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Abstract

Introduction: There is growing interest in head-to-head comparison be-
tween different lipid-lowering nutraceuticals. The aim of our study was to
test the lipid-lowering effect of dietary supplementation with low-dose mo-
nacolins from red yeast rice (2.8 mg per daily dose) combined with berberine
(Armolipid Plus®) or highly standardized artichoke extract versus placebo.
Material and methods: 60 overall healthy adult volunteers with polygenic
hypercholesterolemia (baseline low-density lipoprotein cholesterol (LDL-C)
= 160.2 9.2 mg/dl) were enrolled in a 3-arm, double-blind, non-inferiority,
randomized, parallel-group clinical trial. After 4-week diet standardization,
enrolled individuals were randomized to be treated for 8 weeks with red
yeast rice and highly standardized artichoke extracts (ATC group), Armolipid
Plus®, or placebo.

Results: Attheenrolmentvisit,LDL-Cvaluesweresimilarinthecomparedgroups.
After 8 weeks, all actively treated subjects experienced significant improve-
ments in baseline total cholesterol (TC), LDL-C and apolipoprotein B (Apo-B)
(all p < 0.01) (ATC group: TC = -=18.9%, LDL-C = —26.7% (placebo-corrected:
-12.4%), Apo-B = =19.6%; Armolipid Plus®: TC = -18.4%, LDL-C = -25.8%
(placebo-corrected: —12.1%), Apo-B = —23.2%; placebo: TC = -6.2%, LDL-C
= —8%, Apo-B = -8.4%). Participants in the ATC group attained significantly
lower body mass index (BMI) values (-2.1%), while individuals treated with
Armolipid Plus® showed improvements in baseline high-density lipoprotein
cholesterol (HDL-C) (+8.7%) and triglyceride (TG) (+17.5%) levels. Finally,
baseline hepatic steatosis index (HSI) values significantly decreased in both
actively treated groups (by —2.4% and —2.4% in ATC and in Armolipid Plus®,
respectively).
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Conclusions: Patients with polygenic hypercholesterolemia experienced a significant improvement in several
cardiovascular risk factors in both ATC and Armolipid Plus® groups.

Key words: low-density lipoprotein cholesterol, dietary supplement, red yeast rice, artichoke, berberine.

Introduction

The impact of cardiovascular diseases (CVDs) is
estimated to have been US $906 billion in 2015 and
is expected to rise by 22% during this decade [1].
Nowadays, it is well known that CVDs are the lead-
ing cause of mortality and remain one of the major
causes of health loss for all regions of the world [2].
In particular, ischemic heart disease (IHD) and ath-
erosclerosis are the main causes of premature death
in Europe and are responsible for 42% of deaths in
women and 38% in men under 75 years old [3].

Among the modifiable risk factors for CVDs,
elevated total cholesterol (TC) and low-density
lipoprotein cholesterol (LDL-C) plasma concentra-
tions are the most important ones for coronary
heart disease (CHD) development, whereas high
concentrations of plasma high-density lipoprotein
cholesterol (HDL-C) in certain conditions are con-
sidered protective [4, 5]. A large body of clinical
evidence has demonstrated that each further re-
duction of LDL-C by 1 mmol/l (~40 mg/dl) could
decrease by about one-fifth the risk of coronary
artery disease, revascularization and ischemic
stroke, highlighting that a reduction of LDL-C of
3.2 mmol/l (125 mg/dl) could lead to a decrease in
risk of about 40-50%, in absence of an increased
risk of cancer or non-cardiovascular (CV)-related
death [6]. However, a report from the American
Heart Association (AHA) underlined that in the
US only 46.6% of the pharmacologically untreat-
ed adults present targeted TC levels < 200 mg/dl
[7], and the situation is similar in Western Europe
[8]. Certainly, a reduction of 1 mmol/l of LDL-C is
mostly achievable through lifestyle improvements
associated with lipid-lowering nutraceuticals [9].
In this context, red yeast rice (RYR) is one of the
nutraceuticals with the most solid clinical evi-
dence of efficacy [10]. The main cholesterol-low-
ering putative mechanism of action of RYR is the
reversible inhibition of 3-hydroxy-3-methyl-glu-
taryl-CoA (HMG-CoA) reductase (the key enzyme
in endogenous cholesterol synthesis), mainly
due to the presence of monacolins, and in par-
ticular of monacolin K (structurally homologous
to lovastatin), which is the most lipid-lowering
polyketide obtained during yeast fermentation
[11]. The dose-dependent lipid-lowering efficacy
of RYR has been confirmed by large meta-analy-
ses of randomized controlled clinical trials (RCTs);
however, its safety is also inversely related to the
daily dose employed [12, 13]. For this reason, low-

dose monacolin K should be preferred (and it is
now recommended by the European Food Safety
Agency (EFSA) with doses up to 3 mg), and its ef-
ficacy should be increased by co-administration
with other nutraceuticals acting with a syner-
gistic mechanism of action [14]. In this context,
a dietary supplement more widely used in clinical
practice is Armolipid Plus®, which contains low-
dose RYR and berberine, which is a natural inhib-
itor of the proprotein convertase subtilisin/kexin
type 9 (PCSK9) [15]. Moreover, Armolipid Plus®
is the only combined lipid-lowering nutraceutical
recommended by the International Lipid Expert
Panel (ILEP) for the management of hypercholes-
terolemia in statin-intolerant patients [16].

The metabolic effect of Armolipid Plus® has
been investigated and quantified in many studies,
including a large meta-analysis of 12 RCTs includ-
ing more than 1050 patients overall [15], which
showed that supplementation for the mean time of
20 weeks was associated with significant improve-
ments in body mass index (BMI = —0.25 kg/m?,
p = 0.008), TC (-25.07 mg/dl, p < 0.001), LDL-C
(-26.67 mg/dl, p < 0.001), HDL-C (+1.84 mg/d|,
p < 0.001), triglycerides (-11.47 mg/dl, p <
0.001), high-sensitivity C-reactive protein (hs-CRP
-0.61 mg/l, p = 0.022), and fasting glucose
(-3.52 mg/dl, p < 0.001), with a good tolerability
profile. However, berberine is not available in all
countries [17]. A possible alternative could be the
use of artichoke extracts, which is expected to ex-
ert a lipid-lowering effect similar to berberine [18],
with a high tolerability and safety profile [19].

In this context, our aim was to test the lip-
id-lowering effect of RYR and highly standardized
artichoke extracts (ATC treatment) versus placebo
and Armolipid Plus® in a double-blind, non-inferi-
ority, randomized clinical study.

Material and methods
Trial design and participants

This was a three-arm, double-blind, non-in-
feriority, randomized, placebo-controlled, paral-
lel-group clinical study that involved 60 healthy
adult volunteers aged 18-70 years with a di-
agnosis of polygenic hypercholesterolemia and
115 mg/dl < LDL-C < 160 mg/dL. In order to enroll
only healthy subjects, patients with obesity (body
mass index (BMI) > 30 kg/m?), uncontrolled hy-
pertension (ambulatory systolic blood pressure
> 140 mm Hg and or diastolic blood pressure
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> 90 mm Hg, either with or without pharmaco-
logical treatment), diabetes mellitus, a personal
history of atherosclerosis-related cardiovascular
diseases (ASCVD) (i.e. coronary artery disease,
cerebrovascular disease, ultrasound diagnosed
carotid atherosclerosis) or an estimated 10-year
primary risk of ASCVD > 10%, TG > 400 mg/d|,
known current thyroid, gastrointestinal or active
liver diseases, neuromuscular diseases or creatine
kinase (CK) > 3 upper limit of norm (ULN), active
cancer and any medical or surgical condition that
could limit adherence to the full protocol were ex-
cluded from the study, as well as individuals al-
ready treated with lipid-lowering drugs, nutraceu-
ticals, and any drugs that might have interfered
with the investigated outcomes.

The study included a 4-week run-in period of
diet standardization and an 8-week treatment pe-
riod. For the entire study, enrolled volunteers were
adhering to the general indications of a Mediter-
ranean diet, avoiding an excessive intake of diary
and red meat derived products and reducing di-
etary excesses, in order to maintain an overall bal-
anced diet [20]. No specific suggestion to modify
physical activity habits was made before or during
the study. Before and after treatment, patients
were evaluated for clinical status, and by the ex-
ecution of a physical examination and laboratory
analyses. All the assessments were carried out fol-
lowing standardized protocols. The study timeline
is presented in detail in Figure 1.

The study fully complied with the ethical guide-
lines of the Declaration of Helsinki and with the
International Council for Harmonization of Techni-
cal Requirements for Registration of Pharmaceu-
ticals for Human Use (ICH) Harmonized Tripartite
Guideline for Good Clinical Practice (GCP), and its
protocol was approved by the Ethical Committee
of the University of Bologna. All patients signed
written informed consent to participate.

Treatment

After a 4-week period of diet standardization,
enrolled subjects were allocated to receive the
active treatments (1 pill per day) containing low-
dose monacolins from red yeast rice (2.8 mg per
daily dose) associated with berberine or highly
standardized artichoke extract, or placebo (Table )
inal:1:1 allocation ratio. The HPLC fingerprint
of the tested artichoke extract is presented in Fig-
ure 2. Blocks were further stratified by sex and
age. An alphabetical code was assigned to each
lot code impressed on the dose box (one for each
active treatment and for placebo). Investigators
and the study staff, as well as all participants, were
blinded to the group assignment. Codes were kept
in a sealed envelope which was not opened until
the end of the trial. Dose boxes were mixed and
a blinded dose box was assigned to the patients.

Participants’ compliance was assessed by
counting the number of capsules returned at the
time of the last visit. All the treatments were kind-

Armolipid Plus® N = 20

Run-in N = 60

Dietary Supplement with Red Yeast Rice & Artichoke N = 20

Placebo N = 20

SCREENING VISIT RANDOMIZATION VISIT FINAL VISIT
Run-in Intervention
Weeks -4 0 8
I I I
I I I
¥ ¥ ¥

 Treatment allocation
« Physical examination
« Dietary habits evaluation
* Blood collection

* Informed consent
« Eligibility evaluation
¢ Physical examination
« Diet prescription
« Blood collection
Figure 1. Study timeline

« Physical examination
* Dietary habits evaluation
* Blood collection
* Assessment of safety
and tolerability
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Table 1. Qualitative composition of the dietary supplements tested in the study

Variable Randomization groups
Armolipid Plus® Dietary supplement with red Placebo
yeast rice and artichoke
Red yeast rice 160 mg 160 mg -
Monacolins 2.8 mg 2.8 mg
Berberis aristata 588 mg - -
Berberine chloride 500 mg
Artichoke: - 200 mg -
Caffeoylquinic acid 15 mg
Chlorogenic acid 9 mg
Flavonoids 3.4 mg
Policosanols 10 mg - -
Coenzyme Q 2 mg 2mg -
Astaxanthin 0.5 mg 0.5 mg -
Folic acid 0.2 mg 0.2 mg -
Chromium - 0.04 mg -
Maltodextrins qg.s. qg.s. 800 mg
100+ 7.46 " -
E Chlorogenic aci
50 — 8
] 254 420 581 69 9.01 9.50 10.45 11.63 13.05 13.97 15.60 17.73 1836 19.54 20.70 21.81
8 108 17.71
5 ] .00 Cynarine
< 504
g 0 E 2.90 3.59 4.42 6.18 7.12 8.30 k 9.70 10.34 11.64 13.41 1528 1563 16.90 18.01 18.87 20.50 21.71
=)
© 100
g E 78 /. Caffeic acid
& 50_5 255 260 344 590 607 || 802 9.46 9.90 1296 13.51
¢ o4
100 16.80 C id
] ) narozidae
50 /I
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Figure 2. HPLC fingerprint of the tested artichoke extract

ly provided by Meda Pharma S.p.A., Monza — MB,
Italy.

Assessments

The patient’s history was evaluated with par-
ticular attention to ASCVD and other relevant
diseases, dietary and smoking habit assessment,
physical activity and ongoing pharmacological
treatments. In particular, physical activity was as-
sessed and monitored through the administration
of a validated questionnaire based on the inten-
sity and duration of physical activity section in
a standard week [21].

Height and body weight were measured by
standard procedures to the nearest 0.1 ¢cm and
0.1 kg respectively, with subjects standing erect
with eyes directed straight ahead, wearing light
clothes, and with bare feet. Waist circumference
(WC) was measured at the end of a normal expi-
ration, in a horizontal plane at the midpoint be-

tween the inferior margin of the last rib and the
superior iliac crest.

Blood pressure (BP) measurements were re-
corded in each patient supine and at rest, with
a cuff of appropriate size applied at the right upper
arm and by the use of a standard mercury sphyg-
momanometer (Erkameter 3000, ERKA, Bad Tolz,
Germany; Korotkoff | and V). Following the latest
European guidelines on BP measurement [22], BP
measurements were always performed early in
the morning, after the patient had rested for al-
most 10 min in a quiet room. The mean value of
three BP readings — obtained at 1-minute intervals
from each other — was considered as the variable
of the study. Mean pulse pressure (PP) was calcu-
lated as the difference between systolic (SBP) and
diastolic blood pressure (DBP) [23]. Enrolled volun-
teers were advised to avoid physical exercise, cof-
fee (and other sources of caffeine) and smoking
2 h before the testing procedure.
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Laboratory data

Hematochemical analyses were carried out
on venous blood, withdrawn early in the morn-
ing from the basilica vein. At the time of sam-
pling, subjects were fasted for at least 12 h. The
biochemical variables investigated were: TC,
high-density lipoprotein cholesterol (HDL-C), tri-
glycerides (TG), apolipoprotein B (Apo-B), apolipo-
protein Al (Apo-Al), aspartate aminotransferase
(AST), alanine aminotransferase (ALT), y-glutamyl
transferase (GGT), creatine kinase (CK), fasting
plasma glucose (FPG), serum uric acid (SUA) and
creatinine. All the laboratory analyses were carried
out following a standardized method in a certified
laboratory by trained personnel.

LDL-C was obtained by the Friedewald formula
(LDL-C = TC — HDL-C — TG/5) [24]. The glomeru-
lar filtration rate (eGFR) was estimated with the
Chronic Kidney Disease Epidemiology Collabora-
tion (CKD-epi) equation [25]. Lipid accumulation
product (LAP) was calculated as (WC — 65) x TG
(expressed in mmol/l) for men and (WC - 58) x TG
(expressed in mmol/l) for women [26, 27]. The he-
patic steatosis index (HSI) resulted from 8 x AST/
ALT ratio + BMI (+2 for women) [28, 29]. Both LAP
and HSI are validated indexes of non-alcoholic fat-
ty liver disease and associated with cardiometa-
bolic risk [30, 31].

Tolerability and safety assessment

Tolerability was assessed based on subjective
reporting of any adverse events at the end of the
study. Safety was assessed based on clinical and
laboratory parameters at the end of the study.

Statistical analysis

Data were analyzed using intention to treat by
means of SPSS Statistics version 21.0 for Win-
dows. For the non-inferiority test, considering
amean baseline LDL-C level of 160 +15 mg/dl, with
a power of 0.80, an a error of 0.05 and non-inferi-
ority delta of 5 mg/d|, a sample size of 18 subjects
per active treatment group was calculated to be
adequate. For the superiority test versus placebo,
the sample size suggested to detect a mean LDL-C
reduction of about 15 +2%, with a power of 0.80
and an a error of 0.05, was 15 subjects per treat-
ment group. As per protocol, we decided a priori
to check the efficacy of treatments in subjects as-
suming at least 90% of the tested product doses
foreseen by the trial design. Normally distributed
baseline characteristics of the population were
compared using Student’s t test (preceded by Lev-
ene’s test for equality of variances) and the y?2 test
followed by Fisher’s exact test for categorical vari-
ables. Between-group differences were assessed
by the analysis of variance (ANOVA) followed by

Tukey’s post-hoc test. A linear regression analysis
was carried out to detect a potential correlation
between basal LDL-C level and percentage LDL
change. All data were expressed as means and
95% confidence intervals. A two-tailed p level of
< 0.05 was considered statistically significant for
all tests.

Results

We consecutively enrolled 60 adult individuals
(men = 28; women = 32), who were randomly as-
signed to the ATC group, to treatment with Armo-
lipid Plus® or placebo. During the clinical study, no
patient experienced any subjective or laboratory
adverse events (dropout rate = 0%) and no pa-
tient was lost to follow-up. Thus, all the volunteers
completed the study according to its design.

After the run-in period, no statistically signifi-
cant differences were detected among the groups,
which were well matched for all the considered
variables at baseline, despite relatively large con-
fidence intervals of some parameters such as TC
and LDL-C (Table Il). No statistically significant
changes were recorded in the dietary habits (i.e.
in total energy and macronutrient intake) of the
enrolled individuals from randomization until the
end of the study. Similarly, self-reported physical
activity did not change for the participants over
the course of the clinical trial.

Regardless of the randomization group, there
was no pre-post intervention change in SBR, DBR
PP Apo-A, SUA, FPG, creatinine, eGFR, CK, GGT, AST,
ALT and LAP (Table Ill). However, patients in all
groups experienced significant improvements in
baseline TC, LDL-C, Apo-B, TC/HDL-C ratio, LDL-C/
HDL-C ratio and Apo-B/Apo-Al ratio (all p < 0.01),
and the extents of variation depended on the ad-
ministered treatment (ATC group: TC = —-18.9%,
LDL-C = =26.7%, Apo-B = =19.6%, TC/HDL-C ratio
= -18.8%, LDL-C/HDL-C ratio = —=27.3%, Apo-B/
Apo-Al ratio = —20%; Armolipid Plus® group: TC
= -18.4%, LDL-C = —=25.8%, Apo-B = —23.2%, TC/
HDL-C ratio = =26%, LDL-C/HDL-C ratio = =32.9%,
Apo-B/Apo-Al ratio = -21.4%; placebo: TC =
—6.2%, LDL-C = —8%, apoB = —8.4%, TC/HDL-C
ratio = =8.9%, LDL-C/HDL-C ratio = =10%, Apo-B/
Apo-Al ratio = —13.3%). Remarkably, LDL-C varia-
tions in actively treated individuals were statisti-
cally significant not only compared to baseline but
also compared to placebo (Table Ilf). LDL-C chang-
es were significantly reduced by 12.4% and 12.8%
versus placebo in ATC and Armolipid Plus® treated
subjects. Moreover, subjects in ATC and Armolipid
Plus® groups respectively attained significantly
lower BMI values and improved baseline HDL-C
(+8.7%) and TG (-17.5%) levels (Table IIl). Finally,
baseline WC, AST/ALT ratio and HSI significantly
decreased in both the ATC and Armolipid Plus®
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Table II. Baseline main clinical and hematochemical characteristics of the subjects enrolled in the trial and ran-

domized to the different treatments

Parameters Placebo Dietary supplement Armolipid Plus®

(N = 20) with red yeast rice (N = 20)

and artichoke
(N =20)
Mean  95% confi- Mean  95% confi- Mean  95% confi-

dence interval dence interval dence interval

Lower Upper Lower Upper Lower Upper
Age [years] 52.0 453 58.6 473 424 521 527 472 582
Waist circumference [cm] 87.6 76.9 1089 86.8 754 106.3 90.7 743 1115
Body mass index [kg/m?] 247 231 263 242 227 257 251 241 269
Systolic blood pressure [mm Hg] 127.7 1158 131.6 126.3 118.0 130.7 1263 117.7 1349
Diastolic blood pressure [mm Hg] 76.2 707 817 785 729 842 80.7 76.0 85.4
Pulse pressure [mm Hg] 475 419 53.1 458 419 49.7 456 379 533
Total cholesterol [mg/dl] 221.7 2104 2329 236.1 2233 2489 2309 218.1 253.6
HDL cholesterol [mg/dl] 51.7 45.7 57.6 52.5 45.8 59.1 46.8 42.0 51.6
Triglycerides [mg/dl] 109.9 79.6 140.1 1055 79.2 131.8 1139 916 136.1
LDL cholesterol [mg/dl] 148.0 137.3 158.8 162.6 151.1 1740 161.3 149.7 1829
Total cholesterol/HDL cholesterol ratio 4.5 4.0 5.0 4.8 4.2 5.4 5.3 4.8 5.9
LDL cholesterol/HDL cholesterol ratio 3.0 2.7 3.4 3.3 2.8 3.9 3.8 3.3 43
Apolipoprotein A1 [mg/dl] 149.2 139.0 159.3 149.6 137.1 162.1 147.7 1341 1613
Apolipoprotein B [mg/dl] 91.6 845 98.6 953 87.8 102.8 1050 951 1148
Apolipoprotein B/Apolipoprotein Al ratio 0.6 0.6 0.7 0.7 0.6 0.7 0.7 0.6 0.8
HDL cholesterol/Apolipoprotein Al ratio 0.3 0.3 0.4 0.3 0.3 0.4 0.3 0.3 0.3
LDL cholesterol/Apolipoprotein B ratio 1.6 1.5 1.7 1.7 1.6 1.8 1.7 1.6 1.7
Serum uric acid [mg/dl] 5.4 4.6 6.2 5 4.4 5.6 5.3 4.8 5.9
Glucose [mg/dl] 89.5 85.1 93.8 87.8 83.2 92.3 92.2 86.1 98.3
Creatinine [mg/dl] 1.0 0.9 1.0 1.0 0.9 1.0 1.0 0.9 1.1
Estimated glomerular filtration rate 81.7 80.2 91.0 856 80.2 91.0 801 742 86.0
[ml/min/1.73 m?]
Creatinine kinase [U/1] 121.8 91.3 1523 156.3 1154 197.1 138.0 980 177.9
y-glutamyltransferase [U/] 219 159 27.8 297 19.1 40.2 199 156 241
Aspartate aminotransferase [U/] 193 171 215 234 183 285 21.3 19.0 236
Alanine aminotransferase [U/l] 220 17,5 264 265 181 349 244 194 293
Aspartate aminotransferase/alanine 1.0 0.9 1.1 1.0 0.9 1.2 1.0 0.9 1.2
aminotransferase ratio
Lipid accumulation product 35,8 189 52.7 30.8 21.0 40.6 357 257 457
Hepatic steatosis index 33.5 32.2 34.8 33.2 32.1 34.3 344 328 36.0

HDL — high-density lipoprotein, LDL — low-density lipoprotein.

groups (Table Ill). Overall, ATC and Armolipid Plus®
experienced similar significant improvements in
anthropometric measures such as WC and BMI
(p < 0.05) compared to the baseline, with a par-
allel improvement in HDL-C and TG, and, conse-
quently, a decrease in adherence to the metabolic
syndrome diagnostic criteria.

Discussion

In this double-blind, placebo-controlled, ran-
domized clinical trial, we found that two lipid-low-

ering nutraceutical approaches exerted similar
LDL-lowering effects (—26% vs. baseline, —12%
vs. placebo) after 8 weeks of treatment on top of
a standard Mediterranean diet. Both tested nu-
traceuticals also had similar reducing effects on
TC and Apo-B plasma level, but also a small but
significant improving effect on HSI, a validated
marker of liver steatosis [30, 31]. Interestingly, in-
dividuals in the ATC group attained significantly
lower BMI values (-2.1%), while individuals treat-
ed with Armolipid Plus® had improvements in
baseline HDL-C (+8.7%) and TG (+17.5%) HDL-C

1174

Arch Med Sci 5, 15t September / 2023


mailto:Arrigo F.G. Cicero 

Three arms, double-blind, non-inferiority, randomized clinical study testing the lipid-lowering effect of a novel dietary supplement containing red
yeast rice and artichoke extracts compared to Armolipid Plus® and placebo

Table Ill. Changes in the main parameters evaluated at the end of the intervention period (after 8 weeks of placebo
or active treatment)

Parameter Placebo Dietary supplement with red Armolipid Plus®
yeast rice and artichoke

Mean 95% confidence P Mean 95% confidence P Mean 95% confidence P

delta interval versus delta interval versus delta interval versus
versus base- versus base- versus base-
base- line base- line  base- line
line line =~ line —
Lower Upper Lower Upper Lower Upper
Waist -035 -0.79 009 0.110 -050 -0.97 -0.03 0.038 -0.74 -136 -0.12 0.022

circumference [cm]

Body mass index -0.16 -0.37 0.05 0.127 -0.19 -0.37 -0.01 0.045 -0.21 -0.43 0.01 0.055
[kg/m?]

Systolic BP 090 -5.24 7.00 0.762 0 -598 598 1.000 -1.50 -8.61 5.61 0.664
[mm Hg]
Diastolic BP -0.20 -4.47 407 0923 -2.10 -7.02 2.28 0.383 -2.05 -6.40 230 0.336
[mm Hg]
Pulse pressure 1.10 -469 6.89 0695 210 -2.04 6.24 0302 0.55 =523 6.33 0.844
[mm Hg]

Total cholesterol  —13.75 -18.00 -9.50 < 0.001 —-44.65 -52.81 —-36.49 <0.001 —44.25 -55.97 —-32.53 < 0.001
[mg/dl]

HDL cholesterol 040 -2.65 3.45 0.787 -0.25 =291 241 0.846 3.95 0.26 7.64 0.037
[mg/dl]

Triglycerides -11.70 -30.87 7.47 0.217 -4.85 -31.45 21.75 0.707 -20.25 -40.37 -0.13 0.049
[mg/dl]
LDL cholesterol -11.81 -16.23 -7.39 < 0.001 —43.43% -50.83 -36.03 <0.001 —44.15% -55.66 —32.64 < 0.001
[mg/dl]

Total cholesterol/ -0.41 -0.71 -0.11 0.010 -0.92 -1.22 -0.62 <0.001 -1.38 -1.89 -0.86 < 0.001
HDL cholesterol
ratio

LDL cholesterol/ -0.32 -0.57 -0.07 0.014 -0.89 -1.16 -0.63 <0.001 -1.25 -1.72 -0.78 < 0.001
HDL cholesterol

ratio
Apo-Al [mg/dl] 720 -2.36 16.76 0.131 595 -3.73 1563 0.214 -3.10 -12.03 5.83 0.476
Apo-B [mg/dl] -7.65 -12.16 -3.14 0.002 -18.70 —-24.97 -12.43 <0.001 -24.35 -32.86 —-15.85 < 0.001
Apo-B/Apo-Al -0.08 -0.12 -0.03 0.002 -0.14 -0.20 -0.07 <0.001 -0.15 -0.21 -0.09 < 0.001
ratio

HDL cholesterol/  -0.01 -0.03 0.01 0.392 -0.02 -0.04 -0.01 0.021 -0.01 -0.03 0.02 0.741
Apo-Al ratio

LDL cholesterol/ 0 -0.09 0.09 00961 -0.15 -0.25 -0.04 0.007 -0.08 -0.24 0.09 0.347
Apo-B ratio

Serum uric acid 0.04 -0.22 0.29 0.775 -0.23 -0.50 0.05 0.100 -0.17 -0.47 0.14 0.277
[mg/dl]

Glucose [mg/dl] -1.00 -3.28 1.28 0371 -1.60 -563 243 0416 -0.65 -0.41 -3.95 0.685

Creatinine [mg/dl] -0.02 -0.07 0.03 0.408 -0.01 -0.04 0.05 0.834 -0.02 -0.07 0.04 0.545

Estimated 1.15 -4.14 644 0654 -135 =582 3.12 0.535 1.05 -3.74 584 0.651
glomerular

filtration rate

[ml/min/1.73 m?]

Creatinine kinase  29.60 -4.32 63.52 0.084 -14.20 -38.68 10.28 0.240 -5.20 -3551 25.11 0.724
(/1]

y-glutamyltransfer- 1.00 -1.93 3.93 0484 -1.65 -7.09 3.79 0.533 475 -361 13.11 0.249
ase [U/]

Aspartate 1.10 -0.43 263 0.148 050 -3.60 460 0.801 325 -0.28 6.78 0.069
aminotransferase
[u1]

Arch Med Sci 5, 15t September / 2023 1175



Arrigo F.G. Cicero, Federica Fogacci, Giuliano Tocci, Sergio D’Addato, Elisa Grandi, Maciej Banach, Claudio Borghi

Table Ill. Cont.
Parameter Placebo Dietary supplement with red Armolipid Plus®
yeast rice and artichoke
Mean 95% confidence P Mean 95% confidence P Mean 95% confidence P
delta interval versus delta interval versus delta interval versus
versus base- versus base- versus base-
base- line  base- line base- line
li — li li
ine Lower Upper ine Lower Upper ine Lower Upper
Alanine 1.10 -1.78 398 0.433 190 =573 9.53 0.608 295 -1.64 7.54 0.195
aminotransferase
[un1
Aspartate -0.03 -0.09 0.04 0.424 -0.08 -0.14 -0.02 0.013 -0.11 -0.20 -0.03 0.014
aminotransferase/
alanine
aminotransferase
ratio
Lipid accumulation —4.37 -10.57 1.84 0.158 -097 -9.29 7.35 0810 3.32 -1.75 840 0.187
product
Hepatic steatosis -0.37 -0.90 0.17 0.171 -0.83 -1.36 -0.31 0.003 -1.12 -1.82 -0.41 0.004
index

P < 0.01 versus placebo. Apo — apolipoprotein, BP — blood pressure, HDL — high-density lipoprotein, LDL — low-density lipoprotein.

and TG levels. The small, but statistically signifi-
cant, improvement observed in the control group
as regards TC and TC related parameters supports
the assumption that they complied with dietary
advice.

Even though the metabolic effect of low-dose
RYR alone and in association with berberine has
already been adequately investigated and quan-
tified in a number of meta-analyses of RCTs [32-
34], no placebo-controlled study previously com-
pared the effect of Armolipid Plus® versus other
lipid-lowering nutraceutical compounds.

Depending on the mechanism of action, nutra-
ceuticals with a detectable lipid-lowering effect
can be classified as natural inhibitors of intesti-
nal cholesterol absorption, inhibitors of hepatic
cholesterol synthesis, and enhancers of LDL-C
excretion [29]. However, the lipid-lowering effect
of most nutraceuticals occurs through multiple
mechanisms, and the interaction between RYR
and other natural products with different mecha-
nisms of action — such as berberine, policosanols
and chlorogenic acid from artichoke leaves — has
additive or synergistic lipid-lowering effects [18].

In this three-arm, double-blind, placebo-con-
trolled clinical study, individuals randomized to
either RYR and artichoke extracts or Armolipid
Plus® experienced a significant decrease in LDL-C
compared to baseline and placebo. Moreover, di-
etary supplementation with Armolipid Plus® ex-
erted significant reductions in TG, which have to
be attributed to the berberine-induced activation
of AMP-activate protein kinase (AMPK) pathway,
which determines an increase in fatty acid oxida-
tion and a reduction in the expression of lipogen-
ic genes [35, 36]. On the other hand, chlorogenic

acid from artichoke leaves has been suggested
to reduce cholesterolemia by two different mech-
anisms of action: (i) interacting in the liver with
the regulation pathways of the acetyl-CoA C-acet-
yltransferase (ACAT) and the sterol regulatory ele-
ment binding proteins (SREBPs) — which are par-
adoxically elevated in patients with non-alcoholic
steatohepatitis (NASH) — and (ii) by interaction of
lutein with the enzyme HMG-CoA reductase [37].

Overall, the present findings are in line with
previous observations from another RCT [38],
which however did not compare dietary supple-
mentation with RYR and artichoke extracts with
the most widely used Armolipid Plus® [39]. Addi-
tional RCTs investigated the lipid-lowering effect
of artichoke extract alone and highlighted a ten-
dency to improve plasma lipids, which was not
however comparable to the results that can be
obtained in clinical practice after RYR monacolin
K monotherapy [40]. In our study, treatment with
RYR and artichoke extracts was able to induce
a significant reduction in LDL-C plasma level and
related parameters. Moreover, both the tested di-
etary supplements were associated with a signifi-
cant improvement in baseline AST/ALT ratio and
HSI. Based on pre-clinical and clinical investiga-
tions, artichoke leaf extract owes its antioxidant
properties to the main constituents, namely caf-
feic acid, volatile sesquiterpene and flavonoids,
including the glycosides luteolin-7B-rutinoside
(scolymoside), luteolin-7B-D-glucoside and luteo-
lin-4B-D-glucoside and mono- and dicaffeoylquin-
ic acid (cynarin and chlorogenic acid) [41, 42]. Our
findings substantially confirm the hepatoprotec-
tive effect of berberine and artichoke leaf extract
and, of consequence, provide data supporting
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their use in individuals with non-alcoholic fatty
liver disease (NAFLD) or NASH and dyslipidemia,
and in statin-intolerant patients with high trans-
aminases [37, 43]. Overall, the tested products
have a similar impact on a relatively large number
of metabolic parameters; hence artichoke extract
could replace berberine when berberine is not us-
able for local administrative reasons.

Remarkably, no side effect was recorded during
the study, supporting the good tolerability and
safety profile of the new tested supplement com-
bination (ATC) in the short-medium term, whereas
the long-term side effects of Armolipid Plus® have
already been demonstrated [44, 45].

Even if longer studies are needed to confirm
the observed results, the study duration is suffi-
cient to detect the lipid-lowering efficacy of the
tested product. Of course, we acknowledge that
our study has some limitations, namely the short
study duration and the small patient sample size,
even though the study was powered for the pri-
mary outcome measure. Our observations cannot
be generalized to patients with obesity, since BMI
>30 kg/m? was an exclusion criterion for the study.
Moreover, as above stated, the study was relative-
ly short, so we do not know whether the observed
efficacy and safety data could be confirmed in the
long term [46]. Finally, further studies on vascular
outcomes — such as arterial stiffness or endothe-
lial function — are required to evaluate whether
dietary supplementation with RYR and artichoke
extracts are able to exert any vascular effect.

In conclusion, in the present clinical study, di-
etary supplementation with RYR and artichoke ex-
tracts was shown to be as effective as Armolipid
Plus® in improving a number of CV risk factors in
the short term, suggesting that this nutraceutical
combination may be advantageously and safely
used in patients with hyperlipidemia when ber-
berine is not usable for local administrative rea-
sons. Available clinical data are preliminary, so
further confirmation is required. However, our ob-
servations are relevant and consistent with previ-
ous literature, and certainly deserve to be further
investigated in controlled clinical trials with lon-
ger-term follow-up.
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