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Abstract

Cardiovascular diseases are the leading cause of mortality worldwide,
generating a heavy economic impact. Elevated plasma levels of low-density
lipoprotein cholesterol (LDL-C) are a major risk factor for atherosclerotic
cardiovasculardisease,andlowering LDL-Creducestherisk of cardiovascular
adverse events.

Current evidence suggests that some clinically tested lipid-lowering
nutraceuticals could be safely used, alongside lifestyle changes, to improve
plasma lipid levels in subjects affected by mild-to-moderate dyslipidaemia
with low cardiovascular risk.

This real-life survey observed the use of Colestat, an oral supplement
containing Dif1Stat and whole Olea europaea extract, in subjects with
borderline lipid levels for whom statin therapy was not recommended. A
post-marketing survey enabled the assessment of treatment adherence,
usability, and perceived quality of the product in routine clinical practice.

A total of 272 adults, managed in primary care by general practitioners,
received one capsule daily for a minimum of 3 months. Of these, 44
continued supplementation for 6 months, undergoing repeated laboratory
testing. The combined formulation demonstrated excellent acceptability
and high adherence across the entire study population, and was effective in
reducing plasma LDL-C (-18.3%), total cholesterol, and triglycerides (TGs).
Colestat was well tolerated and displayed a favourable safety profile, as
indicated by the absence of clinically relevant changes in biochemical
markers of hepatic function (aspartate aminotransferase, alanine
aminotransferase, gamma-glutamyl transferase) and muscle integrity
(creatine phosphokinase), which remained essentially unchanged from
baseline. During the observation period, both the LDL/high-density
lipoprotein cholesterol (HDL) and TC/HDL ratios declined, approaching
levels associated with lower cardiovascular risk.
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Introduction

The leading cause of mortality and mor-
bidity worldwide is cardiovascular disease
(CVD), particularly ischaemic heart disease
(myocardial infarction and angina) and stroke.
According to the World Health Organization in
2025, CVD caused approximately 19.8 million
deaths in 2022, equivalent to about 32% of to-
tal global deaths; of these, 85% were attribut-
able to heart attacks and strokes. CVD is also
a major cause of morbidity, with a significant
impact on quality of life and healthcare costs.
Coronary heart disease (CHD) alone is the lead-
ing single cause of mortality within CVD, with
approximately 8-9 million deaths per year™.

High levels of total cholesterol (TC) and
low-density lipoprotein cholesterol (LDL-C) are
the most important modifiable cardiovascular
(CV) risk factors for the development of CHD.
Atherosclerosis is caused by the progressive
deposition of LDL-C and other lipoproteins
within the artery wall, which triggers a cas-
cade of inflammatory reactions leading to the
formation and progression of atherosclerotic
plaque. LDL-C is not only a risk factor for ath-
erosclerotic CV disease (ASCVD), but like other
lipoproteins is a direct cause of ASCVD. There-
fore, lowering plasma LDL-C levels should be
the main focus for preventing atherosclerotic
CV events 2l In the 2019 European Society of
Cardiology/European Atherosclerosis Society
(ESC/EAS) guidelines, for patients undergoing
primary prevention with low cardiovascular risk
(systematic coronary risk evaluation (SCORE) <
1%), an LDL-C value < 116 mg/dL is considered
"desirable." For TC a value of 190 mg/dL is con-
sidered the acceptable upper limit for primary
prevention, without other risk factors.

Randomized controlled clinical trials with
cholesterol-lowering drugs indicate that the de-
gree of LDL-C control is proportional to a high
and constant reversibility of risk Bl This sug-

gests that any reduction in LDL-C, regardless of
its baseline value, if sufficiently prolonged over
time, will induce a reduction in cardiovascular
risk . Lower LDL-C values consistently corre-
spond to a lower cardiovascular risk: "the low-
er, the better".

Treatment of hypercholesterolaemia in-
volves lifestyle advice, such as diet and exer-
cise, and may include lipid-lowering therapy,
depending on the severity of dyslipidaemia and
cardiovascular risk . Specific lifestyle interven-
tions include a diet low in saturated fat, with a
focus on wholegrain products, vegetables, fruit,
and fish, such as the Mediterranean diet. Pa-
tients unable to achieve their cholesterol goals
through lifestyle interventions should consider
the use of lipid-lowering nutraceuticals when
drug therapy is not indicated .

Red yeast rice (RYR) is a nutraceutical
compound obtained from the fermentation of
Oryza sativa by a yeast (Monascus purpureus).
Through the fermentation process, the yeast
enriches the rice with polyketides (monacolins)
which have a cholesterol-lowering effect. The
main cholesterol-lowering mechanism of ac-
tion of RYR is due to the ability of monacolins
to reversibly inhibit the 3-hydroxy-3-methyl-gl-
utaryl-coenzyme A (HMG-CoA) reductase, a key
enzyme in the cholesterol synthesis pathway,
just as statins do in a stronger way.

This post-marketing survey observed
the effects of Colestat, a nutraceutical formula
based on RYR, in a population of patients with
borderline hypercholesterolaemia.

Colestat contains the patented Dif1Stat
formula: RYR in combination with policosanols,
a mixture of aliphatic alcohols derived from pu-
rified sugar cane, and niacin. Another crucial
formula component is Olearte, a total extract
of Olea europaea rich in oleuropein. Oleuro-
pein is the most abundant polyphenol in the
leaves and fruit of Olea europaea, and is one
of its most studied compounds for its health
properties, with both preclinical and clinical ev-
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idence supporting its positive effects, especially
on the cardiovascular system. Oleuropein pro-
tects endothelial function and contributes to
improving the lipid profile, thanks to its antiox-
idant potential. Specifically, preclinical models
have shown that oleuropein protects HDL from
oxidation, which is associated with the main
HDL biological function - its cholesterol efflux
capacity. A randomized controlled trial showed
that the intake of a high polyphenol (oleuro-
pein) olive oil resulted in the upregulation of
genes involved in the cholesterol efflux from
cells to HDL. Genetic variants predisposing to
high HDL cholesterol are not associated with a
lower risk of CHD, although HDL functionality is
the most relevant feature. Benefits associated
with oleuropein consumption for cardiovascu-
lar risk could therefore be mediated through a
nutrigenomic effect .

Several studies have evaluated the effica-
cy and safety of Colestat. Cicero et al. admin-
istered Colestat to 111 patients with normal/
borderline triglyceridaemia, moderate hyper-
cholesterolaemia, and low risk for CVD. After
2 months of treatment, LDL-C was reduced by
an average of 20% without any serious safety
concerns, a result similar to that seen in pa-
tients treated with pravastatin 20 mg/day V.
In a different placebo-controlled clinical study,
240 patients with an overall coronary risk < 20%
and primary-moderate hypercholesterolaemia
were treated with Colestat. At 4 months fol-
low-up, patients had experienced a 29% reduc-
tionin LDL-C and a 26% reduction in non-HDL-C
8, Cicero et al. tested the efficacy of Colestat
in combination with omega-3 polyunsaturat-
ed fatty acids (183 mg eicosapentaenoic acid,
122 mg docosahexaenoic acid) in 107 untreat-
ed patients with hypercholesterolaemia and
metabolic syndrome, for primary prevention
of CVD. Patients experienced significant de-
creases in LDL-C (-22% + 3%), TG (-9% * 5%),
and non-HDL-C (-21% + 3%), and a significant
increase in HDL-C (+1.5% + 0.5%) after eight

weeks of treatment, with no changes in safety
parameters. Overall, 75% of patients achieved
an LDL-C target < 160 mg/dL and 25% < 130 mg/
dL . More recently, Colestat was tested with a
double-blind, placebo-controlled randomized
clinical trial to evaluate its modulating effect
on plasma lipids and endothelial function in 40
healthy, moderately hypercholesterolaemic pa-
tients in primary cardiovascular prevention, in a
setting of controlled nutritional habits. The food
supplement with Dif1Stat was able to significant-
ly improve different lipid parameters compared
to placebo, and endothelial reactivity compared
to baseline ™,

Another analysis from the Atherosclero-
sis Risk in Communities (ARIC) study, a large
cohort of participants free from ASCVD at base-
line and followed up for more than 20 years
with five visits, indicated that those with a TC/
HDL-C ratio > 4.2 had a higher risk of ASCVD, in-
dependent of other clinical risk factors and the
use of lipid-lowering medications "2,

The TC to HDL-C ratio (TC/HDL-C), avail-
able from the standard lipid profile at no extra
cost and highly correlated with levels of LDL
particle (LDL-P) number, has been shown to be
a strong cardiovascular risk marker by several
studies. In summary, the TC/HDL-C ratio pro-
vides additional clinical information to routinely
used cholesterol measures, such as non-HDL-C
and LDL-C, and should be considered for addi-
tional risk assessment in primary prevention
populations. 12,

Survey description

Between October 2021 and December
2022, a total of 48 physicians (32 general prac-
titioners and 16 specialists) participated in this
post-marketing survey. The observed subjects
had mild-to-moderate hypercholesterolaemia
with no additional cardiovascular risk factors,
and they were initially advised to implement
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lifestyle interventions, as statin therapy was not
indicated. This post-marketing survey used ful-
ly anonymized data collected by general prac-
titioners and cardiologists in compliance with
the General Data Protection Regulation; the au-
thors accessed only non-identifiable data. A to-
tal of 272 subjects (Group A) who were unable
to achieve their cholesterol targets through
lifestyle modifications were subsequently pre-
scribed the Colestat food supplement, at a
dose of one capsule per day, to be taken in the
evening after dinner or before bedtime. The
mean age was 55 years. Individuals under 18
or over 70 years old, pregnant or breastfeeding
women, those with severe illnesses, and sub-
jects taking lipid-lowering medications or other
Monascus-based supplements were excluded
from the observation. The demographic and
clinical characteristics of the cohort are sum-
marized in Table 1.

Each capsule of Colestat contains Dif1Stat
(red yeast rice, niacin, linear aliphatic alcohols),
Olearte (Olea europaea dry extract from leaves
and fruits), Camellia sinensis dry leaf extract, vi-
tamin E, vitamin B6, vitamin B12, and folic acid.

The subjects took one capsule per day
continuously, without interruptions, for 3
months (T1). Additionally, data were collected
at 6 months for a smaller subgroup of 44 pa-
tients (Group B) who continued supplement in-
take for the full 6-month period (T2) and had
baseline LDL cholesterol levels greater than
160 mg/dL.

Consequently, a sub-analysis was con-
ducted to evaluate the percentage changes in
haematochemical parameters, treatment toler-
ability, and any adverse events from baseline
(TO) to 6 months (T2).

Cardiovascular risk was further evaluat-
ed using lipid ratios. The total cholesterol to
HDL cholesterol (TC/HDL) and LDL cholesterol
to HDL cholesterol (LDL/HDL) ratios were cal-
culated, with higher values indicating a greater
atherogenic risk. For reference, TC/HDL ratios

below 4.0 and LDL/HDL ratios below 2.5 are
generally considered indicative of a favourable
lipid profile ' 12],

Statistical analysis

Percentage changes from baseline to
post-treatment were calculated for both lip-
id parameters and transaminases. Statistical
significance was assessed using a two-tailed
paired t-test, with p < 0.05 considered statisti-
cally significant.

Table 1: Demographic and clinical characteristics of the
patient cohort

Study cohort (n=272)
Male:Female 1:1.24
Mean age (IQR?) 55 (19-70)
Lipid profile
Total cholesterol mg/dL 235
LDL-C mg/dL 148
HDL-C mg/dL 56
Triglycerides mg/dL 131
Transaminases
AST® IU/L 29
ALTe [U/L 28
GGT? IU/L 37
CPKe 1U/L 96

alQR = interquartile range

PAST = aspartate aminotransferase
‘ALT = alanine aminotransferase
dGGT = gamma-glutamyl transferase
¢CPK = creatine phosphokinase

Results

After a short period of supplementation
(T1, 3 months), Colestat reduced LDL-C by 18.3%,
with a statistically significant change (p < 0.05) in
Group A. Similarly, TC also showed a statistical-
ly significant reduction (-13%), and thanks to an
adequate diet, TG also underwent a significant
decrease (-7.5%); transaminases and CPK were
stable (Table 2).

These data confirm the expected effect
of Colestat on improving the lipid profile, par-
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ticularly by reducing LDL-C levels, with a good
safety profile.

Amongst the 44 patients in Group B, who
had higher baseline LDL cholesterol (greater
than 160 mg/dL) and maintained treatment for
6 months, a more significant reduction in LDL-C
of -21% was observed.

Table 4 shows the changes in lipid ra-
tios from baseline (T0) to 3 months (T1). Both
LDL/HDL and TC/HDL ratios decreased over
the study period, moving towards thresholds
linked to reduced CV risk.

Table 2: Group A. Baseline (T0) and post-treatment (T1)
levels of the evaluated parameters

Parameters T0 T1 A% p
Total cholesterol mg/dL | 235 | 204 | -13.0% | <0.001*
LDL-C mg/dL 148 121 -18.3% | <0.001*
HDL-C mg/dL 56 55 -0.8% 0.575
Triglycerides mg/dL 131 121 -7.5% | <0.001*
AST IU/L 26 25 -2.3% 0.290
ALT IU/L 26 25 -4.2% 0.018
GGT IU/L 30 | 275 | -8.0% 0.089
CPK IU/L 91 90 -1.4% 0.472

Table 3: Group B. Baseline (TO) and post-treatment (T2)
levels of the evaluated parameters

Parameters TO T2 A% p
Total cholesterol mg/dL| 248 | 211 -13.0% | <0.001*
LDL-C mg/dL 161 | 128 | -21.0% | <0.001*
HDL-C mg/dL 54 57 5.0% 0.091
Triglycerides mg/dL 127 | 124 -2.0% 0.443
AST IU/L 26 26 1.1% 0.683
ALT [U/L 28 26 -6.5% 0.162
GGT IU/L 36 29 -4.3% 0.400
CPK IU/L 95 92 -2.8% 0.391

Table 4: Group A. Changes in lipid ratios from baseline (T0)
to 3 months (T1)

Lipid Ratio | Ideal Value TO T A% p
TC/HDL <4.0 4.59 | 3.96 | -13.7 |<0.001*
LDL/HDL <25 2.88 | 2.33 | -19.1 [<0.001*

Discussion
and conclusion

This post-marketing survey observed the use
of Colestat supplementation in subjects with
mild-to-moderate dyslipidaemia who were not
eligible for pharmacological therapy.

The final data are consistent with previous clinical
trials, showing a significant reduction in blood
lipids, particularly LDL cholesterol.

Lipid ratios are powerful indicators of CV risk.
Both LDL/HDL and TC/HDL ratios decreased
over the observation period, moving towards
thresholds linked to reduced CV risk.

Across all groups the supplement exhibited a
favourable safety profile, with consistently high
treatment adherence and patient acceptance.
This post-marketing survey supported Colestat
supplementation as a potential option for pa-
tients with mildly to moderately elevated LDL
cholesterol levels, prior to the initiation of phar-
macological treatment.
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