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ABSTRACT

Cardiovascular diseases (CVDs) are the leading

cause of premature deaths globally and in

Ukraine. Dyslipidemia is a recognized risk fac-

tor for the development of CVD. Therefore,

early detection and appropriate management of

dyslipidemia are essential for the primary pre-

vention of CVDs. However, currently, there is a

lack of Ukraine-specific guideline recommen-

dations focusing on the management of dys-

lipidemia in individuals with low-to-moderate

CV risk, thus creating an urgent need for

structured and easily implementable clinical

recommendations/guidelines specific to the

country. An expert panel of cardiologists,

endocrinologists, and family physicians con-

vened in Ukraine in March 2019. The expert

panel critically reviewed and analyzed the cur-

rent literature and put forth the following rec-
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ommendations for the management of dyslipi-

demia in individuals with low-to-moderate risk

of CVDs specific to Ukraine: (1) family physi-

cians have the greatest opportunities in carrying

out primary prevention; (2) lipid-lowering

interventions are essential for primary preven-

tion as per guidelines; (3) a number of

nutraceuticals and nutraceutical combinations

with clinically established lipid-lowering prop-

erties can be considered for primary prevention;

they also have a suggested role as an alternative

therapy for statin-intolerant patients; (4) on the

basis of clinical evidence, nutraceuticals are

suggested by guidelines for primary prevention;

(5) red yeast rice has potent CV-risk-lowering

potential, in addition to lipid-lowering proper-

ties; (6) in patients with low-to-moderate car-

diovascular risk, a nutraceutical combination of

low-dose red yeast rice and synergic lipid-low-

ering compounds can be used as integral part of

guideline-recommended lifestyle interventions

for effective primary prevention strategy; (7)

nutraceutical combination can be used in

patients aged 18 to 75? years; its use is partic-

ularly appropriate in the age group of 18–-

44 years; (8) it is necessary to attract the media

(websites, etc.) to increase patient awareness on

the importance of primary prevention; and (9)

it is necessary to legally separate nutraceuticals

from dietary supplements. These consensus

recommendations will help physicians in

Ukraine effectively manage dyslipidemia in

individuals with low-to-moderate CV risk.

Keywords: Cardiovascular diseases;

Dyslipidemia; Nutraceuticals; Ukraine

Key Summary Points

Early detection and management of

dyslipidemia are vital for prevention of

cardiovascular diseases (CVDs) and

associated premature deaths across the

globe.

In Ukraine, there is a lack of specific

guidelines for dyslipidemia management

in individuals with low-to-moderate CV

risk.

To aid physicians in Ukraine in the

effective management of dyslipidemia in

this population, a group of experts

comprising cardiologists,

endocrinologists, and family physicians

convened a meeting in Ukraine in March

2019, to develop evidence-based guideline

recommendations.

The expert panel emphasized the use of a

combination nutraceutical with low-dose

red yeast rice combined with synergic

lipid-lowering compounds as a lifestyle

intervention for effective primary

prevention of dyslipidemia in adults with

low-to-moderate CV risk.
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access the digital features on the article’s asso-

ciated Figshare page. To view digital features for

this article go to https://doi.org/10.6084/m9.

figshare.12866876.

INTRODUCTION

Cardiovascular diseases (CVDs) are the most

common cause of death globally. In 2016,

17.9 million people died as a result of CVDs,

accounting for 31% of all global deaths. Among

these, 85% of deaths were caused by heart

attacks and strokes [1]. Globally, one-third of

ischemic heart diseases occur as a result of ele-

vated cholesterol levels. Overall, elevated

cholesterol is estimated to cause 2.6 million

deaths per year (4.5% of total deaths) and

29.7 million disability-adjusted life-years

(DALYs), or 2.0% of total DALYs. Globally, in

2008, a total of 39% of adults (37% of men and

40% of women) had elevated total cholesterol

[2].

According to the World Health Organiza-

tion, noncommunicable diseases (NCDs) were

estimated to account for 91% of deaths in

Ukraine in 2016, of which 63% resulted from

CVDs [3]. Ischemic heart disease has persis-

tently been the top cause of death and mostly

premature death in Ukraine in both 2007 and

2017 [4]. Compared to other locations, Ukraine

has the highest number of premature deaths

due to ischemic heart disease. Usually, CVDs are

caused by a combination of risk factors,

including hyperlipidemia, hypertension, dia-

betes, and an unhealthy diet [1]. Dietary risk is

the most important factor driving the majority

of deaths and disabilities in Ukraine [4].

Early detection and appropriate manage-

ment of dyslipidemia are essential for the pri-

mary prevention of CVDs [1]. Guidelines

recommend lifestyle interventions (collective

measures including low-fat diet and physical

exercise) as a primary strategy to treat dyslipi-

demic individuals at low-to-moderate risk. Evi-

dence suggests that changes in lifestyle and diet

can reduce the risk of coronary heart disease

(CHD) by 82%. Altered nutritional practices

alone can cause a 60% reduction in CHD risk

[5]. The 2019 Joint ESC/EAS (European Society

of Cardiology and the European Atherosclerosis

Society) guidelines for the management of dys-

lipidemia recommend including nutraceuticals

with documented lipid-lowering efficacy for the

treatment of dyslipidemia as an integral part of

lifestyle interventions [6].

Currently, there is a lack of guideline rec-

ommendations specific to Ukraine particularly

focusing on the management of dyslipidemia in

individuals with low-to-moderate CV risk, thus

creating an urgent need for structured and

easily implementable clinical recommenda-

tions/guidelines specific to the country. There-

fore, an advisory board of leading healthcare

professionals (HCPs) was held in Ukraine in

March 2019 to develop consensus recommen-

dations on the effective management of dys-

lipidemia with nutraceuticals in patients with

low-to-moderate CV risk, as an integral part of

lifestyle interventions.

METHODS

This report is based on the one-day advisory

board meeting of expert professionals convened

in Ukraine in March 2019. The board panelists

reviewed literature evidenceondyslipidemia and

associatedCVDs. Theydiscussed anddebated the

role of nutraceuticals in the management of

dyslipidemia in individuals with low-to-moder-

ate CV risk. The primary objectives of the advi-

sory board meeting were to discuss:

• The need for nonpharmacological interven-

tion as a primary prevention strategy in

individuals with dyslipidemia and low-to-

moderate CV risk

• Guideline recommendations on primary pre-

ventive strategies for dyslipidemia

• Differences between nutraceuticals and food

supplements

• The role of a nutraceutical combination for

primary prevention of CVD in individuals

with low-to-moderate CV risk

• The implications of the use of a nutraceutical

combination as a primary CVD-prevention

strategy

This article is based on previously conducted

studies and does not contain any studies with
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human participants or animals performed by

any of the authors.

DYSLIPIDEMIA: A CONSEQUENCE
OF ABNORMAL LIPOPROTEIN
METABOLISM

Low-Density Lipoprotein: The Major

Atherogenic Lipoprotein

Several factors can cause CHD; dyslipidemia is

one of the most important risk factors. Dys-

lipidemia is defined as elevated levels of total

cholesterol (TC), its principal lipoprotein carrier

low-density lipoprotein (LDL), triglyceride (TG),

and a reduced level of high-density lipoprotein

(HDL) [7]. Lipids can cause vascular damage

through the induction of inflammation, oxida-

tive stress, and immune dysregulation [5].

Although it has been validated that multiple

components of serum lipids can contribute to

dyslipidemia, thereby increasing the risk of

CHD, the strongest evidence implicates LDL

cholesterol (LDL-C) and its alternative measure,

TC, as the major causative factors [7]. It has

been estimated that a 1% increase in cholesterol

and LDL-C increases the risk of CHD by 2–3%

and 1.2–2%, respectively [5]. On the basis of

compelling evidence, the National Cholesterol

Education Program and the American Heart

Association (AHA) have established LDL-C as

the primary target for intervention for pre-

venting CHD. Mechanistically, vascular

endothelial dysfunction is initiated by elevated

levels of LDL-C, which leads to atherosclerosis

and coronary thrombosis [7]. An additional

independent risk factor that is believed to be

involved in the development of endothelial

dysfunction is hyperhomocysteinemia, result-

ing from a diet poor in folic acid-rich food [8].

PRIMARY PREVENTION
OF DYSLIPIDEMIA: FOCUS
ON EARLY-STAGE APPROACH

Early Detection of Dyslipidemia: Crucial

Step for Primary Prevention of CVD

Cardiovascular diseases are not commonly

observed in childhood; however, CV risk factors

such as dyslipidemia can be present in children,

leading to CVDs in adulthood [9]. The process

of atherosclerosis often begins early in life and

progresses gradually for decades before resulting

in clinical detection of atherosclerotic cardio-

vascular disease (ASCVD). Therefore, it is of

significant importance to consider both inter-

mediate- and long-term or lifetime risks while

assessing the potential benefits and hazards of

risk-reduction therapies [10]. Besides, the

assessment of the prevalence of dyslipidemia in

youth should be an integral component of any

primary prevention program for CVDs [9].

Guidelines on the prevention of CVD rec-

ommend several risk-assessment systems to

assess total CV risk, including Framingham

models, Systemic Coronary Risk Estimation

(SCORE), ASSIGN (CV risk estimation model

from the Scottish Intercollegiate Guidelines

Network), Q-Risk2, Prospective Cardiovascular

Munster Study (PROCAM), Reynolds Risks

Score, CUORE, the Pooled Cohort equations,

and Globorisk. On the basis of the SCORE

assessment tool, the total CV risk can be

grouped into four categories [6]:
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Primary Prevention Strategies

in Individuals with Low-to-Moderate CV

Risk: What Do the Guidelines Say?

The importance of lowering LDL-C to prevent

CVD is strongly emphasized in the 2019 ESC/

EAS guidelines for the management of dyslipi-

demia, which have set LDL-C goals depending

on the risk category (Table 1) [6].

Lifestyle and Dietary Interventions

to Improve Lipid Profile

Lifestyle changes and drug therapies are the two

available therapeutic options for lowering

atherogenic cholesterol and lowering the risk of

ASCVD occurrence. Among these two, lifestyle

therapy is nearly universally acknowledged and

considered to be the first-line therapeutic

intervention necessary for dyslipidemia man-

agement among all individuals, regardless of

the ASCVD risk [10]. A Cochrane review

Cardiovascular risk categories as per ESC/EAS guidelines 2019 [6]

Very high

risk

People with any of the following

Documented ASCVD, either clinical or unequivocal on imaging

DM with target organ damagea, or at least three major risk factors, or early onset of T1DM of long duration

([ 20 years)

Severe CKD (eGFR\ 30 mL/min/1.73 m2)

A calculated SCORE C 10% for 10-year risk of fatal CVD

FH with ASCVD or with another major risk factor

High risk People with

Markedly elevated single risk factors, in particular TC[ 8 mmol/L ([ 310 mg/dL), LDL-C[ 4.9 mmol/

L ([ 190 mg/dL), or BP C 180/110 mmHg

FH without other major risk factors

DM without target organ damagea, with DM duration C 10 years or an additional risk factor

Moderate CKD (eGFR 30–59 mL/min/1.73 m2)

A calculated SCORE C 5% and\ 10% for 10-year risk of fatal CVD

Moderate

risk

Young patients (T1DM\ 35 years; T2DM\ 50 years) with DM duration\ 10 years, without other risk

factors

Calculated SCORE C 1% and\ 5% for 10-year risk of fatal CVD

Low risk Calculated SCORE\ 1% for 10-year risk of fatal CVD

ASCVD atherosclerotic cardiovascular disease, BP blood pressure, CKD chronic kidney disease, CVD cardiovascular disease,
DM diabetes mellitus, eGFR estimated glomerular filtration rate, FH familial hypercholesterolemia, LDL-C low-density
lipoprotein cholesterol, MI myocardial infarction, PCI percutaneous coronary intervention, SCORE Systematic Coronary
Risk Estimation, T1DM type 1 DM, T2DM type 2 DM, TC total cholesterol, TIA transient ischemic attack
a Target organ damage is defined as microalbuminuria, retinopathy, or neuropathy
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comparing the effects of diet on cardiovascular

risk parameters found a low average reduction

of 0.16 mmol/L in LDL-C levels in individuals

on dietary intervention vs. control individuals

[11]. This study implies that to improve the

modest reduction in lipid levels resulting from

dietary intervention alone, it is necessary to add

more interventions for significant amplification

of results of dietary intervention. Although the

benefits of lipid-lowering medications are clin-

ically evident, more than 50% of patients with

dyslipidemia do not undergo pharmacological

treatment for two main reasons: [12]

• Pharmacological treatment is not recom-

mended for them as per guidelines, based

on their CV risk and LDL-C level.

• Pharmacological treatment is discontinued

as a result of adverse events. Side effects

resulting from the use of such medications

have been observed.

On the other hand, dietary interventions are

relatively safer and a more cost-effective choice.

Therefore, an increasing number of individuals

are inclined to improve their lipid profile by

dietary interventions or at least by integrating

dietary interventions with pharmacological

treatment [12]. The role of nutrition in the

prevention of CVD has been extensively stud-

ied. As advocated in many studies, dietary fac-

tors may influence atherogenesis either directly

or via effects on traditional risk factors such as

blood pressure, glucose levels, or plasma lipids

Table 1 Recommendations for treatment goals for low-density lipoprotein cholesterol [6]

Risks strength Recommendations Classa Levelb

Very high Secondary prevention

Reduction of at least 50% from the baselinec LDL-C

LDL-C goal of\ 1.4 mmol/L (\ 55 mg/dL)

I A

Primary prevention in individuals without FH

Reduction of at least 50% from the baselinec LDL-C

LDL-C goal of\ 1.4 mmol/L (\ 55 mg/dL)

I C

Primary prevention in individuals with FH

Reduction of at least 50% from the baselinec LDL-C

LDL-C goal of\ 1.4 mmol/L (\ 55 mg/dL)

IIa C

For patients with ASCVD who experience a second vascular event within 2 yearsd, LDL-C goal

of\ 1.0 mmol/L (\ 40 mg/dL) may be considered

IIb B

High LDL-C goal of\ 1.8 mmol/L (\ 70 mg/dL) or

Reduction of at least 50% if the baselinec LDL-C

I A

Moderate LDL-C goal of\ 2.6 mmol/L (\ 100 mg/dL) IIa A

Low LDL-C goal\ 3.0 mmol/L (\ 116 mg/dL) IIb A

ASCVD atherosclerotic cardiovascular disease, FH familial hypercholesterolemia, LDL-C low-density lipoprotein cholesterol
a Class of recommendation
b Level of evidence
c The term ‘‘baseline’’ refers to the LDL-C level in a person not taking any LDL-C-lowering medication. In people who are
taking LDL-C-lowering medication(s), the projected baseline (untreated) LDL-C levels should be estimated on the basis of
the average LDL-C-lowering efficacy of the given medication or combination of medications
d Not necessarily of the same type as the first event
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[6]. Although it is claimed that some dietary

interventions with nutraceuticals or different

food supplements improve TG and LDL-C levels

by 5–20% and 10–30%, respectively, it is

important to analyze the supporting evidence

and assess their efficacy to suggest their use as

therapeutic interventions [12].

ROLE OF NUTRACEUTICALS
IN TREATMENT OF PRIMARY
DYSLIPIDEMIA

Nutraceuticals vs. Food Supplements

The concept of nutraceuticals has developed

and spread worldwide. In general, the use of

nutraceuticals is recommended for those with a

health condition who are suitable for an alter-

native, nonpharmacological approach [13].

The term nutraceuticals (or pharma-foods) is

derived from the two words ‘‘nutrient’’ and

‘‘pharmaceutical,’’ which can be a food or part

of a food, as well as possessing the potential to

provide medical or health benefits. The Euro-

pean Nutraceutical Association has defined

nutraceuticals as ‘‘nutritional products that

provide health and medical benefits, including

the prevention and treatment of disease’’;

however, this definition of nutraceuticals par-

tially overlaps that of a food supplement,

mainly because both claim to be beneficial for

health. A food supplement is defined as ‘‘a

product developed in the form of a capsule,

powder, gelcap or softgel for supplementing the

diet in order to enhance health, and which

contains one or more of dietary ingredients like

vitamin, mineral, amino acid or other dietary or

botanical substances.’’ While the definition of

food supplements is quite clear, the definition

of nutraceuticals significantly overlaps and

Fig. 1 Difference between food supplements and nutraceuticals [13]
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stands between food, food supplement, and

pharmaceutical. Moreover, the assessment of

their potential role in medicine is quite con-

tradictory and not unanimously shared and

accepted worldwide [13, 14]. Therefore, it is

strongly recommended to have a proper and

univocal definition of nutraceuticals, along

with a supranational shared regulation to assess

the safety, efficacy, and mechanism of action of

nutraceuticals based on available clinical data

[14]. Figure 1 outlines the differences between

food supplements and nutraceuticals, stressing

the efficacy/safety requirements for these prod-

ucts [13, 14].

Steps to Consider When Developing a New

Nutraceutical

Medicinal products have well-defined thera-

peutic indications, and there is a well-defined

set of legislation to be followed during the

production and registration of a medicinal

product for marketing. Every aspect—including

dose, mechanism of action, possible undesired

side effects, pharmacokinetics, and method of

administration—is established before a new

drug can be considered for the market. More-

over, once a medicinal product is launched on

the market, its benefit/risk ratio continues to be

assessed throughout its entire lifespan.

Nutraceuticals too should also follow such pro-

tocols. To do so, the first step is to assess ther-

apeutic efficacy based on positive evidence from

clinical data. This step should include contri-

butions from different professionals with wide

expertise, ranging from food chemistry and

food safety to structure–activity studies, to

assess the mechanism of action, nutritional

aspects, pharmacology, pharmacokinetics, and

pharmacodynamics of each nutraceutical [13].

Given the fact that nutraceuticals are beneficial

for health, they can be considered safe or gen-

erally recognized as safe (GRAS). However, the

Table 2 Regulation of nutraceuticals in different countries [13, 15–21]

Country Regulation of food supplements/nutraceuticals

USA [15] The US-FDA regulates dietary supplement products. The manufacturing and marketing firms are responsible

for assessing the safety and labeling of their products, such that they meet all requirements of FDA and

DSHEA regulations

Europe

[16]

Food supplements are regulated by the EFSA. The EFSA performs detailed assessment of food supplements, in

terms of their efficacy and safety

UK [17] Food supplements are regulated by the foods law. In 2010, the responsibility for legislation on food

supplements was transferred to the Department of Health from the Food Standards Agency

Japan [18] The Foods for Specified Health Use (FOSHU) regulates approval of functional foods

China [19] The SFDA regulates all affairs relating to functional foods

Canada

[20]

All foods and drugs, including natural health products, are regulated by the Natural Health Products

Regulations, and FDR, which are administered by Health Canada and the CFIA

India [13] Regulated by the ‘‘Food Safety and Standards for Food for Health Supplements, Nutraceuticals, Food for

Special Dietary Use, Food for Special Medical Purposes, Functional Food and Normal Food Regulations

2016,’’ based on Sect. 22 of the FSSA

Russia [21] Biologically active food supplement (BAFS) circulation is largely regulated by the Ministry of Health and of

the Federal Service for Surveillance of Customer Rights Protection and Human Well-Being

US-FDA United States Food and Drug Administration, DSHEA Dietary Supplement Health and Education Act of 1994,
EFSA European Food Safety Authority, SFDA State Food and Drugs Administration, FDR Food and Drug Regulations,
CFIA Canadian Food Inspection Agency, FSSA Food Safety and Standards Act
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safety of nutraceuticals is of the utmost con-

cern, since they can be contaminated with

inorganic and organic material that could cause

health issues [14]. Moreover, any possible

interactions between food and/or drugs

assumed together with nutraceuticals should

not be underestimated. Therefore, these claims

regarding potential medical benefits and safety

of nutraceuticals must be substantiated by

clinical data [13]. Different countries have leg-

islative authorities for regulating the develop-

ment, manufacturing, and marketing of

nutraceuticals or food supplements (Table 2)

[13, 15–21].

With the availability of nutraceuticals,

which are clinically documented for safety and

efficacy in lowering LDL-C, the gap between the

‘‘nonpharmacological’’ and the ‘‘pharmacologi-

cal interventions’’ can be filled.

Nutraceuticals as an Integral Part

of Lifestyle Interventions

The evidence on lifestyle interventions in

patients with CV risk is compelling; however,

the efficacy of lifestyle interventions is often

limited by factors such as poor adherence to

treatment in the medium-to-long run [22].

Therefore, the 2019 ESC guideline recommen-

dations included innovative nutritional strate-

gies to cope with dyslipidemia that envisage

either changing a few ‘‘risky’’ dietary compo-

nents or encouraging the consumption of

‘‘healthy’’ functional foods and/or dietary sup-

plements [6].

In this context, it is important to mention

that potential cholesterol-lowering activity is

present in some dietary components in small

amounts of food. This has led to a spur in the

use of nutraceuticals, which contain specific

ingredients in well-defined amounts, in recent

years. The evaluation of such functional foods

depends not only on the clinical evidence of

beneficial effects to improve health or lower the

risk of the disease but also on tolerability and

the absence of undesirable side effects. The

validation of health claims specific to each food

should be based on results from interventional

studies. The influence of lifestyle changes and

functional foods (nutraceuticals) on the lipid

profile is summarized in Table 3 [6].

Nutraceuticals are agents between nutrients

and drugs that can be used as supplements. The

inclusion of nutraceuticals in the diet is needed

for lifestyle diseases such as hypercholes-

terolemia, obesity, and hypertension. Since

nutraceuticals can be considered beyond the

diet to prevent the onset of such diseases and

before drugs to treat diseases, nutraceuticals can

be considered as agents to be used ‘beyond the

diet but before the drugs’ [23]. Therefore,

nutraceuticals are perceived as pharma-foods,

since they are closer to pharmaceuticals owing

to their clinically proven efficacy in specific

pathological conditions. They help in combat-

ing major health issues, such as CVD, metabolic

syndrome, diabetes, osteoporosis, and hyperc-

holesterolemia [24]. The possible role of

nutraceuticals in the prevention and treatment

of pathological and chronic diseases, especially

Table 3 Impact of specific lifestyle changes on lipid levels
[6]

Lifestyle interventions to
reduce TC and LDL-C levels

Magnitude
of effecta

Level of
evidenceb

Avoid dietary trans fats ?? A

Reduce dietary saturated fats ?? A

Increase dietary fiber ?? A

Use functional foods enriched

with phytosterols

?? A

Use red yeast rice

nutraceuticals

?? A

Reduce excessive body weight ?? A

Reduce dietary cholesterol ? B

Increase habitual physical

activity

? B

TC total cholesterol, LDL-C low-density lipoprotein
cholesterol
a
?? magnitude of effect 5–10%,? magnitude of

effect\ 5%
b Level of evidence refers to the impact of each dietary
modification on plasma levels of a specific lipoprotein class
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in patients who do not qualify for pharmaco-

logical therapy, indicates that these food sup-

plements can be used in the future for both

prevention and therapy for certain chronic

conditions. However, the big challenge in this

context would be to improve their bioavail-

ability and clearly define their mechanism of

action [25].

More than 40 lipid-lowering nutraceuticals

have been studied that have proven benefits on

lipid metabolism and positively affect CV

health. Results from both preclinical and clini-

cal trials validate their use for everyday man-

agement of dyslipidemia [26]. Given the lack of

effective therapy for lipid disorders, nutraceuti-

cals seem to be a worthwhile alternative to

conventional lipid-lowering therapy for at-risk

patients who do not reach LDL-C goals. Among

common nutraceuticals, red yeast rice and

spirulina are the most potent in lowering total

LDL-C (up to 35–40 mg/dL). Evidence from

clinical studies indicates that the nutraceuticals

are safe and generally well tolerated even at

high doses [27]. Moreover, since the lipid-low-

ering effect of nutraceuticals is exerted through

multiple mechanisms, it makes them potent

candidates for use in combination products

containing conventional lipid-lowering drugs.

Additionally, some nutraceuticals are well tol-

erated in statin-intolerant patients, thereby

serving as an important alternative to conven-

tional lipid-lowering therapy [27].

Statins are the most common drugs used in

patients with CVD, owing to their high effec-

tiveness in lowering primary and secondary CV

endpoints and reducing LDL-C levels. However,

often as a result of exaggerated toxicity-related

concerns, use of statin therapy is discontinued,

which is also referred to as statin intolerance. In

this context, it has been suggested that certain

nutraceuticals, either alone or in combination,

might be considered as an alternative to statin

therapy. The first set of recommendations on

the management of statin intolerance with

nutraceuticals suggests that they can be used

either alone or in combination for high-risk or

very high-risk patients with partial or complete

statin intolerance who cannot reach target LDL-

C levels with other therapies and for patients

with high cholesterol levels and other risk

factors who are at intermediate CV risk with the

use of statin therapy [28]. Accumulating clinical

evidence, including randomized controlled tri-

als and meta-analyses, has assessed the lipid-

lowering efficacy of different nutraceuticals, as

discussed below.

A meta-analysis of 124 randomized con-

trolled trials revealed that there is a clear

dose–response effect of plant sterols and stanols

in lowering LDL-C between 6% and 12% [29]. A

meta-analysis of 11 randomized controlled trials

involving 874 people with hypercholes-

terolemia and/or type 2 diabetes observed that

berberine positively affected the plasma lipid

profile by increasing HDL-C (? 0.05 mmol/L,

95% CI 0.02–0.09) and decreasing LDL-C

(- 0.65 mmol/L, 95% CI - 0.76 to - 0.54), TC

(- 0.61 mmol/L, 95% CI - 0.83 to - 0.39), and

TG (- 0.50 mmol/L, 95% CI - 0.69 to - 0.31)

[30]. A meta-analysis of 17 randomized clinical

trials involving 916 patients with hypercholes-

terolemia reported that b-glucan significantly

decreased LDL-C (- 0.21 mmol/L, 95% CI 0.27

to - 0.14; p\ 0.00001) [31]. In a meta-analysis

of 14 randomized controlled trials involving

531 patients, as compared to placebo, gluco-

mannan significantly reduced TG, TC, and LDL-

C by a weighted mean difference (WMD) of -

11.08 mg/dL (95% CI - 22.07, - 0.09),

- 19.28 mg/dL (95% CI - 24.30, - 14.26), and

- 15.99 mg/dL (95% CI - 21.31, - 10.67),

respectively [32]. A meta-analysis of 35 ran-

domized controlled trials including 2670 sub-

jects concluded that soy proteins significantly

reduce LDL-C by - 4.83 (95% CI - 7.34, -

2.31) mg/dL, TG by - 4.92 (95% CI - 7.79,

- 2.04) mg/dL, and TC by - 5.33 (95% CI

- 8.35, - 2.30) mg/dL—in addition to increas-

ing HDL-C by 1.40 (95% CI 0.58, 2.23) mg/dL

[33].

A systematic review and meta-analysis found

that red yeast rice preparations reduce TG, LDL-

C, and TC by WMD - 20.23 mmol/L (95% CI

- 20.31, - 20.14; p\0.001), - 20.87 mmol/L

(95% CI - 21.03, - 20.71; p\0.001), and

- 20.97 mmol/L (95% CI - 21.13, - 20.80;

p\0.001), respectively [34]. In statin-intolerant

subjects, 24-week treatment with red yeast rice

reduced TG by a mean percentage difference of

- 20.0% (95% CI - 38.9 to - 1.1), LDL-C by
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- 21.6% (95% CI - 29.4 to - 13.8), and TC by

- 16.7% (95% CI - 23.4 to - 10.3) [35]. In

addition to lipid-lowering effects, the effects of

red yeast rice on CV outcomes have also been

evaluated [36]. In patients with a history of

hypercholesterolemia and acute myocardial

infarction, long-term supplementation with red

yeast rice reduces coronary death by 29.2%, all-

cause mortality by 36.3%, and the relative risk

of major coronary events by 38.2% [37].

The lipid-lowering effect of red yeast rice can

be attributed to monacolin K, a component

whose structure in lactone form is identical to

that of lovastatin. Therefore, when adminis-

tered in doses similar to therapeutic doses of

lovastatin, significant safety concerns could be

associated with the use of monacolin K [38]. A

few concerns had been raised regarding the

safety of red yeast rice, based on a few toxicity

reports. Therefore, Fogacci et al. conducted a

meta-analysis of safety data from 53 random-

ized controlled trials conducted among a total

of 8535 subjects: 4437 in the red yeast rice arm

and 4303 in the control arm. Some patients had

prematurely terminated the trial due to reasons

independent of the tested nutraceuticals, so the

meta-analysis was performed on 8535 subjects.

While the primary outcome was musculoskele-

tal disorders (MuD), non-musculoskeletal

adverse events (Non-MuD) and serious adverse

events (SAE) were the secondary outcomes of

the meta-analysis. The study revealed that

monacolin K did not increase the risk of MuD

(odds ratio [OR] 0.94, 95% CI 0.53, 1.65), low-

ered the risk of SAE (OR 0.54, 95% CI 0.46, 0.64)

and non-MuD (OR 0.59, 95% CI 0.50, 0.69), as

compared to control. Moreover, a negative

association was observed between an increasing

daily dose of monacolin K and an increasing

risk of non-MuD (slope - 0.10, 95% CI - 0.17,

- 0.03; two-tailed p\0.01). Therefore, this

study established the overall safety and tolera-

bility of red yeast rice as a lipid-lowering dietary

supplement in a large population of subjects

with moderate hypercholesterolemia [39].

Recently, most nutraceuticals with lipid-

lowering functions have been commercialized

as a combination of two or more substances,

lowering the dosages of single components and

thereby reducing the risk of side effects.

Moreover, such a combination exerts a cumu-

lative effect of individual components that act

on lipid metabolism with different mecha-

nisms. For example, while substances such as

soluble fibers, glucomannan, and plant sterols

can lower lipid and biliary salt absorption by the

bowel, other nutraceuticals such as berberine

and soybean proteins can enhance the hepatic

uptake of cholesterol. Again, some nutraceuti-

cals such as berberine, soy protein, and chloro-

genic acid can induce LDL-C excretion, while

others such as monacolins, policosanols, allicin

from garlic, and bergamot reduce the hepatic

synthesis of cholesterol by inhibiting b-hy-

droxy-b-methyl-glutamyl coenzyme A (HMG-

CoA) reductase enzyme. Additionally, some

nutraceuticals such as chlorogenic acid and

green coffee can reduce the oxidation of the

LDL or increase thermogenesis and lipid meta-

bolism. Therefore, in patients with slightly ele-

vated cholesterol levels, low CV risk, or those

who are intolerant to pharmacological therapy,

a combination of lipid-lowering nutraceuticals

may be a potential alternative to the use of

drugs [16, 17].

Accumulating evidence reporting the

cholesterol-lowering potential of various

nutraceuticals has attracted significant interest

from experts and encouraged the development

of multicomponent novel nutraceuticals. This

development is driven by the notion that

nutraceutical combinations will help achieve a

cumulatively large reduction in total and LDL

cholesterol levels. The development of

nutraceutical combinations is based on two

main speculative assumptions: (i) complemen-

tary lipid-lowering effects of each of the com-

ponents of the nutraceutical combination; and

(ii) lowering the effective doses of individual

components to ensure tolerability along with

maintenance of optimum lipid-lowering effi-

cacy. A few studies have reported the slightly

higher cholesterol-lowering effect of nutraceu-

tical combinations vs. their individual compo-

nents [15]. Such nutraceutical combinations

include (1) red yeast rice and policosanols, (2)

red yeast rice, policosanols, and berberine, (3)

red yeast rice and plant sterols, (4) red yeast rice

and artichoke, (5) red yeast rice, policosanol,

and silymarin, (6) red yeast rice and
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antioxidants, (7) berberine with bioactive lipid-

lowering agents other than red yeast rice, and

(8) soy protein and plant sterols [36].

The combination of phytochemical

nutraceuticals has been found to positively

modulate lipid metabolism in hypercholes-

terolemic patients and positively affect CV

health. However, even under such conditions, it

is important to focus on the individual com-

ponents, to take full advantage of their poten-

tial and features [26].

EU GUIDELINE-BASED
NUTRACEUTICAL: ROLE
IN MANAGEMENT
OF DYSLIPIDEMIA

Composition of the Nutraceutical

The use of novel nutritive strategies based on

the consumption of nutraceuticals or ‘‘healthy’’

functional foods and/or dietary supplements,

either as an alternative or as an addition to drug

therapy, has been suggested by the 2019 ESC/

EAS guidelines for the management of dyslipi-

demia. The following nutraceuticals with lipid-

lowering effects were reported by the 2019 ESC/

EAS guidelines for the management of low-to-

moderate dyslipidemia: red yeast rice, dietary

fiber, soy protein, phytosterols, berberine, and

n-3 unsaturated fatty acids [6].

In the context of the use of nutraceuticals for

controlling dyslipidemia, the potential candi-

dature of a particular nutraceutical combination

has been identified for the management of

dyslipidemia in subjects with low-to-moderate

CV risk. The chief constituents of this

nutraceutical combination are as follows [40]:

• Red yeast rice: 200 mg (* 3 mg of

monacolin K)

• Policosanol: 10 mg

• Folic acid: 0.2 mg

• Coenzyme Q10: 2 mg

• Astaxanthin: 0.5 mg

Among these components of the nutraceu-

tical combination, lipid-lowering functions are

primarily attributed to monacolin K and

policosanol. Monacolin K, the active compo-

nent of red yeast rice (Monascus purpureus),

works via a statin-like mechanism. It competi-

tively inhibits the activity of HMG-CoA reduc-

tase, a key enzyme in cholesterol biosynthesis.

Policosanol, on the other hand, inhibits the

synthesis of HMG-CoA reductase [8]. Further-

more, the combined effects of monacolins and

policosanol decrease intracellular cholesterol

levels, which triggers the upregulation of tran-

scription of the low-density lipoprotein receptor

(LDLR) gene resulting in enhanced expression

of LDLR in liver cells and improving the clear-

ance of LDL cholesterol from the circulation.

Coenzyme Q10 and astaxanthin are the antiox-

idant components of the nutraceutical combi-

nation that may reduce the transformation of

lipoproteins into proatherogenic molecules by

preventing LDL peroxidation. Folic acid re-

methylates homocysteine to methionine lead-

ing to reduced homocysteine plasma levels,

thereby potentially lowering the CV risk [40].

Scientific Rationale for the Nutraceutical

Combination

Although most components of nutraceutical

combinations have individual lipid-lowering

effects, the use of a combination of nutraceuti-

cals is more beneficial, since such combinations

contain lipid-lowering ingredients at subclinical

doses, such that the overall lipid-lowering effi-

cacy of each component is increased through

synergy. Also, there are fewer side effects owing

to the use of a lowered effective dose of indi-

vidual components, and the combination hits

multiple targets [26]. The clinical development

of a nutraceutical within a pharmaceutical

company necessitates an extremely rigorous

approach, with the following criteria: mainte-

nance of the highest quality-control standards,

i.e., eliminating the risk of toxic contaminants

in the natural components, along with phar-

macokinetic studies to confirm the bioavail-

ability and to eliminate potential risks for

drug–drug interactions [8, 13]. Therefore, as the

use of nutraceuticals has been on the rise, there

has been increased demand for pharmacoki-

netic studies to understand their bioavailability
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and also exclude any possibility of drug–drug

interactions. Unfortunately, strong pharma-

cokinetic data are often lacking for several

nutraceuticals. Therefore, clinical studies con-

cerning nutraceuticals as pharma-foods or any

interactions between foods and/or drugs with

nutraceuticals have been highlighted as an

essential requirement [13].

In one pharmacokinetic study, a rigorous,

single-center, open-label randomized trial was

performed on a nutraceutical containing

monacolin K. The study comprised 12 healthy

male volunteers (aged 18–45 years) who were

administered the nutraceutical formulation to

study the plasma concentrations of mona-

colin K and its metabolite, lovastatin hydroxy

acid, at different time points post treatment.

The study revealed that monacolin K was

absorbed with peak plasma concentrations at

2.5 h post dosing at an average value of 3.06 ng/

mL. This is the first study that investigated the

pharmacokinetics of a monacolin K-containing

nutraceutical [40, 41]. The second pharmacoki-

netic study investigated the potential of any

clinically relevant inhibition of the CYP (cy-

tochrome P450) enzyme system, after single-

dose administration of the aforementioned

nutraceutical combination. The study com-

prised 12 healthy male volunteers (aged 20–43)

enrolled in a single-center, open-label, ran-

domized, crossover clinical study, and the sub-

jects were randomized either to (1) a cocktail of

drugs, including 100 mg caffeine, 20 mg

omeprazole, 100 mg metoprolol, 0.03 mg/kg

midazolam, and 10 mg warfarin, metabolized

through the same cytochrome system, as used

by the liver to metabolize the nutraceutical

components; or to (2) the same drug cocktail

along with one tablet of the nutraceutical. The

study revealed that when the nutraceutical is

administered in combination at the recom-

mended dose, there is no clinically relevant

inhibition of the activity of the CYP isoenzymes

[40, 42].

Randomized controlled trials have been

conducted to study the effects of nutraceutical

combinations along with diet modification,

mostly in subjects with dyslipidemia and low-

to-moderate CV risk. Such trials not only

revealed the excellent safety and tolerability of

nutraceutical combinations but they also found

that nutraceutical combinations were an effec-

tive alternative to lipid-lowering treatment, viz.

statins. These findings also support the fact that

low doses of the active ingredients of the

nutraceutical combination were low enough

not to be associated with undesirable effects,

but were high enough to exert therapeutic

benefits [40].

Clinical Experience with the Nutraceutical

Combination

The nutraceutical combination discussed above

is associated with significant improvement in

the lipid profile, as visible from 6 weeks of

treatment and maintained for up to 6 months,

as observed in long-term studies [40]. Multiple

trials have been performed on this nutraceutical

combination to study its efficacy and safety.

A single-center, randomized, double-blind,

placebo-controlled trial was conducted in Ger-

many between July 2014 and May 2015. All the

142 male and female participants with raised

cholesterol were randomly assigned into two

groups of treatment: (1) nutraceutical combi-

nation or (2) placebo group. The endpoint of

the study was to monitor the reduction of LDL-

C levels in the nutraceutical combination vs.

Table 4 Reduction in TC and LDL-C after 16 weeks of both interventions [3]

Age group Reduction in TC (%) Reduction in LDL-C (%)

Nutraceutical plus diet Diet alone Nutraceutical plus diet Diet alone

Adults 17.3* 10.5 18.1* 8.7

Elderly 17.4* 9.6 18.1* 8.1

*p\ 0.001 vs. diet alone
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placebo over the study duration of 12 weeks.

The results revealed that the relatively lower

content of monacolin K (3 mg/day), folic acid

(0.2 mg), coenzyme Q10 (2 mg), and astaxan-

thin (0.5 mg) in combination significantly

reduced LDL-C (14.8%), TC (11.2%), and

homocysteine (12.5%) (p\ 0.001 for all

parameters) after 12 weeks. This study indicated

that the nutraceutical combination is effective

in lowering cholesterol and homocysteine and

that it can be integrated into primary CV dis-

ease-prevention strategies [43].

Another single-center, randomized, diet-

controlled trial was performed in Greece in 80

subjects with hypercholesterolemia for whom

drug therapy was not indicated. The study was

conducted over a 6-month intervention period,

and all the participants were randomly assigned

in two groups (1:1 ratio): (i) to receive the

nutraceutical combination in addition to a

healthy diet or (ii) to adhere only to a healthy

diet. The study demonstrated that the adminis-

tration of the nutraceutical combination, toge-

ther with a healthy diet for 6 months,

significantly improved the lipid profile in sub-

jects with primary dyslipidemia for whom drug

therapy is not indicated. After 6 months of fol-

low-up, patients who received the nutraceutical

combination had a statistically significant

decrease in TC and LDL-C level: 240.5 ± 31.4 to

211.7 ± 13.5 (p\ 0.001) and 166.4 ± 29.6 to

143.9 ± 17.9 (p = 0.052), respectively [44].

A multicenter, real-life, diet-controlled, non-

interventional trial was conducted in Italy to

study the efficacy of the nutraceutical combi-

nation. In this randomized, multicenter study,

411 Italian primary care units (n = 2408) com-

pared the efficacy of the nutraceutical combi-

nation plus diet vs. diet alone for 16 weeks in

subjects with hyperlipidemia (TC[ 200 mg/dL

or LDL-C[150 mg/dL). The study included

only those individuals for whom a specific drug

therapy (e.g., statins) was either not (yet) nec-

essary or not well-tolerated or contraindicated.

The study revealed that the reduction in TC and

LDL-C was significantly higher in the

nutraceutical plus diet group vs. diet-alone

group (Table 4). This effect was uniformly

observed in all subjects independent of age

classes and administration time during the day,

thereby supporting the potential candidature of

nutraceutical for controlling hypercholes-

terolemia with a positive impact on CV disease

prevention in all categories of subjects [45].

PANEL’S RECOMMENDATION

During the advisory boardmeeting, the evidence-

based discussion revealed that dyslipidemia is an

important and independent risk factor for CVD

and that various international guidelines recom-

mend lifestyle and dietary changes as a primary

preventive measure for the treatment of low-to-

moderate dyslipidemia. The 2019 ESC/EAS

guidelines for the management of low-to-moder-

ate dyslipidemia recommend including

nutraceuticals as an integral part of lifestyle and

dietary modification. The key points of the dis-

cussion were (1) family physicians have the most

crucial role in primary prevention; (2) lipid-low-

ering interventions are essential for primary pre-

vention as per guidelines; (3) a number of

nutraceuticals and nutraceutical combinations

with clinically established lipid-lowering proper-

ties can be considered for primary prevention;

they also have a suggested role as an alternative

therapy for statin-intolerant patients; (4) on the

basis of clinical evidence, nutraceuticals are sug-

gested by guidelines for primary prevention; (5)

red yeast rice has potent CV-risk-lowering poten-

tial, in addition to lipid-lowering properties; (6) in

patients with low-to-moderate cardiovascular

risk, a nutraceutical combination of low-dose red

yeast rice and synergic lipid-lowering compounds

can be used as integral part of guideline-recom-

mended lifestyle interventions for effective pri-

mary preventive; (7) the nutraceutical

combination can be used in patients aged 18 to

75? years; its use is particularly appropriate in the

age group of 18–44 years; (8) it is necessary to

attract the media (websites, etc.) to increase

patient awareness on the importance of primary

prevention; and (9) it is necessary to legally sepa-

rate nutraceuticals from dietary supplements.

The panelists came up with the following

recommendations specific to Ukraine:

1. Family physicians have the most crucial

role and the greatest opportunities
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incarrying out primary prevention. It is

necessary to use a questionnaire (to assess-

cardiovascular risk) that patients can fill out

while waiting for a doctor’s appoint-

ment.(High recommendation)

2. For primary prevention in patients with

low-to-moderate cardiovascular risk,nu-

traceutical combinations can be used (in

association with lifestyle changes,including

dietary measures and physical exercise) in

all age groups. Althoughnutraceutical com-

binations can be used in patients aged 18 to

75? years, their use isparticularly appropri-

ate in the age group of 18–44 years. (High

recommendation)

3. It is necessary to attract the media (websites,

etc.) to increase patient awareness onthe

importance of primary prevention. (High

recommendation)

4. It is necessary to legally separate nutraceu-

ticals from dietary supplements.

(Highrecommendation)

DISCUSSION

The high incidence of CV diseases highlights

the need to address risk factors, particularly

dyslipidemia [26]. As per different national and

international guidelines, the chief preventive

approach for combating CV diseases is a healthy

lifestyle, supported (when specifically recom-

mended on the basis of the CV risk) by phar-

macotherapy [46].

Lifestyle modification acts as the cornerstone

of treatment for patients with low-to-moderate

dyslipidemia. For patients who are at low-to-

moderate CV risk, lifestyle interventions—in-

cluding the use of a lipid-lowering nutraceuti-

cal—should be given an adequate trial for at

least 3 months before considering drug therapy

[10].

Significant evidence is available to link the

use of dietary compounds and reduction in

CVDs [46]. Several studies have elucidated the

role of nutraceuticals in controlling dyslipi-

demia or in the reduction of vascular markers

such as plaque progression, coronary artery

calcium score, carotid intima-media thickening

and obstruction, endothelial function, and

generalized atherosclerosis. The combined

implementation of scientifically proven

nutraceuticals and a lipid-lowering diet reduces

LDL-C, lowers LDL particle number, and

increases their size—thereby reducing

atherosclerosis and CVD [5]. For these reasons,

the use of nutraceuticals in correcting dyslipi-

demia is gaining popularity [45].

Multiple individual natural ingredients with

cholesterol-lowering effects have been identi-

fied. However, evidence indicates that the use of

a combination of these compounds in a single,

well-characterized nutraceutical formulation

yields additive (or synergistic) efficacy. Similar

results have also been obtained when

nutraceuticals are combined with lipid-lowering

drugs, leading to the improvement of CV health

[26]. Owing to such positive health benefits,

novel nutraceuticals are being developed con-

tinuously and have quickly spread worldwide

[13]. The 2019 joint ESC/EAS guidelines for the

management of dyslipidemia recommend

nutraceuticals containing purified red yeast rice

in people with hyperlipidemia who do not

qualify for treatment with statins, considering

their CV risk [6].

Although several nutraceuticals that claim to

offer cholesterol-lowering effects are currently

commercially available, their efficacy is often

questionable. The first and foremost concern

while selecting a nutraceutical is the absence of

a guarantee of good manufacturing practice

(GMP), similar to the ones followed for drug

production, for assuring a quality product with

a standardized composition. This is a critically

important issue; since most ingredients are

extracted from natural sources, it is essential to

prove their purity. Nutraceuticals developed

within a pharmaceutical company, under GMP

procedures, should thus be preferred. Secondly,

often solid clinical data validating their

cholesterol-lowering claims and supporting

their efficacy and safety are lacking for these

products. Therefore, the availability of a clini-

cally tested lipid-lowering nutraceutical could

be very useful, especially for patients with low-

to-medium CV risk. In this scenario, a patented

nutraceutical combination containing red yeast

rice extract, policosanols, folic acid,
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coenzyme Q10, and astaxanthin has been

developed within the aforementioned pharma-

ceutical environment with implemented GMP

procedures to control hypercholesterolemia,

homocysteinemia, and free radicals [45].

CONCLUSIONS

Nutraceutical combinations along with a heal-

thy diet and lifestyle modification could be used

as a potentially effective approach for the pri-

mary prevention and treatment of dyslipidemia

in subjects with low-to-moderate CV risk for

whom drug therapy is not initially recom-

mended by guidelines.
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