± SD) End of treatment 
(± SD)

p value (end of treatment 
vs baseline)

p value (diet 
vs NC + diet)

Glycemia (mg/dl) Diet alone 93.5 (9.7) 91.3 (7.7) p < 0.01
NC + diet 94.9 (9.5) 87.5 (7.3) p < 0.001 p < 0.001

Total cholesterol (mg/dl) Diet alone 239 (19) 221 (18) p < 0.001
NC + diet 234 (15) 203 (16) p < 0.001 p < 0.001

HDLC (mg/dl)a Diet alone 54.0 (9.3) 54.5 (9.1) NS
NC + diet 51.5 (9.3) 54.1 (9.1) p < 0.001 p < 0.001

Triglycerides (mg/dl) Diet alone 134 (65) 109 (45) p < 0.001
NC + diet 139 (54) 106 (34) p < 0.001 NS

LDLC (mg/dl) Diet alone 158 (17) 144 (16) p < 0.001
NC + diet 155 (15) 128 (17) p < 0.001 p < 0.0001

CPK (U/l) Diet alone 97 (28) 113 (24) p < 0.001
NC + diet 102 (15) 117 (20) p < 0.001 NS

AST (U/l) Diet alone 19.8 (5.9) 20.3 (5.9) NS
NC + diet 18.6 (9.7) 20.8 (8.7) NS NS

ALT (U/l) Diet alone 24.0 (13.4) 26.3 (9.8) NS
NC + diet 23.8 (8.8) 24.6 (7.7) NS NS

BMI Diet alone 27.0 (4.0) 26.0 (5.0) NS
NC + diet 26.3 (3.8) 25.9 (3.5) NS NS
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over the years. This is probably due to the effective treat-
ment of CV risk factors (i.e. dyslipidemia and hyperglyce-
mia) that often co-exist in subjects with pre-hypertension. 
In addition, this non-pharmacological approach offers 
potential savings to patients and reduces the need for anti-
hypertensive drugs.

4.1 � Study Limitations

The study does not include a double-blind control treatment 
and assessments at intermediate timelines. Furthermore, we 
included a limited population, and a long-term treatment and 
follow up were not planned.

In conclusion, the addition of NCs to a dietetic regimen, 
appears to be safe and able to improve lipid serum profile 
and glucose levels, and to prevent the progression to overt 
hypertension. These results need to be confirmed by further 
studies, involving a larger sample of subjects with a longer 
follow up.
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