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Abstract: Background: The use of nutraceutical products and functional foods in the cardiovascular
and metabolic field is rising in several countries. Preparation and implementation of guidelines
are pivotal for translating research-derived knowledge and evidence-based medicine to the clinical
practice. Based on these considerations, the aim of this paper is to explore if and how nutraceutical
products are discussed by the most recent international guidelines related to cardio-metabolic dis-
eases (dyslipidaemia, obesity, type 2 diabetes mellitus (T2DM) and cardiovascular disease (CVD)
prevention). Some, but not all, guidelines for dyslipidaemia mention nutraceutical products as poten-
tial useful options for the treatment of mild dyslipidaemia, but also indicate the low level of evidence
associated to their effects on hard endpoints (myocardial infarction, stroke, CVD-related death). In
the most recent guidelines on obesity, it is mentioned that no safe and effective dietary supplement
nor nutraceutical product is available for the management of weight loss in this condition, and more
high-quality studies are necessary in this field. The examined guidelines for T2DM do not mention
any specific nutraceutical approach to this disease, nor to milder forms, such as insulin resistance and
pre-diabetes. Conclusions: The focus on nutraceutical products in the main international guidelines
for cardio-metabolic disease management remains limited. Since robust scientific evidence is the
background of useful and effective guidelines, the implementation of high-quality clinical research is
strongly needed in the field of nutraceutical products for cardio-metabolic diseases.

Keywords: guidelines; nutraceutical product; cardiovascular disease; dyslipidaemia; metabolic
disease; type 2 diabetes mellitus

1. Introduction

Cardiovascular (CV) and metabolic diseases are the leading cause of morbidity, dis-
ability and mortality in the world [1] and their heterogenous causes are currently on the
rise [2]. Their epidemiological and economic impact, thus, poses a significant challenge
and requires a multifactorial approach, starting from the promotion of a healthy lifestyle
and, when necessary, the use of preventive or treatment therapies, along with appropriate
first-level and second-level diagnostic procedures. Indeed, over time, multiple diagnostic
and treatment options have become available, including increasingly effective and safer
medications, which also allow a more personalised approach. The current clinical practice
in many fields and, in particular, in the CV disease (CVD) and metabolic disease area,
is built on a body of knowledge and evidence, which is collected in guidelines focusing
on specific medical issues [3,4]. These guidelines are constructed according to a specific
development process [5,6], which takes into consideration several aspects, including a
systematic review of the available evidence, the inclusion of a multidisciplinary panel of
representatives and experts from key affected groups (such as patients), and the identifica-
tion of potential conflicts of interest. Most important, they should periodically undergo
reconsideration and revision, as appropriate according to any important novel evidence
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that arises. Among the treatment options, the use of nutraceutical products is currently
growing in several biomedical areas, including the cardiometabolic one and, thus, requires
a robust scientific validation. Nutraceuticals are nutritional compounds of natural origin,
shown to be efficacious in preventive medicine or in the treatment or co-treatment of
diseases. Specific to this review, several foods and dietary supplements have been shown
to contribute to protection against the development of CVD [7]. However, within the
landscape of intervention options, the role of nutraceutical products and functional foods,
especially in the cardio-metabolic field, is still rather limited in the area of prescription
medications, albeit variably depending on geographic context and disease type [8]. In any
case, the overall nutraceutical market appears to have quite large proportions worldwide
and the specific field of nutraceuticals for CVD and metabolic disease prevention may be
expected to grow in the next years, as well. Thus, the discussion about the usefulness
of nutraceutical options and the related potential critical issues in this area begin to be
mentioned in the guidelines related to the metabolic field.

Based on these considerations, in this review, we aim at exploring if and how nutraceu-
tical products are considered and discussed by the most recent guidelines devoted to the
management of CV and metabolic diseases, with specific regards to dyslipidaemia, a major
causative factor for atherosclerotic CVD (ASCVD), as well as obesity and type 2 diabetes
mellitus (T2DM). This review is based upon the analysis of the international guidelines
regarding CVDs, obesity, T2DM and metabolic syndrome, published in the last 20 years, in
order to assess the relevance of this topic over time and in different regions of the world.

2. Nutraceutical Products and Guidelines for Dyslipidaemia

The use of nutraceutical products for the management of dyslipidaemia (and some
features, such as insulin resistance, which are often associated to it) is a rather diffused
option and the efficacy and safety of several such products, mostly combining two or more
active phytoextracts or compounds, have been evaluated by good-quality RCTs [9–13].

Taking into consideration specific guidelines (Table 1), in the last version of the 2019 Eu-
ropean Society of Cardiology (ESC)/European Society of Atherosclerosis (EAS) Guidelines
for the management of dyslipidaemias [4], authors stressed the central role of nutrition for
the prevention of ASCVD, but also the weakness of evidence and the lack of concordance
among studies, suggesting caution in interpreting the results of randomised controlled
trials (RCTs). These guidelines list a number of dietary supplements and functional foods to
be considered for the treatment of dyslipidaemias, which are briefly discussed below. Plant
sterols and stanols are phytosterols, and have been identified in several plant products,
including various fruits and vegetables, cereals, nuts and seeds. Their biological activity is
derived from their molecular structural similarity to cholesterol. According to the guide-
lines, in compliance with the LDL-C goal and without any safety contraindications, plant
sterols/stanols “may be considered: (i) in individuals with high cholesterol levels at inter-
mediate or low global CV risk who do not qualify for pharmacotherapy; (ii) as an adjunct
to pharmacological therapy in high- and very-high-risk patients who fail to achieve LDL-C
goals on statins or could not be treated with statins; and (iii) in adults and children (aged
>6 years) with familial hypercholesterolemia (FH)” [4]. The role of phytosterols in control-
ling cholesterol levels according to the European Atherosclerosis Society is highlighted by
the specific Consensus by Gylling et al. [14]. This critical appraisal of the evidence about
the benefit-to-risk relationship of functional foods with added plant sterols and/or plant
stanols underlined that “daily consumption of foods with added plant sterols and/or plant
stanols in amounts of up to 2 g/day is equally effective in lowering plasma atherogenic
LDL-C levels by up to 10%, and thus may be considered as an adjunct to lifestyle in subjects
at all levels of CV risk” [14] and that “plant sterols and plant stanols can be efficaciously
combined with statins” [14], while “very limited data suggest plant sterols/stanols may
also lower LDL-C levels in combination with a fibrate or ezetimibe” [14].

Another product that these guidelines proposed for the management of hypercholes-
terolemia is red yeast rice (RYR) extract, thanks to its bioactive ingredient, monacolin k, that
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shows a statin-like mechanism. Different commercial preparations of RYR, with various
concentrations of monacolins, are available on the market. However, safety issues, due
to the possible presence of contaminants in some preparations, have been raised. The
guidelines state that “Nutraceuticals containing purified RYR may be considered in people
with elevated plasma cholesterol concentrations who do not qualify for treatment with
statins in view of their global CV risk” [4], but also warrant for better regulation of this
kind of supplements.

The role of dietary fibres in cholesterol lowering has been strengthened in the last
version of these guidelines (“Foods enriched with these fibres or supplements are well
tolerated, effective, and recommended for LDL-C lowering” [4]) after the publication of
the Cochrane meta-analysis in 2016 [15]. In contrast, the role of soy, suggested in the
2011 version of the ESC/EAS Guidelines as “substitute for animal protein foods high in
SFAs” [16], even if “expected LDL-C lowering may be modest (3–5%) and most likely
in subjects with hypercholesterolaemia” [16], was then downscored: “LDL-C-lowering
effect [ . . . ] was not confirmed when changes in other dietary components were taken
into account” [4].

Finally, policosanol was described as showing “no significant effect on LDL-C, HDL-C,
triglyceride (TG)” [4], and for berberine, despite a recent meta-analysis showing some
lipid-lowering effect [17], “due to the lack of high-quality randomized clinical trials, its
efficacy for treating dyslipidaemia needs to be further validated” [4].

Regarding the role of omega-3 polyunsaturated fatty acids (PUFA) in TG lowering,
the recent guidelines reported that “Observational evidence indicates that consumption
of fish (at least twice a week) and vegetable foods rich in omega-3 fatty acids [ . . . ] is
associated with lower risk of CV death and stroke, but has no major effects on plasma
lipoprotein metabolism” [4] and that “Pharmacological doses of long-chain omega-3 fatty
acids (2–3 g/day) reduce TG levels by about 30%” [4]. Concerning hard CV endpoints, the
2019 guidelines had the opportunity to integrate results from the REDUCE-IT trial [18]
(where a significantly lower risk of ischaemic events was reported in patients with elevated
TG levels treated with 4 g of icosapent ethyl), but not from the most recent RCTs on omega-3
unsaturated fatty acids [19,20].

The US Guidelines approach is quite different. In the 2018 AHA/ACC/AACVPR/
AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA Guideline on the Manage-
ment of Blood Cholesterol [21], there is no mention of nutraceuticals (whether general or
specific products) and only a generic indication to pay attention to the diet (“Lifestyle coun-
seling: use principles of Mediterranean and DASH diets” [22]). In 2018, the International
Lipid Expert Panel (ILEP) published a Position Paper [23] defining the use of nutraceuticals
in the management of statin intolerance: “Nutraceuticals, such as red yeast rice, bergamot,
berberine, artichoke, soluble fiber, and plant sterols and stanols alone or in combination
with each other, as well as with ezetimibe, might be considered as an alternative or add-on
therapy to statins” [23]. Among the listed products, berberine, omega-3 PUFA and RYR
were deemed as class of recommendation I, and therefore, enough supported by evidence
of benefit and safety to be recommended/indicated. Nevertheless, also in this case, authors
recognise the limitation of non-statin studies. In the Japan Atherosclerosis Society (JAS)
Guidelines for Prevention of Atherosclerotic Cardiovascular Diseases 2017 [24], the section
dedicated to lifestyle modification clearly stated that “increasing the intake of omega-3
PUFA is effective in decreasing the TG level and may lead to suppression of coronary artery
disease (CAD)” [24], and that “Consuming soy and soy products is recommended because
they may decrease CAD and stroke risk [24]”. Moreover, omega-3 PUFA are also indicated
as treatment: “PUFAs are indicated for dyslipidaemia accompanied by an increased TG
level, particularly for type IIb and type IV hyperlipidemia” [24].

The recently released 2021 ESC Guidelines on cardiovascular disease prevention in
clinical practice [25] also comment on the potential usefulness of nutraceutical product to
reduce lipid levels: “An evidence-based approach to the use of lipid-lowering nutraceuticals
could improve the quality of the treatment, including therapy adherence, and achievement



Nutrients 2022, 14, 606 4 of 9

of the LDL-C goal in clinical practice” [25]. However, importantly, they warn about
the lack of outcome studies proving that nutraceuticals can prevent CVD morbidity or
mortality [26].

In conclusion, some, but not all, guidelines for dyslipidaemia mention nutraceutical
products as potential useful options for the treatment of mild dyslipidaemia, but also
indicate the low level of evidence associated to their effects on hard endpoints, such as
prevention of myocardial infarction and stroke.

Table 1. Nutraceutical products and guidelines for dyslipidaemia.

Nutraceutical Products Mentioned:
Plant Sterols and Stanols, Red Yeast Rice Extract, Dietary Fibres, Soy, Policosanol,
Berberine, Omega-3 Polyunsaturated Fatty Acids, Bergamot, Artichoke

Year Guideline (S) Name Ref.

2019 ESC/EAS Guidelines for the management of dyslipidaemias [4]

2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/ [21]

NLA/PCNA Guideline on the Management of Blood Cholesterol

2018 International Lipid Expert Panel Position Paper [23]

2017 Japan Atherosclerosis Society (JAS) Guidelines for Prevention
of Atherosclerotic Cardiovascular Diseases [24]

2011 ESC/EAS Guidelines for the management of dyslipidaemias [16]

3. Nutraceutical Products and Guidelines for Obesity

The increasing prevalence of obesity and the related cardio-metabolic complications is
well established. However, the practical prevention and management of this pathological
condition is complex and difficult, due to the interplay of multiple and individually specific
causative factors. This situation led to the development of a large series of approaches,
ranging from pharmaceutical products to approaches with specific dietary programs or
using plant extracts and food supplements (Table 2). The effectiveness and safety of these
approaches still appear to be determined in many instances. In 2018, the Endocrine Society
(USA) published a scientific statement on obesity management [27]. In this document, a
detailed table listed a series of dietary supplements proposed for obesity management,
defined in the text as “Dietary supplements, over-the-counter products, and other treat-
ments with unproven efficacy and unknown safety” [27], which thus, have not undergone
any FDA evaluation. As a word of caution, the authors suggested “Evidence to support
the effectiveness for weight loss or the safety of these preparations is usually nonexistent.
Moreover, variability in the composition of these products adds an additional uncertainty
to their use. We thus think that the public would be better served if the dietary supplements
were held to a higher standard and were overseen by the FDA” [27]. These considerations
then indicate that, at least in the USA, no specific validation of such products has been
conducted. The American Association of Clinical Endocrinologists (AACE) guidelines
for the practical management of obesity, published in 2016 [28], do not report any food
supplement or nutraceutical approach to obesity, but recommend that “Combinations of
FDA-approved weight loss medications should only be used in a manner approved by the
FDA or when sufficient safety and efficacy data are available to assure informed judgment
regarding a favorable benefit-to-risk ratio” [28], again suggesting caution in such weight
loss strategies.

The 2015 European Guidelines for Obesity Management in Adults [29], by the Euro-
pean Association for the Study of Obesity (EASO), mentions, in the section “Alternative
therapies” that “[ . . . ] unorthodox and unproven treatments flourish and are often of-
fered. There is insufficient evidence to recommend in favour of herbal medicines, dietary
supplements or homoeopathy for obesity management in the obese person. Physicians
should advise patients to follow evidence-based treatments and recommend treatments
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only where evidence of safety and efficacy has been established” [29]. As an additional
strategy, subjects with obesity may benefit of very-low-calorie diet (VLCD) approaches [30],
which, however, may be detrimental to some patients and, thus, should be conducted
under the supervision of a physician. An EASO Position Statement published in 2014 [31]
mentioned the VLCD approach, which has been recently evaluated in depth, with the first
definition of the European Guidelines on this topic [32].

In conclusion, according to the most relevant and recent guidelines on obesity, no safe
and effective dietary supplement nor nutraceutical product is available for the management
of weight loss in this condition, and more high-quality studies are necessary in this field.

Table 2. Nutraceutical products and guidelines for obesity.

Nutraceutical Products Mentioned:
“Dietary Supplements, Over-the-Counter Products, and Other Treatments” Ref. [31], Herbal
Medicines, Dietary Supplements, Very-Low-Calorie Diet

Year Guideline (S) Name Ref.

2018 Endocrine Society (USA) scientific statement on obesity management [27]

2016 American Association of Clinical Endocrinologists guidelines
for the practical management of obesity [28]

2015 EASO European Guidelines for Obesity Management in Adults [29]

2014 EASO Position Statement [31]

4. Nutraceutical Products and Guidelines for Type 2 Diabetes Mellitus

The pharmacological management of T2DM has recently been expanded to several
different classes of drugs (dipeptidyl peptidase-4 (DPP4) inhibitors, sodium-glucose co-
transporter 2 (SGLT2) inhibitors, glucagon-like peptide-1 receptor agonists (GLP1-RA), etc.)
in addition to metformin, sulfonilureas and alpha-glucosidase inhibitors [33]. Interestingly,
some (mainly SGLT2 inhibitors and GLP-1 RA) in addition to optimal control of glucose
metabolism, also offer a relevant degree of cardiovascular and renovascular protection [34].
Within this context, especially for subjects with pre-diabetes, insulin resistance and moder-
ate metabolic syndrome, or as an add-on to drug therapy, several nutraceutical products
have been proposed for glycaemic control (Table 3). These products include, for example,
berberine [35], Morus alba extract [36] and other herbal extracts [37].

In 2021 and in 2022, the American Diabetes Association (ADA) released the updated
“Standards of Medical Care in Diabetes”. The 2021 and 2022 sections devoted to phar-
macologic approaches [33,38] report in great detail the pharmacological options for the
management of T2DM, but do not mention the use of any supplement or nutraceutical
product, either in a positive or negative way. In the section of these “Standards of Medical
Care in Diabetes” devoted to cardiovascular disease and risk management [39,40], the
authors include, in the 10.15 Recommendation, some dietary suggestions, including “[ . . . ]
increase of dietary omega-3 fatty acids, viscous fiber, and plant stanols/sterols intake
[ . . . ]” [40], thus generically mentioning some nutraceuticals discussed in greater detail in
the guidelines devoted to the management of dyslipidaemia (see above).

In the “2019 ESC Guidelines on diabetes, pre-diabetes, and cardiovascular diseases
developed in collaboration with the European Association for the Study of Diabetes
(EASD)” [34], a specific reference is present indicating that “Supplements with omega-3
fatty acids have not been shown to improve glycaemic control in individuals with DM and
RCTs do not support recommending omega-3 supplements for the primary or secondary
prevention of CVD” [34]. Moreover, a specific comment on the positive outcome of the
REDUCE-IT trial [18], discussed above, on the primary endpoint of major adverse CV
events (MACE) is also included. In 2018, a consensus report by the ADA and the EASD on
“Management of hyperglycaemia in type 2 diabetes” was published [41]. This very detailed
document does not mention, however, any food supplement or nutraceutical product
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proposed or even not recommended for T2DM management. Similarly, no reference to
nutraceuticals or food supplements is present in the 2017 “Recommendations for Managing
Type 2 Diabetes in Primary Care” by the International Diabetes Federation [42].

Obesity and T2DM may often be associated with non-alcoholic fatty liver disease
(NAFLD). On this topic, in 2016, the European Association for the Study of the Liver
(EASL), the EASD and the The European Association for the Study of Obesity (EASO)
published the Clinical Practice Guidelines [43], which did not mention any nutraceutical
product/food supplement.

In conclusion, guidelines for T2DM do not mention any specific nutraceutical approach
to this disease, nor to milder forms such as insulin resistance and pre-diabetes, which may
be observed in the early phases before proper T2DM development. In any case, if the
validation of such products is considered important, robust clinical research will, thus,
need to be implemented in this specific area.

Table 3. Nutraceutical products and guidelines for type 2 diabetes mellitus.

Nutraceutical Products Mentioned:
Berberine, Morus Alba Extract, other Herbal Extracts, Omega-3 Polyunsaturated Fatty Acids, Viscous Fibre, Plant
Stanols/Sterols

Year Guideline (S) Name Ref.

2021–2022 American Diabetes Association “Standards of Medical Care in Diabetes”

Pharmacologic Approaches to Glycemic Treatment [33,38]

Cardiovascular Disease and Risk Management [39,40]

2019 ESC Guidelines on diabetes, pre-diabetes and cardiovascular diseases
developed in collaboration with the EASD [34]

2018 Management of hyperglycaemia in type 2 diabetes [41]

A consensus report by ADA and EASD

2017 IDF Recommendations for Managing Type 2 Diabetes in Primary Care [42]

2016 EASL–EASD–EASO Clinical Practice Guidelines for the management
of non-alcoholic fatty liver disease [43]

5. Concluding Remarks

In recent years, the use of nutraceuticals has become increasingly substantial in several
areas of medicine [44]. In parallel, the prescription of these products by physicians has
also increased [45]. However, the focus on nutraceuticals and dietary supplements in the
guidelines dedicated to disease management remains limited, both in general and, more
specifically, regarding cardio-metabolic diseases and the related features, such as dyslipi-
daemia. The preparation and implementation of guidelines represent a pivotal aspect of
the translation of research-derived knowledge and evidence-based medicine to the clinical
practice. This process requires a set of subsequent steps that need to be accurately defined
and implemented [46–48], starting from robust evidence that is the background of useful
and effective guidelines. As indicated by the GRADE system, there are four levels of evi-
dence. Evidence from RCTs is of the highest quality and, because of residual confounding,
evidence that includes observational data is considered to be low quality. However, the
literature has consistently claimed that there are few RCT data considering hard end-points
to establish clinical benefits [49]. This may be partly due to the current methodological
shortcomings of RCT study design and the complex characteristics of nutraceuticals. In
contrast to pharmaceutical trials, clinical trials on nutraceuticals and on enriched dietary
patterns show critical challenges in terms of study design and methodology, tiny effect sizes,
high heterogeneity of the responses and limited translatability of the observed effect size.
These observations prompt further studies, leading to an improvement of the methodology,
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aiming at building a stronger evidence-based data that supports the use of these products
in cardiovascular and metabolic prevention and, possibly, management.

Author Contributions: Conceptualisation, M.C., P.M. and A.L.C.; methodology, M.C.; investigation,
M.C. and P.M.; resources, P.M. and A.L.C.; data curation, P.M. and M.C.; writing—original draft
preparation, M.C. and P.M.; writing, review and editing, P.M., M.C. and A.L.C.; project administration,
P.M.; funding acquisition, P.M. and A.L.C. All authors have read and agreed to the published version
of the manuscript.

Funding: The work of M.C. and P.M. is supported by the Ministry of Health-IRCCS MultiMedica GR-
2016-02361198. The work of P.M. is also supported by the Università degli Studi di Milano (Transition
grant PSR2015-1720PMAGN_01). The work of A.L.C. is supported by the Fondazione Cariplo
2015-0524 and 2015-0564; H2020 REPROGRAM PHC-03-2015/667837-2; ERANET ER-2017-2364981;
PRIN 2017H5F943; Ministry of Health-IRCCS MultiMedica GR-2011-02346974; SISA Lombardia and
Fondazione SISA. The authors are supported by the MIUR Progetto di Eccellenza and Università
degli Studi di Milano through the APC initiative.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: P.M. and M.C. have no conflict of interests. A.L.C. has received honoraria,
lecture fees or research grants from: Akcea, Amgen, Astrazeneca, Eli Lilly, Genzyme, Kowa, Medi-
olanum, Menarini, Merck, Pfizer, Recordati, Sanofi, Sigma Tau, Amryt and Sandoz.

References
1. W.H.O. Available online: https://www.who.int/ (accessed on 30 December 2021).
2. Ralston, J.; Nugent, R. Toward a broader response to cardiometabolic disease. Nat. Med. 2019, 25, 1644–1646. [CrossRef] [PubMed]
3. Catapano, A.L.; Graham, I.; De Backer, G.; Wiklund, O.; Chapman, M.J.; Drexel, H.; Hoes, A.W.; Jennings, C.S.; Landmesser,

U.; Pedersen, T.R.; et al. 2016 ESC/EAS Guidelines for the management of dyslipidaemias. Eur. Heart J. 2016, 37, 2999–3058.
[CrossRef] [PubMed]

4. Mach, F.; Baigent, C.; Catapano, A.L.; Koskinas, K.C.; Casula, M.; Badimon, L.; Chapman, M.J.; De Backer, G.G.; Delgado, V.;
Ference, B.A.; et al. 2019 ESC/EAS Guidelines for the management of dyslipidaemias: Lipid modification to reduce cardiovascular
risk. Eur. Heart J. 2020, 41, 111–188. [CrossRef] [PubMed]

5. Schünemann, H.J.; Wiercioch, W.; Etxeandia, I.; Falavigna, M.; Santesso, N.; Mustafa, R.; Ventresca, M.; Brignardello-Petersen, R.;
Laisaar, K.T.; Kowalski, S.; et al. Guidelines 2.0: Systematic development of a comprehensive checklist for a successful guideline
enterprise. CMAJ 2014, 186, E123–E142. [CrossRef]

6. Magni, P.; Bier, D.M.; Pecorelli, S.; Agostoni, C.; Astrup, A.; Brighenti, F.; Cook, R.; Folco, E.; Fontana, L.; Gibson, R.A.; et al.
Perspective: Improving nutritional guidelines for sustainable health policies: Current status and perspectives. Adv. Nutr. 2017, 8,
532–545. [CrossRef]

7. Alissa, E.M.; Ferns, G.A. Functional foods and nutraceuticals in the primary prevention of cardiovascular diseases. J. Nutr. Metab.
2012, 2012, 569486. [CrossRef]

8. Penson, P.E.; Banach, M. Nutraceuticals for the control of dyslipidaemias in clinical practice. Nutrients 2021, 13, 2957. [CrossRef]
9. Ruscica, M.; Gomaraschi, M.; Mombelli, G.; Macchi, C.; Bosisio, R.; Pazzucconi, F.; Pavanello, C.; Calabresi, L.; Arnoldi, A.; Sirtori,

C.R.; et al. Nutraceutical approach to moderate cardiometabolic risk: Results of a randomized, double-blind and crossover study
with armolipid plus. J. Clin. Lipidol. 2014, 8, 61–68. [CrossRef]

10. Pavanello, C.; Lammi, C.; Ruscica, M.; Bosisio, R.; Mombelli, G.; Zanoni, C.; Calabresi, L.; Sirtori, C.R.; Magni, P.; Arnoldi, A.
Effects of a lupin protein concentrate on lipids, blood pressure and insulin resistance in moderately dyslipidaemic patients: A
randomised controlled trial. J. Funct. Foods 2017, 37, 8–15. [CrossRef]

11. Ruscica, M.; Pavanello, C.; Gandini, S.; Gomaraschi, M.; Vitali, C.; Macchi, C.; Morlotti, B.; Aiello, G.; Bosisio, R.; Calabresi,
L.; et al. Effect of soy on metabolic syndrome and cardiovascular risk factors: A randomized controlled trial. Eur. J. Nutr. 2018, 57,
499–511. [CrossRef]

12. Ruscica, M.; Pavanello, C.; Gandini, S.; Macchi, C.; Botta, M.; Dall’Orto, D.; Del Puppo, M.; Bertolotti, M.; Bosisio, R.; Mombelli,
G.; et al. Nutraceutical approach for the management of cardiovascular risk—A combination containing the probiotic Bifidobac-
terium longum BB536 and red yeast rice extract: Results from a randomized, double-blind, placebo-controlled study. Nutr. J.
2019, 18, 13. [CrossRef]

13. Cicolari, S.; Pavanello, C.; Olmastroni, E.; Puppo, M.D.; Bertolotti, M.; Mombelli, G.; Catapano, A.L.; Calabresi, L.; Magni,
P. Interactions of oxysterols with atherosclerosis biomarkers in subjects with moderate hypercholesterolemia and effects of a
nutraceutical combination. Nutrients 2021, 13, 427. [CrossRef] [PubMed]

https://www.who.int/
http://doi.org/10.1038/s41591-019-0642-9
http://www.ncbi.nlm.nih.gov/pubmed/31700172
http://doi.org/10.1093/eurheartj/ehw272
http://www.ncbi.nlm.nih.gov/pubmed/27567407
http://doi.org/10.1093/eurheartj/ehz455
http://www.ncbi.nlm.nih.gov/pubmed/31504418
http://doi.org/10.1503/cmaj.131237
http://doi.org/10.3945/an.116.014738
http://doi.org/10.1155/2012/569486
http://doi.org/10.3390/nu13092957
http://doi.org/10.1016/j.jacl.2013.11.003
http://doi.org/10.1016/j.jff.2017.07.039
http://doi.org/10.1007/s00394-016-1333-7
http://doi.org/10.1186/s12937-019-0438-2
http://doi.org/10.3390/nu13020427
http://www.ncbi.nlm.nih.gov/pubmed/33525601


Nutrients 2022, 14, 606 8 of 9

14. Gylling, H.; Plat, J.; Turley, S.; Ginsberg, H.N.; Ellegård, L.; Jessup, W.; Jones, P.J.; Lütjohann, D.; Maerz, W.; Masana, L.; et al.
Plant sterols and plant stanols in the management of dyslipidaemia and prevention of cardiovascular disease. Atherosclerosis 2014,
232, 346–360. [CrossRef] [PubMed]

15. Hartley, L.; May, M.D.; Loveman, E.; Colquitt, J.L.; Rees, K. Dietary fibre for the primary prevention of cardiovascular disease.
Cochrane Database Syst. Rev. 2016, 1, CD011472. [CrossRef] [PubMed]

16. Reiner, Z.; Catapano, A.; De Backer, G.; Graham, I.; Taskinen, M.; Wiklund, O.; Agewall, S.; Alegria, E.; Chapman, M.; Durrington,
P.; et al. ESC/EAS guidelines for the management of dyslipidaemias: The task force for the management of dyslipidaemias of the
European society of cardiology (ESC) and the European atherosclerosis society (EAS). Eur. Heart J. 2011, 32, 1769–1818. [CrossRef]
[PubMed]

17. Ju, J.; Li, J.; Lin, Q.; Xu, H. Efficacy and safety of berberine for dyslipidaemias: A systematic review and meta-analysis of
randomized clinical trials. Phytomedicine 2018, 50, 25–34. [CrossRef] [PubMed]

18. Bhatt, D.L.; Steg, P.G.; Miller, M.; Brinton, E.A.; Jacobson, T.A.; Ketchum, S.B.; Doyle, R.T.; Juliano, R.A.; Jiao, L.; Granowitz,
C.; et al. Cardiovascular risk reduction with icosapent ethyl for hypertriglyceridemia. N. Engl. J. Med. 2019, 380, 11–22. [CrossRef]
[PubMed]

19. Nicholls, S.J.; Lincoff, A.M.; Garcia, M.; Bash, D.; Ballantyne, C.M.; Barter, P.J.; Davidson, M.H.; Kastelein, J.J.P.; Koenig, W.;
McGuire, D.K.; et al. Effect of high-dose omega-3 fatty acids vs corn oil on major adverse cardiovascular events in patients at
high cardiovascular risk: The strength randomized clinical trial. JAMA 2020, 324, 2268–2280. [CrossRef]

20. Greenland, P.; Alpert, J.S.; Beller, G.A.; Benjamin, E.J.; Budoff, M.J.; Fayad, Z.A.; Foster, E.; Hlatky, M.A.; Hodgson, J.M.; Kushner,
F.G.; et al. 2010 ACCF/AHA guideline for assessment of cardiovascular risk in asymptomatic adults: A report of the American
college of cardiology foundation/american heart association task force on practice guidelines. Circulation 2010, 122, e584–e636.
[CrossRef]

21. Grundy, S.M.; Stone, N.J.; Bailey, A.L.; Beam, C.; Birtcher, K.K.; Blumenthal, R.S.; Braun, L.T.; de Ferranti, S.; Faiella-Tommasino,
J.; Forman, D.E.; et al. 2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA guideline on
the management of blood cholesterol: A report of the American college of cardiology/American heart association task force on
clinical practice guidelines. Circulation 2019, 139, e1082–e1143. [CrossRef]

22. Grundy, S.; Stone, N.; Bailey, A.; Beam, C.; Birtcher, K.; Blumenthal, R.; Braun, L.; de Ferranti, S.; Faiella-Tommasino, J.;
Forman, D.; et al. 2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA guideline on
the management of blood cholesterol: Executive summary: A report of the American college of cardiology/American heart
association task force on clinical practice guidelines. Circulation 2019, 139, e1046–e1081. [CrossRef] [PubMed]

23. Banach, M.; Patti, A.M.; Giglio, R.V.; Cicero, A.F.G.; Atanasov, A.G.; Bajraktari, G.; Bruckert, E.; Descamps, O.; Djuric, D.M.; Ezhov,
M.; et al. The role of nutraceuticals in statin intolerant patients. J. Am. Coll. Cardiol. 2018, 72, 96–118. [CrossRef] [PubMed]

24. Kinoshita, M.; Yokote, K.; Arai, H.; Iida, M.; Ishigaki, Y.; Ishibashi, S.; Umemoto, S.; Egusa, G.; Ohmura, H.; Okamura, T.; et al.
Japan atherosclerosis society (JAS) guidelines for prevention of atherosclerotic cardiovascular diseases 2017. J. Atheroscler. Thromb.
2018, 25, 846–984. [CrossRef]

25. Visseren, F.L.J.; Mach, F.; Smulders, Y.M.; Carballo, D.; Koskinas, K.C.; Bäck, M.; Benetos, A.; Biffi, A.; Boavida, J.M.; Capodanno,
D.; et al. 2021 ESC guidelines on cardiovascular disease prevention in clinical practice. Eur. Heart J. 2021, 42, 3227–3337. [CrossRef]
[PubMed]

26. Cicero, A.F.G.; Colletti, A.; Bajraktari, G.; Descamps, O.; Djuric, D.M.; Ezhov, M.; Fras, Z.; Katsiki, N.; Langlois, M.; Latkovskis,
G.; et al. Lipid-lowering nutraceuticals in clinical practice: Position paper from an international lipid expert panel. Nutr. Rev.
2017, 75, 731–767. [CrossRef]

27. Bray, G.A.; Heisel, W.E.; Afshin, A.; Jensen, M.D.; Dietz, W.H.; Long, M.; Kushner, R.F.; Daniels, S.R.; Wadden, T.A.; Tsai, A.G.; et al.
The science of obesity management: An endocrine society scientific statement. Endocr. Rev. 2018, 39, 79–132. [CrossRef]

28. Garvey, W.T.; Mechanick, J.I.; Brett, E.M.; Garber, A.J.; Hurley, D.L.; Jastreboff, A.M.; Nadolsky, K.; Pessah-Pollack, R.; Plodkowski,
R.; Reviewers of the AACE/ACE Obesity Clinical Practice Guidelines. American association of clinical endocrinologists and
american college of endocrinology comprehensive clinical practice guidelines for medical care of patients with obesity. Endocr.
Pract. 2016, 22, 842–884. Available online: https://www.aace.com/publications/guidelines (accessed on 10 December 2021).
[CrossRef] [PubMed]

29. Yumuk, V.; Tsigos, C.; Fried, M.; Schindler, K.; Busetto, L.; Micic, D.; Toplak, H.; Obesity Management Task Force of the European
Association for the Study of Obesity. European guidelines for obesity management in adults. Obes. Facts 2015, 8, 402–424.
[CrossRef]

30. Tragni, E.; Vigna, L.; Ruscica, M.; Macchi, C.; Casula, M.; Santelia, A.; Catapano, A.L.; Magni, P. Reduction of cardio-metabolic
risk and body weight through a multiphasic very-low calorie ketogenic diet program in women with overweight/obesity: A
study in a real-world setting. Nutrients 2021, 13, 1804. [CrossRef]

31. Yumuk, V.; Frühbeck, G.; Oppert, J.M.; Woodward, E.; Toplak, H. An EASO position statement on multidisciplinary obesity
management in adults. Obes. Facts 2014, 7, 96–101. [CrossRef]

32. Muscogiuri, G.; El Ghoch, M.; Colao, A.; Hassapidou, M.; Yumuk, V.; Busetto, L.; Obesity management task force (OMTF) of
the European association for the study of obesity (EASO). European guidelines for obesity management in adults with a very
low-calorie ketogenic diet: A systematic review and meta-analysis. Obes. Facts 2021, 14, 222–245. [CrossRef] [PubMed]

http://doi.org/10.1016/j.atherosclerosis.2013.11.043
http://www.ncbi.nlm.nih.gov/pubmed/24468148
http://doi.org/10.1002/14651858.CD011472.pub2
http://www.ncbi.nlm.nih.gov/pubmed/26758499
http://doi.org/10.1093/eurheartj/ehr158
http://www.ncbi.nlm.nih.gov/pubmed/21712404
http://doi.org/10.1016/j.phymed.2018.09.212
http://www.ncbi.nlm.nih.gov/pubmed/30466986
http://doi.org/10.1056/NEJMoa1812792
http://www.ncbi.nlm.nih.gov/pubmed/30415628
http://doi.org/10.1001/jama.2020.22258
http://doi.org/10.1161/CIR.0b013e3182051b4c
http://doi.org/10.1161/CIR.0000000000000625
http://doi.org/10.1161/CIR.0000000000000624
http://www.ncbi.nlm.nih.gov/pubmed/30565953
http://doi.org/10.1016/j.jacc.2018.04.040
http://www.ncbi.nlm.nih.gov/pubmed/29957236
http://doi.org/10.5551/jat.GL2017
http://doi.org/10.1093/eurheartj/ehab484
http://www.ncbi.nlm.nih.gov/pubmed/34458905
http://doi.org/10.1093/nutrit/nux047
http://doi.org/10.1210/er.2017-00253
https://www.aace.com/publications/guidelines
http://doi.org/10.4158/EP161356.ESGL
http://www.ncbi.nlm.nih.gov/pubmed/27472012
http://doi.org/10.1159/000442721
http://doi.org/10.3390/nu13061804
http://doi.org/10.1159/000362191
http://doi.org/10.1159/000515381
http://www.ncbi.nlm.nih.gov/pubmed/33882506


Nutrients 2022, 14, 606 9 of 9

33. American Diabetes Association. 9. Pharmacologic approaches to glycemic treatment: Standards of medical care in diabetes—2021.
Diabetes Care 2021, 44, S111–S124. [CrossRef] [PubMed]

34. Cosentino, F.; Grant, P.; Aboyans, V.; Bailey, C.; Ceriello, A.; Delgado, V.; Federici, M.; Filippatos, G.; Grobbee, D.; Hansen, T.; et al.
2019 ESC guidelines on diabetes, pre-diabetes, and cardiovascular diseases developed in collaboration with the EASD. Eur. Heart
J. 2020, 41, 255–323. [CrossRef] [PubMed]

35. Guo, J.; Chen, H.; Zhang, X.; Lou, W.; Zhang, P.; Qiu, Y.; Zhang, C.; Wang, Y.; Liu, W.J. The effect of berberine on metabolic profiles
in type 2 diabetic patients: A systematic review and meta-analysis of randomized controlled trials. Oxid. Med. Cell. Longev. 2021,
2021, 2074610. [CrossRef]

36. Morales Ramos, J.G.; Esteves Pairazamán, A.T.; Mocarro Willis, M.E.S.; Collantes Santisteban, S.; Caldas Herrera, E. Medicinal
properties of Morus alba for the control of type 2 diabetes mellitus: A systematic review. F1000Research 2021, 10, 1022. [CrossRef]

37. Suksomboon, N.; Poolsup, N.; Boonkaew, S.; Suthisisang, C.C. Meta-analysis of the effect of herbal supplement on glycemic
control in type 2 diabetes. J. Ethnopharmacol. 2011, 137, 1328–1333. [CrossRef]

38. Draznin, B.; Aroda, V.R.; Bakris, G.; Benson, G.; Brown, F.M.; Freeman, R.; Green, J.; Huang, E.; Isaacs, D.; Kahan, S.; et al. 9.
Pharmacologic approaches to glycemic treatment: Standards of medical care in diabetes—2022. Diabetes Care 2022, 45, S125–S143.
[CrossRef]

39. American Diabetes Association. 10. Cardiovascular disease and risk management: Standards of medical care in diabetes—2021.
Diabetes Care 2021, 44, S125–S150. [CrossRef]

40. Draznin, B.; Aroda, V.R.; Bakris, G.; Benson, G.; Brown, F.M.; Freeman, R.; Green, J.; Huang, E.; Isaacs, D.; Kahan, S.; et al. 10.
Cardiovascular disease and risk management: Standards of medical care in diabetes—2022. Diabetes Care 2022, 45, S144–S174.
[CrossRef]

41. Davies, M.J.; D’Alessio, D.A.; Fradkin, J.; Kernan, W.N.; Mathieu, C.; Mingrone, G.; Rossing, P.; Tsapas, A.; Wexler, D.J.; Buse, J.B.
Management of hyperglycemia in type 2 diabetes, 2018. A consensus report by the American diabetes association (ADA) and the
European association for the study of diabetes (EASD). Diabetes Care 2018, 41, 2669–2701. [CrossRef]

42. Aschner, P. New IDF clinical practice recommendations for managing type 2 diabetes in primary care. Diabetes Res. Clin. Pract.
2017, 132, 169–170. [CrossRef] [PubMed]

43. European Association for the Study of the Liver (EASL); European Association for the Study of Diabetes (EASD); European
Association for the Study of Obesity (EASO). EASL-EASD-EASO clinical practice guidelines for the management of non-alcoholic
fatty liver disease. Diabetologia 2016, 59, 1121–1140. [CrossRef] [PubMed]

44. Williamson, E.M.; Liu, X.; Izzo, A.A. Trends in use, pharmacology, and clinical applications of emerging herbal nutraceuticals. Br.
J. Pharmacol. 2020, 177, 1227–1240. [CrossRef]

45. Gosavi, S.; Subramanian, M.; Reddy, R.; Shet, B.L. A study of prescription pattern of neutraceuticals, knowledge of the patients
and cost in a tertiary care hospital. J. Clin. Diagn. Res. 2016, 10, FC01–FC04. [CrossRef]

46. Guyatt, G.H.; Oxman, A.D.; Kunz, R.; Vist, G.E.; Falck-Ytter, Y.; Schünemann, H.J.; Group, G.W. What is “quality of evidence”
and why is it important to clinicians? BMJ 2008, 336, 995–998. [CrossRef] [PubMed]

47. Guyatt, G.H.; Oxman, A.D.; Vist, G.E.; Kunz, R.; Falck-Ytter, Y.; Alonso-Coello, P.; Schünemann, H.J.; Group, G.W. GRADE:
An emerging consensus on rating quality of evidence and strength of recommendations. BMJ 2008, 336, 924–926. [CrossRef]
[PubMed]

48. Guyatt, G.; Oxman, A.D.; Akl, E.A.; Kunz, R.; Vist, G.; Brozek, J.; Norris, S.; Falck-Ytter, Y.; Glasziou, P.; DeBeer, H.; et al. GRADE
guidelines: 1. Introduction-GRADE evidence profiles and summary of findings tables. J. Clin. Epidemiol. 2011, 64, 383–394.
[CrossRef]

49. Mirmiran, P.; Bahadoran, Z.; Gaeini, Z. Common limitations and challenges of dietary clinical trials for translation into clinical
practices. Int. J. Endocrinol. Metab. 2021, 19, e108170. [CrossRef]

http://doi.org/10.2337/dc21-S009
http://www.ncbi.nlm.nih.gov/pubmed/33298420
http://doi.org/10.1093/eurheartj/ehz486
http://www.ncbi.nlm.nih.gov/pubmed/31497854
http://doi.org/10.1155/2021/2074610
http://doi.org/10.12688/f1000research.55573.1
http://doi.org/10.1016/j.jep.2011.07.059
http://doi.org/10.2337/dc22-S009
http://doi.org/10.2337/dc21-S010
http://doi.org/10.2337/dc22-S010
http://doi.org/10.2337/dci18-0033
http://doi.org/10.1016/j.diabres.2017.09.002
http://www.ncbi.nlm.nih.gov/pubmed/28962686
http://doi.org/10.1007/s00125-016-3902-y
http://www.ncbi.nlm.nih.gov/pubmed/27053230
http://doi.org/10.1111/bph.14943
http://doi.org/10.7860/JCDR/2016/18424.7620
http://doi.org/10.1136/bmj.39490.551019.BE
http://www.ncbi.nlm.nih.gov/pubmed/18456631
http://doi.org/10.1136/bmj.39489.470347.AD
http://www.ncbi.nlm.nih.gov/pubmed/18436948
http://doi.org/10.1016/j.jclinepi.2010.04.026
http://doi.org/10.5812/ijem.108170

	Introduction 
	Nutraceutical Products and Guidelines for Dyslipidaemia 
	Nutraceutical Products and Guidelines for Obesity 
	Nutraceutical Products and Guidelines for Type 2 Diabetes Mellitus 
	Concluding Remarks 
	References

