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Abstract
AIM: To test the efficacy of a proprietary nutraceutical 
combination in reducing insulin resistance associated 
with the metabolic syndrome (MetS).

METHODS: Sixty-four patients with MetS followed at 
a tertiary outpatient clinic were randomly assigned to 
receive either placebo or a proprietary nutraceutical 
combination (AP) consisting of berberine, policosa-
nol and red yeast rice, in a prospective, double-blind, 
placebo-controlled study. Evaluations were performed 
at baseline and after 18 wk of treatment. The homeo-
stasis model assessment of insulin resistance (HOMA-
IR) index was the primary outcome measure. Second-
ary endpoints included lipid panel, blood glucose and 

insulin fasting, after a standard mixed meal and after 
an oral glucose tolerance test (OGTT), flow-mediated 
dilation (FMD), and waist circumference.

RESULTS: Fifty nine patients completed the study, 2 
withdrew because of adverse effects. After 18 wk there 
was a significant reduction in the HOMA-IR index in the 
AP group compared with placebo (ΔHOMA respectively 
-0.6 ± 1.2 vs  0.4 ± 1.9; P  < 0.05). Total and low den-
sity lipoprotein cholesterol also significantly decreased 
in the treatment arm compared with placebo (Δlow 
density lipoprotein cholesterol -0.82 ± 0.68 vs  -0.13 
± 0.55 mmol/L; P  < 0.001), while triglycerides, high 
density lipoprotein cholesterol, and the OGTT were not 
affected. In addition, there were significant reductions 
in blood glucose and insulin after the standard mixed 
meal, as well as an increase in FMD (ΔFMD 1.9 ± 4.2 
vs  0 ± 1.9 %; P  < 0.05) and a significant reduction in 
arterial systolic blood pressure in the AP arm. 

CONCLUSION: This short-term study shows that AP 
has relevant beneficial effects on insulin resistance and 
many other components of MetS.
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INTRODUCTION
Metabolic syndrome (MetS) is a clustering of  compo-
nents associated with type 2 diabetes mellitus (T2D) and 
increased risk of  cardiovascular (CV) events[1]. Although 
there are different criteria for the identification of  MetS, 
scientific societies agree that abdominal obesity, impaired 
glucose metabolism, dyslipidemia and arterial hyperten-
sion represent the key components[2]. Estimates of  its 
prevalence may vary depending on the definition, but the 
resulting increase in morbidity and mortality is a matter 
of  great concern[3]. Even though MetS is characterized 
by wide phenotypic and biologic heterogeneity, insulin 
resistance and visceral obesity are the key features of  the 
syndrome[1,4].

Since no single pathogenetic pathway has to date 
been identified as a valuable therapeutic target in the 
syndrome, current management still addresses the vari-
ous components of  MetS individually, by means of  both 
lifestyle modifications and pharmacological therapy. This 
kind of  approach is frequently burdened by therapeutic 
failure and patient frustration, and most often requires a 
multi-drug regime; therefore, the need of  a process-ori-
ented, disease-modifying treatment aimed at attenuating 
disease progression and reducing the risk of  CV events 
is increasingly recognized.

A recent study by our group has investigated the ef-
fects of  a proprietary nutraceutical combination (AP) 
on lipids and endothelial function, demonstrating how a 
treatment with a single tablet containing berberine (BRB), 
policosanol, and red yeast rice (RYR) significantly low-
ered total and low density lipoprotein cholesterol (LDL), 
simultaneously improving endothelial function, in a pop-
ulation with mild to moderate hypercholesterolemia. In 
addition, a subgroup of  insulin-resistant patients showed 
significant improvements in the homeostasis model as-
sessment of  insulin resistance (HOMA-IR), QUICKI, 
and McAuley indices[5]. Since BRB has already shown 
effects on lipid metabolism, T2D, insulin resistance, 
and nitric oxide production[6-8], we hypothesized that its 
synergistic action with policosanols and RYR might be 
useful in the management of  the different components 
of  the MetS. Therefore, the aim of  this study was to in-
vestigate the effects of  AP in patients with MetS. 

MATERIALS AND METHODS
Study design
The study was a prospective, single-center, randomized, 
double-blind, placebo-controlled trial consisting of  a 
screening visit and an 18 wk treatment period. 

The study protocol was approved by the Ethics 
Committee of  the University of  Naples “Federico Ⅱ”, 
and written informed consent was obtained from each 
patient. The study was conducted in accordance with the 
principles of  the Declaration of  Helsinki. The trial was 
registered at clinicaltrials.gov with ID NCT01087632.

Patients and treatment
Study participants were recruited between September 

2009 and February 2010 at the outpatient clinic of  our 
department.

Eligibility criteria were: (1) age between 18 and 65 
years; (2) diagnosis of  metabolic syndrome, defined as 
the presence of  a waist circumference > 102 cm (male), 
> 88 cm (female), associated with at least two of  the fol-
lowing: triglycerides ≥ 1.7 mmol/L; high density lipo-
protein (HDL) < 1.03 mmol/L (male), < 1.29 mmol/L 
(female); systolic blood pressure ≥ 130 mmHg or dia-
stolic blood pressure ≥ 85 mmHg or need for antihy-
pertensive therapy; fasting glucose ≥ 5.6 mmol/L; and 
(3) ability to understand and give informed consent to 
clinical experimentation.

Exclusion criteria were: (1) proven intolerance to any 
component of  AP; (2) pregnancy or breastfeeding; (3) 
treatment with hypoglycemic agents; (4) moderate to 
severe liver dysfunction (Child B-C); (5) abnormal renal 
function (serum creatinine greater than 2 mg/dL); (6) 
serum triglycerides > 5.6 mmol/L; and (7) a history or 
current symptoms of  heart failure.

The nutraceutical combination used in this study 
consisted of  a single tablet containing BRB 500 mg, 
RYR (monacolin K 3 mg), and policosanol 10 mg (AP, 
Armolipid Plus®, Rottapharm Madaus, Italy).  

Patients with concomitant diseases were included 
provided their clinical conditions and treatment had 
been stable during the previous 6 mo. Sixty four patients 
meeting the eligibility criteria were enrolled in the study. 
Patients were randomized to receive either one tablet 
of  AP or placebo once daily after supper. The placebo 
tablet, identical in taste and appearance to the AP tablet, 
consisted of  inactive compound and did not contain any 
carbohydrates. Randomization and blinding were pro-
vided by Rottapharm Madaus SpA (Monza, Italy), which 
also funded the study.

Outcomes
The primary endpoint was the absolute change from 
baseline of  the HOMA-IR index. Secondary endpoints 
were the reductions in fasting and post-prandial glucose 
and insulin levels, waist circumference, total cholesterol, 
LDL and triglycerides (TG), and the improvement in 
endothelial-dependent flow-mediated dilation (FMD) in 
relation to AP treatment.

Clinical and biochemical measurements
Initial screening included medical history, physical exami-
nation, evaluation of  anthropometric parameters, routine 
blood tests, serum renal and hepatic markers, measure-
ments of  serum insulin, glucose and lipids concentrations.

Study assessments were performed at baseline and 
after 18 wk of  treatment. Patients were evaluated after 
an overnight fast of  14 h, with a physical examination 
and medical history; arterial blood pressure, anthropo-
metric and impedentiometric parameters were measured. 
Endothelial-dependent dilation was assessed with the 
FMD of  the brachial artery using Doppler ultrasonog-
raphy, according to the Guidelines of  the International 
Brachial Artery Reactivity Task Force[9]. The forearm 
was occluded by cuff  inflation to at least 50 mmHg 

78 March 26, 2012|Volume 4|Issue 3|WJC|www.wjgnet.com



above systolic pressure for 5 min, resulting in a reactive 
hyperemia after the release of  the cuff, and the increased 
shear stress led to endothelial-mediated vasodilatation. 
FMD was measured with an ultrasound scanner with a 
7.5 MHz linear transducer (Toshiba PLT-704AT); five 
consecutive discrete measurements were obtained and 
averaged into the final value at each time point. Later, a 
blood sample was taken for biochemical measurements 
of  glucose, insulin (radioimmunoassay method), lipids 
(total, LDL, HDL cholesterol and TG), serum renal and 
hepatic markers (creatinine, aspartate aminotransferase; 
alanine aminotransferase). Then, all the patients received 
a standard mixed meal, and blood samples were col-
lected at 30, 60 and 120 min after meal consumption for 
the evaluation of  serum glucose and insulin levels. The 
next day a standard oral glucose tolerance test (OGTT) 
was performed. The HOMA-IR index was calculated as 
follows: HOMA-IR = [fasting glucose (in mg/dL)/18] × 
[fasting insulin (in µUI/mL)/22.5]. 

All patients received dietary counseling from a spe-
cialist. At baseline, patients were asked to maintain their 
usual diet. Then, after 6 wk of  treatment, they received 
an individualized isocaloric diet based on estimated ideal 
weight. Concomitant medications and adverse events 
were monitored throughout the study.

Statistical analysis 
The study was powered in accordance with a predeter-
mined statistical analysis plan. A sample size of  30 pa-
tients in each of  the 2 study arms was calculated based 
on a predicted dropout rate of  6%, a power of  0.8, and 
an α-error probability of  0.05, to detect an absolute be-
tween-group difference of  0.8 in the change of  HOMA-
IR index given an expected standard deviation (SD) of  

variations of  1 between changes in the primary endpoint 
variable after treatment.

The paired-samples t test was used for within-group 
comparisons. The unpaired, two-tailed t test was used 
for between-group comparisons of  baseline characteris-
tics and changes after treatment. The data are presented 
as mean ± SD. 

RESULTS
Sixty four patients meeting the eligibility criteria were 
randomized to receive a tablet of  AP or placebo once a 
day after supper. Fifty nine patients (29 in the AP arm 
and 30 in the placebo arm) completed the study, whereas 
3 were lost to follow-up and 2 withdrew from the study 
(one in the AP group and one in the P group) because 
of  non-serious adverse events (constipation).

Patients’ clinical characteristics was shown in Table 1. 
At baseline, the 2 groups were comparable in age, sex, 
smoking status, concomitant medications, anthropo-
metric parameters, lipid levels. In the placebo group, 8 
patients were being treated with statins, and 25 patients 
with antihypertensive drugs (40% with β-blockers, 92% 
with angiotensin receptor blockers (ARB) or angioten-
sin converting enzyme inhibitors (ACE-I)). Similarly, in 
the AP group, 8 patients were being treated with statins, 
and 27 patients with antihypertensive drugs (41% with 
β-blockers, 96% with ARB or ACE-I). Baseline fast-
ing glucose levels were significantly higher in the AP 
arm compared with the placebo group. However, the 
HOMA-IR index was comparable in the 2 groups. 

After 18 wk of  treatment, the comparison of  abso-
lute changes from baseline between the 2 groups showed 
a significant decrease in the HOMA-IR index in the AP 
arm (from 3.2 ± 1.5 to 2.6 ± 1.3 vs from 2.7 ± 2.2 to 3.2 
± 2.6, P < 0.05) (Table 2, Figure 1A). Among second-
ary endpoints, although no significant difference was 
observed between the 2 arms in the reduction of  fasting 
glucose (from 5.72 ± 1.22 to 5.28 ± 1.11 mmol/L vs from 
4.72 ± 0.67 to 4.55 ± 0.67 mmol/L, P > 0.05), fasting 
insulin decreased significantly in the AP group as com-
pared with placebo (from 90 ± 42 to 76 ± 42 pmol/L vs 
from 90 ± 69 to 111 ± 90 pmol/L, P < 0.05) (Figure 1B). 
In addition, there was a significant improvement in the 
post-prandial mean blood glucose and insulin levels in 
the AP arm compared with placebo (respectively from 
7.00 ± 1.89 to 6.67 ± 1.61 mmol/L vs from 5.89 ± 1.33 
to 6.05 ± 0.89 mmol/L, and from 306 ± 125 to 298 ± 
159 pmol/L vs from 409 ± 194 to 507 ± 347 pmol/L, P 
< 0.05 for both) ((Figure 1B). No significant variations 
were observed for OGTT parameters both within-group 
and between-group.

Total cholesterol and LDL significantly decreased 
compared with placebo (respectively from 209 ± 38 to 
178 ± 23 mg/dL vs from 198 ± 40 to 193 ± 31 mg/dL, 
and from 136 ± 8 to 105 ± 21 mg/dL vs from 119 ± 
38 to 114 ± 38 mg/dL, P < 0.001), while no significant 
change was observed in HDL and TG levels (Figure 1B). 
Subjects who received AP had a significant improvement 
in FMD, whereas no change was observed in the placebo 
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AP Placebo

  Number (M/F)         29 (20/9)      30 (18/12)
  Age         53 ± 7      50 ± 12
  Weight (kg)         90 ± 13      96 ± 18
  BMI      32.2 ± 4.6   34.7 ± 5.1
  Waist circumference (cm)       110 ± 9    115 ± 13
  Systolic blood pressure (mmHg)       125 ± 13    125 ± 14
  Diastolic blood pressure (mmHg)         78 ± 8      81 ± 8
  Fasting glucose (mmol/L)      5.72 ± 1.22   4.72 ± 0.67a

  Fasting insulin (pmol/L)         90 ± 42      90 ± 69
  HOMA-IR        3.2 ± 1. 5     2.7 ± 2.2
  Triglycerides (mmol/L)      1.76 ± 0.86   1.92 ± 0. 83
  Total cholesterol (mmol/L)      5.40 ± 1.00   5.09 ± 1.03
  HDL cholesterol (mmol/L)      1.08 ± 0.26   1.18 ± 0.35
  LDL cholesterol (mmol/L)      3.49 ± 0.19   3.05 ± 1. 00
  Flow mediated dilation (%)        6.8 ± 3.1     6.8 ± 1.9
  Concomitant medications (n)
     ACE-I/ARB         26/29      24/30
     Statins           8���/��29        8���/��30
     Beta-blockers         10���/��29      10���/��30

Table 1   Comparison of group characteristics at baseline

AP: Neutraceutical consisting of berberine, policosanol and red yeast rice; 
ACE-I: Angiotensin converting enzyme inhibitor; ARB: Angiotensin recep-
tor blocker; HOMA-IR: Homeostasis model assessment of insulin resis-
tance; BMI: Body mass index; HDL: High density lipoprotein; LDL: Low 
density lipoprotein. aP < 0.05. 
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group (Table 2, Figure 1B); the mean values of  the base-
line brachial artery diameter were comparable between 
groups.

A slight reduction in body weight was observed in 
both groups. Waist circumference was significantly re-
duced in the AP group compared with baseline (from 
110.3 ± 9.5 cm to 107.9 ± 8.6 cm, P < 0.001), but no 
significance was found compared with placebo.

After 18 wk of  treatment, systolic blood pressure 
significantly decreased in the AP group, compared with 
placebo (from 125 ± 13 to 120 ± 9 mmHg vs from 125 
± 14 to 126 ± 12 mmHg, P < 0.05). 

Safety
No changes in renal and hepatic parameters were ob-
served throughout the study period. AP was generally 
well tolerated and no serious adverse event occurred. 

DISCUSSION
This study shows that AP is effective and safe in reduc-
ing insulin resistance in a group of  patients with MetS. 
We observed a significant reduction in the HOMA-IR 
index after 18 wk of  treatment; this finding was accom-
panied by an improvement of  postprandial glucose han-
dling, as well as by beneficial effects on multiple clinical 
and biochemical parameters of  MetS. 

The HOMA index is a well validated surrogate 
measure of  insulin resistance, and a strong predictor 
of  CV risk in several classes of  patients[10,11]. Mounting 
evidence from the last years supports the importance of  
the HOMA-IR index as a prognosticator even at values 
very close to the normal range, i.e., in patients not fit-

ting a diagnosis of  T2D. Recent studies demonstrated 
its independent value in the prediction of  CV events in 
the general adult non-diabetic population[12,13]. In light 
of  these epidemiological findings, our results appear 
strengthened in their clinical significance, strongly advo-
cating further research in the field. The effect of  AP on 
insulin resistance may be chiefly explained by the action 
of  BRB on glucose metabolism. BRB has been used 
for more than 2000 years in traditional Asian medicine 
for the treatment of  many unrelated disorders includ-
ing diabetes mellitus. Two randomized controlled trials 
have investigated, to date, the metabolic effects of  BRB 
on glucose metabolism in T2D patients: in both stud-
ies BRB was effective in improving glucose control and 
indices of  insulin resistance, to an extent similar to com-
monly employed hypoglycemic agents, which were used 
as control[6,14]. Our results concerning insulin resistance 
substantially confirm that found in these reports in a 
different, “less advanced” population of  patients with 
MetS. Of  note, the dose of  BRB employed in the afore-
mentioned clinical experiences is much higher than the 
one used in our study (approximately twice as high). 

Several experimental studies recently provided in-
sights into the pharmacodynamic basis of  such thera-
peutic effects of  BRB, in which it differs substantially 
from all the most prescribed molecules in the field. In 
fact, BRB activates AMP-activated protein kinase leading 
to metabolic gene regulation, with beneficial effects on 
adipose tissue and muscle[7]; moreover, the AMP-medi-
ated activation reduces insulin secretion by pancreatic 
β-cells[15]. Another recognized mechanism is the upregu-
lation of  insulin-receptor expression through protein 
kinase C activation[16]. On the other hand, evidence from 
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             AP           Placebo
Baseline 18-wk Within-group 

difference vs  
baseline (P)

Baseline 18-wk Within-group 
difference vs  
baseline (P)

Δ from 
baseline

AP

Δ from
baseline
placebo

Between-group 
comparison of  

Δ (P)

  Number (M/F)    29 (20/9)    30 (18/12)
  Age    53 ± 7    50 ± 11.9
  Smoker      3���/��29      3���/��30
  Weight (kg)    90 ± 13    88 ± 12 0.008    96 ± 18    95 ± 18 0.011   -1.6 ± 3.1   -1.3 ± 2.6 0.657
  BMI (kg/m2) 32.2 ± 4.6 31.7 ± 4.4 0.013 34.7 ± 5.1 34.2 ± 5.1 0.008   -0.5 ± 1.1   -0.5 ± 0.9 0.805
  Waist circumference (cm)  110 ± 9  107 ± 9 0.018  115 ± 13  114 ± 13 0.087   -2.4 ± 5.1   -1.2 ± 3.6 0.301
  Systolic blood pressure (mmHg)  125 ± 13  120 ± 9 0.037  125 ± 14  126 ± 12 0.585      -5 ± 14        1 ± 12 0.047
  Diastolic blood pressure (mmHg)    78 ± 8    75 ± 8 0.087    81 ± 8    78 ± 7 0.084      -3 ± 8      -3 ± 10 0.753
  Fasting glucose (mmol/L) 5.72 ± 1.22 5.28 ± 1.11 0.006 4.72 ± 0.67 4.55 ± 0.67 0.006 -0.44 ± 0.78 -0.22 ± 0.39 0.186
  Fasting Insulin (pmol/L)    90 ± 42    76 ± 42 0.165    90 ± 69  111 ± 90 0.119    -14 ± 35     21 ± 57 0.042
  HOMA-IR   3.2 ± 1.5   2.6 ± 1.3 0.019   2.8 ± 2.2   3.2 ± 2.6 0.259   -0.6 ± 1.2    0.4 ± 1.9 0.023
  Mean postprandial glucose (mmol/L) 7.00 ± 1.89 6.67 ± 1.61 0.085 5.89 ± 1.33 6.05 ± 0.89 0.309 -0.33 ± 1.00  0.16 ± 0.78 0.046
  Mean postprandial Insulin (pmol/L)  306 ± 125  298 ± 159 0.793  409 ± 194  507 ± 347 0.017      -7 ± 115   100 ± 215 0.023
  OGTT Glucose at 2 h (mmol/L) 8.89 ± 3.44 8.33 ± 3.00 0.216 6.94 ± 1.94 7.17 ± 1.89 0.478    -10 ± 47       4 ± 25 0.153
  Triglycerides (mmol/L) 1.76 ± 0.86 1.73 ± 0.85 0.933 1.92 ± 0.83 2.07 ± 1.28 0.375 -0.01 ± 0.89  0.17 ± 1.03 0.467
  Total cholesterol (mmol/L) 5.40 ± 1.00 4.60 ± 0.59     < 0.001 5.09 ± 1.03 5.08 ± 0.82 0.253 -0.82 ± 0.76 -0.13 ± 0.60       < 0.001
  HDL cholesterol (mmol/L) 1.08 ± 0.26 1.08 ± 0.23 0.757 1.18 ± 0.35   1.1 ± 0.28 0.054  0.00 ± 0.13 -0.08 ± 0.21 0.074
  LDL cholesterol (mmol/L) 3.49 ± 0.19 2.69 ± 0.54     < 0.001 3.05 ± 1 2.93 ± 0.99 0.200 -0.82 ± 0.68 -0.13 ± 0.55       < 0.001
  Flow mediated dilation (%)   6.8 ± 3.1   8.7 ± 3.3 0.021   6.8 ± 1.9   6.8 ± 2.1 0.982     1.9 ± 4.2       0 ± 1.9 0.032

Table 2  Summary of patient characteristics, primary and secondary endpoints

AP: Neutraceutical consisting of berberine, policosanol and red yeast rice;  OGTT: Oral glucose tolerance test; HOMA-IR: Homeostasis model assessment of 
insulin resistance; BMI: Body mass index; HDL: High density lipoprotein; LDL: Low density lipoprotein.
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both in vivo and in vitro studies suggest that part of  the 
antihyperglycemic activity of  BRB is due to a decrease 
in the availability of  glucose after a meal. In particular, 
BRB suppresses intestinal disaccharidases, reducing the 
intestinal absorption of  glucose[17]. This latter effect is 

very interesting and may explain the slight but signifi-
cant reduction in postprandial glycemia observed in the 
treated group. 

AP treatment led to a significant reduction in total 
and LDL cholesterol, confirming previous reports[5,18]. 
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Figure 1  Variations in the primary endpoint (A) and in secondary endpoints (B). AP: Neutraceutical consisting of berberine, policosanol and red yeast rice; 
HOMA: Homeostasis model assessment; FMD: Flow-mediated dilation.
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Interestingly, the therapeutic effect seemed evident also 
in those patients who were already under treatment with 
statins. These results are extremely meaningful in light 
of  the recommendation to reduce LDL-cholesterol be-
low 100 mg/dL to reduce the risk of  CV events in pa-
tients with MetS. Both BRB and RYR monotherapy have 
been proven to reduce blood lipid levels at higher doses, 
even being advocated by many as a first-line therapy for 
statin-intolerant subjects; once again, the doses used in 
the present trial were much lower than the ones com-
monly used in the past monotherapy studies[19,20].

The positive effects on both glucose and lipid me-
tabolism were accompanied by a marked improvement 
in endothelial function. In fact, this study shows a sig-
nificant increase in FMD values in the AP group com-
pared with the placebo group. Such a finding may arise 
not only from the improvement of  metabolic alterations, 
but also from the demonstrated antiproliferative and 
vasodilatatory effects of  BRB[21,22]. Moreover, BRB has 
shown beneficial effects on endothelial function also by 
inducing upregulation of  the endothelial progenitor cells 
related to nitric oxide production. The importance of  
this improvement of  vascular reactivity seems also rein-
forced by the unexpected reduction of  blood pressure 
values in the treated arm. 

In both groups, a slight reduction in body weight was 
observed and the magnitude of  this reduction was com-
parable. This effect may be related to the diet. Neverthe-
less this slight weight loss in the placebo arm was not as-
sociated with an improvement in metabolic parameters, 
suggesting a beneficial effect of  AP independent of  
weight loss. In addition, patients in the active arm also 
showed a trend to reduced waist circumference, which 
was not observed in the placebo arm. We can postulate 
that this reflects a better disposal of  fat, with a relative 
reduction of  visceral fat in the AP arm. The effect on 
waist circumference confirms previous results in animal 
models, in which treatment with BRB led to a significant 
reduction in abdominal fat[23]. However, we also ac-
knowledge that study design and duration did not aim at 
demonstrating effects on anthropometric parameters.

In conclusion, we demonstrated that a combination 
of  BRB, RYR and policosanol exerts beneficial effects 
on all components of  MetS, despite the short duration 
of  the study and the low doses of  the individual com-
ponents; the clinical benefit seems pleiotropic, involving 
both markers of  insulin-resistance, dyslipidemia, and en-
dothelial function. The treatment was well tolerated with 
negligible side effects. 

Management of  MetS is nowadays based on lifestyle 
intervention and treatment of  its individual components. 
Effective prevention is based on strategizing health poli-
cies and mass intervention programs; anyway, given its 
high prevalence and significance, an effective therapy to 
contrast the cluster of  components of  MetS and reduce 
risk at the patient level is increasingly felt as an urgent 
need; if  our results are confirmed by larger studies with 
harder outcome measures, we believe that nutraceuticals 
may play an important role in such a scenario, given their 

strong rationale, pleiotropic action, efficacy, and toler-
ability. Upcoming research shall also focus on dose rang-
ing, patient selection and association studies with other 
“pharmaceutical” molecules, i.e., statins, polyunsaturated 
fatty acids, and metformin, possibly in the context of  
large multicenter trials.

The results of  this study should be interpreted in 
light of  some limitations. This was a short-term study, 
while metabolic interventions may require longer pe-
riods to assess stable beneficial effects. On one hand, 
this could have led to an underestimation of  the actual 
effects of  chronic treatment; on the other hand, some 
long-term safety and tolerability questions, as well as 
efficacy on hard clinical endpoints, remain unanswered 
and need further investigation. 

The improvement in the HOMA-IR index could 
have been influenced, at least in part, by the dietary in-
tervention; however, patients in the placebo arm, who 
followed the same diet, experienced a slight worsening 
of  the index. Another point is that, although this was a 
randomized study, fasting glucose levels were not well 
balanced between the 2 groups; since the groups ap-
peared comparable regarding all other measures of  insu-
lin resistance, including the predefined primary endpoint, 
this inequality seems to be acceptable and justified by the 
wide phenotypic variability of  MetS. 

The present study shows that the administration of  
AP in a group of  MetS patients is safe and effective in 
reducing more than one feature of  MetS. Further studies 
are needed to investigate whether long-term treatment 
with this kind of  nutraceutical combination may prevent 
CV and T2D complications.  
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COMMENTS
Background
Metabolic syndrome is responsible for a large part of the increase in the inci-
dence of cardiovascular events developed countries have been witnessing in 
the last decades. Patients are mostly treated by means of lifestyle modifica-
tion, counseling and multiple drug therapies, with frequent nonadherence and 
treatment failure. In this paper, the authors assessed the clinical benefits of a 
nutraceutical containing berberine, policosanol, and red yeast rice, on insulin 
resistance and several other parameters of metabolic syndrome, on top of cur-
rent guideline-oriented therapy. 
Research frontiers
Research has long been focusing on integrated pleiotropic medications and 
drug combinations in metabolic syndrome. However, most pharmacological ap-
proaches to date have been addressing the consequences of the disease (i.e., 
lipid levels and platelet hyperaggregability) more than its underlying mecha-
nisms (i.e., insulin resistance, visceral obesity). On the other hand, nutritional 
or nutraceutical supplements have to date proven of little or no benefit in this 
patient population.
Innovations and breakthroughs
The findings can be of great interest to the readers, since authors demonstrate 
that a low dose of a nutraceutical combination effectively and safely reduces 
insulin resistance in patients with metabolic syndrome, with a general effect on 
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clinical and biochemical parameters; these changes were accompanied by a 
significant improvement in vascular reactivity and systolic blood pressure. The 
addition of nutraceutics to lifestyle modification and pharmacological therapy 
might offer an innovation in this field, given the strong rationale, pleiotropic ac-
tion, efficacy and good tolerability of these compounds.
Applications
The applicability of the results could be surprisingly wide, because of the avail-
ability of this specific nutraceutical combination in several countries, and its 
good safety and tolerability profiles. Single, isolated experiences on selected 
patients seem to be warranted, especially in the setting of primary prevention 
and in individuals refusing “traditional” drug therapy. Nonetheless, authors must 
acknowledge that much larger and long-term studies will be needed to expand 
indications to the whole metabolic syndrome-population in a more systematic 
fashion. The current scenario of clinical research in primary prevention would 
probably require years and thousands of patients to test such treatments on 
hard event-based endpoints; however, large trials based on well-validated sur-
rogate endpoints will certainly follow in the near future.  
Terminology
The term “nutraceutical” derives form the words “nutrition” and “pharmaceutical”, 
and it can be defined as a product isolated or purified from foods, generally sold 
in medicinal forms, and demonstrated to have a medical benefit or to provide 
protection against chronic diseases. Many studies have investigated the ben-
eficial properties of some of these substances on metabolic alterations, and the 
assessment of the most recent scientific evidence in the field led us to explore 
the potential efficacy on insulin resistance of a nutraceutical combination of 
berberine, red yeast rice, and policosanols.
Peer review
This paper is well-written and interesting. 
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