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Abstract
Non-pharmacological treatments have always been considered important in the management of Chronic Coronary Syndromes. 
Nutraceuticals ("Nutrition" + "Pharmaceutical") could fall both under the definition of non-pharmacological treatment and phar-
macological one or, probably more correctly, in the middle of these two kinds of therapies. However, the word “nutraceuticals” 
never appears in the latest guidelines on this issue. This is probably determined by the fact that evidences on this topic are scarce and 
most of the published articles are based on preclinical data while translational experiences are available only for some molecules. In 
this review we will focus on nutraceutical strategies that act on the ischemic myocardium itself and not only on the cardiovascular 
risk factors. As demonstrated by the important number of papers published in recent years, this is an evolving topic and evaluated 
substances principally act on two mechanisms (cardiac energetics and ischemia-reperfusion damage) that will be also reviewed.

Keywords  Nutraceutical · Chronic coronary syndromes · Ischemia-reperfusion injury · Cardiac energetics

1  Introduction

Non-pharmacological treatments have always been con-
sidered important in the management of chronic coronary 
syndromes (CCS—formerly called Chronic Ischemic Heart 
Disease). In fact, the last published guidelines on CCS spend 
a specific section on this topic [1]. Nutraceuticals (“Nutri-
tion” + “Pharmaceutical”) indicates a class of molecules/
supplements that are used in the prevention and/or treat-
ment of disease [2]. They fall both under the definition of 

non-pharmacological treatment and pharmacological one or, 
probably more correctly, in the middle of these two kinds of 
therapies. However, the word “nutraceuticals” never appears 
in the previously cited guidelines. This is probably deter-
mined by the fact that evidences on this topic are scarce 
and most of the published articles are based on preclinical 
data while translational experiences are available only for 
some molecules. In this review we will focus on nutraceuti-
cal strategies that act on the ischemic myocardium itself. 
As demonstrated by the important number of papers pub-
lished in recent years, this is an evolving topic and evalu-
ated substances principally act on two mechanisms (cardiac 
energetics and ischemia-reperfusion damage) that will be 
also reviewed.

Nutraceuticals in CCS could be also used to help control-
ling risk factors in patients on optimal medical therapies 
who don’t reach specific cut-off or are intolerant to some 
drug classes. The discussion of this approach is beyond the 
purpose of this review but focused papers have been pub-
lished in recent years [3, 4].

Table 1 summarized the effects on nutraceutical in CCS both 
at the preclinical and clinical levels. Furthermore Fig. 1 sum up 
the cardiac energetics pathways and point out where nutraceu-
ticals acts. Similarly, Fig. 2 showed the principal pathways of 
ischemia-reperfusion damage and nutraceuticals effects.

This article is part of the topical collection on Nutraceuticals in 
Hypertension & Cardiovascular Prevention.
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2 � Methods

Relevant studies were identified by PubMed and Embase 
sources up to June 2020. Only English language were 
allowed. The first search was performed with the follow-
ing keywords: (nutraceutical OR dietary supplement) 

AND (chronic coronary syndrome OR ischemic heart OR 
heart energetics OR ischemia-reperfusion). After exclud-
ing duplicates, 224 title and abstract have been screened 
independently by two researchers (CT, AM). After the 
first screening, 136 relevant studies were retrieved in full 
text and 83 four studies were finally used to elaborate this 
revision.

Fig. 1   Cardiac energetics pathways and effects of nutraceuticals. 
Modified with permission from Malandraki-Miller S, Lopez CA, Al-
Siddiqi H, Carr CA. Changing Metabolism in Differentiating Cardiac 

Progenitor Cells-Can Stem Cells Become Metabolically Flexible Car-
diomyocytes? Front Cardiovasc Med. 2018 Sep 19;5:119.

Fig. 2   Principal pathways of 
ischemia-reperfusion damage 
and nutraceuticals effects on it. 
Modified with permission from 
Xia Z, Li H, Irwin MG. Myo-
cardial ischaemia reperfusion 
injury: the challenge of translat-
ing ischaemic and anaesthetic 
protection from animal models 
to humans. Br J Anaesth. 2016 
Sep;117 Suppl 2:ii44-ii62.
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3 � Cardiac Energetics

Heart work consumes a large amount of energy and its deple-
tion is common in various cardiological diseases. Under nor-
mal conditions the heart draws 70% of the needed energy from 
the β-oxidation of fatty acids (or fatty-acids oxidation, FAO) 
while 10–30% is derived from the oxidation of glucose and a 
small part from ketones, lactates and aminoacids [5]. How-
ever, the pathways from which heart derives energy depend 
on the metabolic state and the availability of oxygen with the 
possibility to shift among them. The use of glucose, which 
is the main way of energy accumulation in the other cells of 
the organism, is a minor energetic source for the heart. Once 
transported inside the cell through its membrane conveyors 
it is transformed into pyruvate and then conveyed inside the 
mitochondria, where it will access the cycle of tricarboxylic 
acids for the formation of ATP. The amount of oxygen, as well 
as the ratio between nicotinamide adenine dinucleotide (NAD) 
and it’s oxidate form (NADH) are very important regulators 
of this cycle. Especially under hypoxia conditions (as both the 
case of acute coronary syndromes—ACS—and CCS) pyruvate 
is moved preferably to lactate pathway with the formation of 
fewer energetic adenosine triphosphate (ATP) molecules.

As previously mentioned, the main heart energetic pathway 
is the FAO, both with circulating fatty acids and, when miss-
ing, reserves of triglycerides. After the addition of the acyl-
Coa in the cytosol, the fatty acid is transported to the mito-
chondrion through a specific transport system that requires 
carnitine for its proper functioning. The dependent carnitine 
transport represents the bottleneck of the fatty acid oxidation 
system, since its failure to pass inside the mitochondrion does 
not allow the process to continue properly. Once inside the 
mitochondria, the process of β-oxidation and energy produc-
tion begins: long-chain acyl-CoA metabolism in the mitochon-
drial matrix occurs via the β-oxidation pathway involving the 
activity of specific enzymes such as acyl-CoA dehydrogenase, 
enoyl-CoA hydratase and others. Each cycle of FAO results in 
the production of acetyl-CoA, FADH2, and NADH, which can 
also modulate the activity of the above enzymes through an 
inhibitory feedback. An acute increase in workload of healthy 
hearts, for instance during exercise or β-adrenergic stimula-
tion, increases myocardial FAO [6].

FAO is less energy efficient than glucose oxidation, theo-
retically requiring 11–12% more oxygen for a given amount 
of ATP produced [7].

4 � Ischemia‑Reperfusion Injury

Many research studies have focused on the role of various 
nutraceutical molecules on reperfusion injury, namely the 
injury induced by the restoration of blood flow and oxygen 

in the area that was previously ischemic. The coronary revas-
cularization and the restoration of a correct oxygen supply to 
the ischemic tissue determine a series of molecular pathways 
that, if not controlled, can determine further injury.

During ischemia the absence of oxygen in the cardio-
myocyte causes a shift towards anaerobic metabolism, the 
production of lactates and therefore cellular acidosis. This 
determines the increase in intracellular sodium and calcium 
with rupture of the mitochondria and, consequently, cell 
death [8]. NAD/NADH ratio plays a central role in regulat-
ing cardiomyocyte metabolism. It is also able to determine 
post-transcriptional regulations and to adjust the activity of 
the enzymes involved in the response to DNA damage and 
the signaling of intracellular calcium. In fact, as we will 
see, the supplementation of its derivatives plays an impor-
tant role in the search for a possible therapy for reperfusion 
injury.

During the reperfusion period, the recovery of oxygen 
determines the formation of an important amount of reac-
tive oxygen species (ROS) that could contribute to cell 
death. Strategies that try to reduce this reperfusion injury 
could both act conditioning the heart to ischemia (pre-con-
ditioning, in order to reduce the injury when it will occur) 
or regulating the process acting on nitric oxide and ROS 
formation [9].

5 � Preclinical Data

5.1 � Vitamin Supplements

5.1.1 � Vitamin C and E

ROS levels have been associated with an increased risk of 
stroke and myocardial infarction [10, 11]. Both vitamin C 
and vitamin E have shown a cardioprotective effect, the for-
mer scavenging free radicals, the latter neutralizing them 
through peroxidation, preventing them from oxidizing low 
density lipoprotein (LDL) [12, 13].

However, data in favor of their supplementation are poor 
and come from animal models: there is evidence of less 
atherogenesis and protective remodeling of high density 
lipoprotein (HDL) profile [14].

5.1.2 � Vitamin D

Vitamin D could have a role in preventing neointimal hyper-
plasia (NIH) and restenosis after percutaneous transluminal 
coronary angioplasty (PTCA). A preclinical study evaluated 
the modulatory effect of vitamin D in coronary arteries of 
atherosclerotic swine, showing that vitamin D could inhibit 
Cathepsin L (CTSL), an endosomal and lysosomal pro-
tease with elastase and collagenase activity, associated with 
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vascular remodeling. In fact, increased expression of CTSL 
correlates with the formation of NIH in the PTCA-injured 
coronary arteries and, in the presence of sufficient or sup-
plemented levels of vitamin D in blood, CTSL expression is 
significantly reduced. In addition, the greatest restenosis—
assessed with Optical Coherence Tomography performed 
after PTCA—happens in vitamin D deficient group [15].

5.2 � Omega‑3‑PUFA

The major evidence about omega-3-polyunsaturated fatty 
acids (PUFA) in preclinical experience, is the demonstra-
tion that they are effective in reducing IR injury: their sup-
plementation determines a reduction of the infarcted area in 
rats with induced myocardial ischemic damage [16].

5.3 � Carnitine

Carnitine is essential for the transfer of long-chain fatty acids 
across the inner mitochondrial membrane for subsequent 
β-oxidation. Fatty acids are the substrate for myocardial 
energy production, and in many cardiac diseases a deple-
tion in carnitine has been demonstrated [17].

The role of exogenous carnitine supplementation in the 
improvement of cardiac metabolism is under investigation. 
In preclinical studies, in the murine model depleted in fatty 
acids, carnitine supplementation produced restoration of the 
physiological oxidative cardiac metabolism and reduction in 
glucose utilization [18].

Furthermore, effects of carnitine on post-ischemic myo-
cardial metabolism has been studied in isolated rat heart. 
Carnitine was shown to have a protective effect in ischemia-
reperfusion injury. With oxygen restoration in myocytes, a 
large amount of acetyl-CoA gets bound to fatty acids chains 
and accumulates in the cytosol, causing oxidative stress. 
Exogenous supplementation of carnitine improves transport 
of fatty acids inside mitochondria and conversion of ATP 
production into cardiac work [19] triggering cardioprotective 
effects through reduced oxidative stress, inflammation and 
necrosis of myocytes.

Additionally, improvement in cardiac metabolism and 
ventricular function suggest a possible role of exogenous 
administration in prevention of arrhythmias. However, just 
a few studies have been conducted so far in animal models 
demonstrating a reduction in arrhythmic events and further 
studies are needed to investigate this aspect.

5.4 � Aminoacids

In preclinical studies, long-term supplementation with mixed 
aminoacids enhanced myocyte survival by preserving mito-
chondrial functional capacity during ischemic-reperfusion 

injury. Arginine administration in rabbits was superior to 
aspirin in the cardioprotective role in ischemic injury [20].

Furthermore, it has been shown that perinatal taurine 
depletion in rats worsens cardiac damage and arterial pres-
sure control after ischemia/reperfusion (IR) [21]. These 
adverse effects are exacerbated by high sugar intake from 
weaning onward. Taurine supplementation could ameliorate 
IR damage through inhibition of both cardiac and systemic 
renin–angiotensin system overactivity.

This is an interesting topic because, nowadays, an increas-
ing number of women follow a vegetarian or vegan diet: 
this results in their fetuses being depleted of taurine, as this 
compound can be found only in animal derivative products. 
Furthermore, children consume high levels of sugar, due in 
part to the excessive amounts of sugar in processed foods. 
This combination could place the child at risk for adverse 
cardiovascular effects later in life. More data are needed 
to understand if taurine supplementation has a beneficial 
effect in IR damage also in cases without previous taurine 
depletion.

5.5 � Flavonoids

Flavonoids are a subgroup of polyphenols, namely a class 
of molecules characterized by numerous phenol groups. We 
can find them in most plants: in fact, more than 5000 plants 
have been classified with a high content, like onions, broc-
coli, apples, blueberries, tea and especially grapes, whose 
skin contains resveratrol in abundance.

Several studies have reported that phloroglucinol has anti-
oxidant, anti-inflammatory and antihyperglycemic properties 
[22]. A recent study demonstrated that treatment with phlo-
roglucinol prevents cardiovascular damage in diabetic rat 
hearts: the treatment was able to protect the heart after IR by 
preventing haemodynamic changes, preserving antioxidant 
enzymes, and reversing biochemical and histopathological 
changes [23].

In addition, there are many studies that have tested its pre-
clinical efficacy in animal models on decreased progression 
of atherosclerosis, on the reduction of IR injury and thus 
on improved cardiovascular outcomes (reduced premature 
death and attenuated myocardial infarction and disfunction) 
[24, 25].

5.6 � Ribose

Ribose plays an important role in cardiac energy. In con-
ditions of ischemia, in fact, the regeneration of ATP is 
speeded-up by the presence of ribose as necessary in the 
way of pentose phosphates [26]. At a pre-clinical level, its 
supplementation has shown a reduction in IR damage and 
in the size of the infarct area with an improvement in the 
cardiac functioning parameters [27].
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5.7 � Alpha‑Lipoic Acid

Lipoic acid takes part in several antioxidant processes since 
it is able to directly quench ROS, inhibit ROS generators and 
spare antioxidants compounds. It is also involved in cardiac 
energy metabolism being a cofactor of enzyme complexes 
that catalyze the oxidative decarboxylation of pyruvate and 
other ketoacids. Eventually, it plays an important role in glu-
cose metabolism and can be used as a dietary supplement 
in diabetic subjects to improve glycemic control [28]. Even 
in this case, several preclinical evidences show lipoic acid 
effectiveness in reducing IR injury is available [29], while 
definitive evidence on humans is still missing.

5.8 � Micronutrients

Among the components of this class, those with more 
marked importance for CCS are magnesium, selenium and 
zinc.

5.8.1 � Magnesium

Regarding the first one, circulating levels of magnesium 
have been indirectly associated with cardiovascular events 
and with the prevalence of diabetes mellitus and hyperten-
sion [30]. Indeed, magnesium is the second most abundant 
intracellular electrolyte after potassium and has important 
functions as a cofactor of enzymatic reactions involved 
in carbohydrate metabolism but also in vascular tone and 
endothelial function [31]. Concerning CCS, preclinical evi-
dence has shown that magnesium supplementation leads to 
a reduction of myocardial infarct size in animals [32].

5.8.2 � SeleniumSEC3

On the other hand, selenium has a fundamental role for the 
functioning of enzymes involved in free radical cleaning 
systems, thus having a key role in avoiding IR injury [33]. 
Indeed, it has been shown that its plasma levels correlate 
with myocardial damage, defined as peak concentration of 
Troponin I, in subjects with myocardial infarction [34].

5.8.3 � Zinc

Zinc is required for the catalytic activation of more than 300 
enzymes, it is involved in the metabolism of free radicals 
and it plays an important role in inflammatory processes. 
Given its antioxidant and anti-inflammatory functions, zinc 
regulates atherosclerotic process and its deficiency could 
be a risk factor for atherosclerosis [35]. Furthermore, its 
supplementation in animal models has resulted in a reduc-
tion of myocardial infarct size through a protective effect 
against IR injury [36]. In fact, in a myocardial infarction dog 

model generated by left coronary artery branch occlusion, 
administration of zinc sulphate (10 mg/kg) hours before 
coronary occlusion significantly reduced the infarct size by 
almost half. In two Langendorff perfused rat heart studies, 
administrating zinc with zinc ionophore pyrithione during 
reperfusion and maintaining high levels of cytosolic zinc by 
postconditioning greatly improved myocardial recovery after 
IR to almost 100%, and decreased arrhythmias and infarct 
sizes more than twofold [37, 38].

5.9 � Coenzyme Q10

Coenzyme Q10, or ubiquinone, is an organic molecule con-
tained in the mitochondria. It is used in fundamental reac-
tions for cellular energy production. Its supplementation 
increases myocardial contractility, improves endothelial 
function and reduces the production of free radicals and 
others inflammatory molecules [39]. In fact, it was dem-
onstrated that Coenzyme Q10 is effective in reducing IR 
injury in animal studies on experimental models of myo-
cardial infarction [40]. Systemic inflammation and oxida-
tive stress significantly contribute in developing CAD. In 
a meta-analysis CoQ10 supplementation was demonstrated 
to increase superoxide dismutase (SOD) and catalase and 
decrease malondialdehyde and diene levels, but did not 
affect C-reactive protein (CRP), tumor necrosis factor α, 
interleukin-6, and glutathione peroxidase levels among 
patients with CCS.

5.10 � Others

In the end, the following nutraceutical substances have been 
evaluated in animal models mainly on the basis of their abil-
ity to reduce IR damage:

•	 Curcumin is a nutraceutical compound, derived from 
Curcuma longa, with strong antioxidant activity but 
whose clinical use is limited due to its low bioavaila-
bility. However, nanotechnology has made possible the 
development of curcumin nanoparticles with increased 
permeability, absorption and resistance to metabolic pro-
cesses. Animal models have demonstrated that curcumin 
nanoparticles exert greater antioxidant effects compared 
to conventional curcumin and that curcumin nanoparti-
cles better prevent cardiomyocytes damage in isoproter-
enol-induced myocardial infarction [41].

•	 2,3-Dehydrosilybin (DHS) a component of silymarin 
extract from the thistle seed [Silybum marianum]. This 
compound has antioxidant and cytoprotective activities 
and has been evaluated in isolated hearts of rats subjected 
to IR. Hearts treated with this product had a significantly 
lower post-reperfusion area of infarction [42].
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•	 Nicotinamide (vitamin B3) supplementation is able 
to act on NAD + and in various animal models it has 
resulted in a reduction in the size of the infarct area and 
an improvement in cardiac function. It can be synthesized 
from tryptophan as nicotinic acid, nicotinamide and nico-
tinamide riboside.

•	 Red palm oil: thanks to its antioxidant properties, it has 
also shown a reduction in the size of the heart attack fol-
lowing IR in animal models [43].

•	 Beetroot juice: through the metabolic effect of the 
increase in cyclic GMP, beet juice derivatives have 
shown better heart function and a reduction in the size 
of the heart attack after ischemic damage induced in mice 
[44].

6 � Translational Experiences

6.1 � Vitamin Supplements

6.1.1 � Vitamin C, E, A and B6

Multivitamins supplementation in humans has been assessed 
in young athletes during endurance exercise [45]. Although 
this did not determine variations in the most common indi-
ces for the evaluation of muscle oxidative stress, it was still 
possible to detect a reduction of some pathways, such as 
SOD and mitochondrial factor A. Considering that the myo-
cardium has many similarities with striated muscle, lots of 
authors decided to start investigating through specific stud-
ies to extend this strategy to coronary artery disease. But a 
recent meta-analysis assessed the role of multivitamins sup-
plementations and concluded that they have no significant 
effect on mortality or cardiovascular disease outcomes [46].

Finally, as a results of the previously cited meta-analysis, 
Vitamin A, Vitamin B6 and iron had no significant effect on 
mortality or cardiovascular events [47].

6.1.2 � Vitamin D

Vitamin D, according to a recent meta-analysis, had the 
beneficial effects on improving glycemic control, HDL-
cholesterol and CRP levels among patients with cardiovas-
cular disease, though it did not affect triglycerides, total- and 
LDL-cholesterol levels [48]. But, on the other hand another 
recent meta-analysis showed that combined calcium and 
vitamin D supplementation must be done carefully as it 
might increase risk for stroke [49].

6.1.3 � Folic Acid

Folic acid appears to be implicated in cardiovascular events, 
as it reduces homocysteine levels. A meta-analysis published 

in 2006 failed in demonstrating a convincing effect of folic 
acid supplementation on reduction of cardiovascular events 
but, up to date, some trials on large numbers are underway 
to clarify the role of folic acid in cardiovascular prevention. 
In a recent meta-analysis folic acid was instead associated 
with lower risk for stroke [50].

6.2 � Omega‑3‑PUFA

In addition to their well-known effect on triglycerides and 
lipids, many epidemiological studies and meta-analysis have 
shown that the supplementation of omega-3-PUFA is related 
to a lower risk of cardiovascular events [51]. More specifi-
cally, an Italian multicentric study (GISSI) has shown that 
supplementing 1 g of PUFA per day determines a reduction 
in mortality risk even only after 3 months of treatment [52]. 
Furthermore, a novel study by Raygan et al. revealed the 
beneficial effect of flaxseed oil and fish oil (two different 
sources of omega-3 fatty acids) on serum insulin, plasma 
total nitrite and total antioxidant capacity among type 2 dia-
betic patients with CCS [41].

Several mechanisms have been proposed to explain the 
beneficial effect of omega-3: improvement of endothelial 
function, anti-inflammatory, and antiplatelet effects and 
plaque stabilization [53, 54]. Anyway, it seems that the most 
important effect on mortality was attributable to a reduc-
tion in death from arrhythmic causes. Recently, another 
study supported this hypothesis, showing that PUFA sup-
plementation in patients with post-ischemic dilated cardio-
myopathy carrying implantable cardiac defibrillator was 
associated with fewer episodes of malignant ventricular 
tachyarrhythmias.

In contrast with these evidences, a recently published 
meta-analysis has examined 10 randomized controlled trials 
in order to assess whether Omega-3 fatty acids affects mor-
tality, morbidity and adverse events in patients with acute 
myocardial infarction. The authors, based on the results of 
the subgroup analysis, found out that Omega 3 fatty acids 
do not reduce mortality and major cardiovascular events in 
patients with acute myocardial infarction [55].

In 2019 were published the results of an important ran-
domized controlled trial (REDUCE-IT, Reduction of Car-
diovascular Events with Icosapent Ethyl-Intervention Trial) 
comparing incidence of first and subsequent cardiovascu-
lar events (death, nonfatal myocardial infarction, nonfatal 
stroke, coronary revascularization and hospitalization for 
unstable angina) in statin-treated patients with elevated 
triglycerides and cardiovascular disease or diabetes taking 
icosapent ethyl 4 g/day versus placebo. The study demon-
strated that the administration of icosapent ethyl significantly 
reduces the burden of first, subsequent, and total ischemic 
events compared to placebo (25% relative risk reduction and 
a 4.8% absolute risk reduction, number needed to treat of 
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21). 8179 patients were followed for about 5 years: those 
treated with icosapent ethyl had a lower incidence of all 
cardiovascular events (61 vs. 89 per 1000 patient-years for 
icosapent ethyl versus placebo, respectively; rate ratio: 0.70; 
95% confidence interval 0.62–0.78; p < 0.0001) [56].

A complete discussion on the effect of triglycerides on 
cardiovascular outcomes is beyond the scope of our paper 
and would required a focused paper. However, this argument 
has been recently discussed in many editorial comments [57, 
58].

6.3 � Creatine

Creatine supplementation during ischemia or as a pre-treat-
ment has resulted in arrhythmias prevention and improve-
ment of many parameters of cardiac function. Therefore, 
its administration as a pre-treatment in patients at high risk 
of cardiovascular events could be effective, even if defini-
tive demonstrations from randomized controlled trials are 
required. Nowadays, creatine use in clinical practice is lim-
ited to cardioplegic solutions for explanted heart in view of 
the transplant.

6.4 � Carnitine

In clinical studies, carnitine supplementation in patients 
who underwent coronary artery bypass grafting (CABG) 
determined an improvement in the ejection fraction and a 
reduction in end-diastolic volume of the left ventricle [17].

Carnitine treatment initiated early after acute myocardial 
infarction showed a beneficial effect in left ventricle reverse 
remodeling, with significant attenuation of ventricular dila-
tation and hospitalization for congestive heart failure in the 
first year after infarction.

Moreover, carnitine appears to possess considerable 
potentials for the long-term treatment of patients with heart 
failure attributable to dilated cardiomyopathy. In these 
patients, long term administration for a period of 3 years 
was correlated with increased survival and improvement in 
cardio-pulmonary exercise testing, both in peak oxygen con-
sumption and carbon dioxide production [59].

6.5 � Flavonoids

These molecules have been studied extensively for their anti-
ischemic effect which is due to:

•	 Reduction of cardiovascular risk factors. An interest-
ing randomized, double-blind, placebo-controlled trial 
showed that a 4-week supplementation of resveratrol in 
patients with type 2 diabetes mellitus and CCS had ben-
eficial effects on metabolic status, improving glycemic 
control (reducing fasting glucose and insulin resistance 

and significantly increasing insulin sensitivity), HDL-
cholesterol levels and total-/HDL-cholesterol ratio [60].

•	 An antioxidant effect, vasodilatation, improvement of 
endothelial function, suppression of platelet aggregation 
and a regulation of mitochondrial metabolic activity [60].

Many epidemiological studies have correlated the con-
sumption of flavonoids in specific populations to a reduction 
in cardiovascular events, as confirmed also by some reviews 
[61].

In an open-label randomized clinical trial patients affected 
by acute myocardial infarction the mean 6-min walk test 
distance increased significantly more in the bilberry group 
compared to the control group: mean difference 38 months at 
follow-up (95% confidence interval 14–62, p = 0.003) [62].

6.6 � Ribose

At clinical level was demonstrated an improvement in car-
dio-pulmonary test performance in patients with CCS [63], 
a reduction in diastolic dysfunction and an improvement in 
the quality of life in patients with ischemic heart failure [64].

6.7 � Micronutrients

6.7.1 � Magnesium

Hence the theoretical basis that would associate the defi-
ciency of magnesium with the presence of diabetes mel-
litus and hypertension but also with cardiovascular events, 
to date, a single small randomized double-blind placebo-
controlled trial has evaluated magnesium supplementation 
in obese subjects by assessing its effect on cardiovascular 
risk factors. Individuals in the intervention group received 
382 mg of magnesium once daily during 4 months, witness-
ing a significant reduction in blood pressure, hyperinsulin-
ism and triglycerides [65].

It was demonstrated that magnesium causes a reduction 
in platelet aggregation following magnesium supplementa-
tion [66]. In addition, some trials of intravenous magnesium 
supplementation in the first hours after an acute myocardial 
infarction have been performed, and subsequently meta-
analyzed, identifying a significant reduction of in-hospital 
mortality mainly determined by a reduction of the incidence 
of ventricular arrhythmias and arrhythmias related deaths 
[67]. Nevertheless, it is also important to draw attention to 
the possible toxic effects of IV magnesium supplementation 
such as flushing, severe hypotension and bradyarrhythmia.

6.7.2 � Selenium

The supplementation of selenium is now mainly studied in 
subjects undergoing CABG surgery, in which it determines 
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an improvement in post-operative outcomes [68]. In fact, it 
was hypothesized that selenium supplementation had ben-
eficial effect of inflammation regulation by modulating sele-
noprotein P and S genes expression in protein and mRNA 
levels in subjects with CCS [69]. With regard to primary 
prevention, selenium supplementation has led to heteroge-
neous results in various trials and meta-analysis. We need 
larger trials to establish if low selenium concentrations could 
be a cardiovascular risk factor.

6.7.3 � Zinc

The association between zinc deficiency and the develop-
ment of cardiovascular diseases has been supported by 
numerous studies. Using carotid intima-media thickness 
(IMT) as a valuable marker, the subclinical atherosclerosis 
was measured and explored for its relationship with the die-
tary zinc intake [70]. In the middle-aged and elderly popula-
tions, the low zinc intake group showed a higher IMT than 
the high zinc intake group. The inverse correlation of zinc 
intake and atherosclerosis risk was also reported in another 
cross-sectional study [71]. Lower consumption of dietary 
zinc was associated with low HDL cholesterol levels as well 
as an increased prevalence of coronary artery disease. A 
very recent meta-analysis of randomized primary preven-
tion trials failed to show significant beneficial effects of the 
nutrient on cardiovascular disease [72].

An earlier study showed that patients with myocardial 
infarction showed a highly significant reduction in serum 
zinc within the first 3 days, compared to control or border-
line groups [73]. In a meta-analysis with 2886 subjects from 
41 case-control studies, the authors revealed that the sub-
jects with MI had lower zinc levels in serum and hair than 
healthy controls [74]. Moreover, a recent study using zinc 
quartiles also demonstrated a significant inverse correlation 
between serum zinc levels and serum creatine kinase (CK), 
CK-MB, and cardiac troponin T levels [75]. This study fur-
ther showed the prevalence rate of myocardial infarctions 
decreased with increasing zinc quartiles.

6.8 � Coenzyme Q10

It was proved that the supplementation of Coenzyme Q10, 
together with Selenium, reduce the mortality from cardio-
vascular causes in a cohort of patients in Sweden [76]. A 
recent meta-analysis showed that taking Coenzyme Q10 
significantly decreased total cholesterol and increased HDL 
cholesterol levels in patients with CAD without any effect on 
LDL-cholesterol, triglycerides and Lp(a) levels [77].

Statins, the milestone in lipid-lowering treatment, inhibit 
hydroxyl-methylglutaryl coenzyme A reductase, a rate lim-
iting enzyme not only in cholesterol synthesis but also in 
the synthesis of farnesyl pyrophosphate that is essential 

for Coenzyme Q10 biosynthesis, thus explaining the link 
between statin use and Coenzyme Q10 deficiency [78]. 
In fact, a recent meta-analysis of 12 RCTs involving 1776 
participants concluded that, compared to the placebo, sta-
tin treatment resulted in a reduction of circulating Coen-
zyme Q10 independently from statin solution, intensity, 
and treatment time [79]. No study has yet been designed 
to demonstrate that Coenzyme Q10 supplementation could 
prevent statin-related myalgia. However, a meta-analysis of 
12 RCTs involving 575 patients concluded that, compared 
to the placebo, CoQ10 supplementation ameliorated statin-
associated muscle symptoms, such as muscle pain, muscle 
weakness, muscle cramping and muscle tiredness, whereas 
no reduction in plasma creatine kinase levels was observed 
after Coenzyme Q10 supplementation [80]. These positive 
effects are usually achieved only with high dosages of Coen-
zyme Q10 (≥ 200 mg/day).

Although there are no definitive demonstrations yet, it 
can be used to try to reduce this side effect in patients taking 
lipid-lowering drugs, as it was clinically proved that Coen-
zyme Q10 supplementation could be able to improve self-
perceived fatigue in healthy subjects, in obese patients, and 
in patients affected by fibromyalgia [81].

6.9 � Crocetine

A recent RCT demonstrated that the supplementation 
of crocetine in CCS patients alters the expression of ath-
erogenic genes and endothelial cell adhesion molecules. 
It revealed that serum circulating homocystein, heart-type 
fatty acid binding protein, intercellular adhesion molecule 
1, vascular cell adhesion molecule 1 and monocyte chem-
oattractant protein 1 decreased significantly in the crocetin 
group, while high-density lipoprotein (HDL) significantly 
increased. Also, systolic and diastolic blood pressures 
decreased significantly in the crocetin group in comparison 
with the placebo. Concerning these results, it appears that 
crocetin could be considered as a promising anti-atherogenic 
candidate for future studies.

7 � Conclusions

Overall, our review demonstrated that nutraceutical supple-
mentation has lots of beneficial effects in patients with CCS, 
helping controlling risk factors in patients on optimal medical 
therapies who don’t reach specific cut-off or are intolerant to 
some drug classes and acting directly on the ischemic myo-
cardial tissue, through two mechanisms (cardiac energetics 
and ischemia-reperfusion damage) [82, 83]. We reviewed 
various high-quality studies but the knowledge about the 
effects of each molecule and the level of evidence for its use 
in patients with CCS is heterogeneous and further additional 
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prospective studies regarding the effect of nutraceutical sup-
plementation on ischemic myocardium are necessary before 
these strategies could be effectively used in clinical practice.
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