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Low-density lipoprotein cholesterol (LDL-C) reduction is associated with a significant de-
crease in mortality, and statins represent the most effective drugs to achieve this. However,
side effects of statins are very common and may lead to treatment discontinuation.
Nutraceuticals are a combination of natural components that have shown efficacy in low-
ering LDL-C concentration when used alone or in association with other agents in patients
who are intolerant to high-dose statins. Our aim was to compare the efficacy and toler-
ability of low-dose statin (LDS) therapy versus combined therapy of LDS plus a nutraceutical
combination containing red yeast rice, policosanol, berberine, folic acid, coenzyme Q10 and
astaxanthin (Armolipid Plus) in high-risk patients. We performed a randomized (1:1), pro-
spective, parallel group, single-blind trial in which participants had coronary artery disease
(n = 100), had undergone percutaneous coronary intervention in the preceding 12 months,
were high-dose statin intolerant, and did not achieve ≥50% reduction in LDL-C with LDS
treatment alone. After 3 months, patients in the LDS + Armolipid Plus (n = 50) group pre-
sented with a significantly greater reduction of LDL-C and total cholesterol (p <0.0001),
and 70% of patients in this group achieved the therapeutic target (LDL-C <70 mg/dl), whereas
patients in the LDS group did not. Six patients (3 from each group) dropped out due to
myalgia. In conclusion, in patients with coronary artery disease and high-dose statin in-
tolerance, the combination of LDS and nutraceuticals represents a valuable therapeutic
option. © 2017 Elsevier Inc. All rights reserved. (Am J Cardiol 2017;■■:■■–■■)

Multiple trials have shown that in patients with athero-
sclerotic cardiovascular disease, reduction of low-density
lipoprotein cholesterol (LDL-C) with statin therapy reduces
mortality and cardiovascular events.1 In addition to well-
documented efficacy, statins have well-known side effects2–4

which, in clinical practice, can lead to nonadherence or treat-
ment discontinuation. It is unsurprising that inadequate lipid-
lowering therapy and nonadherence to statin treatment is
associated with failure to achieve target LDL-C levels.5,6 The
combination of red yeast rice and berberine is shown to
improve the lipid profile in subjects intolerant to statins.7,8

Armolipid Plus (APL) is a formulation which contains 3 lipid-
lowering substances: red yeast rice, policosanol, and berberine,
combined with 3 other ingredients: folic acid, astaxanthin,

and coenzyme Q10. This nutraceutical formulation has been
shown to be effective in reducing total cholesterol (TC) and
LDL-C, with benefits equivalent to low-dose statins in pa-
tients with mild to moderate dyslipidaemia in studies of 6 to
48 weeks’ duration.9,10 Whether the addition of moderate to
low-dose statin (LDS) therapy plus the nutraceutical combi-
nation can have a therapeutic role in high-dose statin (HDS)-
intolerant patients remains unknown. Thus, the primary
objective of this study was to compare the efficacy and tol-
erability of LDS therapy with combined therapy with LDS
plus a nutraceutical combination in HDS-intolerant high-
risk patients with coronary artery disease (CAD).

Methods

We performed a randomized, prospective, parallel group,
single-blind trial of the Association between low-Dose statins
and nutraceuticals in High intEnsity statin-intoleRant patiENts
with very high-risk Coronary artery diseasE (ADHER-
ENCE) (clinicaltrials.gov identifier: NCT02001883). The
nutraceutical combination used in this trial was APL, a for-
mulation of 6 naturally occurring plant extracts, which contains
3 substances with putative complementary lipid-lowering prop-
erties: red yeast rice (200 mg, corresponding to 3 mg of
monacolin), policosanol (10 mg), and berberine (500 mg),
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combined with 3 other ingredients: folic acid (0.2 mg),
astaxanthin (0.5 mg), and coenzyme Q10 (2 mg) (Mylan;
manufactured as per European Union Good Manufacturing
Practice requirements and available in several European and
Asian countries).

Participants were patients with CAD who had under-
gone percutaneous coronary intervention (PCI) in the preceding
12 months (n = 100), who were HDS intolerant, and did not
achieve ≥50% reduction in LDL-C with LDS treatment.
Nonpharmacologic measures (diet and exercise) and stan-
dard medical therapy were prescribed after the procedure.
Inclusion criteria were: (1) documented CAD treated with PCI
in the preceding 12 months; (2) high levels of LDL-C
(>100 mg/dl); and (3) HDS intolerance. HDS intolerance was
defined as myalgia (muscle complaints without serum cre-
atine kinase elevations) and/or myositis (muscle symptoms
with creatine kinase elevations) and/or rhabdomyolysis (cre-
atine kinase levels >10 times the upper limit of normal with
an elevated creatinine level consistent with pigment-induced
nephropathy) and/or gastrointestinal disorders, that is, alanine
aminotransferase or aspartate aminotransferase >2 times the
upper limit of normal. HDS was defined as atorvastatin,
fluvastatin, lovastatin, simvastatin, and pravastatin at doses
>20 mg, and rosuvastatin at a dose >10 mg. Exclusion cri-
teria included glomerular filtration rate of <30 mL/min/
1.73 m2 (based on creatinine measured at the screening visit
and calculated by a standard formula)11 and creatine kinase
or alanine aminotransferase or aspartate aminotransferase above
normal measured at the screening visit.

Patients were randomized into the trial when they satis-
fied all subject selection criteria. A computer-generated
randomization schedule was used to assign subjects in a 1:1
ratio to the 2 treatment groups:

• Group LDS plus nutraceutical combination (LDS + ALP)
who received a combination of LDS (10 to 20 mg/day of
simvastatin or 5 to 10 mg/day atorvastatin or 5 mg/day
rosuvastatin) and the nutraceutical combination (APL) 1
tablet/day;

• Group LDS who continued LDS therapy alone (10 to 20 mg/
day of simvastatin or 5 to 10 mg/day atorvastatin or 5 mg/
day rosuvastatin).

At the baseline visit, after the informed consent form had
been signed, efficacy and safety investigations were per-
formed, including physical examination, vital sign assessment,
and laboratory blood tests (TC, LDL-C, high-density lipo-
protein cholesterol [HDL-C], triglycerides, transaminases, and
creatine kinase). All these examinations were repeated at the
3-month follow-up visit.

The primary outcome was achievement of the therapeu-
tic target for LDL-C concentration (<70 mg/dl). Secondary
outcomes were effects on lipid profile (changes in TC, LDL-
C, HDL-C, and triglycerides) and treatment tolerability. Upon
occurrence of an adverse event, subjects were counseled to
stop taking the medicine permanently or temporarily. No pa-
tients had to stop the treatment permanently and no one
dropped out of the trial. Nevertheless 6 patients discontin-
ued treatment temporarily: 2 patients in LDS group interrupted
treatment for 1 week, whereas 1 patient in LDS group and
3 patients in ALP + LDS group interrupted medications for

5 days. However, temporary withdrawal did not occur close
to the second blood sampling. The study was carried out during
routine clinical practice at the Istituto di Ricerca a Carattere
Scientifico (IRCCS) San Raffaele Pisana, Rome, Italy, after
the international guidelines and in line with the principles out-
lined in the Declaration of Helsinki.

Data for continuous variables were expressed as mean
values and standard deviation; categorical data were ex-
pressed as number of patients and percentage. The
Kolmogorov-Smirnov test for goodness of adaptation was used
to verify distribution normality. Based on the results of the
Kolmogorov-Smirnov test, statistical transformations were
applied if needed. Baseline characteristics between groups at
the start of the treatment were compared using the Student t
test for independent samples or chi-square test. The analy-
ses of the treatment intragroup-associated changes were
performed using a series of repeated measures analysis of vari-
ance. A p-value <0.05 was considered as statistically significant
for all tests.

Results

One hundred patients were enrolled consecutively. Fifty
patients were randomized to receive a nutraceutical combi-
nation in addition to standard optimal therapy including LDS
(LDS + ALP group), and 50 patients continued standard
therapy with LDS alone. Baseline clinical features and lipid
profiles were similar between groups (Table 1).

The statin therapies and dosage most frequently taken by
patients were atorvastatin 10 mg (36% and 34% of patients,
respectively, in the LDS and LDS + ALP groups) and
simvastatin 20 mg (32% of patients in both treatment groups).
Other concomitant therapies were taken by a similar propor-
tion of patients in both treatment groups, including aspirin,
antiplatelet therapy, and antihypertensive agents (Table 2).
There were no significant differences in individual therapy
between the 2 groups.

For the primary end point, at 3 months, no patient in the
LDS group achieved the therapeutic target of LDL-C <70 mg/
dl, whereas 70% of patients (35 of 50) reached the target in
the LDS + ALP group (Figure 1). At the 3-month visit,

Table 1
Baseline characteristics in the 2 groups

Variable* Low-dose
statin

(n = 50)

Low-dose statin
plus nutraceutical

combination (n = 50)

Men 28 (56%) 26 (52%)
Age (years), mean ±SD 67 ± 12 69 ± 10
Diabetes mellitus 20 (40%) 18 (36%)
Hypertension 34 (68%) 38 (76%)
Current smoker 3 (6%) 4 (8%)
TOT-C (mg/dl), mean ±SD 199 ± 11 198 ± 9
LDL-C (mg/dl), mean ±SD 129 ± 17 127 ± 15
HDL-C (mg/dl), mean ±SD 35 ± 4 35 ± 4
Triglycerides (mg/dl), mean ±SD 176 ± 51 177 ± 51
Left ventricular ejection fraction (% ±SD) 54 ± 3 53 ± 2
Blood creatinine (mg/dl), mean ±SD 0.8 ± 0.3 0.8 ± 0.2

* p = non-significant for all between group comparisons; SD = standard
deviation.
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significantly greater reductions in LDL-C and TC concen-
trations were observed in the LDS + ALP group as compared
with the LDS group; the 2 groups also differed for HDL-C,
with greater increases in concentration recorded in the
LDS + ALP group compared with the LDS group (Table 3).

During the 3-month trial, 3 patients in the LDS + ALP
group stopped treatment due to myalgia and 3 patients in the
LDS group stopped treatment for the same reason (Table 4).

Discussion

In this study, the nutraceutical combination plus LDS
therapy was significantly more effective than LDS alone for
reduction in TC and LDL-C concentration at 3 months in pa-
tients with CAD and previous PCI. Furthermore, at 3 months,
70% of patients in the nutraceutical combination plus LDS
group reached the therapeutic target for LDL-C of <70 mg/
dl, whereas no patient who received LDS alone reached the
target. Our findings are consistent with previous reports in
other patient populations. A recent meta-analysis of the
nutraceutical combination, in which trials versus control or
active interventions were considered, found the effect of the
nutraceutical combination on lipid concentration measured
as weighted mean differences as TC (−26.15 mg/dl; p <0.001),
LDL-C (−23.85 mg/dl; p <0.001), HDL-C (+2.53 mg/dl;
p <0.001), and triglycerides (−13.83 mg/dl; p <0.001).10 In an
earlier study of patients intolerant to statins who did not achieve
their therapeutic target with ezetimibe, the nutraceutical com-
bination plus ezetimibe achieved a further percentage decrease
in TC of −9.7% and −13.6% for LDL-C concentration.8 In
patients with dyslipidemia with coronary heart disease and
previous PCI who were statin intolerant, the nutraceutical com-
bination alone or in addition to ezetimibe improved the lipid
profile and allowed nearly 75% of patients to achieve the thera-
peutic target (LDL-C < 100 mg/dl) at 12 months.12

In our study, treatment with LDS alone had only moder-
ate effect on lipid concentrations. The degree of LDL-C
reduction obtained is known to be dose-dependent and varies
between the different statins. However, reduction in LDL-C

Table 2
Treatment comparison between groups

Statin therapy* Low-dose
statin

(n = 50)

Low-dose statin
plus nutraceutical

combination (n = 50)

Atorvastatin 5 mg 4 (8%) 4 (8%)
Atorvastatin 10 mg 18 (36%) 17 (34%)
Simvastatin 10 mg 7 (14%) 9 (18%)
Simvastatin 20 mg 16 (32%) 16 (32%)
Rosuvastatin 5 mg 5 (10%) 4 (8%)
Other concomitant therapies*
Aspirin 49 (98%) 47 (96%)
Ticlopidine/clopidogrel 39 (78%) 41 (82%)
Beta-blockers 46 (92%) 48 (96%)
ACE inhibitor/ARB 41 (82%) 43 (86%)

* p = non-significant for all between group comparisons.
ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker.
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Figure 1. Proportion of patients who achieved the primary outcome of a re-
duction in low-density lipoprotein cholesterol (LDL-C) to the therapeutic
target (<70 mg/dl) after 3 months of treatment.

Table 3
Changes in lipid concentrations from baseline to 3 months of therapy, following treatment with low-dose statin versus low-dose statin plus nutraceutical combination

Variable Low-dose statin (n = 50) Low-dose statin plus nutraceutical combination (n = 50) p value*

Baseline, mean ±SD 3 months, mean ±SD % change Baseline, mean ±SD 3 months, mean ±SD % change

TOT-C (mg/dl) 199 ± 11 192 ± 10 −3.5 198 ± 9 163 ± 8 −17.5 <0.0001
LDL-C (mg/dl) 129 ± 17 123 ± 16 −4.3 127 ± 15 93 ± 12 −26.8 <0.0001
HDL-C (mg/dl) 35 ± 4 37 ± 4 +3.7 35 ± 4 38 ± 4 +8.8 0.02
Triglycerides (mg/dl) 176 ± 51 163 ± 47 −7.9 177 ± 51 159 ± 51 −10.2 NS

* The p value is for the between group comparisons; NS = not significant; SD = standard deviation.

Table 4
Systemic non-serious related adverse events

Adverse events by MEDRA terms Low-dose statin (n = 50) Low-dose statin plus nutraceutical combination (n = 50)

Mild Moderate Severe Total Mild Moderate Severe Total

Musculoskeletal discomfort 1 2 0 3 2 1 0 3
Hepatobiliary disorders 0 0 0 0 0 0 0 0
Gastrointestinal disorders 1 0 0 1 2 0 0 2
Metabolic disorders 0 0 0 0 0 0 0 0
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is rarely >40%, which is obtained only with high dose
atorvastatin and rosuvastatin (>20 mg).13

Our study is in accordance with the 2016 European Society
of Cardiology/European Atherosclerosis Society guidelines
for the management of dyslipidemias, which recommend the
use of nutraceuticals either as an alternative or in addition to
lipid-lowering drugs.14 The additive effects on lipid concen-
trations observed with the nutraceutical combination plus LDS
may be explained by the complementary mechanisms of action
of the nutraceuticals and statin components. Statins reduce
the synthesis of cholesterol in the liver by competitively in-
hibiting activity of the enzyme HMG-CoA reductase. The
reduction in intracellular cholesterol concentration induces
an increased expression of LDL receptor on the surface of
the hepatocytes, which results in increased uptake of LDL-C
from the blood and a decreased plasma concentration of LDL-C
and other apoB-containing lipoproteins, including triglyceride-
rich particles.15 The nutraceutical combination contains 3 lipid-
lowering compounds, namely, red yeast rice, policosanol, and
berberine, with complementary activities: red yeast rice and
policosanol target the HMG-CoA enzyme, reducing choles-
terol synthesis (the active ingredient of red yeast rice, monacolin
K, inhibits HMG-CoAreductase activity competitively, whereas
polycosanol decreases HMG-CoA reductase synthesis), and
berberine targets LDL-C liver uptake and triglyceride
synthesis.16–18 A similar formulation, but without policosanol
and berberine, has also been shown to significantly reduce
LDL-C, but to a lower extent (−14.8%).19 Whereas the ca-
pability of policosanol to significantly reduce LDL-C, when
used alone, was not confirmed,20 the modulation of the lipid
profile by berberine has been documented by several trials in
patients with mild to moderate hyperlipidemia, with mean re-
ductions in LDL-C reported in the range 20% to 25%.21,22

Both treatments were well tolerated with a low rate of treat-
ment discontinuations: 3% of patients in each treatment group
due to myalgia. Some safety concerns have recently been raised
in the literature regarding statin-like side effects of red yeast
rice extracts containing monacolin K (also known as lovastatin),
including myopathy and abnormal liver and kidney function.23,24

However, the amount of monacolin K content in red yeast
rice-containing dietary supplements is found to be highly vari-
able (3 to 30 mg/day), which will affect the safety and efficacy
of these products. As such, the European Union allows a
maximum dose of 10 mg/day of monacolin K in dietary
supplements.25 The nutraceutical combination used in our study
(APL) contains 200 mg of red yeast rice, corresponding to
delivery of a very low dose of the active ingredient monacolin
K (3 mg). To date, data on over 1,600 patients treated with
APL have been published from studies ranging from 6 to 48
weeks in which very few adverse events have been reported
(2.2%), the most common of which was constipation (n = 8).9

Notably, in our study, the nutraceutical combination plus LDS
was equally as well tolerated as the LDS alone.

Conversely, additional risks have been identified with the
use of HDS, including kidney injuries, musculoskeletal disease,
and diabetes mellitus, which should be taken into consider-
ation for long-term management of dyslipidemias.3–5 Initiation
of high-potency statin therapy (≥10 mg rosuvastatin, ≥20 mg
atorvastatin, and ≥40 mg simvastatin) is associated with a 34%
increase in rate of hospitalizations within the first 4 months
of starting treatment compared with all other low-potency statin

therapy, as observed in over 2 million statin users (in The Ca-
nadian Network for Observational Drug Effect Studies).2 This
increased risk may be due to the risk of rhabdomyolysis, sup-
pression of coenzyme Q10, and/or the induction of proteinuria.
Two large population-based cohort studies have reported a
modest increase in incidence of diabetes mellitus with the high-
potency statins (atorvastatin, rosuvastatin, and simvastatin)
as compared with the other low-potency statins.4 Although
modest (10% to 20%), this increased risk of onset of diabe-
tes mellitus is clinically important as it partly offsets the
benefits offered by potent statins.

Since 2015, a new class of injectable drugs, which target
a novel pathway to reduce LDL-C, have been approved in
the United States and Europe: they are monoclonal antibod-
ies that bind and inactivate a protein called proprotein
convertase subtilisin kexin 9 (PCSK9). By this mechanism,
these so-called PCSK9 inhibitors improve the liver reuptake
of plasma LDL-C.26 They are reported to be safe and highly
efficacious, with incremental LDL-C reductions in the range
55% to 60%.27,28 However, the approved indications of these
new drugs are still limited for use in addition to maximally
tolerated statin therapy in patients with heterozygous famil-
ial hypercholesterolemia or clinical atherosclerotic
cardiovascular disease requiring further reduction in LDL-C.

Interpretation of our study results is limited by the rela-
tively small study size; the data collected represent only
surrogate variables, that is, lipid profiles, and the inad-
equacy of current definitions of statin intolerance.29

Nonetheless, the results of this study show that in patients
with CAD who are intolerant to HDS therapy, treatment with
an LDS and nutraceutical combination presents a reliable, ef-
fective, and safe treatment option.
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