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Chapter 1
Cardiovascular Disease Epidemiology 
and Risk Factors: General Concepts

Peter P. Toth

 Introduction

Cardiovascular disease (CVD) is epidemic throughout the world and includes ath-
erosclerotic disease in its various forms (coronary artery disease [CAD], peripheral 
arterial disease, carotid artery disease), hypertension, stroke, and heart failure, 
among others. CVD is the leading etiology for global mortality and the most impor-
tant source of morbidity. The most significant clinical sequelae of CVD include 
myocardial infarction (MI), both hemorrhagic and ischemic stroke, claudication and 
lower limb loss, chronic kidney disease and end-stage renal disease, heart failure, 
arterial aneurysm formation in the aorta and its tributaries, and, especially for 
patients with diabetes mellitus (DM) and/or hypertension (HTN), retinopathy and 
nephropathy. The diagnosis and management of CVD incurs enormous economic 
costs upon society worldwide and is responsible for considerable disability through-
out all regions of the world [1, 2]. The World Heart Federation estimates that over 
17.3 million people die of CVD annually, and by 2030 that number is expected to 
increase to 23 million people [3]. This represents 31% of all deaths annually. The 
World Health Organization estimates that 85% of deaths due to CV occur from MI 
and stroke [4].
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In the United States, the American Heart Association estimates that: [1] CVD 
accounted for 840,678 deaths in the US in 2016, equal to approximately 1 of every 
3 deaths [2]. CVD mortality exceeded all forms of cancer and chronic lower respira-
tory disease combined [3]. Between 2013 and 2016, 121.5 million American adults 
were afflicted with some form of CVD. [4] Between 2014 and 2015, direct and 
indirect costs of CVD and stroke amounted to $351.2 billion ($213.8 billion in 
direct costs and $137.4 billion in lost productivity/mortality) [5]. In 2016, CAD was 
the leading cause (43.2%) of deaths attributable to cardiovascular disease in the US, 
followed by stroke (16.9%), HTN (9.8%), heart failure (9.3%), diseases of the arter-
ies (3.0%), and other cardiovascular diseases (17.7%) [6]. CVD and stroke accounted 
for 14% of total health expenditures in 2014–2015. This is more than any major 
diagnostic group [7]. In addition, total direct medical costs of CVD are estimated to 
increase to $749 billion in 2035, according to a 2016 study [5].

This chapter focuses on cardiovascular epidemiology. Epidemiology quantifies the 
distribution and determinants of health and disease. More specifically, epidemiologic 
investigation evaluates associations between exposures to specific genetic, environ-
mental, and behavioral features and the risk for developing disease or maintaining 
health. After seven decades of research conducted within large prospective longitudi-
nal cohorts around the world, risk factors for the development of CVD are biologically 
plausible and have been firmly established. Prospective, double-blind, randomized 
clinical trials testing specific interventions to treat these risk factors have also estab-
lished that they are either treatable or reversible, and that these actions reduce risk for 
CVD. Cardiovascular epidemiology has made possible the prevention of some types 
of CVD events in the primordial, primary, and secondary prevention settings.

 Global Perspective of Cardiovascular Disease

Subsequent to World War II, it became clear that efforts to reduce the incidence of 
CVD were urgently needed. In the United States the Framingham Heart Study (FSH) 
was initiated in 1948 with the inclusion of 5209 men and women in the original cohort 
that was free of CVD at baseline [6, 7]. Being a prospective, longitudinal cohort 
observed over many years, the temporal relationship between numerous risk factors 
and the incidence (new cases of specific forms of CVD within a defined time frame) 
as well as causation of disease could be established in a study such as the FHS. The 
FHS established dyslipidemia, hypertension, diabetes, smoking, and other genetic and 
behavioral features as risk factors for the development of CVD. In subsequent decades 
the FHS also evolved an Offspring cohort, a Third-Generation cohort, and a Spouses 
cohort, all which continue to yield novel insight into the genesis of CVD.

The Seven Countries Study lent support to many of the most important conclu-
sions reached by the FHS [8, 9]. In the US numerous other cohorts exploring fea-
tures that predispose to CVD were also introduced, including the Cardiovascular 
Health Study, [10] the Atherosclerosis Risk in Communities Study (ARIC), [11] the 
Multiethnic Study of Atherosclerosis (MESA), [12] Reasons for Geographic and 
Racial Differences in Stroke Study (REGARDS), [13] and the Jackson Heart Study 
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(JHS), [14] among others. Similar cohorts were recruited in Europe, [15, 16] South 
America, [17] Asia, [2, 18–20] India, [21] Africa, [22] and elsewhere [23, 24]. The 
INTERHEART Study evaluated CVD risk factors in 52 countries and affirmed that 
nearly 92% of risk for an MI is attributable to treatable/preventable risk factors and 
that risk factors behave similarly in peoples from around the world [25]. The pool-
ing of data has allowed for the generation of global maps depicting the prevalence 
of specific forms of CVD, such as ischemic heart disease (IHD. (Fig.  1.1). It is 

Ischemic hear disease
(DALYs per 100,00)

229-884

1,206-1,894
1,895-5,736
Data not available

885-1,205

Men

Women

Ischemic hear disease
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945-2,663
Data not available

397-715

a

b

Fig. 1.1 The Global Distribution of Ischemic Heart Disease for both men and women, in DALYs, 
in 2011. (a)| Men (b) |Women. Data are age-standardized per 100,000 of the population. 
Abbreviation: DALYs, disability-adjusted life years. (Reproduced, with permission from the pub-
lisher, from Mendis, S., Puska, P. & Norrving, B. (Eds) Global Atlas on Cardiovascular Disease 
Prevention and Control. Geneva, World Health Organization, 2011 (Figures  19 & 20, Page12 
http://whqlibdoc.who.int.proxy2.cl.msu.edu/publications/2011/9789241564373_eng.pdf?ua=1, 
accessed 29 December 2019)
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easily discerned that IHD is widely prevalent in all nations and continents and that 
Eastern Europe, the Middle East, the Indian Subcontinent, and Northern Africa are 
particularly impacted by IHD.

 Risk Factors for Atherosclerotic Disease

 Dyslipidemia

 Low-Density Lipoprotein

After nearly 100 years of experimental investigation, low-density lipoprotein cho-
lesterol (LDL-C) is indisputably established as atherogenic [26]. LDL particles are 
the most abundant in serum and are scavenged in the subendothelial space by acti-
vated macrophages [27]. Lipid-laden macrophages are an important substrate for 
atheromatous plaque formation and provide pro-inflammatory stimuli to propagate 
plaque and ultimately render it unstable and prone to rupture, leading to the devel-
opment of acute tissue ischemia in affected vascular territories [27–29]. There is a 
log-linear relationship between LDL-C and risk for CAD. (Fig.  1.2.) There is 
unequivocal evidence that lowering LDL-C with statins (3′-hydroxymethyl-glutaryl 
coenzyme A inhibitors) [30] and other drugs such as ezetimibe [31] and proprotein 
convertase/subtilisin kexin type-9 inhibitors [32, 33] beneficially impact risk for 
acute cardiovascular events (Fig. 1.3).

A relatively novel means by which to view the relationship between LDL-C and 
risk for CAD-related events is by assessing life years of exposure to specific serum 
levels of this lipoprotein [34]. The higher the level and the longer the exposure, the 
higher the risk for developing CHD. By lowering LDL-C earlier and more and more 
aggressively, the age at which an acute CV event may be expected to occur is 
extended to older and older ages (Fig. 1.4) [34, 35]. Hence, time is of the essence 
since limiting exposure to LDL-C is akin to limiting exposure to an established 
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vascular toxin. Thus, when it comes to LDL-C and CVD risk reduction, lower is 
better, but lowest is best. Guidelines for the management of dyslipidemia continue 
to emphasize that LDL-C is the primary target of therapy for patients with dyslipid-
emia [36, 37].
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 High-Density Lipoprotein

High-density lipoprotein (HDL) is still incompletely characterized and understood 
[38]. It is characterized by a lipidome and proteome of enormous complexity, and 
can bind to a variety of cell surface receptors [39]. HDL particles drive reverse cho-
lesterol transport (i.e., the process by which cholesterol is extracted from lipid- 
enriched macrophages in the subendothelial space and transported back to the liver) 
and appear to have a variety of antiatherogenic properties, including anti- 
inflammatory, antithrombotic, and anti-oxidative effects by virtue of their proteomic 
constituents [40, 41]. Perhaps for these reasons virtually all prospective longitudinal 
cohorts have shown that HDL-cholesterol (HDL-C) is protective or a “negative risk 
factor” when its level in serum is elevated [42, 43]. It is an important component of 
most 10  year and lifetime risk calculators [44–46]. However, current guidelines 
recommend against making HDL-C a therapeutic target because prospective, ran-
domized clinical trials with agents that raise HDL-C have failed to demonstrate any 
CV benefit [47–50]. More recent analyses suggest that HDL particles are likely not 
as protective as once thought [51, 52]. HDL-C tends to decrease in patients with 
insulin resistance, metabolic syndrome, obesity, chronic kidney disease, and inflam-
matory disease [53, 54].
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Fig. 1.4 Disease Trajectories in Coronary Heart Disease Prevention. (Reproduced with permis-
sion from Packard, C. J., et al. Vascular Pharmacology 215; 71: 37–39)
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 Triglycerides

Triglycerides constitute an enormously important storage form of energy for sys-
temic tissues. Because triglycerides are not soluble in an aqueous phase, triglycer-
ides are exported from the liver within very low-density lipoprotein (VLDL) 
particles. Free fatty acid is liberated from triglycerides by lipoprotein lipase. 
Lipoprotein lipase progressively delipidates VLDL to form, in succession, 
intermediate- density lipoprotein (IDL) and then LDL. In the setting of insulin resis-
tance or when there are genetic polymorphisms leading to reduced lipoprotein 
lipase activity (increased apoprotein CIII, reduced apoprotein CII, reduced expres-
sion of lipoprotein lipase, etc.), small VLDLs and IDLs accumulate because they 
are inadequately lipolyzed. Small VLDLs and IDLs together comprise remnant 
lipoproteins, which are triglyceride rich lipoproteins. In patients with hypertriglyc-
eridemia, remnant lipoproteins are elevated in serum.

A variety of genetic polymorphisms associated with hypertriglyceridemia cor-
relate with increased risk for CV events, increased coronary calcium burden, and 
accelerated atherogenesis [55]. Hypertriglyceridemia is recognized as an important 
risk factor and is a defining feature of the metabolic syndrome [56, 57]. Serum lev-
els that exceed 150  mg/dL are considered abnormal in the fasting state. 
Hypertriglyceridemia correlates with increased risk for acute coronary syndromes, 
health care costs, renal disease, and heart failure [58–61]. Triglyceride rich lipopro-
teins strongly correlate with increased risk for CVD events [62–65] and have been 
shown to be pro-inflammatory [66]. The treatment of high risk hypertriglyceridemic 
patients with eicosapentaenoic acid has been shown to reduce risk for all major CV 
endpoints [67].

 Hypertension

The World Health Organization Reports that: [1] Worldwide, hypertension (HTN) 
causes 7.5 million deaths, or approximately 12.8% of the total of all annual deaths 
[2] HTN is responsible for 57 million disability-adjusted life years (DALYS) or 
3.7% of total DALYS [3]. HTN is a major risk factor for CAD and cerebrovascular 
disease. [4] Blood pressure levels are positively and continuously related to the risk 
of stroke and CAD [5]. In some age groups, the risk of CVD doubles for each incre-
mental increase of 20/10 mmHg of blood pressure, beginning as low as 115/75 mmHg 
[6]. In addition to CAD and cerebrovascular disease, poorly controlled blood pres-
sure increases risk for heart failure, chronic kidney disease and end-stage renal dis-
ease (ESRD), peripheral vascular disease, as well as retinopathy and blindness [4].

HTN is widely prevalent throughout the world. It is generally accepted that a 
blood pressure  >  140  mm Hg systolic and  >  90  mm Hg diastolic constitutes 
HTN. For adults without HTN, prehypertension is defined by an untreated SBP of 
120 to 139  mm Hg or untreated DBP of 80 to 89  mm Hg. The American Heart 
Association (AHA) notes that: [1] between 2011 and 2014, the prevalence of 

1 Cardiovascular Disease Epidemiology and Risk Factors: General Concepts
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hypertension among US adults was 45.6% [2]. Meta-analyses demonstrate that pre-
hypertension correlates with an increased risk for CVD, ESRD, and death. These 
risks are greater for people in the upper (130–139/85–89  mm Hg) versus lower 
(120–129/80–84 mm Hg) range of prehypertension [3]. In prospective follow-up of 
the MESA, REGARDS, and JHS cohorts, 63.0% of incident CVD events occurred 
in participants with systolic BP (SBP) <140 mm Hg and diastolic BP <90 mm Hg 
[4]. In the US, the estimated direct and indirect cost of HTN from 2014 to 2015 
(annual average) was approximately $55.9 billion [6]. HTN was the fourth-leading 
risk factor for global disease burden in 1990, as quantified by DALYs, but became 
the number 1 risk factor in 2010 [68].

As demonstrated in the Multiple Risk Factor Intervention Trial (MRFIT) and 
other cohorts, risk for CVD increases continuously as both systolic and diastolic 
blood pressure rise; however, the relationship is substantially steeper for systolic 
blood pressure elevations [69, 70] (Fig. 1.5). Hypertension is polyfactorial and is 
strongly influenced by lifestyle, environmental, and genetic factors [71–73]. 
Guidelines for the diagnosis and management of HTN are available for different 
regions of the world, and generally state that blood pressure should be reduced to 
<140/90 mm Hg in patients with HTN [74–76]. It is highly established that blood 
pressure reduction reduces risk for CV events, mortality, left ventricular hypertro-
phy (LVH), heart failure, renal injury and proteinuria, and stroke (both hemorrhagic 
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Fig. 1.5 Odds for the likelihood of a cardiovascular event with combined pulse pressure (PP) and 
mean arterial pressure (MAP). Data are adjusted for age, sex, total cholesterol, smoking, body 
mass index, diabetes, and secular trend. (Reproduced with permission from Franklin, S. S. and 
N. D. Wong. Hypertension and Cardiovascular Disease: Contributions of the Framingham Heart 
Study.” Global Heart 2013; 8 [1]: 49–57)
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and ischemic) [77, 78] and novel means for studying HTN are continuously being 
developed [79]. Blood pressure can be reduced by antagonizing the renin- 
angiotensin- aldosterone axis, inhibiting α- and β- adrenergic receptors, calcium 
channel blockade, diuretics, and nitrates, among other approaches. Despite widely 
recognized benefits of treating HTN, substantial disparities in the prevalence and 
treatment of HTN have been identified (Fig. 1.6). Based on a global analysis for 
2010, 46.5% of adults with HTN knew they had the condition and only 36.9% were 
taking antihypertensive medication [80]. Despite widespread availability of antihy-
pertensive medications, only 13.8% of hypertensive patients had their blood pres-
sure controlled to guideline specified targets. These investigators further 
demonstrated that high-income countries had twice the rate of awareness (67.0% 
versus 37.9%) and treatment (55.6% versus 29.0%) and 4 times the rate of BP con-
trol in patients with HTN (28.4% versus 7.7%) when compared to low- and middle- 
income countries. These treatment and awareness disparities warrant urgent 
recognition and intervention.

2010

2000

Hypertension Prevalence

<20%
20 - <25%
25 - <30%
30 - <35%
35 - <40%
40 - <45%
≥ 45%

Fig. 1.6 Worldwide age- and sex-standardized prevalence of hypertension in adults 20 years and 
older by country. Top, Country-specific prevalence in 2010. Bottom, Country-specific prevalence 
in 2000. Maps are shaded according to prevalence, from light (lower prevalence) to dark (higher 
prevalence). (Reproduced with permission from Mills et al. Circulation. 2016;134: 441–450)
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 Metabolic Syndrome

Metabolic syndrome (MS) represents a constellation of CV risk factors defined by 
elevations in blood pressure, hypertriglyceridemia, hyperglycemia, obesity, and low 
HDL-C [81, 82]. (Table  1.1) Insulin resistance is etiologic for MS. [83] Insulin 
resistance typically develops in the setting of obesity [84]. In the insulin resistant 
state there is impairment in the transduction of the insulin receptor signal; this 
results in less nuclear transcription and cell surface expression of glucose transport 
proteins [85]. As this occurs the capacity to transport glucose from the extracellular 
milieu into the cytosol is progressively reduced. Hyperglycemia is a manifestation 
of less cellular glucose uptake.

Insulin resistance induces endothelial cell dysfunction, [86] which leads to 
reduced nitric oxide and prostacyclin production as well as increased blood pressure 
secondary to decreased vasodilatory inputs into the arterial wall. This is exacerbated 
by increased endothelin-1 production, a potent vasoconstrictor [87]. Endothelial 
dysfunction also increases risk for impaired microvascular responsiveness and 
microangiopathy [88]. Hyperglycemia potentiates the formation of advanced glyco-
sylated end products which can bind to receptors that trigger development of a pro- 
oxidative and proinflammatory milieu [89, 90]. These changes can lead to the 
intensification of endothelial dysfunction and accelerated atherogenesis. Serum tri-
glyceride levels rise because: [1] Visceral adipose tissue becomes less responsive to 
insulin, leading to persistent activation of hormone sensitive lipase and continuous 
hydrolysis of adipocyte triglyceride and release of free fatty acid. The fatty acids 
can be reassimilated into triglycerides by the liver and secreted into the circulation 
within VLDL particles [91] [2]. Lipoprotein lipase production decreases and there 
is increased production of this enzyme’s most important natural inhibitor, apopro-
tein CIII [92]. Serum HDL levels decrease because of reduced biosynthesis and 
increased catabolism and renal elimination of this lipoprotein [38, 93].

The metabolic syndrome increases risk for CVD, nonalcoholic hepatic steatosis, 
erectile dysfunction, polycystic ovarian syndrome, and diabetes mellitus [94, 95]. 
Metabolic syndrome also increases risk for both atrial fibrillation [96] and periph-
eral vascular disease [97]. Individual components of the metabolic syndrome should 
be aggressively treated, [98] but two of the most important interventions for this 
condition should be increased daily exercise and weight loss, both of which relieve 
insulin resistance and reduce risk factor burden [99, 100]. With increased mechani-
zation, urbanization, sedentary lifestyle, and adverse alterations in dietary habits, 

Table 1.1 Defining features of the metabolic syndrome

Abdominal obesity (waist circumference ≥ 40 inches in men, and ≥ 35 inches in women)
Triglyceride level of 150 mg/dL or greater
HDL-C < 40 mg/dL in men or < 50 mg/dL in women
Systolic blood pressure 130 millimeters of mercury (mm Hg) or greater, or diastolic blood 
pressure of 85  mm Hg or greater
Fasting serum glucose of 100 mg/dL or greater
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there is a worldwide epidemic of MS. [101, 102] In Europe the prevalence of MS is 
estimated to be 24.3 and 24.6% for men and women, respectively, and its prevalence 
increases with age [103]. In the United States, the prevalence of MS is approxi-
mately 23% and includes just over 50 million persons [104].

 Diabetes Mellitus

Diabetes mellitus (DM) is a complex disorder whose principal diagnostic manifes-
tation is the dysregulation of glucose metabolism resulting in hyperglycemia (blood 
glucose ≥126 mg/dL). Diabetes increases risk for CVD and its clinical sequelae 
(MI, stroke, mortality, heart failure) and microangiopathy (retinopathy with adult 
onset blindness, neuropathy and lower extremity amputation, nephropathy with 
ESRD and need for renal allografting or dialysis).

Diabetes is pathophysiologically devastating to the CV system because it is char-
acterized by the “ominous octet,” which includes: [105].

 A. Decreased β-islet secretion of insulin. In the setting of DM there is increasing 
loss of β-islet cell mass over time, leading to progressive rises in glucose.

 B. Increased α-islet secretion of glucagon. Glucagon stimulates hepatic glucose 
secretion, exacerbating the hyperglycemia of DM.

 C. Reduced incretin effect. The incretins are secreted by the gut in response to 
glucose exposure. They include glucose-dependent insulinotropic polypeptide 
(GIP) and glucagon-like peptide-1 (GLP-1) and are secreted from K cells and L 
cells, respectively, in the gastrointestinal tract [106]. They both stimulate pan-
creatic insulin secretion.

 D. Increased adipocyte lipolysis. This was discussed above and is the result of 
increased triglyceride lipolysis by hormone sensitive lipase visceral adipose tis-
sue secondary to insulin resistance. Insulin resistant visceral adipose tissue is 
also an important source of adipokines that potentiate systemic inflamma-
tion [107].

 E. Increased renal reabsorption of glucose by the sodium-glucose cotransport pro-
tein (SGLT2) along the proximal tubular epithelium [108]. This also augments 
the hyperglycemic state observed in DM.

 F. Decreased glucose uptake by skeletal muscle. Insulin resistance is associated 
with reduced cell surface expression of such glucose transport proteins as glut2 
and glut4 [109].

 G. Increased hepatic glucose production. Insulin resistance is associated with 
increased activity of phosphoenolpyruvate carboxykinase activity, an enzyme 
responsible for converting oxaloacetate to phosphoenolpyruvate during gluco-
neogenesis [110].

 H. Central nervous system neurotransmitter dysfunction. There is increased central 
sympathetic outflow which can lead to HTN, tachycardia, and potentiate hyper-
glycemia. In addition, this is associated with impaired sensing of satiety.

1 Cardiovascular Disease Epidemiology and Risk Factors: General Concepts
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Secondary to the global epidemic of obesity, the incidence of global diabetes is 
rising at shocking rates. In 2014 there was an estimated 382 million people with 
diabetes worldwide; this is projected to increase to 592 million by the year 2035 
[111]. Estimates for the prevalence of impaired glucose tolerance (IGT or prediabe-
tes; defined as two-hour glucose levels of 140 to 199 mg per dL (7.8 to 11.0 mmol) 
on the 75-g oral glucose tolerance test.) are shown in Fig. 1.7 [112]. These data 
portend a catastrophic rise in global incidence and prevalence of DM. In the US an 
estimated 26 million adults have diagnosed DM, 9.4 million adults have undiag-
nosed DM, and 91.8 million adults (37.6% of the population) have prediabetes [68]. 
In Europe in 2013 it was estimated that 56 million persons have DM with an overall 
prevalence of 8.5% of the population [113]. As diabetes progresses and hemoglobin 
a1c values increase, risk for CV events, all-cause mortality, and CVD mortality all 
increase continuously [114, 115] (Fig.  1.8). Controlling hemoglobin a1c levels 
especially below 7% is associated with less risk of microangiopathy [116, 117]. 
Controlling DM with GLP-1 receptor agonists and SGLT2 inhibitors has been 
shown to reduce risk for CV events [118–121].

 Inflammation

It is now highly established that atherosclerosis is an inflammatory disease. There 
is considerable complexity and built-in redundancy with interconnecting networks 
of pro-inflammatory cells and biochemical signaling pathways of inflammation 
regulated by nuclear factor κB, [122] Krüppel-like factors, [123], and activator 
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Fig. 1.7 Global Prevalence of impaired glucose tolerance (IGT) in 2017 and prevalence projected 
in 2045. Percentages are unadjusted regional prevalence estimates. Numbers in parentheses are the 
estimated number of persons affected by IGT in each region. (Reproduced with permission from 
Hostalek. Clinical diabetes and endocrinology. 2019;5:5)
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protein- 1, [124] among others. In the setting of endothelial cell dysfunction, endo-
thelial cells express a variety of cell adhesion molecules (intercellular adhesion 
molecule-1, vascular cell adhesion molecule-1, selectin P, and others) that promote 
the binding, rolling, and transmigration of inflammatory white cells into the suben-
dothelial space [125]. The gap junctions holding endothelial cells together can 
become stressed and leaky, allowing for increased influx of circulating white cells 
and atherogenic lipoprotein particles [126]. Platelets, neutrophils, mast cells, mac-
rophages, and T helper cells all participate in atherogenesis and can function as 
delivery vehicles of pro-inflammatory interleukins and cytokines that alter the his-
tologic composition of the vessel wall and potentiate the creation of macrophage 
foam cells, fatty streaks, atheromatous plaques, and ultimately, unstable plaque 
that can rupture and lead to the formation of an acute cardiovascular events 
[127, 128].

C-Reactive protein (CRP) is a pentraxin molecule and a marker of systemic 
inflammation [129]. It may also directly induce a variety of proatherogenic phe-
nomena and boost the inflammatory response [130]. Increased serum levels of CRP 
portend heightened risk for CVD, MI, stroke, and death in a variety of cohorts 
[131–133]. The measurement of CRP levels has been shown to refine 10-year risk 
prediction for CVD events [134, 135]. As CRP increases at any level of 10-year 
Framingham risk or any level of LDL-C, risk for CVD increases continuously [136] 
(Fig. 1.9). Although many inflammatory mediators can be measured, CRP is remark-
ably stable and can be accurately measured in commercial laboratories. One recent 
clinical trial showed that lowering systemic inflammatory tone using a monoclonal 
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antibody directed against interleukin-1β is associated with significant reductions in 
risk for CVD events independent of lipid lowering [137].

 Chronic Kidney Disease

Chronic kidney disease (CKD) is defined as a glomerular filtration rate (GFR) 
<60 mL/min/1.73 m2), albuminuria (defined ≥30 mg/d), or both. The prevalence of 
CKD increases with age, and because populations are aging worldwide, the global 
incidence of CKD is increasing. The current world prevalence of CKD is estimated 
to be 276 million persons and the majority of people with CKD have stage 3 [138]. 
DM and HTN are strong risk factors for CKD. Patients with CKD have a greatly 
magnified risk for developing CAD, stroke, arrhythmias, and congestive heart fail-
ure and the uremic state is accompanied by a variety of toxins that can accelerate the 
rate of progression of each of these disorders [139]. Albuminuria is a strong adverse 
prognostic indicator for CVD, renal failure, and mortality, and represents injury to 
renal podocytes and glomeruli [140, 141] (Fig. 1.10).

 Cigarette Smoking

The World Health Organization estimates that there are approximately 1  billion 
smokers in the world [4]. Smoking is the number one cause of preventable death in 
the United States and throughout the world. It is estimated to account for 7.1 million 
deaths globally in 2016 [68]. In the US, approximately 17.5% of males and 13.5% 
of females are smokers [68]. Smoking increases risk for CVD, CAD, MI, stroke, 
mortality, and a variety of cancers, including lung and transitional cell cancers of 
the bladder. Compared to lifelong nonsmokers, men and women who smoke on 
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average lose 12 and 11 years of life, respectively [68]. A meta-analysis of 75 studies 
and including approximately 2.4 million persons showed a 25% higher risk for 
CHD in female smokers than in male smokers [142]. There is considerable urgency 
in developing and promoting programs to encourage men and women to engage in 
lifelong smoking cessation.

 Conclusions

Significant progress has been made in recent decades in identifying risk factors for 
CVD and in developing safe and efficacious therapies for these disorders. Screening 
programs are in place in most nations, but more needs to be done. Significant prog-
ress has been made in reducing the clinical sequelae of CVD in many nations around 
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from Tonelli et al. Circulation. 2016;133:518–536)
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the world, though important deficiencies persist [143]. The global population is 
aging making it essentially certain that more people will live to develop CVD. It is 
crucial that global efforts embrace primordial and primary prevention more fully so 
as to reduce the incidence of disease as well as the costs of treating established dis-
ease. It is also important that persons identified with risk factors remain adherent to 
therapies, as low adherence rates and low guideline directed goal attainment rates 
are the norm worldwide. There is an urgent need for newer and less costly interven-
tions, and perhaps nutraceuticals will be developed that help to fill some of the gaps 
for treating risk factors in both the primary and secondary prevention settings.
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Chapter 2
A Brief Historical Perspective on the Use 
of Natural Compounds Influencing 
Cardiovascular Health

Francesco M. Galassi and Elena Varotto

Nutraceutics first emerged as a scientific branch of medicine in 1989 owing to the 
work of physician Stephen L. DeFelice (born 1936), who described a nutraceutical 
as a “food or part of a food that provides medical or health benefits, including the 
prevention and/or treatment of a disease” [1]. Today more refined definitions are 
available such as that provided by Health Canada: “a product prepared from foods, 
but sold in the form of pills, or powder (potions) or in other medicinal forms, not 
usually associated with foods” [1].

Over a decade after DeFelice coined the term, in 2004, this new discipline had 
experienced a major cultural and scientific expansion, testified by the introduction 
of the headword “Nutraceutical”, both as a noun and an adjective, in the Oxford 
English Dictionary [2]. However, the recent success of nutraceutical products 
should not lead one to believe that the importance of natural dietary substances is 
but a recent discovery. Despite the understandable lack of a full physiopathological 
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comprehension of the phenomena and changes brought about by foods on the 
human organism, there is a solid body of historical evidence supporting the notion 
that ancient civilizations had at least achieved some empirical knowledge of the 
potential beneficial effects of certain foodstuffs.

Nonetheless, any attempt at such a retrospective  analysis should take into 
account the fact that in the past–especially before the clinical and pharmaceutical 
revolutions of the 19th and 20th centuries–the distinction between food and drugs 
was not as sharp as we would conceive it today. For instance, in the ancient Greek 
language the very word φάρμακον (/phármakon/, “drug”) had an ambivalent mean-
ing, it being used to indicate a range of substances from a healing remedy to a poi-
son [3]. In addition, in ancient societies φάρμακον often consisted of food and 
officinal herbs. Some of the earliest examples of nutraceuticals used by ancient 
societies are represented by a series of plants (including yarrow, cornflower, St. 
Barnaby’s thistle, ragwort, grape hyacinth, joint pine, etc.) found in Shanidar Cave 
(Iraq), which were probably used by its Neanderthalian inhabitants, who may have 
utilized them for both medical and ritual purposes [4]. Another classical example is 
that of the sweet flag (Acorus calamus), which due to its carminative, antidiarrhoic 
and appetite- stimulating properties, was common in ancient India, China and Egypt, 
being even found in the tomb of pharaoh Tutankhamun (discovered by Howard 
Carter in 1922) [5].

As part of the vast spectrum of chronic diseases, cardiovascular pathologies rep-
resent a major nosological category ranking first in Western and Westernized coun-
tries nowadays in terms of mortality rates. Despite their being second to infectious 
diseases in the past, they have always been present in the human species, as estab-
lished through the scientific study of mummies [6–8].

In our world, beside the prescription of traditional chemical pharmaceutical 
agents, nutraceutical components are proving a valuable and effective tool in the 
prevention of cardiovascular diseases in high-risk healthy subjects.

One of these products is red yeast rice (Monascus purpureus) which contains 
monocolin K, a molecule structurally analogous to lovastatin and capable of inhibit-
ing the hepatic synthesis of cholesterol. Red yeast has been known since time imme-
morial, arising within the ancient Indian and Chinese civilizations [9].

Another substance is dietary fibre which can inhibit intestinal absorption of 
cholesterol and its fecal excretion. Although the term was coined only in 1953 by 
Dr. Eben Hipsley, its properties had already long been grasped, with some observa-
tions dating back to the classical world [10].

Dark chocolate, when regularly consumed, has been linked to a lower incidence 
of cardiovascular pathologies, probably as a result of the action of flavan-3-ols [11]. 
The history of chocolate is a long one and originates in pre-Columbian Mexico. 
Here seeds of the cacao tree (Theobroma cacao) were regarded as holy and a sort of 
gift from the god Quetzalcoatl, capable of proving beneficial to the health of those 
who drank a bitter foamy beverage made out of them, xocoatl, from whose phonetic 
adaptation the very word “chocolate” stems. Noticed but not given too much impor-
tance by Columbus during his voyages, chocolate started to become a part of 
European diet in the last decades of the sixteenth century AD. With an enhanced 

F. M. Galassi and E. Varotto



25

status during the following centuries, its reputation has often been that of a regret-
table pleasure, although in recent years its positive effects have been stressed in the 
medical literature [12].

Strawberries (Fragaria × ananassa) have been described in some studies to 
exert an antioxidant effect and to be able to decrease cardiovascular risk factors 
[13], and some studies have linked them to uric acid reduction [14].

A historical example of their preventive/therapeutical use is offered by the case 
of the great Swedish taxonomist Carl Linnaeus (1707–1778). As reported in Dietrich 
Heinrich Stöver’s Leben des Ritters Carl von Linné [15]  – a passage also com-
mented upon in 1899 by the Victorian polymath Francis Galton (1822–1911) in a 
famous letter to the journal Nature [16] – Linnaeus suffered from gout (“Podagra”), 
a chronic condition that was common amongst the upper classes in the past [17, 18], 
but he managed to control its attacks by eating strawberries. Interestingly, Linnaeus 
ultimately died of cerebrovascular disease, for whose development gout is a known 
risk factor [19, 20], only much later, hence some preventive cardiovascular role 
played by strawberries can be reasonably postulated.

Garlic (Allium sativum L.) shows an interesting profile as a cardiovascular nutra-
ceutical due to its anti-thrombotic and lipid-lowering properties [21]. This vegetable 
has been known since antiquity and held in great esteem: in Greece and Rome ath-
letes and soldiers allegedly ate it in order to increase their physical strength and 
courage, as well as it was considered a remedy against several infectious and other 
clinical conditions [22].

Finally, the Mediterranean diet, whose beneficial effects are attested in the pre-
vention of cardiovascular diseases [23], is firmly based on a long culinary tradition 
whose origins can be found in ancient Egypt and gradually moulded by successive 
civilizations arriving onto the historical stage, including the Greeks, Romans and 
Arabs. One of its key aspects is the presence of vegetables, such as mushrooms, 
olives (with their oil), and cereals, which have traditionally been able to feed the 
poorer classes, fish and little meat. After the discovery of the Americas, more prod-
ucts came to enrich the old Mediterranean diet, including tomatoes [24].

Although the scant information retrieved from the perusal of the available histori-
cal sources does not allow us to describe an exclusively informed and prevention- 
oriented prescription of certain foods and substances in the past to an extent even 
slightly comparable to the present situation, it can be reasonably postulated that the 
beneficial effects derived from the intake of certain products had been observed by 
ancient civilizations.
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Chapter 3
Nutraceuticals: Scientific and Legal 
Definitions around the World

Orlando Petrini

 Introduction

Nutraceuticals are substances that are food or part of a food and provide health 
benefits by preventing or treating a disease. The term “nutraceutical” was coined by 
S. DeFelice in the early 80s [1, 2] and it was quickly adopted by the dietary supple-
ments community. According to DeFelice’s definition, nutraceuticals may range 
from “isolated nutrients, dietary supplements and specific diets to genetically engi-
neered designer foods, herbal products, and processed foods such as cereals, soups 
and beverages [..] this definition applies to all categories of foods and parts of food, 
ranging from dietary supplements such as folic acid, used for the prevention of 
spina bifida, to chicken soup, taken to lessen the discomfort of the common cold. 
This definition also includes a bioengineered designer vegetable food, rich in anti-
oxidant ingredients, and a stimulant functional food or pharmafood.” [2]. Thus, the 
term nutraceutical refers to a large number of substance classes belonging to catego-
ries already subjected to distinct regulations (Table  3.1). This is also one of the 
reasons why most regulatory authorities do not consider nutraceuticals a well- 
defined, homogeneous product group with own distinct regulations.

The nutraceutical market is expanding and presently includes functional food 
(e.g., probiotics, omega-3 fatty acids, ionized salts, branded wheat flour), functional 
drinks (dairy and non-carbonated drinks, fruit and vegetable juices and drinks, 
herbal teas, sports and energy drinks), dietary supplements (proteins and peptides, 
vitamins, minerals), herbals (including algae, fungi and phytochemicals), fatty acids 
and fiber, as well as some specific personal care products. The global nutraceutical 
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market has increased exponentially in value in the last decade and it is expected to 
reach $302,300 million by 2022, up from $184,092 million in 2015, with a com-
pound annual growth rate of approximately 7% [8].

DeFelice [2] subdivided nutraceuticals in “potential nutraceuticals”, i.e. sub-
stances that may potentially provide a particular health or benefit, and “established 
nutraceuticals”, for which sufficient clinical data are available to support a health 
claim. Health claims are at the core of most marketing activities, but they need to be 
substantiated by sound scientific research and clinical studies to be authorized by 
regulatory authorities. This has spurred both academy and industry to start research 
efforts aiming at proving the efficacy of specific nutraceuticals and to obtain suit-
able health claims. Thus, after 1990 the number of publications reporting research 
on nutraceutical products has increased exponentially, as reflected also by a search 
in PubMed using (in different combinations) the search strings “dietary supple-
ment”, “nutraceuticals”, “cardiovascular”, and “heart”. For instance, more than 
4000 articles published in 2018 were devoted to nutraceuticals in general, and 
approximately 350 of them referred to cardiovascular topics (Fig. 3.1). Within this 
last group, however, only less than one third (104) reported results from clinical tri-
als, regardless of study design and quality.

There is general consensus on the importance of a balanced diet to promote 
health, but disagreement on the use of supplementation in the general population 
[9]. Even the usefulness of well-established supplements such as vitamin C, vita-
min D and minerals for people in healthy conditions is controversial [10–13] and 
some authors have even questioned the utility of multivitamin and mineral supple-
mentation to reduce the risk of chronic and acute diseases [14, 15]. The contradic-
tory and often inconsistent findings in clinical trials, systematic reviews and 
meta-analyses do not help regulatory bodies to take informed and evidence-based 
decisions and add to the already confused regulatory status of nutraceutical 
products.

Table 3.1 Categories of nutraceuticals

Food supplement 
(Dietary supplement)

A product used to supplement the normal diet and aiming at enhancing 
health. It may contain vitamins, minerals, amino acids and be 
administered single or combined in dosed formulations, such as capsules, 
tablets, pills, sachets of powder, ampoules of liquids, drop dispensing 
bottles or other pharmaceutical formulations [3, 4].

Functional fooda A food or ingredient with a nutritive value and additionally a positive 
impact on health, physical performance or state of mind [5–7]

Botanicals (Herbals, 
phytochemicals)b

Preparations derived from plants, algae, fungi or lichens. Examples 
include hawthorn (Crataegus), garlic (Allium), St. John’s Wort 
(Hypericum) or ginseng (Panax ginseng).

Superfoods, 
Ultraceuticals

A purely marketing term for food (mostly botanicals but some fish and 
dairy products are also included) purportedly conferring health benefits 
resulting from an exceptional nutrient content. These terms should be 
avoided as they do not carry any scientific meaning.

aIn some countries included in the food supplement category
bno regulatory status in most countries
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The scope of this chapter is to briefly review the regulatory status of nutraceuti-
cals in selected countries. It does not attempt to address details related to marketing 
applications in specific countries, but to provide a general framework to understand 
current regulations of nutraceuticals, with a focus on USA and Canada, Europe, 
Australia and New Zealand, and Japan.

 Regulatory Situation

The perceived toxicity of some pharmaceuticals as well as their costs are two of 
the main factors driving a fundamental shift from pharmaceutical products towards 
the use of dietary supplements and functional foods. While the amount of mar-
keted dietary supplement products is very large, the acceptance of nutraceuticals 
by regulatory authorities depends on the scientific support provided for the effi-
cacy and safety claims that companies or academic researchers are requesting for 
their products. These aspects are addressed in most countries by policies that regu-
late their marketing applications, with regulatory bodies expecting health claims to 
be supported by extensive research and appropriate quality controls to ensure 
human safety, and to adhere to the health food standards set by the Rome-based 
Codex Alimentarius [16], jointly established by the Food and Agriculture 
Organization (FAO) and the World Health Organization (WHO), which has 
become a reference and a unique opportunity to harmonize food standards and 
trade globally.
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 USA and Canada

In the U.S., dietary supplements and functional foods are regulated by the 
U.S. Dietary Supplement Health and Education Act (DSHEA) [17] established in 
1994. Under this Act, the manufacturer is solely responsible to ensure that a dietary 
supplement is safe before putting it on the market. It is then the federal Food and 
Drug Administration’s (FDA) task to monitor post-marketing safety and product 
information (labeling, claims, package insert, supporting literature). Advertising is 
regulated by the Federal Trade Commission (FTC) [18] and labeling by the 1990 
Nutrition Labeling and Education Act (NLEA) that in the meantime has been 
repeatedly amended [19]. No prior government approval is needed for the label, but 
the label must carry a disclaimer stating that the claim has not been reviewed by 
FDA, and that the product is not intended to diagnose, treat, cure, or prevent any 
disease. It is important to note that the FDA’s guidance documents on dietary sup-
plements and functional food are not legally enforceable. A modification of the 
dietary supplement labeling guide is presently under consideration, aiming to clar-
ify the types of claims that may be used under the DSHA Act.

The Food and Drugs Act (R.S.C., 1985, c. F-27, last amended on 23-05-2018) 
regulates Dietary Supplements, called Natural Health Products (NHP) in Canada. 
The NHP Regulation came into effect in 2004 and defines NHP as products contain-
ing vitamins and minerals, herbal remedies, homeopathic medicines, traditional med-
icines such as traditional Chinese medicines (TCM) products, probiotics, and other 
products like amino acids and essential fatty acids [20]. NHPs must be safe to use and 
can be sold as over-the-counter (OTC) products. Although Canada and the U.S. have 
fundamentally similar regulations, there is no mutual recognition agreement (MRA) 
between the two countries to facilitate trade. Barriers to MRA are set by the different 
regulatory regimes in the two countries, some of the Canada’s NHPs being classified 
as dietary substances and others as OTC or homeopathic medicines in the U.S.

 Europe

Risk management is the overarching principle of the dietary supplement regulation 
also in the EU [21, 22]. In Europe, nutraceuticals are regulated by the EU Directive 
2002/46/EC [3]. As in the US and Canada, the main thrust of the regulations govern-
ing dietary supplements and functional food is consumer safety. This aspect is under 
the control of the European Food Safety Authority (EFSA), funded in 2002 by the 
EU with the mandate to be a source for scientific advice and assessment of risks 
linked with the food chain [23]. EFSA has to answer requests for scientific advice 
from the European Commission, the European Parliament and the EU Member 
States (MS).

Health claims substantiation must be provided but there is no separate regulatory 
framework for nutraceuticals or functional foods in the EU food laws. Nutrition or 
health claims are subjected to a pre-marketing approval set out in Regulation 
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1924/2006 [24], which covers the labeling as well as presentation and advertising of 
foodstuffs. The Regulation (EU) 2015/2283 [25], which replaced regulation EC 
258/97 on novel foods [26], lays down the authorization procedure required for 
foods or food ingredients that are novel in the diet of EU consumers. Novel foods 
may be included in the Union list if the food does not pose a safety risk to human 
health, its intended use does not mislead the consumer, especially when the food is 
intended to replace another food and there is a significant change in the nutritional 
value, and, where the food is intended to replace another food, it does not differ 
from that food in such a way that its normal consumption would be nutritionally 
disadvantageous for the consumer (EU 2015/2283, Art. 7). Basically, the food regu-
lations are counterparts of the governing drug regulations, with categories that are 
similar to those applied to prescription and OTC drugs as well as herbal medicinal 
products (HMP).

The EU legislation has also established a legal framework (Regulation (EU) No 
609/2013) for a category of products defined as “Foods for Special Medical 
Purposes”, specially processed or formulated and intended for the dietary manage-
ment of patients, including infants, and to be used under medical supervision [27]. 
This law has replaced Directive 2009/39/EC [28], which regulated infant formulae, 
baby foods, foods for weight reduction, and food for special medical purposes.

A difference exists in the regulatory classification of botanicals in the EU as 
opposed to other countries, notably the U.S. and Canada. In the U.S. and Canada 
botanicals are classified as dietary supplements, although the FDA foresees the pos-
sibility to apply for the medical use of botanicals if an acceptable clinical develop-
ment can be presented to substantiate a proposed indication. In the EU some 
botanicals (exclusively traditional herbal medicinal plants according to Directive 
2004/24/EC, [29]) can be included in food supplements for nutritional or physiolog-
ical purposes. The medical use of botanicals is regulated in the EU by Directives 
2001/83/EC (well-established herbal medicinal products) [30] and 2004/24/EC (tra-
ditional herbal medicinal products), but national regulations still differ consider-
ably. Theoretically, products lawfully marketed in a MS could be sold in other MS 
with no additional regulatory hurdles, but practically several MS have separate mar-
keting authorization procedures in place and the MS have the competence to decide 
case by case whether or not a given botanical should be considered a HMP. In gen-
eral, a botanical claimed to have therapeutic or preventive effects cannot be mar-
keted as a food supplement, but registration of a botanical species as medicinal 
product does not preclude authorization of the same species (at different concentra-
tions or in specific galenical forms) as a food supplement.

 Australia and New Zealand

Since 2003, Australia and New Zealand have established a single, bi-national 
agency to regulate therapeutic products, including medical devices, prescription, 
over-the-counter and complementary medicines, replacing the Australian 
Therapeutic Goods Act and the New Zealand Medsafe. In Australia and New 
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Zealand, dietary supplement (referred to as “complementary medicines”) are regu-
lated by the Australia New Zealand Food Standards Code (Schedule 4 – Nutrition, 
health and related claims, [31]), under the scope of the Therapeutic Goods Act 
1989; the code sets the conditions for nutrition content claims (S4–3), for permitted 
high level health claims (S4–4), as well as for general level health claims (S4–5). 
The Australian Government provides useful details on complementary medicines in 
a dedicated web page [32]. While medicinal products are regulated at the federal 
level, complementary medicines, i.e. dietary supplements and foods with health 
claims, are regulated at the state level. In New Zealand, dietary supplements are also 
regulated by the Natural Health and Supplementary Products Bill [33].

 Japan

Japan has no clear definition of dietary supplements [34], but “Food with Health 
Claims” are an integral part of the Japanese system for health foods. They can be 
divided in two categories, i.e. “Food with Nutrient Function Claims” (FNFC) for 
vitamins and minerals and “Food for Specified Health Uses” (FoSHU) for other 
products. The first FoSHUs included hypoallergenic rice and low phosphorous milk 
[35], but these were later transferred to a different category (“food for illness”). In 
the meantime, more than 1000 FoSHU products are on the Japanese market and 
include foods for which health claims are allowed [35]. Probiotics (mainly 
Lactobacillus spp. and Bifidobacterium spp.) have a special place among FoSHU: 
some of them are routinely used in hospitals to treat gastrointestinal disorders and 
as such they are considered medicines; as food they are not subjected to any restric-
tion but efficacy claims are not allowed on the labeling [36].

FoSHU approval is a complex process, and evidence-based data on efficacy and 
safety need to be provided for the product to be allowed health claims on the label 
[37]. In 2015 a new category (“food with function claims”) was introduced in the 
hope to ease the strict FoSHU rules. The regulations for this category only require 
bibliographic references to support the product’s effects, and production under strict 
quality control systems. No government approval is needed for the label: this is 
almost identical with the requirements for structure-function claims on dietary sup-
plements in the U.S.

 Other Countries

In Brazil, the health authority institute ANVISA (Agência Nacional de Vigilância 
Sanitaria) regulates the market authorization of dietary supplements, which include 
novel foods and novel ingredients, food with functional or health properties claims, 
food for infants and young children, and other categories less relevant to the scope 
of this review [38].
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In China, health food (further divided into nutrition supplement and functional 
health food) is defined as having specific health functions or being intended to sup-
ply vitamins and (or) minerals. Health food may target specific populations but may 
not be used to cure or prevent disease [39, 40].

India contemplates nutraceuticals, along with food or health supplements, foods 
for special dietary uses, foods for special medical purpose, functional foods and 
novel food in its food safety and standards regulation of 2016 [41]. Brazil, China, 
and India foresee the use of health claims in their regulations.

Dietary supplements (“Biologically Active Supplements”: BAS) need to be reg-
istered before being marketed in Russia. The major BAS categories aim at immune 
system enhancement, improving overall health and preventing disease. According 
to Art. 24 (TP TC 021/2011) of the Technical Regulations “About Safety of Foods”, 
BASs may include mono- and polysaturated acids, minerals, some amino acids as 
well as mono and disaccharides, fibers, some microorganisms, vitamins, and also 
probiotic microorganisms intended for consumption with food or inclusion in prod-
ucts aiming at enriching the diet.

A complete review of dietary supplement regulations in several other countries is 
presented by Malla [42]. Detailed chapters on dietary supplement regulations 
world-wide are also included in Bagchi [21], but regulations are evolving rather 
quickly and the information presented in these reviews is likely to be superseded 
quite rapidly.

 Nutrition and Health Claims

In the EU, nutrition and health claims are regulated by Regulation (EC) No 
1924/2006 of the European Parliament and of the Council of 20 December 2006 on 
nutrition and health claims made on foods [43]. The EU definitions are similar to, 
albeit not identical with those used in other countries and for the sake of this review 
they can be safely used to characterize nutrition and health-related labeling claims 
for dietary supplements and functional foods world-wide.

In the EU, a nutrition claim is used to describe particular nutritional properties 
due to the energy provided by the food or the supplement as well as the beneficial 
properties due to the food or supplement content; in this respect, the U.S. authorities 
presently require more detailed information than the EU [44].

A health claim suggests or implies a relationship between a given product/sub-
stance and health, whilst a reduction of disease risk claim implies a significant 
reduction of a risk factor in the development of a specific disease. A special category 
is represented by structure/function claims, which describe how a nutrient affects 
the normal structure or the function in the body.

The EU and U.S., but also other regulatory authorities, require sound scientific 
data to support the claims made, as a decision-making aid to the consumers and 
physicians [45]. EFSA has provided a scientific guidance on health claim applica-
tions, with detailed information on the documentation to be submitted to 
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substantiate them [46]. Overall, authorities in the EU, the US and, perhaps to a 
lesser extent in other countries, require a high standard of evidence that often cor-
responds to the highest evidence levels proposed by the U.S. Agency for Health 
Care Policy and Research (AHCPR, now US Agency for Healthcare Research and 
Quality) (Table 3.2).

In fact, out of 2337 total entries present in the EU Register of nutrition and health 
claims made on foods [49], only 261 have been accepted and for 6 protection of 
proprietary data has been granted.

There is no doubt that studies with nutraceuticals and botanicals need to adhere 
to the highest possible standards and this has been pointed out elsewhere [50–52]. 
However, the inherent problems linked to testing products that may be already pres-
ent, albeit in small amounts, in the human body, as well as the need to use surrogate 
endpoints especially when preventive effects are tested, should not be underesti-
mated and taken into consideration in the evaluation of health claims applications. 
An approach that is scientifically rigorous and appropriate for drug products may be 
too stringent for nutraceuticals and eventually even confusing to consumers. Hasler 
[45] pointed out that “the road to health claim approval is lengthy, expensive, and, 
as recent evidence would suggest, not particularly useful. The FDA requires an 
overwhelming body of evidence for a significant scientific agreement, unqualified 
health claim, and qualified health claims with less evidence are very wordy and 
confusing to consumers”. In the same publication she proposes a scientific ranking 
and wording that closely resembles that recommended by the European Medicines 
Agency (EMA) Committee on Herbal Medicinal Product (HMPC) for the prepara-
tion of EU Herbal monographs [53] and that could be a useful means of evaluating 
health claims for nutraceuticals as well.

 Nutraceuticals and Cardiovascular Diseases: 
A Regulatory Overview

Research has shown that several nutraceuticals are endowed with potentially useful 
cardiovascular effects. In a recent review, a large number of nutraceuticals has been 
shown to have clinically detectable blood pressure-lowering effects [54], and the 
lipid-lowering action of soluble fibers, phytosterols, soy proteins, omega 3 

Table 3.2 Levels of clinical and scientific evidence

Level Type of Evidence

Ia Meta-analysis of randomized controlled trials
Ib At least one randomised controlled trial
IIa At least one well-designed controlled study without randomization
IIb At least one other type of well-designed quasi-experimental study
III Well-designed non experimental descriptive studies, such as comparative studies, 

correlation studies, case-control studies
IV Expert committee reports or opinions and/or clinical experiences of respected authorities

Adapted from Atkins et al. [47] and U.S. Agency for Health Care Policy and Research [48]
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polyunsaturated fatty acids, red rice, policosanols, berberine and garlic extracts has 
also been demonstrated [55]. The HMPC has included Crataegus spp. among the 
traditional herbal medicinal products used to relieve symptoms of temporary ner-
vous cardiac complaints [55], and several chapters in this book deal with the posi-
tive effects of nutraceuticals on dyslipidemia management, hypertension, heart 
function, and other dysfunctions directly or indirectly linked to cardiovascular func-
tions. Overall, the efficacy of nutraceuticals in preventing or having therapeutic 
effects on cardiovascular diseases seems established.

So far, however, EFSA has authorized 5 health claims (homocysteine metabo-
lism, blood cholesterol levels, blood pressure control, endothelium-dependent vaso-
dilation, and cardiac function) in the cardiovascular field for only 26 different 
nutrient substances, food, or food categories (Table 3.3) and one wonders why sev-
eral of the substances with positive scientific reviews [54–60] have not been included 
in the EU Register. Reasons put forward by the Regulators include the lack of mul-
ticenter, randomized clinical trials that study the long-term efficacy of the products 
on large at risk populations using morbidity and mortality as endpoints, the acknowl-
edged lack of studies on special populations such as children, the elderly, patients 
with impaired liver or renal functions, as well as high-risk and polymedicated 
patients, or the absence of long-term safety data and crucial safety aspects that have 
often been neglected in the studies so far published.

Table 3.3 Authorized health claims for cardiovascular protection. Conditions and restrictions of 
use of the claim can be looked up in the EU Register on nutrition and health claims

Claim 
type Substance Claim Health relationship Reference*

Homocysteine metabolism
Art.13(1) Betaine Contributes to normal 

homocysteine 
metabolism

Contribution to 
normal 
homocysteine 
metabolism

2011;9(4):2052

Art.13(1) Choline Contributes to normal 
homocysteine 
metabolism

Contribution to 
normal 
homocysteine 
metabolism

2011;9(4):2056

Art.13(1) Folate Contributes to normal 
homocysteine 
metabolism

Homocysteine 
metabolism

2009;7(9):1213

Art.13(1) Vitamin B6 Contributes to normal 
homocysteine 
metabolism

Contribution to 
normal 
homocysteine 
metabolism

2010;8(10):1759

Blood cholesterol levels
Art.13(1) Alpha-linolenic 

acid (ALA)
Contributes to the 
maintenance of normal 
blood cholesterol 
levels

Maintenance of 
normal blood 
cholesterol 
concentrations

2009;7(9):1252

(continued)
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Table 3.3 (continued)

Claim 
type Substance Claim Health relationship Reference*

Art.13(1) Beta-glucans Contributes to the 
maintenance of normal 
blood cholesterol 
levels

Maintenance of 
normal blood 
cholesterol 
concentrations

2009;7(9):1254

Art.13(1) Chitosan Contributes to the 
maintenance of normal 
blood cholesterol 
levels

Maintenance of 
normal blood 
LDL-cholesterol 
concentrations

2011;9(6):2214

Art.13(1) Glucomannan 
(konjac mannan)

Contributes to the 
maintenance of normal 
blood cholesterol 
levels

Maintenance of 
normal blood 
cholesterol 
concentrations

2009;7(9):1258

Art.13(1) Guar gum Contributes to the 
maintenance of normal 
blood cholesterol 
levels

Maintenance of 
normal blood 
cholesterol 
concentrations

2010;8(2):1464

Art.13(1) Hydroxypropyl 
methylcellulose 
(HPMC)

Contributes to the 
maintenance of normal 
blood cholesterol 
levels

Maintenance of 
normal blood 
cholesterol 
concentrations

2010;8(10):1739

Art.13(1) Linoleic acid Contributes to the 
maintenance of normal 
blood cholesterol 
levels

Maintenance of 
normal blood 
cholesterol 
concentrations

2009;7(9):1276

Art.13(1) Monascus 
purpureus (red 
yeast rice: 
Monacolin K)

Contributes to the 
maintenance of normal 
blood cholesterol 
levels

Maintenance of 
normal blood 
LDL-cholesterol 
concentrations

2011;9(7):2304

Art.13(1) Pectin Contributes to the 
maintenance of normal 
blood cholesterol 
levels

Maintenance of 
normal blood 
cholesterol 
concentrations

2010;8(10):1747

Art.14(1)
(a)

Barley 
beta-glucans

Barley beta-glucans 
has been shown to 
lower/reduce blood 
cholesterol. high 
cholesterol is a risk 
factor in the 
development of 
coronary heart disease

Q-2011-00799

Art.14(1)
(a)

Oat beta-glucan Oat beta-glucan has 
been shown to lower/
reduce blood 
cholesterol. high 
cholesterol is a risk 
factor in the 
development of 
coronary heart disease

Q-2008-681
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Table 3.3 (continued)

Claim 
type Substance Claim Health relationship Reference*

Art.14(1)
(a)

Plant sterols/plant 
stanol esters

Plant sterols and plant 
stanol esters have been 
shown to lower/reduce 
blood cholesterol. high 
cholesterol is a risk 
factor in the 
development of 
coronary heart disease.

Q-2008-118; 
Q-2008-779

Art.14(1)
(a)

Plant sterols: 
Sterols extracted 
from plants, free or 
esterified with food 
grade fatty acids.

Plant sterols have been 
shown to lower/reduce 
blood cholesterol. high 
cholesterol is a risk 
factor in the 
development of 
coronary heart disease.

Q-2008-085

Art.13(1) Foods with a low 
or reduced content 
of saturated fatty 
acids

Reducing consumption 
of saturated fat 
contributes to the 
maintenance of normal 
blood cholesterol levels

Maintenance of 
normal blood 
LDL-cholesterol 
concentrations

2011;9(4):2062

Art.13(1) Oleic acid Replacing saturated 
fats in the diet with 
unsaturated fats 
contributes to the 
maintenance of normal 
blood cholesterol 
levels. Oleic acid is an 
unsaturated fat.

Maintenance of 
normal blood 
LDL-cholesterol 
concentrations

2011;9(4):2043

Art.13(1) Monounsaturated 
and/or 
polyunsaturated 
fatty acids

Replacing saturated 
fats with unsaturated 
fats in the diet 
contributes to the 
maintenance of normal 
blood cholesterol 
levels [MUFA and 
PUFA are unsaturated 
fats]

Replacement of 
mixtures of 
saturated fatty acids 
(SFAs) as present in 
foods or diets with 
mixtures of 
polyunsaturated 
fatty acids (PUFAs) 
and maintenance of 
normal blood 
LDL-cholesterol 
concentrations

2011;9(4):2069

Art.14(1)
(a)

Monounsaturated 
and/or 
polyunsaturated 
fatty acids

Replacing saturated 
fats with unsaturated 
fats in the diet has been 
shown to lower/reduce 
blood cholesterol. high 
cholesterol is a risk 
factor in the 
development of 
coronary heart disease

Q-2009-00458

(continued)
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 Conclusions

The nutraceuticals market is expanding very rapidly, with consumers increasingly 
convinced of the utility of nutraceuticals to prevent diseases or improve health con-
ditions. While many nutraceuticals have been proven safe and effective in preclini-
cal and clinical trials, there is still a plethora of products on the market with 
unsubstantiated claims. Rightfully, this has led health authorities around the world 
to enforce regulatory constraints to check efficacy and safety claims, which must be 
supported by extensive preclinical and clinical research and rigorous quality control 
programs. Europe, the U.S., Canada, Australia/New Zealand, and Japan have been 
at the forefront of the initiative aiming at introducing strict controls and checks on 
permissible health claims. World-wide, this initiative has been widely accepted and 
many other countries have introduced legislations aiming at regulating the introduc-
tion of nutraceuticals on the market. Presently, however, there is often a perceived 
gap between the efficacy and safety evaluations provided by scientists and those 
resulting from the application of the existing guidelines. Thus, there is a need for 
scientists and regulators to agree on a common set of rules to be applied while 
evaluating health claims and efficacy data, in particular with regards to the choice of 
patient populations and study designs, objectives and endpoints, sample size, and 
handling of confounding factors [51]. There are also other issues linked to the data 
collection, such as the product composition standardization, the choice of surrogate 

Table 3.3 (continued)

Claim 
type Substance Claim Health relationship Reference*

Blood pressure control
Art.13(1) Foods with a low 

or reduced content 
of sodium

Reducing consumption 
of sodium contributes 
to the maintenance of 
normal blood pressure

Maintenance of 
normal blood 
pressure

2011;9(6):2237

Art.13(1) Docosahexaenoic 
acid and 
eicosapentaenoic 
acid (DHA/EPA)

Contributes to the 
maintenance of normal 
blood pressure

Maintenance of 
normal blood 
pressure

2009; 7(9); 1263

Art.13(1) Potassium Contributes to the 
maintenance of normal 
blood pressure

Blood pressure 2010;8(2):1469

Others
Art.13(1) Walnuts Contributes to the 

improvement of the 
elasticity of blood 
vessels

Improvement of 
endothelium- 
dependent 
vasodilation

2011;9(4):2074

Art.13(1) Thiamine Contributes to the 
normal function of the 
heart

Cardiac function 2009;7(9):1222

* EFSA Journal citation
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endpoints, the use of adequately powered sample sizes, the limited generalizability 
of some outcomes, as well as the sometimes limited believability of industry- 
sponsored research [52]. A continuous dialogue between science, business and 
regulatory bodies will have positive effects on the development and marketing of 
nutraceuticals that will benefit at the same time health authorities, manufacturers 
and consumers.
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Chapter 4
Dietary Patterns and Cardiovascular 
Disease Risk: From Epidemiology 
to Intervention Study

Laura García Molina

Cardiovascular diseases are the leading cause of death in industrialized countries. 
For this reason, primary prevention of cardiovascular disease is one of the main 
objectives of public health worldwide. Nowadays, there is scientific evidence to 
ensure that by modifying five factors, the risk of cardiovascular disease can be 
reduced by more than 80% [62]. The five factors include:

• No Smoking
• BMI <25 kg/m2

• Frequent physical activity
• Moderate alcohol consumption
• Healthy diet

Three of the five risk factors can be controlled by dietary changes and all the fac-
tors involve a lifestyle modification. A healthy and balanced diet with low-alcohol 
consumption will most likely result in a BMI below 25 kg/m2. In addition, the pre-
vention of chronic noncommunicable diseases, such as diabetes, can be achieved by 
91% with lifestyle intervention, where diet plays an important and fundamental 
role [21].

Throughout history, nutrition has been interpreted by various approaches to 
improve health. Recently, the aim of nutritional epidemiology focused on the effect 
of a specific nutrient from food and its direct relationship with public health. 
However, nutrition is a multidimensional discipline, where individual nutrients are 
not consumed, but rather immersed in typical meals like a lunch, dinner or breakfast 
that includes a multitude of nutrients consumed in a short period of time [5, 32, 49, 
60]. In fact, it is quite complicated to analyse the individual effect of a nutrient 
without considering the other components. Generally, we consume a combination 
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of vegetables with either meat, rice, or fish. As a result, the dietary pattern under-
stood as a set of nutrients and its effect on health has gained relevance in recent 
years, which involves evaluating multiple dietary components in a single discipline 
[22, 28, 45].

Accordingly, this chapter will address different dietary patterns to date in relation 
to the scientific evidence that supports them. In addition, each dietary pattern will 
include a summary table found at the end of each chapter, as well as an example of 
a menu for each.

 Mediterranean Diet

 History of the Mediterranean Diet

Since 2013, the Mediterranean Diet (MD) has been part of UNESCO Intangible 
Cultural Heritage [57] and, it represents a lifestyle, beyond a simple food pattern. 
The Mediterranean dimension uses a combination of local agriculture, homemade 
recipes, traditions, physical exercise and leisure time. The benefits attributed to the 
MD were unknown until the twentieth century. The origin of the alimentary pattern 
was first proposed in 1948 when the epidemiologist Leland Allbaugh carried out his 
main investigation in the island of Crete. His research followed a request of the 
Greek government and subsidized by the Rockefeller Foundation. The objective 
was to evaluate the possibility and feasibility of increasing the living standard of the 
island, in terms of economy, society and health. After the Second World War, the 
island experienced a serious situation of poverty and a scarcity of assets. In addition, 
the study could verify if the resources and management tools of industrialized coun-
tries with a better socioeconomic position could help the growth and development 
of Crete. The results were published in 1953 in a report entitled: “Crete: A Case 
Study of an Underdeveloped Area”. One of the main findings was in relation to the 
feeding of the island. Their diet was based on frequent consumption of olives, cere-
als, fresh fruits, vegetables, wild plants, and bread. On the contrary, the consump-
tion of meat and dairy products was relatively low. The core meals always contained 
bread, olive oil, and, olives. The conclusions highlighted by this study stated that the 
level of food consumption in the diet was quite favorable and the eating habits were 
well adapted to the natural resources found on the island [1].

Another contemporary study by the physiologist Ancel Keys began to show 
interest in the same subject and focused his research on the relationship of food and 
lifestyle with cardiovascular risk. Thus, he planned a large study on 13,000 men 
between 40 and 59 years of age from seven different countries: the Seven Country 
Study. The purpose was to see the effect of the typical diet of each country on the 
frequency of coronary heart disease. This was the first study that systematically 
examined the relationship between diet, these region’s lifestyle, risk factors and 
coronary heart disease and stroke rates. The countries were chosen for their 
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diversity in eating patterns: Italy, Greece, Finland, Netherlands, Yugoslavia, Japan, 
and the United States. The follow-up lasted over 25 years after the original study. 
The main conclusions showed a direct relationship between the consumption of 
saturated fats and mortality rates from cardiovascular disease. Additionally, a pro-
tective effect was found when there was a positive ratio between the consumption of 
polyunsaturated and monounsaturated fatty acids regarding to saturated fatty acids 
[9, 39]. Therefore, the conclusions were an indicative of the differences between 
Mediterranean countries typical diet, Japan, United States, and the rest of Europe. 
The study showed a correlation between high intake of saturated fats (typical diet of 
United States) and high presence of blood cholesterol with a greater number of 
deaths due to cardiovascular disease. However, a high consumption of carbohy-
drates, polyphenols, and polyunsaturated and monounsaturated fatty acids found in 
the typical diet of Mediterranean countries had a cardioprotective effect. As a result, 
the concept of the MD began to emerge and over the years has undergone various 
modifications.

Currently, the MD is considered a healthy and balanced lifestyle that combines 
recipes, ways of cooking, celebrations, customs, fresh and typical products, and 
diverse human activities. It is not a simple nutritional guideline [18].

 Mediterranean Diet Pyramid and Its Components

The Mediterranean Diet is presented as a lifestyle typical of the countries within the 
Mediterranean area, often characterized by a temperate climate. This denotation 
directly favors agriculture, the development of native crops of the area that is known 
as the Mediterranean triad: olive, vine, and wheat. It also favors social and cultural 
aspects that allow the interaction of citizens among themselves and with the envi-
ronment [56]. However, it is logical to assume that every region has variants and 
there is great diversity, depending on the resources and the climate of each. 
Nevertheless, this model fulfils a series of common characteristics [30]. It is charac-
terized for being a dietary pattern relatively high in fats. However, these are not 
saturated fats since they come mainly from extra virgin olive oil. It is a diet high in 
antioxidants and anti-inflammatory components. The MD highlights a high inges-
tion of fruits, vegetables, legumes, nuts and whole grains; the ingestion of olive oil 
as the main source of dietary fat; a frequent but moderate intake of red wine at 
meals; moderate ingestion of fresh fish and dairy products (especially low-fat cheese 
and yogurt), poultry and eggs; and a low ingestion in frequency and quantity of red 
meats and sausages [14, 19, 31, 51]. Fresh, unprocessed and typical foods of each 
season are prevalent. Figure  4.1 is resuming the MD model in the famous MD 
pyramid.

It can be observed that at the base of the pyramid of healthy eating is the realiza-
tion of daily physical activity. It is also essential the social dimension in which the 
experiences of each day during the main meals are shared with friends and family. 
The homemade recipes and the development of the healthy culinary techniques of 
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each region, always with seasonal foods, are also part of the pyramid’s base. 
Hydration is a fundamental pillar with water as the main source. Occasionally, fer-
mented alcoholic beverages that are not distilled, such as wine and beer, can be 
consumed. However, it always accompanied by meals and in moderation, avoiding 
the ingestion in fasting.

The intake of more than one glass of wine per day in women and more than two 
drinks in men is discouraged. Extra virgin olive oil is used as the fat par excellence, 
high in antioxidants, monounsaturated fatty acids, vitamin E and specific aromas 
that make it unique. Consumption should be moderate, due to its high caloric load 
but a daily intake of 4–5 tablespoons is considered, preferably crude for all types of 
culinary procedures. Perhaps, this aspect is one of the most important, since the 
MD, in addition to the beneficial properties attributed to it, has a high palatability 
and produces great satiety: a fact that facilitates its long-term follow-up. The diet 
should be colorful, rich in fresh fruit and vegetables. Fruit consumption is two to 
three servings per day (approximately 100–150 grams of fruits). Smaller fruits such 
as tangerines, figs or grapes will represent more than one unit in the same serving, 
and vegetables ration is two servings per day as well, preferably one of them raw, in 
the form of salad, cream or cold soup. The reason to eat raw vegetables is to ensure 
the daily vitamin intake, since the heat treatment of the vegetables allows increased 
digestibility, the thermolabile vitamins disappear during the cooking process. This 
point is also important for frozen vegetables, which sometimes lack nutritional ben-
efits. Fruits and vegetables also provide a large amount of water, dietary fiber, 

Sweets

Read ment and
pocessed

White meats, fish, legumes, and eggs

Dairy products

Olives, nuts, seeds, herbs, spices, garlic, onions.

Vegetables, fruits, cereals, bread, pasta, cousous, and olive oil

Water and herbal infusions

Daily physical activity, biodiversity and seasonality, culinary
activities, and family time

Fig. 4.1 Mediterranean Diet Pyramid
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vitamins, minerals and simple sugars necessary for the proper development of the 
organism in their daily activity. In the MD, approximately 50–60% of the total daily 
calories are represented by high quality carbohydrates. It consists of pasta, legumes, 
rice, breads and cereals, but better consumed with the integral or semi-integral ver-
sion [6, 13, 47].

It is interesting to note how younger generations are unaware of what specific 
fruits and vegetables are produced at each time of the year. International trade 
allows for many fruits and vegetables like tomatoes, strawberries, eggplants, cucum-
bers and peppers to be available throughout the year. They are readily available at 
any supermarket year-round. In this sense, the pattern of Mediterranean life pro-
motes a reasonable consumption of seasonal foods. The nutritional dimension, since 
the contribution of vitamins and minerals will be much greater in its epoch, and the 
hedonic dimension, since the aroma and flavor of the food will make the consumer 
fully enjoy it. The cooked preserves with fresh products make that they can be con-
sumed out of season, conserving still the flavor from they were collected.

Another important point is dairy, mainly yogurt and cheese, preferably in its 
semi-skimmed or skimmed version. Two servings of dairy are consumed daily. 
Dairy consumption is frequently consumed with these food groups: poultry meats, 
eggs, legumes and fish. It is a food group that allows a protein contribution of high 
biological value, representing 2–3 times of the weekly intake each one of them. The 
consumption of fatty fish should be included at least once a week. Despite the recent 
controversy with eggs intake, the MD includes this food up to 5 times per week. On 
the contrary, the intake of red meat, such as veal, lamb and pork, is low. It is at the 
top of the healthy food pyramid and should not be consumed more than once a 
week. Processed meat products like sausages, burgers, etc., will have a very occa-
sional ingestion and reserved for specific days. Fresh fruit is presented as the only 
dessert after the main meals. Sweets, cakes and pastries (even homemade), repre-
sent a very casual consumption, always less than two times a week, and preferably 
made at home.

In short, a pattern of Mediterranean life includes a frugal and varied diet with a 
strong social component that, unfortunately embodies more of a utopian ideology 
than a real situation. Over the last few years, this lifestyle has sparked great scien-
tific interest and there have been many clinical trials that have been carried out to 
verify its effect on health. More specifically, one of the effects with the greatest 
scientific evidence is its cardioprotective action.

 Scientific Evidence

One of the clinical trials with highest impact worldwide is the PREvención con 
DIeta MEDiterránea (PREDIMED) study. This is a multicenter randomized trial 
with parallel groups that was developed in Spain as of 2003, with a mean follow-up 
of 4.8 years. 7447 participants with high cardiovascular risk and aged between 55 
and 80 years were randomized to three possible 1:1:1 groups, a first group with 
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intervention based on a MD supplemented with extra virgin olive oil, a second 
group with a MD supplemented with walnuts and, a third group with a low fat diet 
as a control group. The recommendations and intervention were based on improv-
ing adherence to the diet based on a 14-point questionnaire that included food 
groups that scored positively or negatively. For example, the daily intake of extra 
virgin olive oil, consumption of fruits, nuts, vegetables were positive, and, contrary 
to, the intake of sweets, sugary drinks and red meats. The main end points were 
myocardial infarction, stroke, or death from cardiovascular causes; however, numer-
ous variables have been measured in different investigations. One of the main find-
ings of this study for the previous end points were the results that showed a Hazard 
Ratio of 0.69 (0.53–0.91) for the intervention group with MD and extra virgin olive 
oil and 0.72 (0.54–0.95) for the group with MD and nuts compared to the control 
group with low fat diet [16].

The same study demonstrates a positive effect regarding weight gain; prevents 
overweight and obesity and avoids the excessive increase of waist circumference, 
coming from the visceral adipose tissue [15]. However, results were not so clear in 
the first year of follow-up, when it was possible to see, according to the inflamma-
tory index of the diet, how the parameters related to cardiovascular risk and inflam-
mation fluctuated between them, and it was highlighted an absence of change in the 
levels of total cholesterol and triglycerides. The levels of LDL-cholesterol dropped 
significantly, and the HDL-cholesterol also rose significantly. However, this situa-
tion occurred in all three groups, without differentiating by intervention, as demon-
strated in a subpopulation within the PREDIMED study. In the same way, 284 
participants of the same study were subjected to a control of blood pressure of 24 h. 
In this study it was found that after 1 year of intervention, the group with MD sup-
plemented in olive oil showed a change of the systolic blood pressure values   of 
−3.14 mm Hg (−5.30 to −0.98) and diastolic of −1.68 mm Hg (−3.11 to −0.24) 
regarding baseline values. This same study showed the effect of the MD compared 
to the control group on blood glucose, which significantly decreased in the MD 
group supplemented with olive oil, −6.13 mg/dL (−11.62 to −0.64) and, a signifi-
cantly effect on total blood cholesterol −13.6 mg/dL (−18.3 to −9.0) in the MD 
group supplemented in walnuts. On the contrary, LDL-cholesterol levels decreased 
in all groups equally, nor was change in HDL-cholesterol significantly observed [38].

The effect is favorable when the prevention of type 2 diabetes mellitus is assessed. 
In this study published in 2017, an inverse relationship was observed between the 
consumption of legumes in the PREDIMED population, and the risk of developing 
type 2 diabetes mellitus [8]. Among the many benefits that are attributed to the MD 
from the PREDIMED study, is the protective effect of the MD supplemented in 
extra virgin olive oil on breast cancer, which manages to reduce the risk by more 
than 60% respect to the control group [55]. It also has a positive effect on cognitive 
function, depression and prevents the risk of dementia [37, 50, 58].

Also, in Spain, the “Seguimiento Universidad de Navarra – SUN” study was 
carried out with a dynamic cohort of university students over 20 years old, since 
December 1999 and with a total of 22,786 participants (February 2018). The fol-
low- up consists of a several questionnaires biannually about lifestyle, diet and 

L. G. Molina



49

health. In the study by Álvarez-Alvarez et al. the results of most of the participants 
were analyzed and found a significant association between a better adherence to the 
MD with a lower risk of mortality from all causes [2]. Various studies have also 
shown positive effects in the same cohort in relation to adherence to the MD and the 
reduction of cardiovascular disease. In 2011, a study was published by Martínez- 
González [35], where the questionnaire of adherence to the MD was assessed using 
a 136-item food consumption frequency questionnaire and associated a higher 
score significantly with a lower risk of cardiovascular diseases, in particular, those 
with higher score had a 59% lower risk than those with a lower score. In addition, 
in a recent review published in 2018, it is also concluded that the greater adherence 
to the MD contributes to the reduction of risk factors for type 2 diabetes in the SUN 
cohort. It is also associated with a lower rate of overweight and obesity, decreased 
risk of depression and higher quality of life, however, no evidence was found in the 
prevention and improvement of arterial hypertension [10].

On the other hand, in Athens, Greece, in the year 2001–2002, the distribution 
of cardiovascular risk factors was examined in a total population of 3042 partici-
pants with ages between 18 and 89 years, in order to relate them to sociodemo-
graphic variables, lifestyles and psychological characteristics. As well as assessing 
the prognosis at 5–10  years from baseline levels. After 10  years from the first 
evaluation, a greater adherence to a MD (estimated by the MedDietScore) was 
associated with a 90% lower risk of cardiovascular event compared to the lowest 
tertile [44].

The MD also shows its effect on secondary cardiovascular prevention, in the 
randomized Lyon Diet Heart Study, the recurrence rate after a first myocardial 
infarction was evaluated at 46 months of follow-up, with a MD in the experimental 
group compared with a control group. The ratio of cardiac deaths and non-fatal 
infarction in the experimental group was 1.24 per 100 patients per year with a value 
for the risk ratio 0.28 (0.15–0.53, p = 0.001) vs. 4.97 for every 100 patients and 
year [12].

 Mediterranean Foods and Example of a Mediterranean 
Daily Menu

Foods included in the Mediterranean Diet

Extra Virgin Olive Oil (EVOO)
Seasonal fruits and vegetables
Poultry meat and fresh fish
Eggs
Dairy products (mostly fermented)
Nuts
Whole grains
Red wine with meals

4 Dietary Patterns and Cardiovascular Disease Risk: From Epidemiology to Intervention…



50

Foods not included in the Mediterranean Diet

High-sugar drinks
Ultra-processed foods and fast food
Red meat
Processed meat (hamburgers, sausages…)
Butter and animal fats
Distilled alcoholic beverages
Pre-packaged foods and refined grains
Snacks and chips

Mediterranean Menu
• 1°) Greek salad. Ingredients: Fresh tomatoes, cucumber, red pepper, green pep-

per, red onion, olives and feta cheese. For lemon vinaigrette, extra virgin olive 
oil, lemon, pepper and salt.

• 2°) Grilled mackerel with potatoes. Ingredients: Fresh mackerel, lemon, extra 
virgin olive oil and salt. Potatoes, rosemary, oregano, bay leaf, pepper and salt.

• 3°) Fruit Macedonia. Ingredients: Seasonal fruits, cinnamon and the juice of 
an orange.

• Drink: natural water or a glass of red wine.

 Dietary Approaches to Stop Hypertension (DASH)

 History of the DASH Diet

The Dietary Approaches to Stop Hypertension (DASH) diet is the result from one of 
the most relevant studies that has assessed the relationship between dietary patterns 
and blood pressure: The DASH trial. In this study, a total of 459 22-years-old indi-
viduals were randomized in one of the three possible diets for 8 weeks: a diet con-
trol, a diet of fruits and vegetables, and a diet called “combination” (DASH diet).

 DASH and Its Components

The DASH diet consists of a high intake of vegetables, fruits, whole grains, fish and 
meat, nuts, vegetable oils and low-fat dairy products. This dietary pattern avoids the 
consumption of foods saturated fats-rich, such as copious fat meals or the fatty cuts 
of red meat. The consumption of high-fat milk products, trans fats and palm and 
coconut oils is also avoided. Also, the recommendation should be avoiding sugary 
drinks and sweets.
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As far as micronutrients are concerned, it is a diet with a high content of potas-
sium, calcium, magnesium, proteins and fiber, however, it is about reducing the 
consumption of sodium, mainly from processed foods, fast food, canned food and 
table salt, among others.

Regarding the daily serving, it is the following distribution:

• 6–8 serving/day of grains
• 6 or less serving/day of meats, poultry, fish and eggs
• 5 or less serving/week of sweets
• 4–5 serving/day of vegetables
• 4–5 serving/day of fruits
• 4–5 serving/week of dry fruits
• 2–3 serving/day of low-fat dairy products
• 2–3 serving/day fats and oils

Each serving corresponds to a certain amount, for whole grains it means a slice 
of bread, half a cup of rice, pasta or cooked cereals. It represents a source of fiber 
and complex carbohydrates. For vegetables it is estimated a consumption of one cup 
for raw vegetables and half a cup if vegetables are cooked. It also counts half a cup 
for vegetable or fruit juice. For natural fruits an average piece is estimated, for nuts 
a quarter of a cup approximately. A cup of milk or yogurt are considered as low-fat 
dairy products. For meat and fish each portion correspond to 30 grams, and the eggs 
would be a unit.

Regarding the amount of added fats and oils, an amount of one teaspoon of mar-
garine, vegetable oil or mayonnaise is estimated. Finally, the consumption of sweets, 
although sporadic, contemplates a spoonful of sugar or jam as daily serving.

It is a dietary pattern with a high content of dietary fiber, antioxidants and miner-
als indispensable in the management of hypertension, such as magnesium, potas-
sium and calcium, as well as less sodium. The daily caloric distribution of the DASH 
diet is similar to the Mediterranean Diet, between 50% and 55% of the total daily 
caloric intake is represented by carbohydrates. A lower percentage, 30% fats and 
finally, between 15% and 20% of calories, are represented by proteins. Diet compo-
sition is show in Table 4.1 [3].

One of the main differences between DASH and the Mediterranean Diet is that 
the Dietary Approaches to Stop Hypertension aims to reduce blood pressure, 
through certain nutritional recommendations similar to MD, although it advises the 
consumption of low-fat dairy products, and the reduction of total sodium intake. In 
addition, it advises to increase the intake of potassium, magnesium, calcium, total 
proteins and fiber.

 Scientific Evidence

The DASH diet is the result of the clinical trial “Dietary approaches to stop hyper-
tension”. This is a multicentre, randomized study whose aim was to evaluate the 
effect of a specific dietary pattern on blood pressure values. The study included 459 
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22-years-old adult subjects and figures of systolic blood pressure less than 160 mm 
Hg and diastolic 80–95 mm Hg, without antihypertensive medication taken. The 
exclusion criteria were: poorly controlled diabetes mellitus, BMI greater than 35, 
pregnancy or lactation and hyperlipidaemia among others. The subjects were ran-
domized to receive a control diet, typical of the United States, a diet with fruits and 
vegetables or a combined diet. This combined diet was high in fruits and vegetables, 
whole grains, low-fat dairy products, with a cholesterol, saturated and total fat 
reduction. Subjects were recommended not to consume more than three drinks with 
caffeine per day or more than two alcoholic drinks per day. The main outcome was 
the change in diastolic blood pressure and changes in systolic blood pressure. After 

Table 4.1 Diet components in the dietary approaches to stop hypertension [3]

Control diet
Fruits and vegetables 
diet Combination diet

Nutrient 
target

Menu 
analysis

Nutrient 
target

Menu 
analysis

Nutrient 
target

Menu 
analysis

Nutrients
  Fat (% of total kcal) 37 35.7 37 35.7 27 25.6
   Saturated 16 14.1 16 12.7 6 7.0
   Monounsatured 13 12.4 13 13.9 13 9.9
   Polynsaturated 8 6.2 8 7.3 8 6.8
  Carbohydrates (% of 

total kcal)
48 50.5 48 49.2 55 56.5

  Protein (% of total 
kcal)

15 13.8 15 15.1 18 17.9

  Cholesterol (mg/day) 300 233 300 184 150 151
  Fiber (g/day) 9 NA 31 NA 31 NA
  Potassium (mg/day) 1700 1752 4700 4101 4700 4415
  Magnesium (mg/day) 165 176 500 423 500 480
  Calcium (mg/day) 450 443 450 534 1240 1265
  Sodium (mg/day) 3000 3028 3000 2816 3000 2859
Food groups (no. of servings/day)
  Fruits and juices 1.6 5.2 5.2
  Vegetables 2.0 3.3 4.4
  Grains 8.2 6.9 7.5
  Low-fat dairy 0.1 0.0 2.0
  Regular-fat dairy 0.4 0.3 0.7
  Nuts, seeds, and 

legumes
0.0 0.6 0.7

  Beef, pork, and ham 1.5 1.8 0.5
  Poultry 0.8 0.4 0.6
  Fish 0.2 0.3 0.5
  Fat, oils, and salad 

dressing
5.8 5.3 2.5

  Snacks and sweets 4.1 1.4 0.7
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the intervention in the different groups, the study of Appel et al. [3] showed an over-
all reduction in systolic blood pressure of 5.5 mm Hg (−7.4 to −3.7) in favor of the 
combined diet compared to the control diet. This reduction was higher in women 
−6.2 mm Hg (−9.2 to −3.3) with significant results (p < 0.001).

Similar values   were found for diastolic blood pressure, −3.0 mm Hg (−4.3 to 
−1.6), however, the reduction was greater in men, −3.3 mm Hg (−5.1 to −1.5), both 
had significant results (p < 0.001). When the effect of the high vegetables and fruits 
diet was compared with the control diet, the results were also positive, however, the 
effect of the reduction on blood pressure was lower, with the reduction in systolic 
blood pressure −2.8 mm Hg (−4.7 to −0.9) in total, with the greatest effect in men. 
And the total reduction in diastolic blood pressure of −1.1 mm Hg (−2.4 to 0.3), 
with the reduction also being higher in men. In addition, when comparing the con-
trol diet with a DASH diet low in sodium intake, the results show a reduction in 
systolic and diastolic blood pressure levels [25, 48].

Despite being the main outcome changes in blood pressure, different studies 
have evaluated the effect of the DASH diet on several parameters. Thus, in the study 
by Chen et al. [11] the objective was to estimate 10-year coronary heart disease risk 
(CHD) as the primary outcome. Compared with control group, the relative risk ratio 
comparing 8-week with baseline 10-year coronary heart disease risk was 0.93 
(0.85–1.02) for vegetables and fruits diet, and 0.82 (0.75–0.90) for combinate diet. 
On the other hand, comparing this diet with vegetables and fruits diet, the relative 
risk ratio was 0.89 (0.81–0.97). The conclusion of the study showed a reduction of 
18% and 11% of the CHD risk by combinate diet and vegetables diet respectively. 
Similar results have been demonstrated in diabetic patients with the same interven-
tion and cardiovascular risk [4]. However, in another more recent study, 80 partici-
pants with type 2 diabetes and prehypertension underwent an intervention and 
follow-up with the DASH diet and the control diet. Participants were aged between 
18 and 65 years and were followed for 12 weeks.

After the intervention, a systolic blood pressure reducing effect was shown, how-
ever, there was no change in the diastolic blood pressure values [20]. As far as 
cholesterol levels are concerned, this diet helped reduce total cholesterol levels by 
−0.35 mmol/L, LDL-C by −0.28 mmol/L and finally HDL-C by −0.09 mmol/L to 
the intervention group compared to the control group (p < 0.001). However, there 
were no effects on triglyceride levels [43].

In other recent study recruited 131 participants with obesity or overweight and 
hypertension, divided into two groups, one who followed the DASH diet and one 
comparison control group. A follow-up was carried out for 3  months to see the 
effect of this dietary pattern on blood pressure, cholesterol levels, weight, BMI 
among others.

After this time of intervention, a reduction was observed for the intervention 
group of body weight, waist and hip volume, an improvement in body composition, 
decrease in glucose, insulin and leptin values, compared to the control group. 
However, the main differences and the decrease in values   were observed in body 
weight −4.09 kg for the intervention group and +0.65 kg in the control group. And, 
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the values   of systolic blood pressure −4.63 mm Hg for the group with DASH diet 
and a reduction of −0.84 mm Hg for the control group. And the values   of diastolic 
blood pressure −2.64 mm Hg intervention group and +1.74 mm Hg control group 
[33]. These results are similar to the study by Kawamura et  al. [29], in which a 
Japanese population is selected and a clinical trial is conducted to assess the effect 
of the modified DASH diet (DASH-JUMP), for local tastes, introducing soups on a 
daily basis, more Fish and local dishes, compared to a control group. It was a clini-
cal trial with 60 participants, aged between 35 and 70 years and with high blood 
pressure levels.

After 2  months of intervention, a reduction in biochemical parameters was 
observed, as well as an improvement in the body mass index, fasting glucose levels, 
insulin levels and systolic and diastolic blood pressure.

 DASH Foods and Example of a DASH Daily Menu

Foods included in the DASH Diet

Seasonal fruits and vegetables
Poultry meat and fresh fish
Eggs
Low-fat dairy products
Nuts
Whole grains
Vegetable oil

Foods not included in the DASH Diet

High-sugar drinks
Ultra-processed foods and fast food
Trans fat
Fat meals, high-fat dairy
Pre-packaged foods and refined grains
Palm and coconut oil

DASH Menu
• 1°) Spinach salad. Ingredients: Spinach, chickpeas, natural and raw almonds 

onion, tomato, extra virgin olive oil, lemon, pepper and salt.
• 2°) Chicken and veggie brochette. Ingredients: Chicken breast, green and red 

pepper, sweet onion, mushrooms, cherry tomatoes.
• 3°) Yogurt. Ingredients: Yogurt with strawberry jam.
• Drink: natural water.
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 Vegetarian Diet

 Vegetarian Diet and Its Components

The vegetarian diet is a dietary pattern based on the consumption of vegetable foods 
and the decrease of total or partial animal food. The International Vegetarian Union 
defines vegetarianism as “a diet of foods derived from plants, with or without dairy 
products, eggs and/or honey” [23]. Currently, there are several variants depending 
on which food is consumed:

• Ovo-Lacto Vegetarian: diet where people include plant food plus eggs and milk 
products. Common in the West.

• Lacto-Vegetarian: diet where people include plant foods and milk products. 
Common in India.

• Vegan: excludes any use of animal products for any purpose, including animal 
flesh (meat, poultry, fish and seafood), animal products (eggs, dairy, honey); the 
wearing and use of animal products (leather, silk, wool, lanolin, gelatin); also 
excludes animal use in entertainment, sport, research etc.

The vegetarian diet includes seasonal fruits and vegetables, cereals and legumes, 
nuts, seeds, eggs, dairy products and honey. On the other hand, it excludes products 
such as meat, fish, shellfish and their derivatives from food. Nor would insects, gela-
tins or animal rennet or animal fats be included [59]. The term vegan could include 
more of a lifestyle, while the term vegetarian only refers to a dietary pattern.

It is important to mention that the fact of eating a vegetarian or vegan diet does 
not imply that it is healthy. In this section, an analysis of healthy vegetarian diet will 
be elaborated, the one that has shown a beneficial effect for health in general and for 
the protection of cardiovascular diseases.

Healthy vegetarian food includes five different servings of fresh fruits and veg-
etables a day are recommended, such as oranges, bananas, apples, pears, courgettes, 
aubergines, leeks, etc. On the other hand, whole grains and high fiber versions with 
less fat, salt and added sugar, such as potatoes, whole meal bread, pasta and brown 
rice, are chosen as the main source of carbohydrates. Protein foods are mainly 
beans, peas, chickpeas, lentils, eggs and tofu. Dairy products can also be part of the 
vegetarian diet, always trying to eat the low-fat and low-sugar version. Vegetable 
drinks, such as soy drinks, rice, almonds … are also consumed.

Special attention should be paid to these products, as it is not uncommon to find 
them with a high content of sugar and low content of nutrients. The fats in this diet 
are mainly oils and margarines in small quantities. As a drink, a daily intake of 6–8 
glasses of water is recommended. If water is not consumed, low-sugar drinks, low- 
fat dairy products, and unsweetened tea and coffee are preferred. As for sauces, 
artificial condiments, snacks, industrial sweets, ice cream and cookies, their con-
sumption is left for special occasions and occasional consumption.

In recent years, there has been a high interest about this dietary pattern and its 
possible risks, since by radically eliminating some food groups could also be 
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eliminating essential nutrients from the diet. This can lead to an appearance of 
vitamin deficiencies and minerals, with its corresponding impact on health. 
However, in a vegetarian diet, with dairy and egg consumption, the only nutrient at 
risk of deficit, and therefore necessary to supplement, would be vitamin B12. 
According to the EFSA [17] the recommended daily intake of cobalamin is 4 
micrograms/day for people over 15 years of age, being higher in pregnant women 
and lactating mothers.

To be able to reach these recommendations through vegetarian food, it is needed 
to consume more than 6 eggs a day or more than 4 glasses of milk in the same day. 
Therefore, the supplementation of this vitamin would be justified.

Another recommendation is related to the quality of fats and omega-3 fatty acids, 
present in high fat fish. The omega-3 fatty acids or their precursors, can be found 
easily in the plant world, a correct consumption of nuts, seaweed, or flax seed would 
ensure the contribution of this nutrient. It is important to mention that the seeds 
must be crushed or consumed in their crushed form so that the nutrients inside them 
can be absorbed, otherwise, they would be excreted from the organism in the same 
way they were consumed.

According to the Vegetarian Society to ensure a complete and safe diet based on 
foods of plant origin is necessary to pay special attention to the following nutrients: 
vitamin B12, omega-3 fatty acids, calcium, iron, vitamin D, iodine, zinc and the 
total protein intake. In the vitamin D case, it is of great importance to sun exposure, 
and control vitamin D levels.

 Scientific Evidence

One of the first experimental studies conducted to test the utility of the vegetarian 
diet in order to prevent cardiovascular risk factors, was the study published in 
1983 by Rouse et al. [46]. In it, 59 healthy subjects, aged between 25 and 63 years 
and with an omnivorous diet, were randomized to receive a control diet, or an 
experimental diet. The experimental diet consisted mainly of an ovolactovegetar-
ian diet. After 14 weeks of intervention, the study showed evidence in the results 
that saw an improvement in the systolic and diastolic blood pressure figures in 
normotensive subjects who took an ovolactovegetarian diet regarding to the con-
trol diet.

In a more recent study [40], a vegetable-based diet was evaluated in order to 
reduce body weight and cardiovascular risk factors. 291 adult subjects with a BMI 
of ≥25 kg/m2 were randomized and assigned a low-fat vegan diet or a control diet 
for 18 weeks. After the follow-up there was a significant difference between groups 
in total cholesterol levels −8.5 mg/dL (−13.1 to −3.8), LDL-Cholesterol −7.2 mg/
dL (−11.4 to −3.2) y peso corporal −2.8 kg (−3.8 to −1.8). However, no favourable 
results were found for the vegan diet group for diastolic, systolic and triglyceride 
blood pressure values. These results are similar to the findings of Najjar et al. [42], 
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where for 4 weeks, 31 adults followed a diet rich in vegetables, seeds, raw fruits and 
avocado. All foods of animal origin were excluded. A reduction of all biochemical 
parameters mentioned above was observed in addition to blood pressure and triglyc-
eride values.

When the diet is based on whole foods of vegetable origin, similar results are 
obtained for values   of body weight and total cholesterol [63]. Several cohort stud-
ies have also showed a lower prevalence of cardiovascular disease and the presence 
of risk factors with a vegetarian diet [24, 34, 52]. A curious fact is that the follow-
up of an alimentary diet pattern based on a Mediterranean diet, taking preference 
for foods derived from vegetables and fruits, has beneficial effects for health, 
among others reduces mortality from all causes in high risk individuals cardiovas-
cular [36].

Finally, the effectiveness of the vegetative or pro-vegetarian diet is also reflected 
when it comes to a vegan food pattern. Some studies show the effectiveness of this 
diet based on 100% plant-based foods for diseases such as type 2 diabetes or even 
to lose weight.

In a study by Barnard et al. [7], 99 adult individuals with type 2 diabetes mellitus 
were randomized to receive a low-fat vegan diet or a diet based on the Standards of 
Medical Care in Diabetes recommendations [53]. After 22 weeks of intervention, 
both groups showed significant improvements, however, the differences were 
greater in the group that followed the vegan diet, for the values   of fasting plasma 
glucose, body weight and HbA1c. The metabolic improvement of type 2 diabetes is 
due to a stimulation of incretin secretion and insulin thanks to the vegan diet [27]. 
Similar findings were found for the values   of insulin resistance markers and fat mass 
with the vegan diet in overweight patients [26].

 Vegetarian Diet Foods and Example of a Vegetarian Daily Menu

Foods included in the Vegetarian Diet

Dry fruits and seeds
Seasonal fruits and vegetables
Whole grains and cereals
Eggs, dairy products and honey (optional)
Seed oil

Foods not included in the Vegetarian Diet

Fish and fish products
Meat and meat products
Insects and seafood
Animal gelatine
Fat from animals
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Vegetarian Menu
• 1°) Hummus with carrot. Ingredients: Chickpeas, tahini, sesame, carrots, 

lemon, garlic and salt.
• 2°) Tomato salad. Ingredients: fresh red tomatoes, avocado, red onion, cucum-

ber, green olives, asparagus, extra virgin olive oil and salt.
• 3°) Roasted apple with walnuts. Ingredients: Yellow apple, walnuts and 

cinnamon.
• Drink: natural water.

 Okinawa Diet

 History of the Okinawa Diet

The Okinawa archipelago is located at the southern tip of Japan. It is a series of 
islands located between the East China Sea and the Pacific Ocean. These islands 
have become famous throughout history for being the region that includes the world 
record number of people with more than 100 years per capita.

The Okinawa diet began to gain more interest when the Japanese Ministry 
designed and subsidized a study called the Okinawa Centenarian Study in 1975, 
which followed more than 600 centenarians of the island. Into the main results, a 
life expectancy far superior to the rest of the countries of the world was observed. 
This study was carried out for more than 25 years and brought to light that the inci-
dence of cancer, cardiovascular disease and cerebrovascular disease was lower in 
this region. In addition, not only quantitative data but the quality of life in these 
population was higher. However, despite this dietary pattern, the new generations no 
longer have the same life expectancy, due to the new incorporation of fast food 
establishments and foods rich in low quality fats that have invaded the island.

 Okinawa Diet and Its Components

As any nutritional pattern, it includes some variables more than diet. The Okinawa 
archipelago has a more relaxed lifestyle, devoid of stress, a peaceful climate, special 
care for the members of society, especially the elderly, a social community life and 
even great weight to emphasis the physical activity and meditation. The care of the 
quality of mental, physical and social life make this lifestyle pattern different from 
others, and very similar to the priorities of the Mediterranean lifestyle.

In Japanese culture, and more specifically in the islands of Okinawa, there is a 
term on which life revolves around: “ikigai”, that term is defined by them as “the 
reason to get up every morning”. Although it seems to get out of the eating pattern, 
it could be important to emphasize that they have a constant search for the meaning 
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of life, and the culture of the place favours this search. In fact, some authors have 
suggested that the success of this society in terms of longevity is concerned, not 
only in food, but in the search for “ikigai”, in introspection and self-knowledge of 
everyone to be able to self-fulfil in life.

Therefore, key points in this pattern:

• Varied and balanced diet
• Minimum quantities of food
• Physical activity, including meditation
• High quality of social life
• Search of the “ikigai”

The Okinawa diet is mainly characterized by being a pro-vegetarian dietary pat-
tern, where fruits and vegetables predominate and a little of each group of food is 
consumed, and in small quantities. It is a follow-up of guidelines where 80% of the 
foods are of vegetable origin, seasonal vegetables and fruits, whole grains, algae, 
soybeans in various forms, low consumption of meat (mostly pork), eggs, high-fat 
fish and a low consumption of dairy products. In this important dietary pattern are 
the characteristics of the products consumed as the hours and the caloric distribution 
throughout the day. The main caloric intake is done in the morning, that is, breakfast 
and lunch, leaving lighter meals for the snack and dinner. The adepts to this diet try 
to end the lunch with a sensation of fullness of 80%, leaving them the 20 min rele-
vant to reach the point of satiety. Predominantly a high consumption of natural and 
little processed foods, seasonality and little addition of salt and sugar to the dishes. 
In addition, the consumption of alcohol is minimal, the main drink is water and 
green tea.

It treats of a feeding where the low caloric density and the high density of nutri-
ents are prioritized. It is a diet high in antioxidants, present in foods such as green 
tea, turmeric, ginger, fruits and varied vegetables. In high quality fatty acids, 
omega-3 from fish and algae and minerals, also present in seaweed, shellfish 
and seeds.

The distribution of the food pyramid is very similar to that of the Mediterranean 
Diet. Vegetables and fruits followed by whole grains and legumes. On the next step 
foods such as seaweed, oils, sauces and condiments. Next, high-fat fish rich in 
omega-3. Finally, meats and eggs would be located, followed by the top, where the 
sweets and processed cakes are.

 Scientific Evidence

Unlike the dietary patterns cited above, most of the scientific studies that have 
been conducted around the Okinawa diet have been related to providing a plausi-
ble explanation for the high longevity of its population. Some studies have focused 
on analysing the genetic component of part of the population [61]. After the first 
findings of the Okinawa Centenarian Study, some of the principal investigators of 
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the study carried out several analyses where they found a cumulative survival 
advantage for centennial siblings of the study of 5.43 times compared to the 
female sisters, with a probability of 2.58 times. Within this same study, genetic 
research was carried out, showing a higher prevalence of anti-inflammatory 
alleles, as well as a lower prevalence of proinflammatory alleles in centenarians of 
the cohort [54].

However, these values   are not found in Japanese from the island of Okinawa 
who have migrated to Brazil. In this population, mortality from cardiovascular dis-
ease was higher and they had a shorter life expectancy compared to their counter-
parts living in Japan. Therefore, the results suggest that the cardiovascular risk 
factors related to the state of health of the inhabitants of the island of Okinawa are 
related to lifestyle, mainly with diet, than with the genetic component of individu-
als [41].

 Okinawa Diet Foods and Example of an Okinawa Daily Menu

Foods included in the Okinawa Diet

Fresh fish
Seasonal fruits and vegetables
Legumes (mostly soybean) and algae
Eggs
Green tea
Herbs and ginger
Sweet potato

Foods not included in the Okinawa Diet

High-sugar food
Ultra-processed foods and fast food
Red meat
Dairy products
Moderate alcohol consumption
Pre-packaged foods and refined grains
Snacks and chips

Okinawa Menu
• 1°) Whole rise salad with mushrooms. Ingredients: Whole rise, mushrooms, 

green pepper, onion and garlic.
• 2°) Salmon with eggs. Ingredients: Fresh salmon, eggs, mix of vegetables, rape-

seed oil and salt.
• 3°) Fruit. Ingredients: Seasonal fruit.
• Drink: natural water or green tea.
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 Other Dietary Patterns

Alternatively, there are other minority dietary patterns. The Ketogenic diet is based 
on the high reduction of carbohydrates, with the intention of induce the body into a 
ketosis state. Almost 90% of the total energy is represented by lipids and proteins 
and, this diet is a very restrictive, where long-term follow-up is not advised. 
Nevertheless, it has demonstrated a positive impact for type 2 diabetes manage-
ment, since blood glucose and haemoglobin levels were reduced and regulated. This 
diet has been experimented on refractory epileptic patients with positive results. 
However, there is no conclusive, long-term evidence that considers this dietary pat-
tern as a reducer of cardiovascular risk factors.

Other alternative diets like the Dukan and Atkins diet focuses on weight loss 
within a short period of time. The treatment contains different phases in which car-
bohydrates are eliminated immediately, and low-carbohydrates vegetables are con-
sumed, nuts and high proteins food (egg, meat, fish). The last phase consists of a 
weight maintenance through a balance diet. This diet should not be practiced over a 
long period of time, since evidence has shown that it could negatively affect kidney 
and liver function.

High caloric restriction diets (VLCD) are implemented for patients who have a 
high BMI (> 30 m2/kg) and is usually practiced as a last resort. Caloric consumption 
in this diet is usually no higher than 800–1000 kcal/day. Food intake is generally in 
the form of shakes, energy bars and soups. It is usually recommended for patients 
under constant medical supervision. The duration should not be longer than 
12 weeks. It is a diet whose benefit is immediate and closely related to weight loss. 
For example, this diet is used before or after a surgical intervention that requires 
significant weight loss. Therefore, it has no preventive effect at the cardiovascular 
level beyond that reported by weight loss and the short-term effects they present.

 Conclusions

After an intensive analysis of the main nutritional patterns and their relationship 
with cardiovascular risk factors, one of the conclusions that the reader could inter-
pret is that a varied diet with a pro-vegetarian tendency, low processed and seasonal 
food intake, and moderate food quantity might significantly improve cardiovascular 
diseases, as well as the quality of life.

Nowadays, society is saturated in information, influenced by everyday television 
advertisement and trends in social networks. These stimuli play a factor in the food 
choices we make. Despite breakthrough moments for nutrition-related scientific 
evidence, this information does not reach the general population. The rates of over-
weight and obesity demonstrate this problem. In conclusion to this chapter, it would 
be worthwhile to delve deeper into how to put this theory into practice and how to 
move from scientific evidence to clinical and social practice, without intermediaries 
that dissipate the message.
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 Introduction

Cardiovascular disease (CVD) remains the primary cause of mortality in the world, 
in particular, coronary heart disease (CHD) [1, 2]. Unhealthy dietary habits are 
closely linked to obesity and dyslipidemia [3]. Dyslipidemia management, one of 
the key modifiable cardiometabolic risk factors, and especially high low-density 
cholesterol (LDL-C), can be achieved by certain changes in the macronutrient com-
position of the diet [4]. Dietary habits significantly differ between regions and coun-
tries, and reducing the unhealthfulness of diets may, consequently, reduce the 
increased incidence and prevalence of CVD [5]. In addition, physical activity, 
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avoidance of alcohol abuse and smoking cessation may also improve dyslipidemia 
and decrease CVD risk [4].

Nutraceuticals are specific nutrients that can be used for the prevention and/or 
treatment of certain diseases and can be consumed as part of a conventional food or 
as a dietary supplement. Overall, they represent an alternative option to treat dys-
lipidemia in combination with statins or as a monotherapy in case of statin-intoler-
ance [6, 7]. The commonly used nutraceuticals for the management of dyslipidemia 
and CVD risk are red yeast rice, phytosterols and fish oil, while other nutraceuticals 
include bergamot and chitosan [8]. Very recently a number of certain dietary pat-
terns (DPs) which promote adherence and implementation of healthy habits, such 
as the Mediterranean Diet (MedDiet) [9], the dietary approaches to stop hyperten-
sion (DASH) [10], the Portfolio diet [11], the Vegetarian [12], the Nordic diet [13] 
and low-carbohydrate diets [14] have been evaluated including their usefulness in 
managing dyslipidemia, different cardiometabolic risk factors and CVD risk [15].

In this chapter we discuss recent data on the effects of nutraceuticals on different 
cardiometabolic risk factors and CVD risk. In addition, we briefly summarize avail-
able data about application of the Mediterranean Diet (MedDiet) in improving car-
diovascular (CV) health, including the international guideline which support this 
dietary intervention.

 Nutraceuticals That Improve Lipids and Other 
Cardiometabolic Parameters

 Red Yeast Rice

Monascus purpureus is a mold that ferments rice to produce Red Yeast Rice (RYR), 
which contains molecules that inhibit hepatic cholesterol synthesis and 70–83% of 
these molecules actually are monacolin K, identical to the statin lovastatin and inhib-
its 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase, the rate- limiting 
enzyme in cholesterol biosynthesis and even more bioavailable than pure lovastatin 
[16]. Monacolin K, at doses of 3–10 mg/day, reduces LDL-C up to 20–25% [17].

The results from a randomized controlled trial (RCT) performed on 5000 subjects 
with previous coronary events, including myocardial infarction (China Coronary 
Secondary Prevention Study), showed an average reduction in LDL-C levels of 
about 20% after use of RYR extracts (xuezhikang) with 2.5–3.2 mg of monacolin. 
This reduction in LDL-C was associated with significant reductions in fatal and non-
fatal coronary events, stroke, and all-cause mortality (−31%, −44%, and −32%, 
respectively) [18]. The dose of 10 mg/day has been suggested with medical supervi-
sion [19]. The combination of monacolin K with statins should be avoided [19], 
while its co-administration with medicines containing clarithromycin, erythromycin, 
itraconazole, ketoconazole, telithromycin, HIV protease inhibitors, cyclosporine, 
nefazodone, in addition to grapefruit juice (≥ 0.2 L/day) is contraindicated.
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One meta-analysis confirmed the safety and efficacy of RYR to treat dyslipid-
emia and CVD risk in statin intolerant subjects [20], while some clinical data 
showed a reduction in the estimated CVD (eCVD) risk after a short-term supple-
mentation with a combined nutraceutical containing RYR (10  mg), phytosterols 
(800 mg), and L-tyrosol (5 mg) [21]. It is highlighted that there was also a decrease 
in systolic blood pressure (SBP) (−5.6%, p  <  0.05 vs baseline and placebo), 
improvement in endothelial reactivity (−13.2%, p < 0.001 vs baseline), favorable 
changes in total cholesterol (TC) and LDL-C (−16.3% vs 9.9%, and −23.4% vs 
−13.2%, respectively, p  <  0.001 for both), and hepatic steatosis index (−2.8%, 
p < 0.01 vs −1.8%, p < 0.05). Moreover, ALT (alanine aminotransferase −27.7%, 
p < 0.001), AST (aspartate aminotransferase −13.8%, p = 0.004), and serum uric 
acid (−12.3%, p = 0.005) were reduced by this nutraceutical compound [21].

 Phytosterols and Stanols

Phytosterols in a dose-dependent way inhibit intestinal absorption of both dietary 
and biliary sources of cholesterol. A significant cholesterol-lowering effect was 
seen after intakes of more than 1.5 g of phytosterols per day, reducing LDL-C by 
about 9–10% [22], while in subjects with type 2 diabetes mellitus (T2DM) both 
LDL-C and trglyceride (TG) levels decreased significantly [23]. In addition, phytos-
terols exert anti-inflammatory actions and may improve endothelial function [24, 
25]. However, subjects treated with phytosterols should consume higher amounts of 
vegetables and fruits containing such nutrients [24]. Their use is recommended in 
subjects with dyslipidemia at low and high CVD risk (in combination with statins), 
but also in subjects with familial hypercholesterolemia [26]. However, further trials 
are needed to show if the reductions in lipids (LDL-C and TG) induced by phytos-
terols may lead to an improvement in CVD risk [27, 28]. Two meta-analyses by 
Genser et  al. [27] involving 11182 participants and Silbernagel et  al. [28] were 
performed based on the results from observational studies, however, data from 
RCTs are scarce and predominantly assess the reduction in the eCVD risk after 
supplementation with phytosterols [29, 30].

 Marine-Derived Omega-3 Fatty Acids

Fish oil is rich in the omega-3 polyunsaturated fatty acids eicosapentaenoic acid 
(EPA) and docosahexaenoic acid (DHA) with a recommended daily dose 2–4 g. The 
TG-lowering effect of fish oil supplements, especially in patients with hypertriglyc-
eridemia, has been shown by several meta-analyses [31–34], accompanied by small, 
reductions in LDL-C levels, with the exception krill oil [35]. Interestingly, DHA has 
been shown to be more efficient in lowering TG levels than EPA; DHA and EPA 
also increase HDL-C and apolipoprotein (apo) AI concentrations, increase the 
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number of large LDL and HDL particles, and decrease very low-density lipoprotein 
cholesterol (VLDL-C) [32, 36]. DHA may also have a more favorable effect on 
endothelial function than EPA [37], inflammation [38], as well as blood pressure 
(BP) [39], though this is controversial. EPA has been shown to improve pulse wave 
velocity (PWV) [40].

It has been shown that the combination of DHA/EPA reduces TG but does not 
reduce risk for CV events [41, 42]. The Reduction of Cardiovascular Events with 
Icosapent Ethyl–Intervention Trial (REDUCE-IT) trial [43] using 4.0 g of purified 
EPA (Icosapent ethyl) in addition to statin therapy demonstrated significant incre-
mental reductions in myocardial infarction, ischemic stroke, need for revasculariza-
tion, sudden death, as well as CV mortality compared to statin monotherapy among 
patients with established atherosclerotic cardiovascular disease (ASCVD) or dia-
betic patients with multiple major CVD risk factors. Two recent meta-analyses 
failed to demonstrate CV benefit [44, 45] when using DHA/EPA combination 
therapies.

Fish oil supplements improve other CV risk factors such as body weight (by 
5.6 +/− 0.8 kg [46]) and BP (DHA reduced SBP −5.8 ± 2.1 mm Hg, p = 0.022 and 
diastolic BP (DBP) −3.3 ± 1.3 mm Hg, p = 0.029 [39]), but also reduce adipose tis-
sue mass [47], especially when combined with lifestyle modification interventions 
[48]. However, a large meta-analysis [34] did not demonstrate a reduction in total 
mortality, cardiac mortality or cardiac events. However, in terms of mortality and 
admission to hospital for CV reasons a significant protective effect on heart failure 
was observed [49], and some analyses found a significantly reduced risk of cardiac 
death and all-cause mortality in high-risk groups consuming fish oil supplements 
(recommended daily dose 2–4 g) [50].

A beneficial role of n-3 PUFA in CVD prevention has been suggested [51] and 
also the other nutrients included in this food (proteins, vitamins, minerals, etc.) may 
play a role [52]. A previous meta-analysis [53] indicates an inverse association 
between fish intake and coronary heart disease (CHD) risk [relative risk (RR) 0.79; 
95% confidence interval (CI): 0.70–0.89]. Similar findings were found by Del 
Gobbo et al. [54]. Fish consumption may be associated with a reduction in ischemic 
stroke (IS) risk [55]. In addition, in 2018 the American Heart Association (AHA) 
has included new recommendations to consume fish with n-3 PUFA twice weekly, 
with benefits in the secondary prevention of heart failure (HF), IS and cardiac death 
risk, in addition to the secondary prevention of CHD [56]. By contrary, they do not 
include specific advice in relation to fish and n-3 PUFA intake for the primary pre-
vention of CVD and atrial fibrillation due to the lack of beneficial effects in these 
endpoints. Thus, future, long-term RCTs are needed to confirm these possible ben-
efits of fish consumption.

 Soluble Fiber: The Case for Beta-Glucan

Beta-glucan can be found in larger quantities in barley and oats as well as in some 
supplements and functional foods, and in small amounts in grains, cereals, and cer-
tain mushrooms [19]. One meta-analysis reported that beta-glucan (at a daily dose 
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of 3.5 g) reduces LDL-C, non-HDL-C and apo B [57]. Moreover, glucomannan, 
plantago/psyllium, and chitosan are also effective in lipid management [58]. At 
doses ranging between 1.24 and 15.1 g/d glucomannan significantly reduces LDL-C 
and TG (by −0.41 mmol/L and −0.13 mmol/L, respectively, p < 0.05 for both) as 
shown by one meta-analysis [59] including 14 RCTs (n = 531 subjects). These find-
ings have been confirmed by another meta-analysis [60] where intake of 3 g gluco-
mannan/day resulted in reductions in LDL- and non-HDL-C cholesterol of 10% and 
7%, respectively. An average intake of psyllium of 10 g/day resulted in an average 
reduction of LDL-C of 7% as observed in a meta-analysis [61], while LDL-C 
reduced by 0.278 mmol/L (95% CI: 0.213–0.312 mmol/L) compared to placebo. 
Regarding chitosan, a non-fiber lipid-lowering agent isolated from shellfish and sea 
crustaceans, a recent meta-analysis including 14 RCTs [62] demonstrated that chi-
tosan supplementation (mean dosage 2  g/day) leads to significant weight loss 
(−1.01 kg, 95% CI: −1.67 to −0.34), improves the plasma lipid profile (LDL-C 
−0.83 mmol/L, 95% CI: −1.64 to −0.01; TG −1.06 mmol/L (95% CI: −1.67 to 
−0.45)) and decreases SBP and DBP: −2.68 mm Hg (95% CI: −4.19 to −1.18) and 
−2.14 mm Hg (95% CI: −4.14 to −0.14), respectively) compared to placebo.

 Berberine

Berberine, an alkaloid found in and extracted from the root of Berberis aristata and 
other congeners, exerts LDL-C lowering effects (in the range 10–20%), decreases 
plasma TG (the standardized mean difference (SMD) = −0.50 mmol/L; 95% CI: 
−0.69 to −0.31), and increases HDL-C concentrations (SMD = 0.05 mmol/L; 95% 
CI: 0.02–0.09) [63]. A safe limit for daily intake for berberine is about 500–1500 mg 
[64], however, it has mainly been studied in Asian populations and in the Western 
world is under investigation (often found in products containing also RYR) [24]. In 
addition, its possible anti-atherosclerotic effects were observed in animal models 
[19, 65] and are associated with an increased growth of specific bacterial taxa 
Akkermansia in the gut and consequently modulation of gut microbiota. A recent 
randomized, double-blind, placebo-controlled, single-center pilot study [66], 
showed that supplementation with A. muciniphila bacteria improves several meta-
bolic parameters, including TC (−8.68 ± 2.38%, p = 0.02). Currently there is a high 
scientific interest in the possible development of effective dietary interventions able 
to reduce cardiometabolic risk markers by modulating the gut microbiome [67].

 Soy Protein and Dietary Oils

Soy, lupin and its products contain isoflavones, lecithin, and proteins that promote 
the expression of LDL receptors. A consumption of high amounts of soy protein 
(25 g/day) was not associated with very high reduction (4–6%) in plasma TC and 
LDL-C and is mostly seen in persons with high basal cholesterol concentrations 
[19]. Interestingly, when animal proteins were replaced with soybeans, reductions 
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in LDL-C, non-HDL-C and apo B levels were observed [68]. Although one meta- 
analysis including 10 RCTs did not report significant effects of soy isoflavones on 
plasma lipoprotein(a) (Lp(a)) concentrations [69], another meta-analysis including 
5 prospective cohort and 6 case-control studies with a total of 4954 participants, has 
shown an inverse relationship between soy protein intake and CHD and IS risk only 
in case control studies [70]. Similarly, Nagata et al. [71] found in a cohort of 29079 
subjects that total soy protein and soy isoflavone intake was significantly associated 
with IS mortality but not with total CVD mortality. Also, epidemiological studies 
explored the association between soy protein intake and CVD risk [72].

Polyphenols, namely flavonoids such as quercetin and those contained in berga-
mot extracts (that might competitively inhibit 3-hydroxy-3-methyl-glutaryl-CoA 
(HMG-CoA) reductase), have been studied in subjects with dyslipidemia and meta-
bolic syndrome (MetS) [73], showing not only beneficial effects on the lipid profile 
(TC decreased form 6.6 +/− 0.4 to 5.8 +/− 1.1 mmol/l, p < 0.0001; LDL-C from 
4.6  +/−  0.2 to 3.7  +/−  1.0  mmol/l, p  <  0.0001 and TG from 1.8  +/−  0.6 to 
1.5  +/−  0.9  mmol/l, p  =  0.002, while HDL-C increased from 1.3  +/−  0.2 to 
1.4 +/− 0.4 mmol/l, p < 0.0007), but also favorable changes in LDL-C quality, a 
shift toward larger and more buoyant LDL particles (LDL-1 particles increased 
from 41.2 +/− 0.2 to 49.6 +/− 0.2%, p < 0.0001, while small, dense LDL-3, -4, and 
5 particles decreased from 14.5 +/− 0.1 to 9.0 +/− 0.1% p < 0.0001; 3.2 +/− 0.1 to 
1.5 +/− 0.1% p = 0.0053; 0.3 +/− 0.0% to 0.1 +/− 0.0% p = 0.0133, respectively) 
[74], that further may be associated with decreased CV risk.

Dietary oils rich in MUFA (e.g. olive and canola oils) and PUFA (e.g. sunflower 
and soy oils) may beneficially affect dyslipidemia and CVD risk. Olive oil has a 
high nutritional quality due to its components such as polyphenols, and only extra 
virgin olive oil (EVOO) is known by its health benefits [75]: reduces LDL-C [76], 
but also lipoprotein oxidation and inflammation [77]. One meta-analysis has shown 
that a high intake of MUFA from EVOO was associated with a decrease in CVD 
events (by 9%), IS (by 17%), and CVD mortality (by 12%) and all-cause death (by 
11%), when compared with a low MUFA intake [78].

 Vitamin D

A large meta-analysis of 41 RCTs including 3434 participants evaluated the effect 
of vitamin D supplementation on lipids [79], showing a beneficial effect on serum 
TC (SMD = −0.17 (−0.28 to −0.06)), LDL-C (SMD = −0.12 (−0.23 to −0.01)); 
and TG (SMD = −0.12 (−0.25 to 0.01)), but not on HDL-C. In addition, there is 
growing evidence that vitamin D deficiency significantly increases the risk of a CV 
event, while a sufficient or optimum vitamin D status is protective [80]. Furthermore, 
it should be mentioned that changes in vitamin D status may confound some statin 
studies finding CV risk reduction [81]. Dinca et al. wanted to clarify the role of 
vitamin D supplementation on adipokines through a systematic review and meta- 
analysis of 9 RCTs [82]. There was no significant change in plasma concentrations 
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of adiponectin and leptin after vitamin D supplementation. In meta-regression, 
changes in plasma leptin and adiponectin concentrations following vitamin D sup-
plementation were found to be independent of the duration of treatment. Nimitphong 
et al. investigated the effects of vitamin D supplementation for 3 months on anthro-
pometric measurements [83]. Forty-seven subjects with impaired fasting glucose 
(IFG) and/or impaired glucose tolerance (IGT) were randomized into three groups: 
control (n = 18), vitamin D2 (20,000 IU weekly, n = 19) or vitamin D3 (15,000 IU 
weekly, n = 10). After 3 months, waist circumference had significantly decreased in 
subjects in the vitamin D supplementation group. Body weight (BW), body mass 
index (BMI), SBP, and the homeostasis model assessment index insulin resistance 
(HOMA-IR) also decreased, but not significantly. However, subjects with an 
increase of total 25(OH)D levels  >  10  ng/ml (23 of 29 subjects) had significant 
reductions in HOMA-IR and an increase in disposition index [83].

 Coenzyme Q10

CoQ10 is the only lipid-soluble antioxidant that slows lipid peroxidation in the cir-
culation, plays a crucial role in oxidative phosphorylation (i.e. ATP biosynthesis), 
and stabilises Ca-dependent channels, cell signalling and cell growth by regulating 
levels of cytosolic redox intermediates (e.g., nicotinamide adenine dinucleotide 
phosphate (NADPH)) [84]. Its deficiency may play an etiologic role in the develop-
ment and progression of HF [85].

It has been shown that supplementation with CoQ10 beneficialy impacts hyper-
cholesterolemia and hypertriglyceridemia. A combination of CoQ10 with astaxan-
thin, RYR, berberina, policosanol, and folic acid decreased TC (−26.15  mg/dL, 
p < 0.001), LDL-C (−23.85 mg/dL, p < 0.001), TG (−13.83 mg/dL, p < 0.001), 
increased HDL-C (2.53 mg/dL, p < 0.001) levels [86] and also an inverse associa-
tion was observed between administered CoQ10 dose and Lp(a) lowering (slope: 
0.04; 95% CI: 0.01, 0.07; p = 0.004) [87]. In addition, its health benefits against 
CVD are provided by lowering lipid peroxidation of LDL particles [84, 88]. In sub-
jects with HF who used coenzyme Q10, a lower mortality and a higher exercise 
capacity improvement were found compared with the placebo- treated subjects with 
HF [89]. However, no significant differences in the left heart ejection fraction and 
NYHA classification were observed. Yet, the combination of aged garlic extract and 
CoQ10 was independently associated with significant beneficial changes in vascular 
elasticity and endothelial function, highlighting the important role of this combina-
tion in atherosclerosis prevention [90]. Furthermore, the data from one meta-analy-
sis indicate that CoQ10 should be considered as a prophylactic treatment for 
preventing complications in subjects undergoing cardiac surgery with cardiopulmo-
nary bypass [91]. However, future RCTs are needed to clarify the roles of CoQ10 in 
the prevention and management of CVD.
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 Τurmeric and Curcumin

Turmeric (Curcuma longa), a yellow pigment, is a traditional Indian spice, used 
frequently as a food additive in Southeast Asia, improving color and flavor of food 
preparations, but also is used worldwide in cosmetics, dyes, and medicines [92]. 
Curcumin (diferuloylmethane) is an active component of turmeric. A large meta- 
analysis has shown a cardioprotective effect associated with reduced LDL-C 
(SMD = −0.340, 95% CI: −0.530 to −0.150, p < 0.0001) and TG (SMD = −0.214, 
95% CI: −0.369 to −0.059, p = 0.007) levels in subjects who received turmeric and 
curcumin compared to those who did not receive this supplement [93]. Also in sub-
jects with the MetS and higher CVD risk, the efficacy of turmeric and curcumin on 
serum TC levels (−0.934, 95% CI: −1.289 to −0.579, p < 0.0001) has been reported 
[93] and such effect in TC lowering may be greater by turmeric extract 
(SMD = −0.584, 95% CI: −0.980 to −0.188, p = 0.004). However, these findings 
need to be confirmed by future studies and it remains premature to recommend the 
use of these compounds in clinical practice. The supplementation with curcumi-
noids (1000 mg/day) plus piperine as an absorption enhancer (10 mg/day) or pla-
cebo, showed a reduction in atherogenic lipid indices including non-HDL-C 
(−23.42 +/− 25.13 versus −16.84 +/− 41.42, respectively; p = 0.014) and Lp(a) 
(−1.50 +/− 1.61 versus −0.34 +/− 1.73, respectively; p = 0.001) in T2DM subjects 
[94]. Furthermore, the curcumin effects in CVD through its anti- hypercholesterolemic 
and anti-atherosclerotic effects as well as its protective properties against cardiac 
ischemia and reperfusion have been suggested [95]. Di Pierro et al. in a randomized, 
controlled study evaluated the tolerability and the efficacy of curcumin in over-
weight subjects with the MetS, with a focus on impaired glucose intolerance and 
android-type fat accumulation [96]. Forty-four subjects, selected among those who 
after 30 days of diet and intervention lifestyle had a weight loss <2%, were treated 
for 30 days with either daily treatment of a curcumin-based product or pure phos-
phatidylserine. Curcumin administration increased weight loss from 1.88% to 
4.91%, enhanced percentage reduction of body fat (from 0.70% to 8.43%), increased 
waistline reduction (from 2.36% to 4.14%), improved hip circumference reduction 
from 0.74% to 2.51%, and enhanced reduction of BMI (from 2.10% to 6.43%) 
(p < 0.01 for all comparisons) [96]. In addition, a natural supplement (Kepar) con-
taining curcuma longa, silymarin, guggul, chlorogenic acid, and inulin, at a dose of 
2 pills/day for 4 months, significantly reduced TC (from 4.8 ± 1.4 to 4.5 ± 1.0 mmol/l, 
p = 0.03) as well as evaluated anthropometric parameters in subjects with the MetS 
[97]: significant reductions in BW (from 81.1 ± 13.5 to 79.4 ± 12.5 kg, p < 0.0001), 
BMI (from 29.6 (23.7) to 29.3 (21.9) kg/m2, p = 0.001), and waist circumference 
(from 105 ± 11 to 102 ± 10 cm, p = 0.0004), as well as in fasting glucose (from 6.5 
(11.7) to 6.4 (7.6) mmol/l, p = 0.014), while no significant changes were found in 
investigated markers of oxidative stress.
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 Green Tea

The major components of green tea, one of the most popular beverages worldwide, 
are polyphenols, including catechins (about 30% of its dry weight), alkaloids, and 
polysaccharide [98, 99]. Supplementation with green tea extract is associated with 
an improved lipid profile: reduced TC (from 5.4 ± 1.0 mmol to 5.0 ± 0.9 mmol; 
p = 0.009), LDL-C (from 3.5 ± 1.0 mmol to 3.1 ± 0.9 mmol; p = 0.011) and TG 
(from 1.4 ± 0.6 mmol to 1.1 ± 0.5 mmol; p = 0.004), while HDL-C increased (from 
1.2 ± 0.2 mmol to 1.4 ± 0.3 mmol; p < 0.001) [100]. A recent animal study [101] 
showed that a basal diet plus 10 g/kg green tea powder increased lipoprotein lipase 
expression in the liver after 8–12 weeks feeding (a basal diet plus 10 g/kg green tea 
powder) when compared to the control group (p  <  0.05) [101]; apo B, TG, TC 
(p < 0.01, respectively), and LDL (p < 0.05) decreased after 8 weeks feeding, while 
after 12 weeks HDL, apo A, and very high-density lipoprotein (VHDL) increased 
(p < 0.01, respectively). Increased HDL and apo A was observed also in Portuguese 
adults to whom 1 liter of green tea per day was given for 4 weeks [102].

Green tea is a natural source of antioxidants in the form of catechins, particularly 
epigallocatechin gallate (EGCG) [103]. Flavonoids of this group inhibit the expres-
sion of inducible NO synthase that potentiates inflammation, platelet aggregation, 
and oxidative stress [104]. Experimentally drinking or eating green tea significantly 
reduces both body fat and body weight (BW) [100]. Obese hypertensive patients 
were treated for 3 months with extracts of green tea. The study group experienced a 
decrease in anthropometric parameters (BW from 73.2 to 71.9 kg, p < 0.001; BMI 
from 27.4 to 26.9 kg/m2, p < 0.001, and waist circumference from 95.8 to 91.5 cm, 
p < 0.001) [105].

 Resveratrol

Resveratrol (3,5,4′-trihydroxy-trans-stilbene) is a natural polyphenolic compound 
in grapes, nuts, fruits, and vegetables [106], that has been approved as a dietary 
supplement by the Food and Drug Administration (FDA) because of its multiple 
functions and low cytotoxicity. Resveratrol has health promoting functions such as 
anti-inflammatory, antioxidant, and anti-tumor activity, as well as cardioprotective 
effects [107].

One recent meta-analysis [108] showed that resveratrol supplementation (up to 
3000 mg/day) in subjects with the MetS significantly reduced TC, while in subjects 
with dyslipidemia resveratrol supplementation (100  mg/day) also significantly 
reduces TC (201.4 +/− 34.4 versus 220.6 +/− 37.4, p = 0.04) and TG triglycerides 
(133.4 +/− 55.3 versus 166.7 +/− 68.5, p = 0.04) compared with placebo [109]. A 
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systematic review has shown that resveratrol does not consistently improve BMI or 
BW, fat mass, fat volume, or abdominal fat distribution. Instead this polyphenol has 
been shown to have a significant positive effect (p < 0.05) on inflammatory markers 
[110]. However, dietary supplementation with an extract from black chokeberry 
(Aronia melanocarpa) fruit, that is a condensed source of polyphenols (714 mg/g) 
represents a promising supplementary therapeutic option in both prevention and 
treatment of the MetS, as well as its complications [111, 112].

 Artichoke (Cynara scolymus, Cynara cardunculus)

Artichoke leaf extract (ALE) has potential hypolipidemic as well as hepatoprotec-
tive effects that can be attributed to its antioxidant action and the main compounds 
include: mono- and dicaffeoylquinic acid (chlorogenic acid and cynarin), caffeic 
acid (1%), volatile sesquiterpene, and flavonoids (1% which include the glycosides 
luteolin-7-beta-rutinoside (scolymoside), luteolin-7- beta-D-glucoside, and 
luteolin- 4-beta-D-glucoside) [58]. A recent randomized, double-blind, placebo- 
controlled study [113], using a natural supplement containing chlorogenic acid and 
luteolin for 6-months, demonstrated a significant improvement in lipid profiles (TC 
−19.59  mg/dl (95% CI: −23.71, −15.47), TG −35.14  mg/dl (95% CI: −44.83, 
−25.45) and LDL-C −24.79 mg/dl (−95% CI: 31.43, −18,16), p < 0.001 for all) as 
well as other investigated cardio-metabolic parameters including BW (−2.40% 
(95% CI: −3.79, −1.01); p < 0.001), waist circumference (−2.76% (95% CI: −4.55, 
−0.96); p = 0.003), HbA1c (−0.95% (95% CI: −1.22, −0.67); p < 0.001), hepatic 
transaminases, flow-mediated dilation (10.56% (95% CI: 5.00, 16.12); p < 0.001), 
and carotid intima-media thickness (−39.48% (95% CI: −47.98, −30.97); 
p < 0.001). Importantly, the improvements in these cardiometabolic variables were 
independent of the degree of hepatic steatosis [113]. These findings are in accor-
dance with the most recent meta-analysis of 9 RCTs including 702 participants 
[114]. A hepatoprotective effect observed after ALE supplementation suggests pos-
sible benefit in statin-intolerant patients with elevated alanine transaminase levels. 
However, long-term safety studies are needed to confirm such findings.

 Legumes

Legumes are mainly composed of complex carbohydrates, as well as proteins, fiber, 
and some micronutrients that may affect lipids and CVD risk. The consumption of 
a large amount of legumes is associated with a significant decrease in TC (by 7.2%), 
LDL-C (by 6.2%) and TG (by 16.6%) as it has been shown by some studies [115] 
and confirmed in a meta-analysis performed by Bazzano et  al. [116]. Moreover, 
legume consumption (4 weekly 100 g servings) has been associated with a 14% 
CHD risk reduction [117]. Furthermore, it has been reported that a high daily intake 
of whole grains is associated with the decreased risk of CHD (by 12%), IS (by 19%) 

R. Chianetta et al.



77

and total CVD (by 22%), as well as reduced all-cause death (by 15%), and T2DM 
(by 26%) risk [118]. Chen et al. [119] have obtained similar findings with a risk 
reduction of total mortality (by 12%), CVD mortality (by 30%) and CHD mortality 
(by 32%).

 Nutraceuticals and Blood Pressure

Pomegranate has been widely used as a folk medicine in many cultures [120]. The 
content of soluble polyphenols in pomegranate juice (PJ) varies within the limits of 
0.2–1.0%, and they include tannins, ellagic tannins, anthocyanins, catechins, as well 
as gallic and ellagic acids [121]. The consumption of PJ reduces BP, and in hyper-
tensive patients affects the activity of angiotensin-converting enzyme (ACE) [122]. 
Aviram et al. [123] noted a 36% decrease in serum ACE activity and a 5% reduction 
in SBP. PJ has also been shown to beneficially impact oxidative stress [123].

When measured over 8 weeks of treatment, as mentioned above, green tea also 
lowers SBP (from 126.2 mm Hg to 118.6 mm Hg; p < 0.05) [100]. In another study 
in obese persons, green tea reduced BP (SBP from 145 ± 10 mm Hg to 141 ± 8 mm 
Hg, p = 0.004; DBP from 88 ± 4 mm Hg to 84 ± 3 mm Hg, p < 0.01), serum insulin 
levels, and improved the lipid profile (p < 0.05) [124].

The pro-health properties of garlic (Allium sativum), including the prevention of 
atherosclerosis, are due to its chemical composition [125, 126]. High levels of alli-
cin and sulfur reduced blood pressure [127]. Data from clinical studies indicate that 
garlic powder is an antihypertensive agent in patients with hypertension and reduces 
both SBP (aged garlic extract Δ: −2.59 ± 1.91 vs. placebo, Δ: −1.72 ± 1.60) and 
DBP (aged garlic extract Δ: −1.07 ± 1.32 vs. placebo, Δ: −0.31 ± 1.17)  [128]. The 
above results demonstrate that garlic as a food supplement may be useful in the 
treatment of the MetS [129]. EPA and DHA also impact SBP and DBP in hyperten-
sive patients. It has been suggested that the hypotensive properties of omega-3 fatty 
acids are associated with angiotensin II antagonism and increased production of NO 
[130, 131].

 Nutraceuticals, Cardiovascular Risk and Prevention: Current 
Knowledge and Future Prospective

Nutraceuticals may be used to improve health, support the structure or function of 
the body, delay the aging process, prevent chronic diseases and increase life expec-
tancy and consequently have received considerable scientific interest due to potential 
nutritional, safety and therapeutic effects [132]. Numerous preclinical and clinical 
studies indicate that cardioprotection and lifespan extension is possible through a 
nutritional, dietary and exercise approach or their combination. However, both ran-
domized trials and observational studies with concrete CVD endpoints are needed. 
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In addition, the lack of pharmacokinetic and pharmacodynamic studies represents 
one of the biggest limitations to nutraceutical use in cardiometabolic prevention.

The MedDiet is the most recommended DP to reduce CVD risk in different pop-
ulations by some scientific societies. It is well-known that the MedDiet can improve 
glycemic control, dyslipidemia, chronic inflammation, oxidative stress and endo-
thelial dysfunction [133], resulting in reduced CVD risk, especially in “high risk” 
subjects [134], with favorable effects also on obesity and high BP [135], and even 
may prevent CVD [136]. Liyanage et al. [137] showed that the MedDiet was associ-
ated with a significant decrease in CVD (by 31%) and IS risk (by 34%). Similar 
results were found in two meta-analyses [138, 139], reporting an inverse association 
between MedDiet and CHD or IS risk. Finally, the Primary Prevention of 
Cardiovascular Disease with a Mediterranean Diet (PREDIMED) trial [140] pro-
vided additional important evidence on the role of the MedDiet in CVD prevention, 
further supporting the existing positive data. This multicenter clinical trial included 
7447 subjects at high CVD risk but without established CVD at baseline. Such links 
between the MedDiet and CVD risk should be further investigated and there are 
currently 2 ongoing clinical trials, PREDIMED-PLUS (ISRCTN89898870) and the 
CORonary Diet Intervention With Olive Oil and Cardiovascular PREVention trial 
(CORDIOPREV; NCT00924937). It should be emphasized that the European 
Society of cardiology/European Atherosclerosis Society (ESC/EAS) guidelines 
acknowledge that the MedDiet may reduce CVD risk and contribute to CVD pre-
vention [141]. Similarly, the Canadian Cardiovascular Society (CCS) recommends 
the implementation of the MedDiet to lower CVD risk [142], while the American 
Diabetes Association guidelines suggest adherence to the MedDiet to prevent the 
development of T2DM [143].

The benefits of DPs may differ between individuals and age, gender, genetics, 
BMI and health status have been suggested to be crucial predictors in the response 
to lifestyle changes, and specifically to diet. In this context, the research in nutrige-
netics has shown that nutritional advice could be tailored to the individual’s genetic 
background [144, 145]. Future research from long-term dietary interventions and 
nutrigenetics could provide new data and an effective health tool to improve cardio-
metabolic risk factors, and consequently not only treat, but also prevent CVD. Thus, 
further research in the field of nutraceuticals is very important and may allow us to 
prevent the development of chronic diseases, such as CVD, with an adequate risk- 
benefit balance in comparison to pharmacological therapies [15]. Clinicians should 
adapt their advice regarding the most appropriate DP for each individual.

Overall, a healthy lifestyle is critical to prevent and/or delay the onset of MetS as 
well as to prevent CVD and T2DM in those with MetS. In this context, the recom-
mendations that should help both subjects and clinicians in understanding and 
implement of the most effective lifestyle approaches in order to improve cardio- 
metabolic health have recently been presented in detail [146].
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 Conclusions

Through the consumption of nutraceuticals, functional foods as soluble fiber and 
soy protein could be included in the diet. These foods may exert beneficial effects 
not only on lipid metabolism, but also overall CVD risk. Consequently, nutraceuti-
cals and functional foods might be indeed used for the prevention or delaying, but 
also management, as adjunct therapy, of CVD along with modified lifestyle patterns 
and drugs of standard care. However, further research in this field is required to 
provide unequivocal evidence.

References

 1. Hartley A, Marshall DC, Salciccioli JD, Sikkel MB, Maruthappu M, Shalhoub J. Trends in 
mortality from ischemic heart disease and cerebrovascular disease in Europe: 1980 to 2009. 
Circulation. 2016;133:1916–26.

 2. Cardiovascular disease in Europe 2016: an epidemiological update. Eur Heart 
J. 2016;37:3182–3.

 3. Siri-Tarino PW, Krauss RM.  Diet, lipids, and cardiovascular disease. Curr Opin Lipidol. 
2016;27:323–8.

 4. Authors/Task Force M, Catapano AL, Graham I, De Backer G, Wiklund O, Chapman MJ, 
et al. 2016 ESC/EAS guidelines for the management of dyslipidaemias: the task force for the 
management of dyslipidaemias of the European Society of Cardiology (ESC) and European 
Atherosclerosis Society (EAS) developed with the special contribution of the European 
Association for Cardiovascular Prevention & Rehabilitation (EACPR). Atherosclerosis. 
2016;253:281–344.

 5. Imamura F, Micha R, Khatibzadeh S, Fahimi S, Shi P, Powles J, et al. Dietary quality among 
men and women in 187 countries in 1990 and 2010: a systematic assessment. Lancet Glob 
Health. 2015;3:e132–42.

 6. Cicero AFG, Colletti A, Bajraktari G, Descamps O, Djuric DM, Ezhov M, et al. Lipid low-
ering nutraceuticals in clinical practice: position paper from an International Lipid Expert 
Panel. Arch Med Sci. 2017;13:965–1005.

 7. Banach M, Patti AM, Giglio RV, Cicero AFG, Atanasov AG, Bajraktari G, et al. The role of 
nutraceuticals in statin intolerant patients. J Am Coll Cardiol. 2018;72:96–118.

 8. Toth PP, Patti AM, Giglio RV, Nikolic D, Castellino G, Rizzo M, et  al. Management 
of statin intolerance in 2018: still more questions than answers. Am J Cardiovasc Drugs. 
2018;18:157–73.

 9. Willett WC, Sacks F, Trichopoulou A, Drescher G, Ferro-Luzzi A, Helsing E, et  al. 
Mediterranean diet pyramid: a cultural model for healthy eating. Am J Clin Nutr. 
1995;61:1402S–6S.

 10. Appel LJ, Champagne CM, Harsha DW, Cooper LS, Obarzanek E, Elmer PJ, et al. Effects 
of comprehensive lifestyle modification on blood pressure control: main results of the 
PREMIER clinical trial. JAMA. 2003;289:2083–93.

 11. Jenkins DJ, Jones PJ, Lamarche B, Kendall CW, Faulkner D, Cermakova L, et al. Effect of a 
dietary portfolio of cholesterol-lowering foods given at 2 levels of intensity of dietary advice 
on serum lipids in hyperlipidemia: a randomized controlled trial. JAMA. 2011;306:831–9.

5 Nutraceuticals and Cardiovascular Disease



80

 12. Expert Panel on Detection E, Treatment of High Blood Cholesterol in A. Executive summary 
of the third report of the National Cholesterol Education Program (NCEP) expert panel on 
detection, evaluation, and treatment of high blood cholesterol in adults (adult treatment panel 
III). JAMA. 2001;285:2486–97.

 13. Nordisk Råd and Nordisk Ministerråd, 2005. Nordic Nutrition Recommendations NNR 
2004: integrating nutrition and physical activity. Nordic Council of Ministers.

 14. Oh R, Gilani B, Uppaluri KR. Low carbohydrate diet. StatPearls, Treasure Island; 2020.
 15. Gomez-Delgado F, Katsiki N, Lopez-Miranda J, Perez-Martinez P. Dietary habits, lipopro-

tein metabolism and cardiovascular disease: from individual foods to dietary patterns. Crit 
Rev Food Sci Nutr. 2020;2020:1–19.

 16. Chen CH, Yang JC, Uang YS, Lin CJ. Improved dissolution rate and oral bioavailability of 
lovastatin in red yeast rice products. Int J Pharm. 2013;444:18–24.

 17. Li Y, Jiang L, Jia Z, Xin W, Yang S, Yang Q, et al. A meta-analysis of red yeast rice: an effec-
tive and relatively safe alternative approach for dyslipidemia. PLoS One. 2014;9:e98611.

 18. Ye P, Lu ZL, Du BM, Chen Z, Wu YF, Yu XH, et al. Effect of xuezhikang on cardiovascular 
events and mortality in elderly patients with a history of myocardial infarction: a subgroup 
analysis of elderly subjects from the China Coronary Secondary Prevention Study. J Am 
Geriatr Soc. 2007;55:1015–22.

 19. Poli A, Visioli F. Pharmacology of nutraceuticals with lipid lowering properties. High Blood 
Press Cardiovasc Prev. 2019;26:113–8.

 20. Gerards MC, Terlou RJ, Yu H, Koks CH, Gerdes VE.  Traditional Chinese lipid-lowering 
agent red yeast rice results in significant LDL reduction but safety is uncertain – a systematic 
review and meta-analysis. Atherosclerosis. 2015;240:415–23.

 21. Cicero AFG, Fogacci F, Bove M, Veronesi M, Rizzo M, Giovannini M, et  al. Short-term 
effects of a combined nutraceutical on lipid level, fatty liver biomarkers, hemodynamic 
parameters, and estimated cardiovascular disease risk: a double-blind, placebo-controlled 
randomized clinical trial. Adv Ther. 2017;34:1966–75.

 22. Ras RT, Geleijnse JM, Trautwein EA. LDL-cholesterol-lowering effect of plant sterols and 
stanols across different dose ranges: a meta-analysis of randomised controlled studies. Br J 
Nutr. 2014;112:214–9.

 23. Trautwein EA, Koppenol WP, de Jong A, Hiemstra H, Vermeer MA, Noakes M, et al. Plant 
sterols lower LDL-cholesterol and triglycerides in dyslipidemic individuals with or at risk 
of developing type 2 diabetes; a randomized, double-blind, placebo-controlled study. Nutr 
Diabetes. 2018;8:30.

 24. Poli A, Barbagallo CM, Cicero AFG, Corsini A, Manzato E, Trimarco B, et al. Nutraceuticals 
and functional foods for the control of plasma cholesterol levels. An intersociety position 
paper. Pharmacol Res. 2018;134:51–60.

 25. Rocha VZ, Ras RT, Gagliardi AC, Mangili LC, Trautwein EA, Santos RD. Effects of phytos-
terols on markers of inflammation: a systematic review and meta-analysis. Atherosclerosis. 
2016;248:76–83.

 26. Gylling H, Plat J, Turley S, Ginsberg HN, Ellegard L, Jessup W, et  al. Plant sterols and 
plant stanols in the management of dyslipidaemia and prevention of cardiovascular disease. 
Atherosclerosis. 2014;232:346–60.

 27. Genser B, Silbernagel G, De Backer G, Bruckert E, Carmena R, Chapman MJ, et al. Plant 
sterols and cardiovascular disease: a systematic review and meta-analysis. Eur Heart 
J. 2012;33:444–51.

 28. Silbernagel G, Genser B, Nestel P, Marz W.  Plant sterols and atherosclerosis. Curr Opin 
Lipidol. 2013;24:12–7.

 29. Banuls C, Martinez-Triguero ML, Lopez-Ruiz A, Morillas C, Lacomba R, Victor VM, et al. 
Evaluation of cardiovascular risk and oxidative stress parameters in hypercholesterolemic 
subjects on a standard healthy diet including low-fat milk enriched with plant sterols. J Nutr 
Biochem. 2010;21:881–6.

R. Chianetta et al.



81

 30. Granado-Lorencio F, Lagarda MJ, Garcia-Lopez FJ, Sanchez-Siles LM, Blanco-Navarro I, 
Alegria A, et al. Effect of beta-cryptoxanthin plus phytosterols on cardiovascular risk and 
bone turnover markers in post-menopausal women: a randomized crossover trial. Nutr Metab 
Cardiovasc Dis. 2014;24:1090–6.

 31. Eslick GD, Howe PR, Smith C, Priest R, Bensoussan A. Benefits of fish oil supplementation 
in hyperlipidemia: a systematic review and meta-analysis. Int J Cardiol. 2009;136:4–16.

 32. Hartweg J, Farmer AJ, Perera R, Holman RR, Neil HA. Meta-analysis of the effects of n-3 
polyunsaturated fatty acids on lipoproteins and other emerging lipid cardiovascular risk 
markers in patients with type 2 diabetes. Diabetologia. 2007;50:1593–602.

 33. Wei MY, Jacobson TA.  Effects of eicosapentaenoic acid versus docosahexaenoic acid on 
serum lipids: a systematic review and meta-analysis. Curr Atheroscler Rep. 2011;13:474–83.

 34. Hooper L, Thompson RL, Harrison RA, Summerbell CD, Moore H, Worthington HV, 
et al. Omega 3 fatty acids for prevention and treatment of cardiovascular disease. Cochrane 
Database Syst Rev. 2004;4:CD003177.

 35. Berge K, Musa-Veloso K, Harwood M, Hoem N, Burri L. Krill oil supplementation lowers 
serum triglycerides without increasing low-density lipoprotein cholesterol in adults with bor-
derline high or high triglyceride levels. Nutr Res. 2014;34:126–33.

 36. Nikolic D, Katsiki N, Montalto G, Isenovic ER, Mikhailidis DP, Rizzo M. Lipoprotein sub-
fractions in metabolic syndrome and obesity: clinical significance and therapeutic approaches. 
Nutrients. 2013;5:928–48.

 37. Mori TA, Watts GF, Burke V, Hilme E, Puddey IB, Beilin LJ. Differential effects of eicosa-
pentaenoic acid and docosahexaenoic acid on vascular reactivity of the forearm microcircula-
tion in hyperlipidemic, overweight men. Circulation. 2000;102:1264–9.

 38. Kelley DS, Siegel D, Fedor DM, Adkins Y, Mackey BE. DHA supplementation decreases 
serum C-reactive protein and other markers of inflammation in hypertriglyceridemic men. J 
Nutr. 2009;139:495–501.

 39. Mori TA, Bao DQ, Burke V, Puddey IB, Beilin LJ. Docosahexaenoic acid but not eicosa-
pentaenoic acid lowers ambulatory blood pressure and heart rate in humans. Hypertension. 
1999;34:253–60.

 40. Satoh N, Shimatsu A, Kotani K, Himeno A, Majima T, Yamada K, et al. Highly purified eicos-
apentaenoic acid reduces cardio-ankle vascular index in association with decreased serum 
amyloid A-LDL in metabolic syndrome. Hypertens Res. 2009;32:1004–8.

 41. Alexander DD, Miller PE, Van Elswyk ME, Kuratko CN, Bylsma LC. A meta-analysis of 
randomized controlled trials and prospective cohort studies of eicosapentaenoic and docosa-
hexaenoic long-chain omega-3 fatty acids and coronary heart disease risk. Mayo Clin Proc. 
2017;92:15–29.

 42. Kromhout D, Giltay EJ, Geleijnse JM. Alpha omega trial G. n-3 fatty acids and cardiovascu-
lar events after myocardial infarction. N Engl J Med. 2010;363:2015–26.

 43. Bhatt DL, Steg PG, Miller M. Cardiovascular risk reduction with icosapent ethyl. reply. N 
Engl J Med. 2019;380:1678.

 44. Manson JE, Cook NR, Lee IM, Christen W, Bassuk SS, Mora S, et al. Marine n-3 fatty acids 
and prevention of cardiovascular disease and cancer. N Engl J Med. 2019;380:23–32.

 45. Abdelhamid AS, Brown TJ, Brainard JS, Biswas P, Thorpe GC, Moore HJ, et al. Omega-3 
fatty acids for the primary and secondary prevention of cardiovascular disease. Cochrane 
Database Syst Rev. 2018;11:CD003177.

 46. Mori TA, Bao DQ, Burke V, Puddey IB, Watts GF, Beilin LJ. Dietary fish as a major compo-
nent of a weight-loss diet: effect on serum lipids, glucose, and insulin metabolism in over-
weight hypertensive subjects. Am J Clin Nutr. 1999;70:817–25.

 47. Poudyal H, Panchal SK, Diwan V, Brown L. Omega-3 fatty acids and metabolic syndrome: 
effects and emerging mechanisms of action. Prog Lipid Res. 2011;50:372–87.

 48. Du S, Jin J, Fang W, Su Q. Does fish oil have an anti-obesity effect in overweight/obese 
adults? A meta-analysis of randomized controlled trials. PLoS One. 2015;10:e0142652.

5 Nutraceuticals and Cardiovascular Disease



82

 49. Tavazzi L, Maggioni AP, Marchioli R, Barlera S, Franzosi MG, Latini R, et al. Effect of n-3 
polyunsaturated fatty acids in patients with chronic heart failure (the GISSI-HF trial): a ran-
domised, double-blind, placebo-controlled trial. Lancet. 2008;372:1223–30.

 50. Hunter PM, Hegele RA. Functional foods and dietary supplements for the management of 
dyslipidaemia. Nat Rev Endocrinol. 2017;13:278–88.

 51. Abdelhamid AS, Martin N, Bridges C, Brainard JS, Wang X, Brown TJ, et al. Polyunsaturated 
fatty acids for the primary and secondary prevention of cardiovascular disease. Cochrane 
Database Syst Rev. 2018;7:CD012345.

 52. Torris C, Smastuen MC, Molin M. Nutrients in fish and possible associations with cardiovas-
cular disease risk factors in metabolic syndrome. Nutrients. 2018;10(7):952.

 53. Leung Yinko SS, Stark KD, Thanassoulis G, Pilote L. Fish consumption and acute coronary 
syndrome: a meta-analysis. Am J Med. 2014;127:848–57 e2.

 54. Del Gobbo LC, Imamura F, Aslibekyan S, Marklund M, Virtanen JK, Wennberg M, et al. 
Omega-3 polyunsaturated fatty acid biomarkers and coronary heart disease: pooling project 
of 19 cohort studies. JAMA Intern Med. 2016;176:1155–66.

 55. Xun P, Qin B, Song Y, Nakamura Y, Kurth T, Yaemsiri S, et al. Fish consumption and risk of 
stroke and its subtypes: accumulative evidence from a meta-analysis of prospective cohort 
studies. Eur J Clin Nutr. 2012;66:1199–207.

 56. Rimm EB, Appel LJ, Chiuve SE, Djousse L, Engler MB, Kris-Etherton PM, et al. Seafood 
long-chain n-3 polyunsaturated fatty acids and cardiovascular disease: a science advisory 
from the American Heart Association. Circulation. 2018;138:e35–47.

 57. Ho HV, Sievenpiper JL, Zurbau A, Blanco Mejia S, Jovanovski E, Au-Yeung F, et al. The 
effect of oat beta-glucan on LDL-cholesterol, non-HDL-cholesterol and apoB for CVD risk 
reduction: a systematic review and meta-analysis of randomised-controlled trials. Br J Nutr. 
2016;116:1369–82.

 58. Cicero AFG, Colletti A, Bajraktari G, Descamps O, Djuric DM, Ezhov M, et  al. Lipid- 
lowering nutraceuticals in clinical practice: position paper from an International Lipid Expert 
Panel. Nutr Rev. 2017;75:731–67.

 59. Sood N, Baker WL, Coleman CI. Effect of glucomannan on plasma lipid and glucose concen-
trations, body weight, and blood pressure: systematic review and meta-analysis. Am J Clin 
Nutr. 2008;88:1167–75.

 60. Ho HVT, Jovanovski E, Zurbau A, Blanco Mejia S, Sievenpiper JL, Au-Yeung F, et al. A 
systematic review and meta-analysis of randomized controlled trials of the effect of konjac 
glucomannan, a viscous soluble fiber, on LDL cholesterol and the new lipid targets non-HDL 
cholesterol and apolipoprotein B. Am J Clin Nutr. 2017;105:1239–47.

 61. Wei ZH, Wang H, Chen XY, Wang BS, Rong ZX, Wang BS, et al. Time- and dose-dependent 
effect of psyllium on serum lipids in mild-to-moderate hypercholesterolemia: a meta-analysis 
of controlled clinical trials. Eur J Clin Nutr. 2009;63:821–7.

 62. Moraru C, Mincea MM, Frandes M, Timar B, Ostafe V. A meta-analysis on randomised con-
trolled clinical trials evaluating the effect of the dietary supplement chitosan on weight loss, 
lipid parameters and blood pressure. Medicina (Kaunas). 2018;54(6):109.

 63. Dong H, Zhao Y, Zhao L, Lu F. The effects of berberine on blood lipids: a systemic review 
and meta-analysis of randomized controlled trials. Planta Med. 2013;79:437–46.

 64. Caliceti C, Franco P, Spinozzi S, Roda A, Cicero AF. Berberine: new insights from pharma-
cological aspects to clinical evidences in the management of metabolic disorders. Curr Med 
Chem. 2016;23:1460–76.

 65. Zhu L, Zhang D, Zhu H, Zhu J, Weng S, Dong L, et  al. Berberine treatment increases 
Akkermansia in the gut and improves high-fat diet-induced atherosclerosis in Apoe(−/−) 
mice. Atherosclerosis. 2018;268:117–26.

 66. Depommier C, Everard A, Druart C, Plovier H, Van Hul M, Vieira-Silva S, et  al. 
Supplementation with Akkermansia muciniphila in overweight and obese human volunteers: 
a proof-of-concept exploratory study. Nat Med. 2019;25:1096–103.

R. Chianetta et al.



83

 67. Marungruang N, Tovar J, Bjorck I, Hallenius FF. Improvement in cardiometabolic risk mark-
ers following a multifunctional diet is associated with gut microbial taxa in healthy over-
weight and obese subjects. Eur J Nutr. 2018;57:2927–36.

 68. van Nielen M, Feskens EJ, Rietman A, Siebelink E, Mensink M. Partly replacing meat pro-
tein with soy protein alters insulin resistance and blood lipids in postmenopausal women with 
abdominal obesity. J Nutr. 2014;144:1423–9.

 69. Simental-Mendia LE, Gotto AM Jr, Atkin SL, Banach M, Pirro M, Sahebkar A. Effect of soy 
isoflavone supplementation on plasma lipoprotein(a) concentrations: a meta-analysis. J Clin 
Lipidol. 2018;12:16–24.

 70. Lou D, Li Y, Yan G, Bu J, Wang H. Soy consumption with risk of coronary heart disease and 
stroke: a meta-analysis of observational studies. Neuroepidemiology. 2016;46:242–52.

 71. Nagata C, Wada K, Tamura T, Konishi K, Goto Y, Koda S, et al. Dietary soy and natto intake 
and cardiovascular disease mortality in Japanese adults: the Takayama study. Am J Clin Nutr. 
2017;105:426–31.

 72. Talaei M, Koh WP, van Dam RM, Yuan JM, Pan A. Dietary soy intake is not associated with 
risk of cardiovascular disease mortality in Singapore Chinese adults. J Nutr. 2014;144:921–8.

 73. Giglio RV, Patti AM, Nikolic D, Li Volti G, Al-Rasadi K, Katsiki N, et al. The effect of ber-
gamot on dyslipidemia. Phytomedicine. 2016;23:1175–81.

 74. Toth PP, Patti AM, Nikolic D, Giglio RV, Castellino G, Biancucci T, et al. Bergamot reduces 
plasma lipids, atherogenic small dense LDL, and subclinical atherosclerosis in subjects with 
moderate hypercholesterolemia: a 6 months prospective study. Front Pharmacol. 2015;6:299.

 75. Flori L, Donnini S, Calderone V, Zinnai A, Taglieri I, Venturi F, et  al. The nutraceutical 
value of olive oil and its bioactive constituents on the cardiovascular system. Focusing on 
main strategies to slow down its quality decay during production and storage. Nutrients. 
2019;11:1962.

 76. Lapointe A, Couillard C, Lemieux S. Effects of dietary factors on oxidation of low-density 
lipoprotein particles. J Nutr Biochem. 2006;17:645–58.

 77. Jimenez-Gomez Y, Lopez-Miranda J, Blanco-Colio LM, Marin C, Perez-Martinez P, Ruano 
J, et  al. Olive oil and walnut breakfasts reduce the postprandial inflammatory response 
in mononuclear cells compared with a butter breakfast in healthy men. Atherosclerosis. 
2009;204:e70–6.

 78. Schwingshackl L, Hoffmann G. Monounsaturated fatty acids, olive oil and health status: a 
systematic review and meta-analysis of cohort studies. Lipids Health Dis. 2014;13:154.

 79. Dibaba DT. Effect of vitamin D supplementation on serum lipid profiles: a systematic review 
and meta-analysis. Nutr Rev. 2019;77:890–902.

 80. Giustina A, Adler RA, Binkley N, Bollerslev J, Bouillon R, Dawson-Hughes B, et  al. 
Consensus statement from 2(nd) international conference on controversies in vitamin D. Rev 
Endocr Metab Disord. 2020;21:89–116.

 81. Ware WR.  The JUPITER lipid lowering trial and vitamin D: is there a connection? 
Dermatoendocrinoloy. 2010;2:50–4.

 82. Dinca M, Serban MC, Sahebkar A, Mikhailidis DP, Toth PP, Martin SS, et al. Does vitamin 
D supplementation alter plasma adipokines concentrations? A systematic review and meta- 
analysis of randomized controlled trials. Pharmacol Res. 2016;107:360–71.

 83. Nimitphong H, Samittarucksa R, Saetung S, Bhirommuang N, Chailurkit LO, 
Ongphiphadhanakul B. The effect of vitamin D supplementation on metabolic phenotypes in 
thais with prediabetes. J Med Assoc Thail. 2015;98:1169–78.

 84. Hernandez-Camacho JD, Bernier M, Lopez-Lluch G, Navas P. Coenzyme Q10 supplementa-
tion in aging and disease. Front Physiol. 2018;9:44.

 85. Cicero AFG, Colletti A, von Haehling S, Vinereanu D, Bielecka-Dabrowa A, Sahebkar A, 
et al. Nutraceutical support in heart failure: a position paper of the International Lipid Expert 
Panel (ILEP). Nutr Res Rev. 2020;16:1–25.

5 Nutraceuticals and Cardiovascular Disease



84

 86. Pirro M, Mannarino MR, Bianconi V, Simental-Mendia LE, Bagaglia F, Mannarino E, et al. 
The effects of a nutraceutical combination on plasma lipids and glucose: a systematic review 
and meta-analysis of randomized controlled trials. Pharmacol Res. 2016;110:76–88.

 87. Sahebkar A, Simental-Mendia LE, Stefanutti C, Pirro M. Supplementation with coenzyme 
Q10 reduces plasma lipoprotein(a) concentrations but not other lipid indices: a systematic 
review and meta-analysis. Pharmacol Res. 2016;105:198–209.

 88. Littarru GP, Tiano L. Bioenergetic and antioxidant properties of coenzyme Q10: recent devel-
opments. Mol Biotechnol. 2007;37:31–7.

 89. Lei L, Liu Y. Efficacy of coenzyme Q10 in patients with cardiac failure: a meta-analysis of 
clinical trials. BMC Cardiovasc Disord. 2017;17:196.

 90. Larijani VN, Ahmadi N, Zeb I, Khan F, Flores F, Budoff M. Beneficial effects of aged garlic 
extract and coenzyme Q10 on vascular elasticity and endothelial function: the FAITH ran-
domized clinical trial. Nutrition. 2013;29:71–5.

 91. de Frutos F, Gea A, Hernandez-Estefania R, Rabago G. Prophylactic treatment with coenzyme 
Q10 in patients undergoing cardiac surgery: could an antioxidant reduce complications? A 
systematic review and meta-analysis. Interact Cardiovasc Thorac Surg. 2015;20:254–9.

 92. Pulido-Moran M, Moreno-Fernandez J, Ramirez-Tortosa C, Ramirez-Tortosa M. Curcumin 
and health. Molecules. 2016;21:264.

 93. Qin S, Huang L, Gong J, Shen S, Huang J, Ren H, et al. Efficacy and safety of turmeric and 
curcumin in lowering blood lipid levels in patients with cardiovascular risk factors: a meta- 
analysis of randomized controlled trials. Nutr J. 2017;16:68.

 94. Panahi Y, Khalili N, Sahebi E, Namazi S, Reiner Z, Majeed M, et al. Curcuminoids modify 
lipid profile in type 2 diabetes mellitus: a randomized controlled trial. Complement Ther 
Med. 2017;33:1–5.

 95. Salehi B, Del Prado-Audelo ML, Cortes H, Leyva-Gomez G, Stojanovic-Radic Z, Singh YD, 
et al. Therapeutic applications of curcumin nanomedicine formulations in cardiovascular dis-
eases. J Clin Med. 2020;9(3):746.

 96. Di Pierro F, Bressan A, Ranaldi D, Rapacioli G, Giacomelli L, Bertuccioli A. Potential role of 
bioavailable curcumin in weight loss and omental adipose tissue decrease: preliminary data 
of a randomized, controlled trial in overweight people with metabolic syndrome. Preliminary 
study. Eur Rev Med Pharmacol Sci. 2015;19:4195–202.

 97. Patti AM, Al-Rasadi K, Katsiki N, Banerjee Y, Nikolic D, Vanella L, et al. Effect of a natural 
supplement containing Curcuma longa, guggul, and chlorogenic acid in patients with meta-
bolic syndrome. Angiology. 2015;66:856–61.

 98. Onakpoya I, Spencer E, Heneghan C, Thompson M. The effect of green tea on blood pressure 
and lipid profile: a systematic review and meta-analysis of randomized clinical trials. Nutr 
Metab Cardiovasc Dis. 2014;24:823–36.

 99. Khalesi S, Sun J, Buys N, Jamshidi A, Nikbakht-Nasrabadi E, Khosravi-Boroujeni H. Green 
tea catechins and blood pressure: a systematic review and meta-analysis of randomised con-
trolled trials. Eur J Nutr. 2014;53:1299–311.

 100. Basu A, Sanchez K, Leyva MJ, Wu M, Betts NM, Aston CE, et al. Green tea supplemen-
tation affects body weight, lipids, and lipid peroxidation in obese subjects with metabolic 
syndrome. J Am Coll Nutr. 2010;29:31–40.

 101. Chen X, He K, Wei C, Yang W, Geng Z. Green tea powder decreased egg weight through 
increased liver lipoprotein lipase and decreased plasma total cholesterol in an indigenous 
chicken breed. Animals (Basel). 2020;10(3):370.

 102. Erba D, Riso P, Bordoni A, Foti P, Biagi PL, Testolin G. Effectiveness of moderate green tea 
consumption on antioxidative status and plasma lipid profile in humans. J Nutr Biochem. 
2005;16:144–9.

 103. Serban C, Sahebkar A, Antal D, Ursoniu S, Banach M. Effects of supplementation with green 
tea catechins on plasma C-reactive protein concentrations: a systematic review and meta- 
analysis of randomized controlled trials. Nutrition. 2015;31:1061–71.

 104. Chacko SM, Thambi PT, Kuttan R, Nishigaki I. Beneficial effects of green tea: a literature 
review. Chin Med. 2010;5:13.

R. Chianetta et al.



85

 105. Mousavi A, Vafa M, Neyestani T, Khamseh M, Hoseini F. The effects of green tea consump-
tion on metabolic and anthropometric indices in patients with Type 2 diabetes. J Res Med Sci. 
2013;18:1080–6.

 106. Giovinazzo G, Ingrosso I, Paradiso A, De Gara L, Santino A.  Resveratrol biosynthesis: 
plant metabolic engineering for nutritional improvement of food. Plant Foods Hum Nutr. 
2012;67:191–9.

 107. Salehi B, Mishra AP, Nigam M, Sener B, Kilic M, Sharifi-Rad M, et al. Resveratrol: a double- 
edged sword in health benefits. Biomedicine. 2018;6(3):91.

 108. Akbari M, Tamtaji OR, Lankarani KB, Tabrizi R, Dadgostar E, Haghighat N, et  al. The 
effects of resveratrol on lipid profiles and liver enzymes in patients with metabolic syndrome 
and related disorders: a systematic review and meta-analysis of randomized controlled trials. 
Lipids Health Dis. 2020;19:25.

 109. Simental-Mendia LE, Guerrero-Romero F.  Effect of resveratrol supplementation on lipid 
profile in subjects with dyslipidemia: a randomized double-blind, placebo-controlled trial. 
Nutrition. 2019;58:7–10.

 110. Christenson J, Whitby SJ, Mellor D, Thomas J, McKune A, Roach PD, et al. The effects of 
resveratrol supplementation in overweight and obese humans: a systematic review of ran-
domized trials. Metab Syndr Relat Disord. 2016;14:323–33.

 111. Jurgonski A, Juskiewicz J, Zdunczyk Z. Ingestion of black chokeberry fruit extract leads to 
intestinal and systemic changes in a rat model of prediabetes and hyperlipidemia. Plant Foods 
Hum Nutr. 2008;63:176–82.

 112. Kowalczyk E, Fijalkowski P, Kura M, Krzesinski P, Blaszczyk J, Kowalski J, et  al. The 
influence of anthocyanins from Aronia melanocarpa on selected parameters of oxidative 
stress and microelements contents in men with hypercholesterolemia. Pol Merkur Lekarski. 
2005;19:651–3.

 113. Castellino G, Nikolic D, Magan-Fernandez A, Malfa GA, Chianetta R, Patti AM, et  al. 
Altilix((R)) supplement containing chlorogenic acid and luteolin improved hepatic and 
cardiometabolic parameters in subjects with metabolic syndrome: a 6 month randomized, 
double-blind, placebo-controlled study. Nutrients. 2019;11:11.

 114. Sahebkar A, Pirro M, Banach M, Mikhailidis DP, Atkin SL, Cicero AFG. Lipid-lowering 
activity of artichoke extracts: a systematic review and meta-analysis. Crit Rev Food Sci Nutr. 
2018;58:2549–56.

 115. Anderson JW, Major AW. Pulses and lipaemia, short- and long-term effect: potential in the 
prevention of cardiovascular disease. Br J Nutr. 2002;88(Suppl 3):S263–71.

 116. Bazzano LA, Thompson AM, Tees MT, Nguyen CH, Winham DM. Non-soy legume con-
sumption lowers cholesterol levels: a meta-analysis of randomized controlled trials. Nutr 
Metab Cardiovasc Dis. 2011;21:94–103.

 117. Afshin A, Micha R, Khatibzadeh S, Mozaffarian D. Consumption of nuts and legumes and 
risk of incident ischemic heart disease, stroke, and diabetes: a systematic review and meta- 
analysis. Am J Clin Nutr. 2014;100:278–88.

 118. Aune D, Keum N, Giovannucci E, Fadnes LT, Boffetta P, Greenwood DC, et al. Whole grain 
consumption and risk of cardiovascular disease, cancer, and all cause and cause  specific 
mortality: systematic review and dose-response meta-analysis of prospective studies. 
BMJ. 2016;353:i2716.

 119. Chen GC, Tong X, Xu JY, Han SF, Wan ZX, Qin JB, et al. Whole-grain intake and total, 
cardiovascular, and cancer mortality: a systematic review and meta-analysis of prospective 
studies. Am J Clin Nutr. 2016;104:164–72.

 120. Langley P. Why a pomegranate? BMJ. 2000;321:1153–4.
 121. Gil MI, Tomas-Barberan FA, Hess-Pierce B, Holcroft DM, Kader AA. Antioxidant activity 

of pomegranate juice and its relationship with phenolic composition and processing. J Agric 
Food Chem. 2000;48:4581–9.

 122. Stowe CB. The effects of pomegranate juice consumption on blood pressure and cardiovas-
cular health. Complement Ther Clin Pract. 2011;17:113–5.

5 Nutraceuticals and Cardiovascular Disease



86

 123. Aviram M, Dornfeld L. Pomegranate juice consumption inhibits serum angiotensin convert-
ing enzyme activity and reduces systolic blood pressure. Atherosclerosis. 2001;158:195–8.

 124. Bogdanski P, Suliburska J, Szulinska M, Stepien M, Pupek-Musialik D, Jablecka A. Green 
tea extract reduces blood pressure, inflammatory biomarkers, and oxidative stress and 
improves parameters associated with insulin resistance in obese, hypertensive patients. Nutr 
Res. 2012;32:421–7.

 125. Mikaili P, Maadirad S, Moloudizargari M, Aghajanshakeri S, Sarahroodi S. Therapeutic uses 
and pharmacological properties of garlic, shallot, and their biologically active compounds. 
Iran J Basic Med Sci. 2013;16:1031–48.

 126. Sahebkar A, Serban C, Ursoniu S, Banach M. Effect of garlic on plasma lipoprotein(a) con-
centrations: a systematic review and meta-analysis of randomized controlled clinical trials. 
Nutrition. 2016;32:33–40.

 127. Ried K, Fakler P. Potential of garlic (Allium sativum) in lowering high blood pressure: mech-
anisms of action and clinical relevance. Integr Blood Press Control. 2014;7:71–82.

 128. Gomez-Arbelaez D, Lahera V, Oubina P, Valero-Munoz M, de Las Heras N, Rodriguez 
Y, et  al. Aged garlic extract improves adiponectin levels in subjects with metabolic syn-
drome: a double-blind, placebo-controlled, randomized, crossover study. Mediat Inflamm. 
2013;2013:285795.

 129. Bayan L, Koulivand PH, Gorji A. Garlic: a review of potential therapeutic effects. Avicenna 
J Phytomed. 2014;4:1–14.

 130. Houston M. The role of nutrition and nutraceutical supplements in the treatment of hyperten-
sion. World J Cardiol. 2014;6:38–66.

 131. Zanetti M, Grillo A, Losurdo P, Panizon E, Mearelli F, Cattin L, et  al. Omega-3 polyun-
saturated fatty acids: structural and functional effects on the vascular wall. Biomed Res Int. 
2015;2015:791978.

 132. Corina A, Abrudan MB, Nikolic D, Ctoi AF, Chianetta R, Castellino G, et  al. Effects of 
aging and diet on cardioprotection and cardiometabolic risk markers. Curr Pharm Des. 
2019;25:3704–14.

 133. Delgado-Lista J, Perez-Martinez P, Garcia-Rios A, Perez-Caballero AI, Perez-Jimenez F, 
Lopez-Miranda J. Mediterranean diet and cardiovascular risk: beyond traditional risk factors. 
Crit Rev Food Sci Nutr. 2016;56:788–801.

 134. Chiva-Blanch G, Badimon L, Estruch R. Latest evidence of the effects of the Mediterranean 
diet in prevention of cardiovascular disease. Curr Atheroscler Rep. 2014;16:446.

 135. Gotsis E, Anagnostis P, Mariolis A, Vlachou A, Katsiki N, Karagiannis A.  Health ben-
efits of the Mediterranean diet: an update of research over the last 5 years. Angiology. 
2015;66:304–18.

 136. Salvia R, D'Amore S, Graziano G, Capobianco C, Sangineto M, Paparella D, et al. Short-term 
benefits of an unrestricted-calorie traditional Mediterranean diet, modified with a reduced 
consumption of carbohydrates at evening, in overweight-obese patients. Int J Food Sci Nutr. 
2017;68:234–48.

 137. Liyanage T, Ninomiya T, Wang A, Neal B, Jun M, Wong MG, et  al. Effects of the 
Mediterranean diet on cardiovascular outcomes  – a systematic review and meta-analysis. 
PLoS One. 2016;11:e0159252.

 138. Rosato V, Temple NJ, La Vecchia C, Castellan G, Tavani A, Guercio V. Mediterranean diet 
and cardiovascular disease: a systematic review and meta-analysis of observational studies. 
Eur J Nutr. 2019;58:173–91.

 139. Grosso G, Marventano S, Yang J, Micek A, Pajak A, Scalfi L, et al. A comprehensive meta- 
analysis on evidence of Mediterranean diet and cardiovascular disease: are individual com-
ponents equal? Crit Rev Food Sci Nutr. 2017;57:3218–32.

 140. Estruch R, Ros E, Salas-Salvado J, Covas MI, Corella D, Aros F, et al. Retraction and repub-
lication: primary prevention of cardiovascular disease with a Mediterranean diet. N Engl J 
Med 2013;368:1279–90. N Engl J Med 2018; 378:2441–2.

R. Chianetta et al.



87

 141. Catapano AL, Reiner Z, De Backer G, Graham I, Taskinen MR, Wiklund O, et al. ESC/EAS 
guidelines for the management of dyslipidaemias The Task Force for the management of dys-
lipidaemias of the European Society of Cardiology (ESC) and the European Atherosclerosis 
Society (EAS). Atherosclerosis. 2011;217:3–46.

 142. Anderson TJ, Gregoire J, Pearson GJ, Barry AR, Couture P, Dawes M, et  al. Canadian 
Cardiovascular Society guidelines for the management of dyslipidemia for the prevention of 
cardiovascular disease in the adult. Can J Cardiol. 2016;32:1263–82.

 143. Chamberlain JJ, Johnson EL, Leal S, Rhinehart AS, Shubrook JH, Peterson L. Cardiovascular 
disease and risk management: review of the American Diabetes Association Standards of 
Medical Care in Diabetes 2018. Ann Intern Med. 2018;168:640–50.

 144. Garcia-Rios A, Perez-Martinez P, Delgado-Lista J, Lopez-Miranda J, Perez-Jimenez 
F. Nutrigenetics of the lipoprotein metabolism. Mol Nutr Food Res. 2012;56:171–83.

 145. Gomez-Delgado F, Alcala-Diaz JF, Garcia-Rios A, Delgado-Lista J, Ortiz-Morales A, 
Rangel-Zuniga O, et al. Polymorphism at the TNF-alpha gene interacts with Mediterranean 
diet to influence triglyceride metabolism and inflammation status in metabolic syndrome 
patients: from the CORDIOPREV clinical trial. Mol Nutr Food Res. 2014;58:1519–27.

 146. Perez-Martinez P, Mikhailidis DP, Athyros VG, Bullo M, Couture P, Covas MI, et al. Lifestyle 
recommendations for the prevention and management of metabolic syndrome: an interna-
tional panel recommendation. Nutr Rev. 2017;75:307–26.

5 Nutraceuticals and Cardiovascular Disease



89© Springer Nature Switzerland AG 2021
A. F.G. Cicero, M. Rizzo (eds.), Nutraceuticals and Cardiovascular Disease, 
Contemporary Cardiology, https://doi.org/10.1007/978-3-030-62632-7_6

Chapter 6
Antihypertensive Nutraceuticals

José René Romano and Nicolas F. Renna

 Introduction

Hypertension is the leading cause of preventable death in the world. The World 
Health Organization estimates that about 40% of people around the world have 
hypertension. These statistics are important because hypertension depends on 
health. The management of the disease and its complications involves the direct 
costs of health systems and substantial losses in productivity as a result of disability 
and premature mortality.

Hypertension is also an important risk factor for stroke, heart failure, coronary 
heart disease, diabetes and kidney disease. Not surprisingly, 55% of the 17 million 
deaths related to cardiovascular disease (CVD) are related to complications derived 
from hypertension.

However, there is hope. Hypertension is one of the most cost-effective and pow-
erful conditions to treat. For example, reducing blood pressure has been linked to a 
35–40% reduction in the risk of stroke and a 20–25% reduction in the risk of myo-
cardial infarction and heart failure.

The costs of pharmacological treatment, are very high, are estimated for example 
in 2011, which in the United States were 156,000 million dollars, a global level of 
ECV is estimated at 906 million dollars in 2015 and is expected to increase in 22% 
by the year 2030.
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The adherence to pharmacological treatment is around 40% then 1 year of treat-
ment. Not less fact is that it also takes into account the economic issue of each 
patient for the cost of medication. In addition, there is the issue of adverse effects 
that adherence to pharmacological treatment is reduced in a not lesser percentage, 
with some adverse effects being more important than others.

In this context, the non-pharmacological treatment, they are very important. The 
non-pharmacological measures are recommended indicated in all hypertensive 
patients, and there are including in all the guidelines of management of hyperten-
sion, including the new guide of European Society of Hypertension [1].

 Clinical and Experimental Evidence in Hypertension

There is a lot medical literature about of the effect of nutraceuticals on cardiovas-
cular disease. Nutraceutical was first defined by DeFelice in 1989 as “a food or 
part of a food that provides medical or health benefits, including the prevention 
and/or treatment of diseases.” To be considered as such they must comply the 
following points: be products of natural origin, isolated and purified by non-
denaturing methods, which provide beneficial effects for health: a) Improvement 
of one or more physiological functions; b) Preventive and/or curative action; c) 
Improvement of the quality of life. In addition, they must provide temporary 
stability and have reproducible studies of their bioactive properties in experimen-
tal animals and in humans, which provide reproducibility, quality, safety and 
efficacy.

The latter property is what we will try in this section. Beyond the known effects 
on blood pressure (BP) of dietary approaches to stop hypertension (DASH) and 
Mediterranean diets, a large number of studies have investigated the possible effect 
of BP reduction of different dietary and nutraceutical supplements. These are anti-
oxidants with high safety and tolerability profile. In particular, the large body of 
evidence supports the use of potassium, L-arginine, vitamin C, flavonoids cocoa, 
beet juice, coenzyme Q10, controlled-release melatonin, different extracts of garlic 
and onion [2].

Oxidative stress, inflammation and autoimmunity vascular system are the main 
pathophysiological mechanisms and functional inducing disease [3–17]. The three 
are closely related. Process begins with endothelial dysfunction, contractile pheno-
type changes in vascular smooth muscle, hypertension and atherosclerosis with sub-
sequent thrombosis.

The imbalance between radical oxygen species (ROS) and antioxidant defense 
mechanisms, such as nitric oxide, contributes to the etiology of hypertension in 
animals [5] and in humans [4, 6]. ROS are generated by multiple cellular sources, 
including NADPH oxidase, mitochondria, xanthine oxidase, NO synthase derived 
from the endothelium, cyclooxygenase and lipoxygenase [6]. In addition, several 
unique nucleotide polymorphisms (SNPs) are found in genes that encode 
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antioxidant enzymes that are directly related to hypertension [17]. These include 
NADPH oxidase, xanthine oxidase, SOD 3 (superoxide dismutase), catalase, GPx 
1 (glutathione peroxidase) and thioredoxin. Numerous epidemiological, observa-
tional and interventional studies have shown an increase in ROS production and a 
reduction in oxidative defense in hypertension in humans [7–9]. ROS directly dam-
age endothelial cells, reduce the bioavailability of NO, modify the metabolism of 
eicosanoids, oxidize chol-LDL, proteins, carbohydrates, DNA and organic mole-
cules, increase catecholamines, modify gene expression and transcription factors.

The link between inflammation and hypertension has been suggested in cross- 
sectional and longitudinal studies [12]. Increases in ultrasensitive CRP (hs-CRP), as 
well as other inflammatory cytokines, occur in hypertension and damage to the tar-
get organ related to hypertension, such as increased carotid intima and media thick-
ness (IMT) [13]. Some authors have also suggested different mechanisms that can 
explain this link, for example, the IL-6 pathway [18] or inflammasomes.

 Nutraceuticals

 Coconut Oil, Olive Oil or Butter

A recent publication shows that from a 1-year, randomized clinical study, none of 
these three components of the diet had significant differences among themselves, on 
blood pressure, weight, central obesity or other cardiovascular risk factors. 50 g 
daily of one of these three natural fat sources, showed significant changes in LDL- 
cholesterol, HDL-coly ratio TC/HDL-chol, for coconut oil. Another relevant study 
is the PREDIMED, a prospective study that managed to reduce cardiovascular 
events by rabbling extra virgin olive oil against an aggregate of nuts. It also had no 
effect on blood pressure. [19, 20].

 Garlic

Garlic reduces BP by approximately 8.4/7.3 mmHg in meta-analysis reviews [21, 
22]. Different compounds derived from raw garlic were investigated in different 
experimental models: aqueous extract, oily extract, aged garlic and cooked garlic 
enriched. Together, these derivatives have variables effects [21–26] Garlic showed 
efficacy even in resistant hypertensive patients [27]. Given the high variability of 
studies and results, for this compound the authors agree that better-developed stud-
ies are needed before reaching any conclusion.

Among the effects found, which could have an anti-hypertensive effect, were 
ACEI activity, blocking activity of calcium channels, reduction in sensitivity to 
catecholamines, improved arterial compliance, increases bradykinin and NO, and 
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adenosine, magnesium, flavonoids, sulfur, allicin and phosphorus that reduce BP 
[23–25].

 Ω-3 Polyunsaturated Fatty Acids (FA)

The omega-3 polyunsaturated fatty acids significantly decrease BP in human trials 
[28–32]. Not all compounds have been shown to be equally effective, for example, 
docosahexaenoic acid (DHA) is more effective in reducing BP and HR than eicosa-
pentaenoic acid (EPA) [33]. In patients with chronic kidney disease, 4 g of Ω-3 FA 
reduced BP measured in the 24-h outpatient setting for 8 weeks compared to pla-
cebo (p < 0.0001) [30, 34].

The authors proposed different mechanism for this effect is that fatty acids Ω-3 
FA improve endothelial dysfunction, reduce plasma norepinephrine and increase 
the tone of the parasympathetic nervous system, suppress ACE activity and improve 
insulin resistance [35]. The daily dose it is found between 3000–5000 mg per day of 
DHA and EPA combined in a ratio of 2: 3 [36].

 Ω-9 FA

Olive oil, a monounsaturated fatty acid (MUFA), reduces BP [37, 38]. Olive oil and 
monounsaturated fats have shown consistent reductions in BP in most clinical trials 
in humans [37–41]. Extra virgin olive oil was more effective than sunflower oil in 
reducing SBP in a group of 31 elderly hypertensive patients in a double-blind ran-
domized trial, even in diabetic subjects [39, 40].

 Vitamin C

The concentration of vitamin C or plasma ascorbate in humans correlates inversely 
with blood pressure and heart rate [42–51] and a reduced risk of CVD and stroke [45].

An evaluation of published clinical trials suggests that doses of vitamin C 250 mg 
twice daily reduces the PA at 7.4 mmHg [42–51]. The proposed mechanism was an 
increase in diuresis of water and sodium, improves endothelial function, increases 
NO and PGI2, superoxide dismutase will increase, aortic elasticity will improve. 
Some studies report that vitamin C improves the efficacy of amlodipine, decreases 
the binding affinity of AT1R for A-II by interrupting the disulfide bridges of AT1R 
and lowers BP in the elderly with refractory hypertension [23, 24, 46–51].
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 Vitamin E

The relationship between vitamin E and BP has been very inconsistent, but most 
studies have shown no reductions in BP with most forms of tocopherols or tocotri-
enols [23–25].

 Vitamin D

Plasma levels of vitamin D3 are associated with BP [52–63]. Vitamin D3 regulates 
the renin-angiotensin-aldosterone system [53]. If the level of vitamin D is below 
30  ng/ml, the levels of circulating PRA are higher, which increases the A-II, 
increases the BP and attenuates the plasma renal blood flow (74 h). The lower the 
level of vitamin D3, the higher the risk of incident hypertension, with the lowest 
serum quartile. Vitamin D3 has a 52% incidence of hypertension versus the highest 
quartile with an incidence of 20%. [62]. It also reduces ADMA, suppresses proin-
flammatory cytokines such as TNF-α, increases NO, improves endothelial function 
and arterial elasticity, reduces hypertrophy of vascular smooth muscle, regulates 
electrolytes and blood volume, increases insulin sensitivity, reduces the concentra-
tion of free FA, regulates the expression of the natriuretic peptide receptor and 
reduces hs-CRP [55–62].

 Vitamin B6

Low levels of vitamin B6 (pyridoxine) in serum are associated with hypertension in 
humans [64]. Vitamin B6 is a cofactor in the synthesis of neurotransmitters and 
hormones in the CNS, increases the synthesis of cysteine   to neutralize aldehydes, 
increases the production of glutathione, blocks calcium channels, improves insulin 
resistance, reduces sympathetic tone central and reduces the response capacity of 
the final organ to glucocorticoids and mineralocorticoids [23]. Vitamin B6 has an 
action similar to that of central agonists, diuretics and CCBs. The therapeutical dose 
is 200 mg per day orally by supplementation.

 Tea: Green and Black

The effects of chronic consumption of green or black tea in PA are inconsistent in 
humans [65].
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 Seaweed

The wakame seaweed (a natural food, not a supplement) at 3.3 g of dry wakame for 
1 month reduced BP [66]. In one study, men with mild hypertension who received a 
seaweed preparation, mean arterial blood pressure decreased by 11.2  mmHg 
(p < 0.001) [67].

Seaweed and sea vegetables contain 77 minerals, fiber and alginate in colloidal 
form [68–70]. Wakame contains ACEIs of several amino acid peptides [71–73].

 Healthy Effects of Moderate Red Wine Consumption

Epidemiological studies have shown a protective effect of moderate consumption of 
red wine (RW) on cardiovascular disease, attributed to the antioxidant properties of 
polyphenols that this beverage contains.

Since the publication of Drs. Renaud and De Lorgeril on the moderate consump-
tion of red wine have been published more than 1000 articles in medical journals, 
with a growing interest in recent years. This study published in the prestigious jour-
nal The Lancet on June 20, 1992, described the MONICA project, a cardiovascular 
disease monitoring system organized by the World Health Organization, where it 
shows that cardiovascular diseases are the leading cause of death worldwide, espe-
cially in industrialized countries, except in France. This finding was called “French 
paradox”.

This inverse relationship between the moderate consumption of red wine and 
cardiovascular disease is maintained between 30–50 g of alcohol, that is, approxi-
mately 2 glasses of wine per day. In amounts greater than this, these benefits disap-
pear, demonstrating a characteristic pattern of J-shaped curve between dose and risk.

Along with evidence of the harmful effects of excess alcohol, there is a large 
number of scientific articles that conclude that moderate consumption can be ben-
eficial. A work published in 2012 in the scientific journal British Medical Journal 
(BMJ) estimated that half a glass of wine a day was the optimal amount to protect 
health. Drinking up to this amount could prevent more than 4500 deaths per year in 
the United Kingdom, according to the researchers who performed that analysis.

Emanuel Rubin, of the Thomas Jefferson University of Philadelphia (USA), 
stated in an article recently published in Alcoholism: Clinical and Experimental 
Research, that “the overwhelming evidence suggests that doctors should advise 
those who have never drank in their life to enter 40 and 50 relax and have a drink a 
day, preferably with dinner. “.

Even so, the evidence points to the fact that wine is a perfect product, which 
maintains the balance between dose effect, of any of these components, which is 
demonstrated because none of them, administered separately, achieve such favor-
able effects as drinking as a whole.
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Red wine, consumed in moderation, has been considered healthy for the heart. 
Alcohol and certain substances in red wine, known for their antioxidant effects, can 
help prevent coronary artery disease, the condition that leads to heart attacks.

Any link between red wine and fewer heart attacks is not fully understood. But 
part of the benefit could be that antioxidants can increase the levels of cholesterol 
associated with high density lipoprotein (HDL) (the “good” cholesterol) and protect 
against the accumulation of cholesterol, as well as protect against damage to cellu-
lar structures caused by oxidizing chemical species that are continuously produced 
in the body.

While news about red wine may sound good if you enjoy a glass of red wine with 
dinner, doctors are wary of encouraging anyone to start drinking alcohol, especially 
if they have a family history of alcohol abuse. Too much alcohol can have many 
harmful effects on your body.

Still, many doctors agree that something in red wine seems to help your heart. 
Antioxidants, such as flavonoids or a substance called resveratrol, may have heart- 
healthy benefits. [74–78].

 Flavonoids

The more than 4000 flavonoids in fruits, vegetables, red wine, tea, soy and licorice 
can lower BP [76, 77, 79, 80].

 Lycopene

Lycopene (carotenoid) reduces BP [81–85]. The treated hypertensive patients 
reduced BP when given a standardized tomato extract [83]. Other studies have 
shown no change in BP with lycopene. The recommended daily intake of lycopene 
is 10 to 20 mg as a food or supplement.

 Coenzyme Q10

Coenzyme Q-10 (Co-Q-10, ubiquinone) is a potent antioxidant in the lipid phase, 
eliminates free radicals, reduces oxidative stress, regenerates other vitamins and 
antioxidants, reduces oxidation of LDL and is a cofactor and coenzyme in the mito-
chondrial oxidant. Phosphorylation that decreases BP [23, 33, 86, 87].

Serum levels of Co-Q-10 are lower in patients with hypertension [24, 25]. 
Enzymatic assays showed a deficiency of Co-Q-10 in 39% of the 59 patients with 
essential hypertension versus a deficiency of only 6% in the controls (p < 0.01), oral 
administration of 100–225 mg a day proved to be effective [88].
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However, more data is needed on the long-term safety of a large part of the prod-
ucts mentioned above. In addition, it is advisable to conduct additional clinical 
investigations.

 ALA

ALA is an antioxidant thiol compound that is soluble in both water and lipids, which 
recirculates other vitamins and antioxidants such as vitamins C and E, glutathione 
and cysteine    [23, 88, 89]. ALA also binds to endogenous aldehydes and provides 
sulfhydryl groups that help close vascular calcium channels, lower RVS and BPR.

In the QUALITY study, 40 subjects with DM and stage I hypertension were 
randomized to 40 mg of quinapril per day for 8 weeks or 40 mg of quinapril per day 
with 600 mg of lipoic acid per day [90]. The excretion of albumin in urine decreased 
by 30% with quinapril alone and by 53% with the combination of quinapril and 
lipoic acid (p < 0.005). Fluid-mediated vasodilation increased 58% with quinapril 
alone and 116% the combination of quinapril and lipoic acid (p < 0.005). BP was 
significantly reduced in both groups by 10%. However, another study showed no 
changes in supine BP or pulse wave velocity with 1200 mg of ALA for 8 weeks [91].

The recommended dose is 100–200 mg per day of (R) -lipoic acid with biotin 
2–4 mg per day to prevent the depletion of biotin with long-term use of lipoic acid. 
The (R) -lipoic acid is preferred to the l-isomer due to its preferred use by 
mitochondria.

 L-Arginine

L-arginine and endogenous methylarginines are precursors of NO, mediated by the 
conversion of L-arginine to NO by eNOS.  L-arginine reduces vascular tone, 
improves coronary artery blood flow, decreases angina, reduces the symptoms of 
peripheral artery disease, and lowers BP [92–94].

Numerous studies demonstrate an antihypertensive effect of arginine that is simi-
lar to that of the DASH I diet [92–98]. BP decreased by 6.2/6.8 mmHg with 10 g per 
day of l-arginine when it was provided as a supplement or through natural foods to 
a group of hypertensive subjects. A study of 54 hypertensive subjects who were 
administered arginine 4 g three times a day for 4 weeks had significant reductions 
in average blood pressure values of 24 h in one in ambulatory monotherapy [98]. 
Arginine is recommended for the treatment of hypertension.
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 Black Chocolate and Cocoa

It has been shown that dark chocolate (100 g) and cocoa with a high polyphenol 
content (≥30 mg) significantly reduce BP in humans [99–102]. A meta-analysis of 
173 hypertensive subjects who were given cocoa for a mean duration of 2 weeks had 
a significant reduction in BP. Two more recent meta-analyzes of 13 trials and ten 
trials involving 297 patients found a significant reduction in BP of 3.2/2.0 mmHg 
and 4.5/3.2 mmHg, respectively [103, 104].

 Sesame

Sesame has been shown to reduce BP in several small, randomized, placebo- 
controlled studies for 30–60 days [105, 106]. It also reduces BP with different anti- 
hypertensives. Sesame is recommended as a food or as a supplement in the 
revised forms.

 Melatonin

Melatonin demonstrates significant antihypertensive effects in humans in numerous 
randomized, placebo-controlled, double-blind clinical trials [68–70, 107–111]. 
Melatonin at 2.5  mg per night for 3  weeks, in a group of 16 hypertensive men, 
decreased nocturnal BP and reduced the day/night amplitudes of SBP and BPD 
[107]. Hypertensive patients have altered the function of the circadian pacemaker, 
have altered the autonomic cardiovascular regulation with a sympathetic and para-
sympathetic tone dull from day to night, are the most benefited with this treatment. 
Beta blockers reduce the secretion of melatonin [111].

 Chlorogenic Acids and Green Coffee Bean Extract

Polyphenols, chlorogenic acids (CGA), the ferulic acid metabolite of CGA and 
di- hydro- caffeine acids decrease BP in a dose-dependent manner, increase 
eNOS and improve endothelial function in humans [112–117]. The CGAs in the 
green coffee bean extract at a dose of 140 mg per day significantly reduced SBP 
and DBP in 28 subjects in a randomized placebo-controlled trial [117]. A study 
of 122 male subjects demonstrated a dose response in SBP and BPD with a 
CGA dose of 46–185 mg per day. Another component of coffee beans, hydroxy-
hydroquinone, reduces the effectiveness of the CGA in a dose-dependent man-
ner, which partly explains the conflicting results of coffee intake in the BP 
[116, 117].
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 Other Various Compounds

Several other nutraceutical compounds have preliminary evidence of modest reduc-
tions in BP in humans, including hesperidin, pomegranate juice, grape seed extract 
and hawthorne [118–124]. Hesperidin significantly reduced BPD and improved 
microvascular endothelial reactivity in 24 obese male hypertensive subjects in a 
randomized controlled crossover study for 4 weeks for each of the three treatment 
groups, consuming 500 ml of orange juice, hesperidin or placebo [118] Pomegranate 
juice reduces SBP by 5–12%, reduces the activity of ACE in serum by 36% and has 
anti-atherogenic, antioxidant and anti-inflammatory effects [120–122]. Grape seed 
extract (GSE) was administered to subjects in nine randomized trials, meta-analysis 
of 390 subjects and demonstrated a significant reduction in SBP of 1.54 mmHg 
(p < 0.02) [249]. The Hawthorne extract demonstrated limit reductions in BP and 
significantly reduced DBP (p < 0.035) in diabetic patients who took antihyperten-
sive medications at a dose of 1200 mg per day of hawthorn extract [124]. More 
controlled studies in humans are needed to confirm these initial findings with all 
compounds.

 Conclusions

Where herbals, dietary supplements and functional foods are sold in many different 
venues outside pharmacies (e.g. in supermarkets, herbalist shops etc.), nutraceuti-
cals are essentially sold in pharmacies and parapharmacies in drug form with a 
claim to having drug properties. Furthermore one bigger, attractive and sometimes 
dangerous increasing market is via the Internet. Here, some companies looking to 
create a wide profit margin may create unregulated products with low-quality or 
ineffective ingredients.

The medicalisation of today’s society and the alleged favourable outcomes with 
low side effects of such productsi have also lead to the increase in the consumption 
of these products. Moreover the high cost of prescribing pharmaceuticals and the 
reluctance of some insurance companies and health national systems to cover the 
costs of drugs, help nutraceuticals to solidify their presence in the global market of 
therapies and therapeutic agents. According to CORDIS - the information service of 
the European Commission for research and development of science – nutraceuticals 
in 2008 had a European turnover of approximately 1.4 billion Euros in 2008 with an 
11% growth compared to the preceding year. Many pharmaceutical and biotechnol-
ogy companies, detecting good business opportunities, have invested heavily in the 
nutraceutical sector to create a market that aims to cover 5% of the value of food 
sales worldwide.

The FDA considers a medical food “to be formulated, consumed or administered 
internally under the supervision of a physician, and one which is intended for the 
specific dietary management of a disease or condition for which distinctive 
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nutritional requirements, on the basis of recognised scientific principles, are estab-
lished by medical evaluation.”

In 2000, the European Commission published five horizontal framework direc-
tives which identified requirements of public health and safety, consumer informa-
tion and general food control measurements. The five directives regard: (1) Food 
labelling and presentation (2) Food additives (3) Materials and articles in contact 
with food (4) Official control of food stuffs (5) Food for particular nutritional uses 
(PARNUTS).

In other words, there are a lot of regulations and, there is not, as such, a regula-
tory framework for ‘functional foods’ or ‘nutraceuticals’ in EU food law.

This is why doctors and members of the medical community are asking for the 
term “nutraceutical” to be clearly defined in order to distinguish the wide varieties 
of products out there.

However, with all of the aforementioned positive points, nutraceuticals still need 
support of an extensive scientific study to prove “their effects with reduced side 
effects.” Issues of study quality and bias, true efficacy and toxicity continue to cause 
uncertainty. The accumulated knowledge regarding nutraceuticals needs to be vali-
dated and this need represents a great challenge for many professionals such as 
nutritionists, physicians, food technologists and food chemists. Only after this pro-
cess is completed can public health authorities consider prevention and treatment 
with nutraceuticals as a powerful, natural, and inexpensive tool for the prevention of 
disease and in maintaining health.

Where herbals, dietary supplements and functional foods are sold in many differ-
ent venues outside pharmacies (e.g. in supermarkets, herbalist shops etc.), nutraceu-
ticals are essentially sold in pharmacies and parapharmacies in drug form with a 
claim to having drug properties. Furthermore, one bigger, attractive and sometimes 
dangerous increasing market is via the Internet. Here, some companies looking to 
create a wide profit margin may create unregulated products with low-quality or 
ineffective ingredients. The medicalisation of today’s society and the alleged favor-
able outcomes with low side effects of such products have also lead to the increase 
in the consumption of these products. Moreover, the high cost of prescribing phar-
maceuticals and the reluctance of some insurance companies and health national 
systems to cover the costs of drugs, help nutraceuticals to solidify their presence in 
the global market of therapies and therapeutic agents.

In conclusion, we need to pay more attention to nutraceuticals, as well as 
improved taxonomy, further regulation and the introduction of registers and national 
surveys to acquire knowledge of today’s consumption and indications. More con-
trolled studies will give the scientific evidence essential for the administration of 
nutraceuticals both in prevention and as therapy for cardiovascular disease. The 
study and regulation of nutritional genomics might lead to the use of nutraceuticals 
as an alternative to stem cell transplantation, and would enable the targeting of opti-
mal nutritional advice and the development of food-derived treatments by new 
nutraceuticals for best treatment, in particular, for uses in groups with cardiovascu-
lar risk and individuals with cardiovascular disease.
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Chapter 7
Nutraceuticals for Insulin Resistance 
and Type 2 Diabetes Mellitus

Theano Penlioglou and Nikolaos Papanas

 Insulin Resistance: Definition and Connection with Type 2 
Diabetes Mellitus

The term “insulin resistance” refers to a condition, in which a target cell’s response 
to insulin is decreased, thus leading to impaired glucose homeostasis. Insulin resis-
tance is a powerful risk factor for the development of Type 2 Diabetes Mellitus 
(T2DM) [1, 2]. Generally, diabetes mellitus (DM) is characterised by hyperglycae-
mia: this can be caused either by reduced insulin secretion or impaired insulin 
action, or both [1, 2]. DM has been categorised in two major types [1–4]. Type 1 
(T1DM), which is caused mainly by reduced insulin secretion, mostly due to auto-
immune causes, is defined by absolute deficiency of insulin secretion; Type 2 
(T2DM), the cause of which is a combination of resistance to insulin action and an 
inadequate insulin secretion [1–4]. Both diabetes types share some common symp-
toms, mainly polyuria, polydipsia and weight loss [1–4].

Diabetes is now a global pandemic, affecting all people worldwide, [5–9]. 
Subjects with DM run a high risk of developing diabetes complications, which can 
cause severe health problems. These include macrovascular (coronary artery dis-
ease, stroke, peripheral arterial disease) and microvascular disease (retinopathy, 
nephropathy, neuropathy) [3–7, 10].
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 Pathophysiology of Glucose Metabolism

Glucose is the main source of energy for most cells. Central glucose metabolism is 
regulated by pancreatic insulin secretion. Normally, there is a complicated inter- 
relationship between insulin and glucose levels. Glucose homeostasis is also main-
tained by hepatic glycogenolysis and gluconeogenesis. During fasting, hepatic 
glycogenolysis and gluconeogenesis become more prominent. Conversely, follow-
ing meals pancreatic insulin secretion promotes glucose uptake by muscle and 
adipose cells, at the same time suppressing glycogenolysis and gluconeogenesis 
[2–4, 11–13]. In the event of insulin resistance, glycogenolysis and gluconeogen-
esis are not suppressed by insulin, while tissue glucose uptake is also impaired 
[2–4, 11–13].

Two known transporters involved in this equilibrium are Glut2 and Glut4. Glut4 
is involved in glucose transport to muscles and adipose tissue, and so it is a major 
therapeutic target for T2DM [2–4, 11–13]. In the liver, Glut 2 mediates glucose 
release. Moreover, the protein kinase “Akt” is activated by the insulin signalling 
required for normal glucose levels and contributes to glucose homeostasis by vari-
ous actions, such as .glucose transport to adipocytes and muscle cells, as well as 
suppression of gluconeogenesis. Normally, insulin is bound to its receptor leading 
to its tyrosine kinase activation, which in turn phosphorylates the Insulin Receptor 
Substrate Proteins [2–4, 11–13]. This creates a phospholipid in the membrane which 
facilitates the interaction between the kinases and Akt, eventually activating the lat-
ter. Some of those pathways may lead to systemic insulin resistance and even obe-
sity [2–4, 11–13].

The factors that are involved in developing insulin resistance are complex and 
are beyond the scope of this brief review. However, excessive visceral adipose 
tissue as a result of overnutrition is of paramount importance. Interestingly, pri-
mary hyperinsulinaemia as the main cause has also been postulated [2–4, 11–13].

 Modern Nutraceuticals in the Management of Insulin 
Resistance and T2DM

Plants have long been widely used for therapeutic purposes, especially in develop-
ing countries, for primary care. More than 7000 plants are currently in use as medi-
cal treatment for various conditions. Impressively, in some European countries, 
such as Germany and France, herbal remedies can even be prescribed [14, 15]. 
Notably, many conventional drugs, like aspirin and digoxin, come from plant 
sources, while drug companies search out various plants as potential medicaments. 
In T2DM, metformin, the cornerstone of treatment, was originated from the French 
lilac Galega officinalis [14, 15]. We will briefly discuss nutraceuticals relevant to 
insulin resistance and T2DM.
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 Bitter Melon

Bitter gourd (Momordica charantia L.), also known as bitter melon, is a tropical and 
subtropical vine that belongs to the family of Cucurbitaceae [16–22]. For many 
years, this plant has been often used as a treatment for some medical conditions, 
such as stomach pain, wounds, malaria and inflammation in the populations of Asia, 
South America, India and East Africa [16–22]. It is also one of the most common 
herbs for the treatment of DM and has in fact received the most attention for its 
antidiabetic properties [16–22]. According to animal studies, bitter melon’s fruit 
extract has a hypoglycaemic effect. This effect is attributed to the stimulation or 
inhibition of some key enzymes of metabolism and to its active components like 
charatin, vicine and polypeptide p that are thought to be structurally similar to 
human insulin [17, 21, 22]. As an example, bitter gourd stimulates enzymes of the 
hexose monophosphate pathway, increases the utilisation of peripheral glucose, pre-
vents glucose uptake by intestine and increases tissue sensitivity to insulin [17, 21, 
22]. In addition, the consumption of bitter melon has been connected with increased 
β cell function [21, 22]. It has been also implied that it stimulates the secretion of 
insulin from β cells by depolarisation of β cell membrane, which consequently 
alters ion flux, a mechanism similar to the one used by some oral hypoglycaemic 
agents [21, 22]. Finally, it has been shown to also exert hypolipidaemic and antioxi-
dant properties. Importantly, no serious adverse events with use of bitter melon have 
been reported [16]. Nevertheless, its long-term safety and proper dosage are being 
discussed [20].

 Fenugreek

Fenugreek (Trigonella foenum-graecum) is an annual plant, that belongs to the fam-
ily Fabaceae and is cultivated worldwide. The name Trigonella foenum-graecum is 
a Latin-Greek name and refers to a typical triangular flower employed as a common 
fodder for animals in Greece. It is used as a spice all over the world and is also 
known for its medicinal properties. It has been used for diabetes, cancer and inflam-
mations [23–26]. Fenugreek could be used to delay the onset of diabetes in the stage 
of prediabetes, through lowering of blood glucose. This is achieved due to insulino-
tropic effects [23–28]. Soluble fibres in fenugreek, including glucomannan fibre, 
delay intestinal absorption of ingested sugars. Moreover, some alkaloids such as 
fenugrecin and trigonelline have demonstrated to possess hypoglycaemic action, 
and 4 hydroxyisoleucine amino acids act on pancreas to secrete insulin [23–28]. 
Additionally, Fenugreek has been shown to exert hypolipidaemic effects, reducing 
low-density lipoprotein cholesterol (LDLc) and total cholesterol [27, 28]. The most 
studied bioactive compounds of fenugreek with known hypoglycaemic actions are 
diosgenin, 4-hydroxyisoleucine and the soluble dietary fiber fraction of fenugreek 
seeds [28]. Their modes of action include: renewal of pancreatic β-cells; stimulation 
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of insulin secretion; antioxidative effects; promotion of adipocyte differentiation; 
enhancement of insulin-dependent glucose uptake; stimulation of glucose- dependent 
insulin secretion; reduction of insulin resistance in muscle and/or liver [23, 28–33].

Interestingly, there have been studies evaluating the proper dose of the plant. The 
best dosage was found to be of 10 g/day [31]. The mode of consumption is also 
important. Whole fenugreek raw seeds, extracted seed powder, cooked seeds and 
gum isolate of seeds decreased postprandial glucose levels, whereas degummed 
seeds showed little effect [31, 34, 35]. With its hypoglycaemic and hypolipidaemic 
effects, fenugreek emerges as an attractive option for add-on treatment to manage 
insulin resistance, T2DM and dyslipidaemia.

 Cinnamon

Cinnamon belongs to the Lauraceae family, many of whose members are used widely 
as spices in several cuisines worldwide. It comes from the inner bark of several tree 
species from the genus Cinnamomum [36, 42, 43]. Today, about 250 species of cin-
namon have been identified, but only 4 are as a spice. Cinnamon is currently mar-
keted for the treatment of obesity, glucose intolerance, diabetes mellitus and 
dyslipidaemia [36–43]. Its basic component, cinnamaldehyde, appears to harbour 
hypoglycaemic, antioxidant and hypolipidaemic effects [36]. Cinnamon has been 
reported to reduce postprandial glucose and glycated haemoglobin. Moreover, it 
reduces insulin resistance [37–39, 41]. The latter action is probably mainly exerted 
by activating endogenous antioxidant factors and reducing oxidative injury of vari-
ous tissues [36–39]. Other postulated mechanisms underlying the hypoglycaemic 
effect include: increased autophosphorylation of the insulin receptor; increased 
GLUT-4 receptor synthesis and membrane translocation; inhibition of pancreatic and 
intestinal amylase and glucosidase; increased hepatic glycogen synthesis [37, 38, 41].

More recently, an experimental study in mice has suggested a protective role 
against hypertension by improved vascular endothelium-dependent diastolic func-
tion [36]. Overall, cinnamon has the potential to be a useful add-on therapy in the 
management of DM.  However, more data is needed on its long-term safety and 
ideal dosage.

 Ginseng

Ginseng is the root of plants in the genus Panax. To date, there are about 11 avail-
able species of ginseng for use [44–48]. Among these, the most famous are the 
Asian (Panax ginseng) and the American (Panax quinquefolius L) ginseng. Panax 
has been used over the years, especially in Chinese traditional medicine, for a wide 
variety of medical conditions, such as cancer, heart disease and hypertension [44–
48]. The pharmacologically active component of ginseng is the triterpene 
β-glycosides, known as ginsenosides or panaxosides: >150 types of ginsenosides 
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have been identified so far [44–48]. Ginseng is also known and widely used for its 
hypoglycaemic actions. For these actions, primarily root extracts are used, which 
contain potent ginsenosides, while other parts are also being investigated for their 
antidiabetic effects [44, 47]. However, the berries and leaves of ginseng have also 
been reported to lower blood glucose and decrease body weight. Moreover, accord-
ing to clinical trials and some animal studies, ginseng could be used to increase 
insulin sensitivity. It has been suggested that its positive effects on metabolism are 
achieved through the activation of the peroxisome proliferator-activated receptors 
(PPARs) by ginsenosides, thus leading to regulation of glucose and lipid metabo-
lism, and the transcription of proteins involved in glucose and fatty-acid uptake 
[45, 47]. Additionally, according to a meta-analysis of trials in subjects with and 
without DM, ginseng modestly yet significantly improved fasting blood glucose 
[44, 48]. However, one study has reported that ginseng failed to improve β cell 
function in overweight subjects with impaired glucose tolerance or prediabetes 
[45]. Despite its proven efficacy, again we lack data on its long-term safety and 
efficacy.

 Ginkgo biloba

Ginkgo biloba is a tree growing in East Asia, which has been widely used as tradi-
tional herbal medicine in China for many conditions, such as or cough, asthma and 
skin infections [49]. Ginkgo biloba leaf extracts are made from dried leaves com-
bined with an acetone-water mixture or other solvents through a procedure which 
results to the enrichment of preferred components and elimination of unwanted sub-
stances [49–52]. Ginkgo biloba extracts contain terpenoids and glycosides, that both 
show antioxidant potency [52–54]. Thus, Ginkgo biloba appears to have potent anti-
oxidant properties, especially via pathways using glutathione peroxidase and super-
oxide dismutase. Recent experimental evidence in mice has shown shows that ginkgo 
biloba extracts can improve insulin sensitivity and reduce hyperglycaemia [53, 54]. 
Similar results have also been obtained in subjects with T2DM [55]. Moreover, 
Ginkgo biloba plays a protective role against cardiac events in diabetic animals 
[53, 54].

In addition, Ginkgo biloba has a protective anti antiapoptotic effect on kidneys. 
Specifically, it has been shown that Ginkgo biloba could rescue renal injury in brain 
death induced-nephrotoxicity [56, 57]. However, there are still some safety con-
cerns, given that its use may be associated with carcinogenesis [58].

 Olive Oil

Olea europaea, also known as olive, is a species of small tree in the family Oleaceae 
[59–63]. Its oil is commonly used, especially in the Mediterranean cuisine. Olive 
oil contains polyphenols and iridoids, which explain its anti-atherogenic, 
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antihepatotoxic, anti-inflammatory, antitumor, antiviral and immunomodulator 
properties [59, 60]. According to some studies, olive oil appears to have a hypogly-
caemic effect as well [59–62]. This may be due to the effects of oleuropein on 
reducing amyloid aggregation and preventing pancreatic β-cell injury from inflam-
mation and cytokine- induced oxidative damage [60]. In practice, reduction of both 
plasma glucose and glycated haemoglobin has been reported [60, 61]. Finally, there 
is some data that olive oil may contribute to protection from the development of 
DM [60, 61].

 Red Grapes

Grape is a fruit, botanically a berry, from the vines of the flowering plant genus 
Vitis. Grapes are consumed throughout the world, and are used to produce wine 
[63–65]. One of the basic components of red wine is quercetin. Quercetin is a flavo-
noid naturally present in vegetables, fruit, green tea and red wine. Several beneficial 
effects have been reported [63–65]. Among them, its antioxidant and anti-inflam-
matory actions should be highlighted. In addition, quercetin appears to contribute to 
body weight reduction, thereby reducing insulin resistance [63]. As regards its 
hypoglycaemic effects, it is suggested that quercetin may improve insulin- stimulated 
glucose uptake in mature adipocytes, as well as reduce blood glucose levels by 
inhibiting GLUT2 [63, 64].

 Conclusions

In modern medicine, nutraceuticals are being rediscovered [23–25]. Some of these 
are gaining importance for the management of insulin resistance and T2DM. Indeed, 
mostly plant and herb extracts and/or derivatives have been employed and are still 
being researched. Impressively, scientific enquiries in this area have greatly 
increased during the last 3 years [23–25].

We now need more data on optimal dosing schemes, treatment duration and 
long-term safety. Ideally, head-to-head comparisons and more efficacy data to guide 
us in the selection of appropriate nutraceuticals would be required. It also remains 
to be ascertained when and how these nutraceuticals may be used instead of and/or 
on top of mainstream pharmaceutical therapies. Perhaps, patient characteristics and 
metabolic parameters might prove useful for such therapeutic choices. Obviously, 
however, there is still a long way to go before these adjunctive therapies can be more 
widely considered in clinical reality.
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 Introduction

Obesity and overweightness are major pandemic health problems and, in many 
cases, appear in close relationship with other cardiovascular disease (CVD) risk 
factors like glucose intolerance, type 2 diabetes mellitus (T2DM), dyslipidemia, 
hypertension, and kidney failure [1]. In addition, obesity and overweightness are 
associated with increased all-cause mortality [2].

According to World Health Organization (WHO) data, obesity has nearly tripled 
in the last 40  years. In 2016 more than 1.9 billion adults were overweight and, 
among these, over 650 million were obese, corresponding to 13% of the world’s 
adult population (11% of men and 15% of women) [3].

Overweight and obesity are defined as abnormal or excessive fat accumulation. 
The calculation of body mass index (BMI) is the most commonly used tool for the 
classification of overweight and obesity. BMI is calculated as a person’s weight in 
kilograms divided by the square of his height in meters (kg/m2). For adults, WHO 
defines overweight as BMI ≥25 kg/m2 and obesity as a BMI ≥30 kg/m2. Furthermore, 
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obesity is sub-classified into 3 subgroups – class I: BMI between 30–34.9 kg/m2 
(associated with moderate risk); class II: BMI between 35–39.9 kg/m2 (associated 
with high risk) and class III: BMI ≥40  kg/m2 (associated with very high risk). 
However, in many cases, BMI may not correspond to the same degree of adiposity 
in different individuals and should be used with caution. Therefore, the use of other 
indicators such as waist circumference and waist to hip ratio in association with 
BMI is recommended [4].

Early intervention, even at young ages, should be promoted as obesity prevention 
is fundamental. The first line treatment in weight management is lifestyle interven-
tion including a hypocaloric diet and increased physical activity. When changing 
lifestyle fails, pharmacological management should be considered. Bariatric sur-
gery might be recommended for individuals with a BMI ≥40 kg/m2or BMI ≥35 kg/
m2 and other obesity-related comorbidities [5, 6].

Available drugs for weight management in obese patients have a broad mecha-
nism of action including an increase in satiety as well as a decrease in hunger, or a 
reduction in calorie absorption. Very few drugs are approved for weight loss. At the 
same time, there are differences between the pharmacological treatments approved 
by the most important regulatory entities such as the Food and Drug Administration 
(FDA) and European Medicine Agency (EMA). Considering that the tolerability as 
well as the efficacy and the safety of anti-obesity drugs for long-term use are still 
controversial, the consumption of these drugs should be closely supervised [7]. 
Moreover, the possible interactions between nutraceuticals and other medications 
are as yet not well enough studied. On the other hand, there are many functional 
foods and nutraceuticals available for weight loss accessible over the counter and 
on the internet. The use of dietary supplements for weight loss is quite common 
and the data from a survey in US adults showed that more than 30% of the subjects 
who made a serious weight-loss attempt used dietary supplements. At the same 
time, of those interviewed, more than 60% of users and more than 40% of non-
users respond that dietary supplements are effective for weight loss [8]. However, 
data from the scientific literature is contradictory and the use of these products 
should be carefully controlled due to increased numbers of documented adverse 
effects. Moreover, the efficacy of most of the dietary supplements used for weight 
loss is questionable.

This chapter will provide an overview of the most common nutraceuticals used 
for body weight management with available scientific data from clinical studies.

 Fibers

Fibers are naturally present in the structure of some food plants including vegeta-
bles, fruits, grains, and legumes. Fibers are classified as soluble or insoluble, 
depending on its water-holding capacity or viscous characteristics in solution [9]. 
Fiber’s mechanism of action on body weight is related to fiber proprieties of lower-
ing the absorption of other caloric nutrients, especially carbohydrates and lipids. On 

A. Corina et al.



119

the other hand, fibers could have an effect on appetite by increasing satiety while 
delaying gastric emptying, increasing glucagon-like peptide 1/2 (GLP-1/2) and cho-
lecystokinin (CCK) hormones, as well as lowering ghrelin secretion and serotonin 
uptake. Generally, both soluble and insoluble fiber intake could increase satiety and 
hunger, and in obese subjects an intake of an additional 14 g/day of fiber could 
reduce energy intake by 82% with a further reduction in body weight of 2.4 kg [10]. 
In addition, the effect of fiber on appetite, acute and long-term energy intake as well 
as body weight differ depending on the different physicochemical properties of 
various fibers. For instance, more viscous fibers such as pectins, β-glucans and guar 
gum reduce appetite around 59%, while less viscous ones showed only a 14% appe-
tite reduction [11].

Due to a low consumption of fiber rich foods like vegetables, fruits, and whole 
grains, in the USA the average fiber intake of adults does not even rich half of cur-
rent recommendations. On the other hand, a positive correlation has been estab-
lished between a low consumption of fiber and obesity. Furthermore, nutraceuticals 
containing dietary fiber could positively impact obesity [12–15]. Data derived from 
intervention studies strongly support the use of soluble fiber intake for weight man-
agement as well as for metabolic control in overweight and obese subjects. Results 
from a meta-analysis, including more than 600 patients, conclude a beneficial effect 
of different soluble fiber consumption (manno-oligosaccharides, galacto- 
oligosaccharides, fructo-oligosaccharides, β-glucan, flax-seed mucilage, mannans 
and dextrin) [15]. After 2–17 weeks of follow-up, at a mean dose of 18.5 g/day, 
overweight and obese subjects experienced reductions of 2.5 kg in weight and 0.4% 
of body fat.

 Psyllium (Psyllium Husk Fiber)

Psyllium husk fiber is a water-soluble, gel-forming mucilage from Plantago ovata. 
As it is less readily fermented it provides less adverse effects than other fibers such 
as bloating and other gastro-intestinal dysfunction [16, 17]. Its main mechanism of 
action on body weight includes a delay in gastric emptying as well as increased 
satiety. Increased satiety at the central level is mediated by the inhibition of ghrelin 
secretion while up regulating GLP-1/2 and CCK hormones. On the other hand, 
hepatic cholesterol synthesis is reduced, and fecal excretion of cholesterol and bile 
salts are increased. Moreover, psyllium has been shown to modulate the gut micro-
biota by short-chain fatty acids (SCFA) produced by fermentation, lipolysis and 
lipoprotein lipase (LPL) upregulation [18].

Clinical evidence of psyllium supplementation showed either positive or no 
effect on weight loss. A very recent systematic review and meta-analysis analyzed 
the results of 22 randomized controlled trials (RCTs) and included a total 1458 
adults [19]. The authors found no effect of psyllium supplementation on body 
weight, WC, and BMI. However, the results of this publication should be interpreted 
carefully as not all the participants were obese or overweight. Furthermore, 
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subgroup analysis showed that the effect of psyllium supplementation on body 
weight and on BMI was significant in studies that used psyllium dosage of more 
than 10 g/day and with higher duration [19]. Another review concluded that dietary 
supplementation with psyllium could decrease appetite and has an effect on some 
components of the metabolic syndrome, such as hyperglycemia, insulin response 
and the lipid profile [20].

In other clinical studies, in overweight patients with T2DM, an improvement in 
glycemic control is observed, although there was no effect on BMI, after 8-week 
consumption of 10.2 g of psyllium daily [21]. In another study, after 7 weeks of high 
fiber food consumption, the lipid profile improved and there was a minimum reduc-
tion in body weight [22], while a 12 month supplementation period with a product 
containing 5 g of psyllium before meals had beneficial effects on body weight, WC, 
and body fat percentage [23]. Long-term supplementation with psyllium in addition 
to a caloric restricted diet showed better effects than short term use of this natural 
component on weight reduction [24].

Other health effects of soluble fiber, especially psyllium consumption as an adju-
vant to a hypocaloric diet, shows that patients experience increased satiety and 
improvements in CVD related risk factors such as total and low-density lipoprotein 
(LDL) cholesterol, hypertension as well as an improvement in glycemic response 
and insulin sensitivity [24–26], findings also corroborated by a recent meta- 
analysis [27].

In clinical practice, psyllium supplementation could be used in addition to a 
healthy diet or weight loss plan at a minimum dose of 10 g twice a day for adults for 
a minimum duration of 10 weeks. Psyllium should be taken with 250 ml water or 
added to the meal while water consumption should be increased [24]. Psyllium 
could be a better choice for weight loss than other fibers as it has less adverse 
effects.

 β-Glucans (Oats Bran)

Oats (Avena sativa) is a class of cereal grain belonging to the Poaceae family. Oats 
are rich in protein, lipids, vitamins, minerals, and fibers. Moreover, oats are consid-
ered functional food due to its high concentration in a soluble fiber, β-glucan [28]. 
β-glucan intake might contribute to body weight control and has other health-related 
beneficial effects such as hypolipidemic, hypoglycaemic, antioxidant and anti- 
inflammatory [29] efficacy, and could also reduce CVD risk [30]. In overweight 
subjects oat β-glucan could suppress hunger by increasing gastric emptying time, 
elevating post-prandial CCK, and decreasing the insulin response [31].

Even if it is largely recommended for obesity treatments, to our knowledge 
there is not much clinical evidence supporting the use of β-glucan for weight loss. 
Most of the studies concluded that β-glucan administration has no or has minimal 
effects on body weight. After 3-months supplementation with 0 g, 5–6 g or 8–9 g 
of β-glucan, in addition to dietary intervention in overweight women, no 
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significant reduction in body weight was observed among intervention groups [32]. 
In several other studies investigating health-related benefits of β-glucans, weight 
loss was also assessed. After an administration of 3–9 g/day of β-glucan for up to 
12 weeks, no effect was shown in body weight reduction [33–35]. In conclusion, 
β-glucan supplementation might not be a good option for treating overweight or 
obesity, although a recent meta-analysis shows that cereal β-glucan consumption 
seems to modestly decrease body weight (weighted mean difference (WMD) 
−0.77 kg, 95% CI: −1.49, −0.04) and BMI (WMD −0.62 kg/m2, 95% CI: −1.04, 
−0.21), respectively, but has no effect on waist circumference and energy 
intake [36].

 Chitosan

Chitosan is the second most abundant naturally occurring polysaccharide next to 
cellulose. Chitosan results from the deacetylation of chitin [37] and is categorized 
as an insoluble fiber from animal origin; it reduces cholesterol absorption [38]. The 
mechanism by which chitosan may exert a weight loss effect is by binding and trap-
ping dietary fat and cholesterol, thus preventing its absorption in the intestinal 
lumen [39]. Moreover, chitosan might have an effect on the inhibition of adipogen-
esis in 3T3-L1 cells, as well as on the activation of 5′ adenosine monophosphate- 
activated protein kinase (AMPK) and by inhibiting lipogenesis-associated genes in 
the liver and adipose tissue [40]. A recent experimental study demonstrated that 
chitosan’s weight-loss mechanism includes an increase in serum leptin levels, 
reduced inflammation, and a probiotic effect, leading to a change in gut microbiota 
by increasing the anti-obesity species such as Clostridium leptum and Coprobacillus 
cateniformis and by decreasing Clostridium lactatifermentans and Clostridium 
cocleatum [41].

A recent meta-analysis including 15 RCTs with 1130 subjects, studying chitosan 
consumption in adults, showed a significant reduction in weight (WMD −0.89 kg; 
95% confidence interval (CI): −1.41 to −0.38; P = 0.0006) and body fat (WMD 
−0.69%; 95% CI: −1.02 to −0.35; P = 0.0001) in overweight and obese participants 
[42]. A meta-analysis by Moraru et al. [43] studying 14 RCT in 1101 individuals 
with a BMI ≥23.6  kg/m2 concluded that the usage of chitosan supplementation 
might contribute to a slight short- and medium-term effect on weight loss. After an 
up to 52  week intervention, subjects included in the trials had a reduction of 
−1.01 kg, (95% CI: −1.67 to −0.34) and an improvement in cardiovascular factors 
[43]. Another meta-analysis included 13 trials with a total of 1219 participants, 
investigating the effect of chitosan after 1 to 6 months of supplementation, demon-
strated a −1.7 kg (95% CI: −2.1 to −1.3 kg, p < 0.00001) change in weight, com-
pared to placebo [44]. Other beneficial effects of chitosan supplementation includes 
a decrease in total cholesterol and a decrease in systolic and diastolic blood pres-
sures [44].
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The maximum intake recommended by The European Food Safety Authority 
(EFSA) Panel on Dietetic Products, Nutrition and Allergies (NDA) is 3 g chitosan 
per day [45].

 Glucomannan

Glucomann is a soluble fiber derived from Amorphophallus konjac. Glucomaman 
is specially used for the treatment of constipation, being indicated even in chil-
dren and during pregnancy [46, 47]. The mechanism of action of glucomanan 
in body weight loss includes increasing satiety, delaying gastric emptying, and 
a reduced transit time of food in the small intestine. Therefore, with blunted 
postprandial insulin excursions, cholesterol absorption is reduced, while there 
is an increase in fecal fat excretion as well as a reduction in small-bowel transit 
time [40].

Glucomannan consumption is associated with beneficial effects on body 
weight in various RCTs and meta-analyses, especially after long-term consump-
tion [48, 49]. After analyzing the results of 14 RCTs on different parameters, 
Sood et  al. [49] revealed that the intake of glucomannan could reduce body 
weight by −0.79 kg; (95% CI: −1.53, −0.05). On the other hand, a meta-analy-
sis including 8 RCTs showed no difference in weight loss between patients 
consuming daily dosages ranging from 1000 to 3870 mg glucomannan or pla-
cebo (mean difference [MD]: −0.22 kg; 95% CI: −0.62, 0.19; I(2) = 65%) [50]. 
Some moderate weight loss was observed in obese and overweight subjects in 
another meta-analysis including results from 6 RCTs by Zalewski et al. [48].

Moreover, supplementation with a soluble viscous fiber complex containing kon-
jac glucomannan, sodium alginate, and xanthan gum reduced the frequency of eat-
ing and induced a decrease of body weight and WC [51]. The complex was 
administered, in the context of a clinical trial, to 83 overweight/obese subjects for a 
period of 12 weeks. In order to achieve these effects the recommended dose is at 
least three doses of 1 g each of glucomannan daily with 1–2 glasses of water before 
meals associated with an energy-restricted diet [49].

 African Mango (Irvingia gabonesis)

The soluble fiber of the seed of Irvingia gabonensis (IG), similar to other forms of 
water-soluble dietary fibers, is a “bulk-forming” laxative which delays stomach 
emptying, leading to a more gradual absorption of dietary sugar, but also can bind 
to bile acids in the gut and carry them in the feces, which stimulates the liver to 
convert more cholesterol into bile acids [52].
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A double blind randomized study including 40 subjects (28) receiving IG (1.05 g 
three time a day for 1 month, while 12 were on placebo) was carried out in order to 
evaluate the efficacy of IG seeds in the management of obesity [53]. The mean 
body weight of the IG group was decreased by 5.26 +/− 2.37% (p < 0.0001) and 
that of the placebo group by 1.32 +/− 0.41% (p < 0.02). The difference observed 
between the 2 groups was significant (p < 0.01). In addition, in the IG group total 
cholesterol, LDL-cholesterol and triglycerides significantly decreased, while HDL-
cholesterol increased [53]. In a 10 week randomized, double-blind, placebo-con-
trolled trial involving 72 obese or overweight participants the Cissus quadrangularis/
IF combination resulted in larger reductions in body weight, body fat, waist size; 
total plasma cholesterol, LDL-cholesterol and fasting glucose level compared to 
the Cissus quadrangularis-only group [54]. Similarly, in a randomized double-blind 
placebo controlled study where IG was administered 150 mg twice daily before 
meals to overweight and/or obese human volunteers, favorable effects on body 
weight and a variety of parameters of the metabolic syndrome were observed [55]. 
Finally, the latest meta-analysis including 5 RCTs [56], indicates good overall effi-
cacy of IG seed extract supplementation on weight loss, but due to poor method-
ological quality and the insufficient clinical reports, further high quality RCTs are 
necessary.

 Fucoxanthin

Among functional ingredients identified from marine algae (such as Undaria pin-
natifida or Laminaria japonica, and microalgae such as Phaeodactylum tricornu-
tum or Cylindrotheca closterium), fucoxanthin has received particular interest. 
Anti-obesity effects of fucoxanthin (a xanthophyll) have been reported. Fucoxanthin 
induces uncoupling protein 1 (an uncoupling protein dissipates protonmotive force 
without driving ATP biosynthesis) in abdominal white adipose tissue (WAT) mito-
chondria, leading to the increased oxidation of fatty acids and heat production in 
WAT; improves insulin resistance and decreases blood glucose levels through the 
regulation of cytokine secretions from WAT [57]. The carotenoid end of the poly-
ene chromophore, which contains an allenic bond and two hydroxyl groups, has 
been suggested as the key structure for its anti-obesity effect. Such anti-obesity 
effects were primarily detected in murine studies, and further studies are needed in 
order to confirm all these promising scientific results in humans. 
Xanthigen-600/2.4  mg (300  mg pomegranate seed oil +300  mg brown seaweed 
extract containing 2.4 mg fucoxanthin) induces weight loss, reduces body and liver 
fat content, and improves liver function tests in obese non-diabetic women [58]. 
Finally, recent results suggest that fucoxanthin could be a promising microbiota-
targeted functional-food ingredient as the composition of both cecal and fecal 
microbiota were significantly changed after 4 weeks of fucoxanthin supplementa-
tion [59].
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 Garcinia cambogia

Garcinia is a large genus in the family Clusiaceae, and G. cambogiais, a tree native 
to the forests of India, Nepal, and Sri Lanka, and is the most often used for medici-
nal purposes [60]. Although numerous chemicals have been isolated from G. cam-
bogia fruit, hydroxycitric acid (HCA) is considered the active ingredient for weight 
loss. It is believed to have multiple sites of action, but primarily in the liver (where 
inhibits adenosine triphosphate citrate lyase, which cleaves citrate to acetyl coen-
zyme A (acetyl-CoA) and oxaloacetate), and brain (causes a decrease in serotonin 
reuptake). Dosages of G. cambogia for weight loss have ranged from 1667 to 
4668 mg (taken in divided doses) daily [60].

Based on the available evidence from clinical studies published until 
February 2017, some authors suggest that G. cambogia is unlikely to be effec-
tive in obese subjects and even may cause harm [60]. On the other hand, the 
administration of G. cambogia and glucomannan for long-term weight loss in 
people with overweight or obesity led to reduced weight and improved lipid and 
glucose profiles [61]. Also, these authors suggested that the presence of several 
polymorphisms, including perilipin 4 (PLIN4), fat mass and obesity-associated 
(FTO) protein, and β-adrenergic receptor 3 (ADRB3) might hinder to some 
degree these effects.

 Carnitine

In the human body carnitine can be found in almost every cell. Carnitine plays 
an important role in energy balance, mitochondrial β-oxidation, and in fatty 
acid metabolism. L-carnitine is the isomer used in weight loss [62]. Some pre-
clinical findings suggest that the expression of microRNAs which play a role in 
the pathogenesis of obesity might be modulated by dietary agents and supple-
ments including L-carnitine [63]. In human studies, carnitine supplementation 
as a weight-loss agent leads to increases in its intracellular concentration and 
triggers increased fat oxidation and a gradual reduction of the body’s fat 
reserves [64].

Data from a systematic review meta-analysis of RCTs investigating the effect of 
carnitine on body weight loss concluded that carnitine might be an effective adjuvant 
for weight loss in adults. A daily intake of 1.8–4 g L-carnitine or levocarnitine showed 
a greater reduction in body weight and BMI. Subjects who received carnitine lost sig-
nificantly more weight (MD: −1.33 kg; 95% CI: −2.09 to −0.57) and showed a 
decrease in BMI (MD: −0.47 kg m−2; 95% CI: −0.88 to −0.05) compared with the 
control group [65]. The effect of carnitine supplementation on body weight decreases 
over time.
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 Green Tea

Both green tea and black tea are made from the leaves of the Camellia sinensis plant 
belonging to the Theaceae family. Green tea production is characterized by a rap-
idly steaming process that prevents fermentation, while during black tea production 
the leaves endure an extra enzymatic oxidation step during the processing [66]. In 
green tea there are naturally presented a series of components with biological activ-
ity, catechins, a class of polyphenols of low molecular weight. Catechins are present 
mainly as catechin, epicatechin, catechin gallate, gallocatechin, gallocatechin gal-
late, epicatechin gallate, epigallocatechin and epigallocatechin gallate [67]. The 
final concentration of these products in green tea drinks is largely variable depend-
ing on growing conditions, how the leaves are dried, harvesting and preparation 
conditions of the formulation that is consumed. Epigallocatechin-3-gallate (EGCG) 
was identified as the most abundant green-tea catechin and it is responsible for most 
of the biological properties of green tea [68]. EGCG reduces body weight by 
decreasing adipocyte differentiation and proliferation during lipogenesis [69]. 
Moreover, the anti-obesity mechanism of action of EGCG includes inhibition of 
pancreatic lipase, an increase in glucagon like peptide-1 (GLP-1) levels, and 
increased satiety (by enhancing serotonin/dopamine uptake) [70, 71]. Furthermore, 
high-dose green tea extract (EGCG) at a daily dosage of 856.8 mg may influence 
body weight by decreasing the secretion of ghrelin while increasing adiponectin 
levels [72]. In addition, green tea polyphenols also modulates the composition of 
gut microbiota [73].

There is much scientific literature describing the effect of green tea consumption 
on weight loss. A recent meta-analysis investigated the effect of green tea in 26 
RCTs, including 1344 obese adults [74]. Subjects who consumed green tea had a 
reduction of around −1.78 kg (95% CI: −2.80, −0.75, p = 0.001), as well as a lower 
BMI WMD: −0.65 kg/m2 (95% CI: −1.04, −0.25, p = 0.001). Moreover, there was 
a non-linear dose-response between dose and duration of green tea consumption 
and the most pronounced reduction in body weight was observed with 500 mg/day 
green tea for 12  weeks [74]. The effect of green tea extract on weight loss was 
recently investigated in a meta-analysis of 16 RCTs including 1090 subjects was 
analyzed [75]. After green tea extract consumption, the study revealed a reduction 
in BMI of −0.27 kg/m2 (95% CI: −0.40 to −0.15, p < 0.0001). Moreover, this recent 
meta-analysis showed a beneficial effect on glycemic profile as well as an increase 
in high-density lipoprotein (HDL) levels, while all-cause adverse events were mini-
mal [75]. On the other hand, obese women included in another study investigating 
the high-dose green tea extract intake, experienced significant weight, BMI, as well 
as WC reduction [72]. Even at a daily dosage of 856.8 mg EGCG for 12 weeks, 
subjects included in the study reported no side effects or adverse events. Furthermore, 
significantly lower ghrelin levels and elevated adiponectin levels were found in the 
active component study group.

For an optimal effect of green tea on weight loss it is essential that the final prod-
uct contains in the range of 126–300  mg EGCG and 75–150  mg caffeine and 
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EGCG:caffeine ratio of 1.8:1 to 4:1 per day [76]. Therefore, we conclude that the 
use of green tea can be useful for the weight management of obese patients.

 Hoodia gordonii

Hoodia gordonii (family Apocynaceae) is known for its claimed effects of appetite 
suppression and weight loss [77]. Future studies are needed to elucidate the mecha-
nisms of action (p57 and Hoodigogenin A might not be the active agents responsible 
for the weight loss associated), as well as side-effects and appropriate doses. Few 
clinical trials are available, and these show that a 15 days regimen of repeated con-
sumption of H. gordonii purified extract (HgPE) seems to be associated with signifi-
cant adverse changes in some vital signs and laboratory parameters [78], while 
40 days of repeated consumption resulted in statistically significant reductions in 
body weight, BMI and WC compared with the placebo group [79]. Thus, additional 
investigations are needed in order to assess safety and efficacy. Interestingly, a very 
recent randomized blinded controlled trial study, where a 4 weeks long supplemen-
tation with H. Parviflora at 9 mg + 200 mg of fructo-oligosaccharides was used in 
30 overweight and obese patients, favorable effects were reported on weight loss, 
decreasing satiety, and improving fat mass, in particular visceral adipose tissue [80].

 Pyruvate

The efficacy of pyruvate in reducing body weight was assessed in a meta-analysis 
including 6 RCTs [81] and the results do not convincingly support pyruvate to be 
efficacious in reducing body weight. However, it should be noted that there is lim-
ited evidence and future trials should be more rigorous and better-designed. In addi-
tion, pyruvate supplementation seems to be ineffective as a fat loss strategy in young 
athletes [82].

 Caffeine

The daily consumption of coffee and caffeinated beverages between 494 weight loss 
maintainers and 2129 individuals from the general population controlling for 
sociodemographic variables, BMI and physical activity level were investigated [83] 
and the results indicate that weight loss maintainers consume significantly more 
cups of coffee and caffeinated beverages. Also, a recent meta-analysis demonstrated 
that caffeine intake might promote weight, BMI and body fat reduction (the overall 
pooled beta was 0.29 (95%CI: 0.19, 0.40; Q = 124.5, I2 = 91.2%); 0.23 (95%CI: 
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0.09, 0.36; Q  =  71.0, I2  =  93.0%) and 0.36 (95% CI: 0.24, 0.48; Q  =  167.36, 
I2 = 94.0%), respectively) [84]. Thus, consumption of caffeinated beverages might 
support weight loss maintenance, but further studies are needed to investigate pos-
sible mechanisms.

 Bitter Orange

Citrus aurantium L. (bitter orange) extracts that contain p-synephrine as the pri-
mary protoalkaloid are widely used for weight loss/weight management, appetite 
control, energy, and mental focus and cognition, although questions have been 
raised about the safety of p-synephrine as it has some structural similarity to ephed-
rine [85]. Mechanistic studies suggest that p-synephrine exerts its effects through 
multiple actions including its binding to β-3 adrenergic receptors that regulate lipid 
and carbohydrate metabolism, Neuromedin U Receptor 2 (NMUR2s), and AMP- 
activated protein kinase, cAMP, and Ca(2+)-dependent mechanisms, but also anti- 
inflammatory effects.

The consumption of bergamot polyphenol extract complex (BPE-C), a novel ber-
gamot juice-derived formulation enriched with flavonoids and pectins, decreased 
body weight by 14.8% and BMI by 15.9% in obese participants at the dose of 
1300  mg daily [86]. This further correlated with a significant, dose-dependent 
reduction of circulating hormones balancing caloric intake such as leptin and ghre-
lin, and upregulation of adiponectin. There has been concern that the consumption 
of orange juice may potentiate weight gain, particularly because of its sugar content. 
One randomized trial showed that when consumed concomitantly with a reduced- 
calorie diet, orange juice does not inhibit weight loss (body weight decreased-6.5 kg; 
p = 0.363 as well as BMI -2.5 kg/m2; p = 0.34), and insulin sensitivity, the lipid 
profile, and inflammatory status all improved [87].

 Chromium

Chromium (III) or trivalent chromium, is a trace element widely present in the 
human diet (around 1–2% of ingested chromium is absorbed from the diet), and 
food sources such as meat, nuts, cereal grains, molasses, and brewer’s yeast provide 
an especially abundant source. The exact mechanism is not clear, but it is believed 
to be associated with carbohydrate and lipid metabolism, and may have roles in the 
action of insulin and serum glucose regulation, while its effects on weight loss is 
related to its ability to regulate eating behaviour and food cravings, suppress appe-
tite, stimulate thermo-genesis, enhance resting energy expenditure and improve 
insulin sensitivity [88–90]. Current dietary recommendations suggest a daily intake 
range between 25 and 45 μg/d for adults [91].
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Although the role of chromium supplementation as a weight loss agent remains 
questionable, recent meta-analyses have reported reductions in body weight (WMD 
−0.75 kg, 95% CI: −1.04, −0.45, p < 0.001), BMI (WMD -0.40, 95% CI: −0.66, 
−0.13, p = 0.003 and body fat percentage (WMD -0.68%, 95% CI: −1.32, −0.03, 
p  =  0.04) in individuals with overweight/obesity [92]. Also, one previous meta- 
analysis [93] shows that chromium supplementation lead to statistically significant 
reductions in body weight (MD compared to placebo −0.50 kg; 95% CI: −0.97, 
−0.03). However, the magnitude of the effect is small, and the clinical relevance 
remains uncertain.

 Conjugated Linoleic Acid (CLA)

CLA represents a group of unsaturated fatty acid isomers with several biological 
effects seen in animals (reduces body fat accumulation, influences lipid and glucose 
metabolism) and it has been proposed that the trans10-cis12 isomer is the active 
isomer associated with the anti-obesity and insulin-sensitizing properties, although 
the metabolic effects in humans in general, and isomer-specific effects specifically, 
are not well characterized [94]. Interestingly, the gut microbiota has been suggested 
as a potential mediator of CLA effects on obesity.

Preliminary results showed that CLA may slightly decrease body fat in 
humans, particularly abdominal fat, but there was no effect on body weight or 
BMI, lipid or glucose metabolism [95]. However, recent studies indicate that 
although body weight and BMI were not significantly decreased, the body fat 
mass (p = 0.034), body fat percentage (p = 0.022), and truncal fat (p = 0.027) as 
well as serum leptin levels (p = 0.039) decreased significantly during interven-
tion with CLA (3 g administered in 3 daily doses for 3 months) [96]. In addition, 
CLA (3 g/d for 12 weeks) significantly decreased hip circumference compared 
to placebo (p = 0.016), but again had no effect on body weight, BMI, or WC 
[97]. On the other hand, the t10c12-CLA isomer had been suggested as the bio-
active isomer of CLA potentially influencing the body weight changes observed 
in subjects with T2DM [98]. One very recent meta-analysis indicates that CLA 
significantly reduced body weight (WMD −0.52 kg, 95% CI: −0.83, −0.21; I2: 
48.0%, p = 0.01), BMI (WMD −0.23 kg/m2, 95% CI: −0.39, − 0.06; I2: 64.7%, 
p = 0.0001) in overweight and obese subjects compared to the placebo, while the 
effects on WC was not significant [99]. Additionally, its impact on body weight 
in subjects older than 44  years (WMD −1.05  kg, 95% CI: −1.75, −0.35; I2: 
57.0%, p = 0.01), with longer duration (more than 12 weeks) (WMD −1.29 kg, 
95% CI: −2.29, −0.29; I2: 70.3%, p = 0.003) and dosage more than 3.4 g/day 
(WMD −0.77 kg, 95% CI: −1.28, −0.25; I2: 62.7%, p = 0.004) were greater than 
comparator groups. Thus, the metabolic effects of CLA seems to be complex and 
future, longer studies, especially evaluating isomer- specific effects, are 
warranted.

A. Corina et al.



129

 Coleus Forskohlii Extract Supplementation

Coleus forskohlii extract (CFE) contains forskolin, which plays a major role in 
mediating the pharmacological action, and it is a popular ingredient of weight loss 
dietary supplements in Japan [100]. Increased cAMP synthesis by CFE may be 
associated with enhancement of cAMP-dependent lipolysis in adipose tissue.

The effects of supplementation with CFE (250 mg) on key markers of obesity 
and metabolic parameters in 30 overweight and obese individuals were investigated 
in an RCT for 12 weeks [101]. Significant reductions in waist and hip circumfer-
ence (p = 0.02; p = 0.01, respectively) as well as HDL-cholesterol increases were 
recorded in both experimental and placebo groups, while the experimental group 
showed a favorable improvement in insulin concentration and insulin resistance 
(p = 0.001 and p = 0.01, respectively) compared to the placebo group. The results of 
another randomized, double blind study suggest that CFE (250 mg of 10% CFE two 
times per day for 12 weeks) does not appear to promote weight loss but may help 
mitigate weight gain in overweight women with apparently no clinically significant 
side effects [102]. However, further investigation is needed to validate the effects of 
CFE/forskolin in humans.

 White Kidney Bean (Phaseolus vulgaris L.)

White kidney beans, mostly known as common beans (Phaseolus vulgaris L.), orig-
inate from South America. White kidney beans are important source of energy and 
vegetarians’ proteins. White kidney beans are used as a nutraceutical due to their 
enrichment in bioactive peptides, polyphenols, resistant starch, and oligosaccha-
rides [103]. One proposed mechanism of action of white kidney beans in weight 
loss is through its content of alpha-amylase inhibitor with ability to reduce spikes in 
blood sugar caused by dietary carbohydrates intake [104]. Consequently, after the 
consumption of white kidney bean extract (WKBE), the absorption of carbohy-
drates is lowered.

In clinical studies, including one meta-analysis, few products containing white 
kidney beans extract with high quantities of α-amylase inhibitors for weight loss 
have been investigated. A meta-analysis analyzed the effect of one single product 
containing white kidney beans extract (Phase2®) for weight loss [105]. After analyz-
ing data from 11 studies (573 subjects), Phaseolus vulgaris supplementation lead to 
a reduction in body weight by −1.08 kg (95% CI: −0.42 kg to −1.16 kg, p < 0.00001), 
compared to placebo. Moreover, an important reduction in body fat of –3.26 kg 
(95% CI: −2.35 kg to −4.163 kg, p = 0.02) was reported [105]. Other WKBE for-
mulations have been also studied in the context of RCTs in overweight and obese 
participants. At a dosage between 445 and 3000 mg for 28–84 days of follow-up 
period, the reported weight loss ranged from 1.8 to 3.5 kg [106]. When comparing 
high (450 mg) vs low (300 mg) doses of WKBE for 9 months, no difference was 
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observed between the 2 groups, therefore, prolonged supplementation may be 
equally effective at high or low doses of WKBE supplementation [107]. To our 
knowledge only 2 studies by Udani et al. [108, 109] reported a significant difference 
in weight loss in obese participants supplemented with WKBE vs placebo. The first 
study investigated the effect of 3000 mg/d WKBE (2 × 1500 mg/d) for 56-days, 
while the second one evaluated the administration of 2000 mg/d for 28-days. These 
investigators found that those subjects with a greater intake of carbohydrates might 
benefit more from WKBE supplementation for weight loss with WKBE. Moreover, 
WKBE could have an impact on other health-related parameters such as blood glu-
cose, insulin, triglycerides, total cholesterol, LDL-cholesterol, oxidative stress 
markers, gut and microbiota composition [106] as well as antihypertensive, antican-
cer, antioxidant and anti-inflammatory proprieties [103]. In conclusion, WKBE 
might be a useful nutraceutical for weight reduction, but more solid clinical evi-
dence including a meta-analysis with all available RCTs is needed.

 Prebiotics and Probiotics

Modulation of gut microbiota could be a potential target in the fight against obesity 
and obesity related disorders [110]. There are differences between lean vs over-
weight vs obese subjects in terms of gut microbiota composition. Intervention with 
probiotics could produce changes in gut microbiota composition and therefore 
could trigger some mechanisms causally related to body weight and body fat. Gut 
microbiota can change the expression of host genes that are involved in the develop-
ment of adiposity, fat storage, and oxidation. Moreover, gut microbiota can play an 
important role in energy metabolism, gastrointestinal hormone modulation, as well 
as in obesity-related inflammation [111, 112]. The Food and Agriculture 
Organization of the United Nations (FAO) and World Health Organization (WHO) 
defined a probiotic as “live microorganisms that, when administered in adequate 
amounts, confer a health benefit on the host”, while prebiotic is defined as “a sub-
strate that is selectively utilized by host microorganisms conferring a health benefit” 
[113]. A synbiotic is a combination of both probiotics and prebiotics offering ben-
eficial effect on the host microbiota. Supplementation with prebiotics, probiotics 
and synbiotics have been demonstrated to possess anti-inflammatory, immunomod-
ulatory, antioxidant, anti-cancer, and anti-aging properties, as well an improvement 
in the responses to clinical treatment against several diseases [71, 114, 115].

Probiotics and prebiotics can indirectly lead to weight loss by influencing a num-
ber of mechanisms. Prebiotics could induce weight loss by modulating gut micro-
biota and the production of lipopolysaccharide (LPS), that hinders the process of 
low-grade inflammation and modulates the endocannabinoid (eCB) system. 
Furthermore, prebiotics are also involved in hunger promoting mechanisms by 
stimulating release of satiety peptides from L cells in the gut [18]. Probiotic supple-
mentation could also induce beneficial changes in gut microbiota that impact body 
weight. Some of the proposed mechanism of action also includes production of 

A. Corina et al.



131

bioactive compounds by probiotic strains, reduction in fat storage, induction of fatty 
acid oxidation genes, reduced expression of pro-inflammatory cytokines, and stimu-
lating the production of satiety-inducing peptides [18]. Furthermore, probiotics 
could influence cholesterol metabolism by metabolizing both cholesterol and bile 
acids [116].

The inulin type of prebiotics could induce satiety, increase breath-hydrogen 
excretion, and modulate gut peptides involved in satiety regulation, and prompted 
the study of bifidobacteria and lactobacilli. Lactobacillus spp. and Bifidobacterium 
spp. are two extensively studied probiotics that have provided anti-obesity effects in 
animal models and human studies [18]. A growing body of literature has examined 
the administration of prebiotics, probiotics and synbiotics for weight management 
and the findings are contradictory. A recent review of the literature on this topic and 
data from a meta-analysis of 19 RCTs including a total of 1412 participants were 
analyzed. Investigators conclude that supplementation with probiotics or synbiotics 
had no effect on body weight or BMI and just a small effect in reducing WC [117]. 
However, this is a general conclusion, as several types of probiotics were investi-
gated as capsules, yogurt, fermented milk, and cheese. Indeed, the biological effect 
is dependent on the specific prebiotic and probiotic used, and not every probiotic 
will perform the same role. In addition, the health-related benefit of probiotic sup-
plements is species- and strain-specific [118]. A meta-analysis including 4 RCTs 
concluded that there is no significant effect of probiotics on body weight and BMI, 
but the authors reported that due to a low quality of the RCTs analyzed no definitive 
conclusion could be established [119]. On the other hand, a meta-analysis by Zang 
et al. [120] investigated the results of 25 studies including 1931 patients. The authors 
reported that probiotic supplementation could reduce body weight and 
BMI. Moreover, the effect was greater in overweight and obese subjects, when mul-
tiple species of probiotics were administrated, and the duration of intervention was 
longer than 2 months.

 Other Nutraceuticals and Healthy Dietary Patterns

Compared with placebo (n = 25), the consumption of dietary supplements contain-
ing 125 mg green tea, 25 mg capsaicin and 50 mg ginger for 8 weeks led to a signifi-
cant decrease in body weight (−1.8 ± 1.5 vs. +0.4 ± 1.2 kg, respectively, p < 0.001) 
and BMI (−0.7 ± 0.5 vs. +0.1 ± 0.5 kg/m2, respectively, p < 0.001) in 25 overweight 
women. Also, beneficial effects were seen on markers of insulin metabolism and 
plasma glutathione (GSH) levels [121].

An increased consumption of vegetables, fruits, nuts, legumes, whole grain, but 
also of fish, eggs, poultry, red meat as well as low to moderate amounts of wine 
(characteristics of the Mediterranean Diet) has favorable effects on obesity as shown 
in clinical studies [122], but also in a meta-analysis (where a decrease in body 
weight (−2.2 kg; 95% CI: −3.9 to −0.6 kg) and BMI (−0.6 kg/m2; 95% CI: −1 to 
−0.1 kg/m2) were reported [123]. It should be highlighted that the Mediterranean 
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dietary model has been supported as a suitable model for T2DM (frequently associ-
ated with obesity) and that its beneficial health effects lie primarily in the synergy 
among various nutrients and foods rather than on any individual component [124]. 
Furthermore, in a parallel design study of 39 overweight hyperlipidaemic men and 
postmenopausal women advised to consume either a low-carbohydrate vegan diet 
(containing increased protein and fat from gluten and soy products, nuts and vege-
table oils) or a high-carbohydrate lacto-ovo vegetarian diet for 6 months after com-
pleting 1 month metabolic (all foods provided) versions of these diets [125]. The 
metabolic treatment lead to an approximate 4 kg weight loss that was increased to 
−6.9 kg on low-carbohydrate and −5.8 kg on high-carbohydrate ad libitum treat-
ments (treatment difference (95% CI) −1.1 kg (−2.1 to 0.0), p = 0.047). One meta-
analysis of RCTs with 1369 participants assessed the effects of low- carbohydrate 
diets vs low-fat diets on weight loss and risk factors of CVD [126] and showed a 
greater reduction in body weight (WMD −2·17 kg; 95% CI −3·36, −0·99) in par-
ticipants on low-carbohydrate diets.

A multi-ingredient supplement containing primarily raspberry ketone, caffeine, 
capsaicin, garlic, ginger and Citrus aurantium (Prograde Metabolism™ [METABO]) 
as an adjunct to an 8-week weight loss program, in a randomized, placebo- controlled, 
double-blind study resulted in significant differences vs. placebo in body weight 
(−2.0% vs. -0.5%, p < 0.01), but also fat mass (−7.8 vs. -2.8%, p < 0.001), lean 
mass (+3.4% vs. +0.8%, p < 0.03), waist girth (−2.0% vs. −0.2%, p < 0.0007), hip 
girth (−1.7% vs. −0.4%, p < 0.003), as well as energy levels [127].

Four-month treatment with a dietary supplement containing cinnamon, chro-
mium and carnosine (1.2  g/day) had no significant effects on body weight and 
energy, but significantly decreased fasting plasma glucose and increased fat-free 
mass in overweight or obese pre-diabetic subjects [128]. These beneficial effects 
might open new avenues in the prevention of diabetes.

In conclusion, nutraceuticals and functional food have a beneficial effect on obe-
sity and body weight. However, the current evidence is limited and still there are 
controversial findings, while the studies often differ among them (by the length of 
interventions, the dose used, the methodology, the population selected, etc). 
Consequently, their direct comparation is not possible. Future, well-designed, and 
longer-term studies are needed to further support the use of nutraceuticals in the 
prevention and/or management of obesity as well as obesity-related complications, 
but also to better understand their underlying mechanisms of action.
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Chapter 9
Nutraceuticals for Non-alcoholic Fatty 
Liver Disease

Alper Sonmez, Cemal Nuri Ercin, Mustafa Cesur, and Teoman Dogru

 Introduction and Definition

Nonalcoholic Fatty liver Disease (NAFLD) is a clinical spectrum of liver disorders 
characterized by increased fat storage in the hepatocytes without a history of exces-
sive alcohol consumption. The disorders in the spectrum of NAFLD range from 
Nonalcoholic Fatty Liver (NAFL), namely steatosis without significant inflamma-
tion or fibrosis; to nonalcoholic steatohepatitis (NASH) with varying degrees of 
inflammation, injury or fibrosis; and finally, to Cirrhosis [1–3].

 Epidemiology

Different reports from different geographical regions give the NAFLD incidence 
about 10–50 per 1000 person-years and a global prevalence around 25% [4–9]. The 
population data for NASH is quite few, as the gold standard diagnostic method, liver 
biopsy, cannot be performed for epidemiological purposes. However, it can be esti-
mated that 7–30% of NAFLD patients who undergo liver biopsies have NASH. This 
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indicates that the overall prevalence of NASH is likely to be between 1.5% and 
6.45% [4]. The prevalence of NAFLD become highest in the fourth to fifth decades 
[10, 11]. There are conflicting reports about the gender distribution of NAFLD. Some 
reports suggest that NAFLD is more prevalent in men [12, 13]. While others men-
tion it is more common in women [14, 15]. Ethnicity may be a predictor for NAFLD 
[16–18]. The prevalence appears to be higher in Hispanics than the Caucasian and 
the African American population [17]. The high prevalence of obesity in the 
Hispanic population may be a reason for the ethnic variations in the NAFLD fre-
quency. Some genetic modifiers of disease severity may also have role in the ethnic 
variations of NAFLD frequency [19].

The risk of NAFLD is significantly increased in patients with Metabolic 
Syndrome mainly in patients with obesity [20, 21]. The whole spectrum of visceral 
adiposity, from overweight to severe obesity, is associated with the increased risk of 
NAFLD. More than 95% of subjects who undergo bariatric surgery are reported to 
have NAFLD [22]. The prevalence is also high in subjects with type 2 diabetes. 
About one to two third of patients with type 2 diabetes are estimated to have NAFLD 
[23]. Finally, more than half of patients with dyslipidemia have NAFLD. Patients 
with high TG and low HDL Cholesterol levels are the ones with the highest fre-
quency of NAFLD [24, 25]. The lipoprotein phenotypes are more atherogenic in 
patients with NASH than those with NAFL [26].

 Diagnosis

NAFLD can only be diagnosed after ruling out several etiological factors such as 
chronic alcohol intake (>20 gr/day for woman and > 30 gr/day for man), long term 
use of steatogenic drugs and hereditary disorders [1]. Liver enzymes are often 
abnormal in NAFLD. However, liver enzyme elevation by itself is not sufficient for 
the diagnosis of NAFLD. There are many cases with normal liver enzyme levels and 
there are many different causes of liver enzyme elevation other than the 
NAFLD. Ultrasound imaging is the most common diagnostic test, which detects 
NAFLD when the 10% of the hepatocytes have fat deposits [27]. Proton magnetic 
resonance spectroscopy (HMRS) and quantitative fat/water selective magnetic reso-
nance imaging (MRI) are among the other diagnostic tests [28] which are less fre-
quently used. Vibration controlled transient elastography is a common method to 
grade fibrosis based on liver stiffness and is also developed to the severity of hepatic 
steatosis [29]. Liver histology is the gold standard test which can establish NAFLD 
when 5% of hepatocytes have fat depots. However, it is not necessary to perform 
liver biopsy for every case with an ultrasound finding consistent with NAFLD. When 
other etiologies of liver disease cannot be not ruled out, or when the patient is at 
high risk of cirrhosis, liver biopsy would be necessary for the definite diagnosis.
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 Pathogenesis

The pathogenesis of NAFLD involves both genetic and environmental factors which 
in combination cause the metabolic alterations in the hepatocyte. The so called 
‘Multiple Hit’ theory puts forward the role of multiple etiopathological factors on a 
genetic background [30]. The genetic and epigenetic factors not only determine the 
transition period from NAFL to NASH but also cause inflammation and fibrosis 
from the very beginning of the process [30]. The main pathology is the TG deposi-
tion in the hepatocytes, which occurs due to the higher fatty acid intake than the 
consumption. The 75% of the total TG depot is exogenous, while only 25% is pro-
duced in liver by the de novo lipogenesis [31, 32]. The amount of lipogenesis is 
significantly increased, and fatty acid beta oxidation rate is impaired in patients 
with NAFLD. The TG transformation to the very low density lipoproteins (VLDL) 
is also decreased in patients with NAFLD [32]. It is estimated that one third of 
patients with NAFL progress to NASH. This progression occurs due to the malad-
aptation of liver to the increased fatty acid input and involves the sequences of 
lipotoxicity, inflammation, increased hepatocellular dysfunction and fibrosis 
[32, 33].

 Clinical Picture

The clinical and pathological features of NAFLD are diverse. The spectrum starts 
from noninflammatory deposition of fatty acids and may progress to fibrosis and 
hepatocellular carcinoma (HCC) [34, 35]. NASH is the second leading cause of 
liver disease among adults awaiting liver transplantation [36]. Inflammation and 
fibrosis are the most important factors playing role in the liver related mortality 
and morbidity [37–39]. Genetic factors play significant role in the severity of 
inflammation [40]. The mechanism of the progression of NAFL to NASH is not 
clear. Prospective studies show that progression to NASH is observed in about 
40% of cases with NAFLD, while progression to fibrosis without inflammation is 
reported in the 40% [41]. Mortality is significantly higher in patients with 
NAFLD which includes mostly the cardiovascular deaths [1, 42]. HCC may 
occur in every patient with cirrhosis. HCC patients with a background of NAFLD 
have shorter surveys when compared to HCC patients without NAFLD. They are 
older and they generally have cardiovascular comorbidities [43]. Interestingly, 
about half of these HCC patients do not have a significant clinical picture of cir-
rhosis [44]. Especially patients with metabolic syndrome may develop HCC 
without fibrosis [45].
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 Treatment Strategies in Patients with NAFLD

There are two major aims of managing patients with NAFLD. The first one is reduc-
ing the cardiovascular risk and the other is preventing the progression of liver dis-
ease. Therefore, a wise approach should always involve lifestyle modification while 
taking into account the comorbidities and the stage of the liver disease [46].

 Lifestyle Modification

Living a healthy life is the first and foremost strategy to prevent NAFLD. Weight 
reduction significantly improves liver histology, liver enzymes, serum insulin levels 
and quality of life in patients with NAFLD [47–49]. Hepatic steatosis and NAFLD 
activity score (NAS) significantly improve in patients after a modest (>5%) weight 
loss [47, 50]. There is robust data showing that moderate to severe alcohol intake 
increase disease progression [51]. Although there is no evidence about the effect of 
light alcohol intake in NAFLD, it would be a prudent approach to recommend people 
to refrain from alcohol intake. Cardiorespiratory fitness has a strong relation with the 
risk of fatty liver, especially in the population with obesity [52]. Exercise increases 
fatty acid oxidation, reduce fatty acid synthesis, and prevents mitochondrial and 
hepatocellular damage [53]. Exercise programs of 2–3 sessions a week of 30–60 min 
over a period of 6–12 weeks are recommended for patients with NAFLD [1].

 Treatment of the Components of Metabolic Syndrome

Metabolic syndrome grows on top of insulin resistance and obesity. Therefore, 
treatment regimens establishing insulin sensitivity and weight lose have the poten-
tial to improve metabolic syndrome and NAFLD [54–56]. Metformin is the most 
common insulin sensitizer. However, it’s not effective in NAFLD treatment [57]. 
There is more robust data for Pioglitazone. Pioglitazone treatment significantly 
improves ballooning degeneration, lobular inflammation, steatosis and combined 
necroinflammation in patients with NASH [58].

If patients cannot lose enough weight with diet and exercise, medical treatment of 
obesity and bariatric surgery are considered as further strategies. Medical agents for 
weight loss may improve liver enzymes and liver histology. Orlistate improves bio-
chemical indicators of liver damage, while it is far from being a first-choice drug for 
the management of NAFLD or NASH  [59]. On the other hand, Liraglutide treatment 
may be a promising agent to prevent fibrosis progression and resolve NASH [60]. 
Patients can be referred for bariatric surgery, if they do not meet weight loss goals 
after 6 months of lifestyle interventions and medical treatment. Especially for patients 
with NASH or advanced fibrosis bariatric surgery is a promising treatment strategy. 
Bariatric surgery decreases steatosis and inflammation and improves fibrosis 
score [61].
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 Liver Specific Treatments in NAFLD

Numerous liver specific pharmacological agents with anti-inflammatory, antioxi-
dant, antifibrotic or insulin sensitizing properties have been investigated for NAFLD 
treatment. However, there is so far no single pharmacological agent which is highly 
effective and safe. Therefore, pharmacotherapy should be reserved for patients with 
NASH and with significant fibrosis (stage ≥2) [28]. Current evidence shows that 
nondiabetic patients with biopsy proven NASH and fibrosis can be treated with 
vitamin E (800 IU/day) replacement [46, 62]. As there are reports about the increased 
all-cause mortality in patients taking high dosage vitamin E [63, 64], the risk and 
benefits of treatment should be discussed with the patient before the treatment. 
Pioglitazone or Liraglutide can be preferred on top of metformin treatment in 
patients with diabetes mellitus and biopsy proven NASH [58, 60].

 Nutraceuticals for NAFLD Treatment

As there is no highly effective pharmacological treatment strategy for NAFLD, the 
effects of nutraceuticals on liver functions and histology have received much atten-
tion [65]. Numerous nutraceutical agents have been investigated for the treatment of 
NAFLD so far [66–68]. Phytochemicals, mono or Polyunsaturated fatty acids, anti-
oxidant vitamins or minerals are the common bioactive molecules of nutraceuticals 
[69]. These active organic compounds are responsible for the protective effects of 
nutraceuticals by their positive effects on inflammation, oxidant stress and insulin 
resistance or by regulating the imbalance of the gut microbiota [67, 68]. Their 
effects on liver functions and liver histology have been observed in several clinical 
studies. Some nutraceuticals seem to have positive effects on liver enzymes and 
lower liver fat content [66]. However, despite the abundance of promising nutraceu-
tical agents, the number of long-term, prospective randomized controlled clinical 
trials are not enough. The current evidence on the effects of nutraceuticals in 
NAFLD/NASH treatment is discussed below.

 Silymarin

Silymarin, an ancient medicinal plant, is a flavonoid polyphenol, which is produced 
from the extracts of milk thistle or St. Mary’s thistle (Silybum marianum). Silymarin 
and its active ingredient silybin have antioxidant, anti-inflammatory and anti-fibrotic 
effects [70, 71]. Silymarin reduces fibrogenesis, stimulates liver regeneration and 
inhibits hepatic stellate cell activation [71]. Because of its significant biological 
effects, silymarin is one of the most common nutraceuticals for liver disorders [72]. 
The oral bioavailability of silymarin is not high because of the poor intestinal 
absorption and fast first pass metabolism in liver. Several studies have been per-
formed with silymarin with different follow up periods, different dosages and 
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combinations. An observational study has shown that, 6 months treatment with a 
complex of silybin- vitamin E and phospholipids decreases liver enzymes, 
HOMA-IR levels and improves the ultrasound grade of NAFLD [73]. Silymarin and 
Vitamin E combination, implemented for 6 months, decreases transaminases, with-
out significant improvements in the noninvasive markers, such as fatty liver index, 
lipid accumulation product and NAFLD-fibrosis Score [74]. Another report of 
3 months long treatment with silymarin shows significant improvement in insulin 
resistance and the indirect markers of hepatosteatosis such as hepatic steatosis index 
and lipid accumulation product [75]. Combination of silymarin, phosphatidylcho-
line and vitamin E improved liver enzymes and ultrasonographical scoring of 
NAFLD in a 12 months long multicenter randomized double blind study in patients 
with histological diagnosis of NAFLD/NASH. Liver biopsies, performed in a sub-
group both before and after the study period, showed significant improvements in 
the severity of steatosis, lobular inflammation, ballooning and fibrosis [76]. Another 
clinical study, twice daily intake of a food supplement containing vitamin E, 
L-glutation, L-systein, L-methionin and silybum marianum significantly improved 
liver enzyme levels and the ultrasonographical severity of NAFLD in 3 months [77]. 
Another placebo-controlled study of silymarin showed no improvement in liver 
enzymes but a significant improvement in biometric parameters such as waist cir-
cumference, body mass index and the sonographically measured size of right 
hepatic lobe [78]. A metanalysis which involves eight randomized controlled stud-
ies showed that silymarin has positive efficacy to reduce transaminases in patients 
with NAFLD [79].

In conclusion, according to the current data, silymarin supplementation appears 
to have beneficial effects on the NAFLD treatment. The high safety profile of sily-
marin may be an advantage in the long-term use of this product. Silymarin is men-
tioned as a potentially useful treatment for NASH in Asia Pacific guidelines [80]. 
However, in order to obtain a global approval, larger scientific evidence is warranted 
to find out optimal dose and duration and to implement silymarin in children and 
adult population with NAFLD.

 Vitamin E

Vitamin E is a potent antioxidant fat soluble vitamin, abundantly found in sunflower 
oil, palm oil, rice bran oil, olive oil, nuts and grains [81]. Because oxidative stress 
has a significant role in the pathogenesis of NAFLD, vitamin E is largely investi-
gated in NAFLD treatment. In comparison to the healthy population, Vitamin E 
levels are reported to be significantly lower in patients with NAFLD [82]. No differ-
ence is established between patients with simple steatosis or NASH [82]. Vitamin E 
replacement in patients with NAFLD show significant improvements in liver 
enzymes [83, 84].

There is also data about the effects of vitamin E replacement on liver histology. 
Significant improvement in fibrosis score without any change in inflammation is 
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reported in a randomized, double blind, placebo-controlled study of adult patients 
with NASH [85]. PIVENS (Pioglitazone versus Vitamin E versus Placebo for the 
Treatment of Nondiabetic Patients with Nonalcoholic Steatohepatitis) was a multi-
center, randomized, placebo controlled, double blind, phase 3 study. Vitamin E 
800 IU daily was given to 84 nondiabetic patients with NASH for 96 weeks. The 
results of the PIVENS study show significant decreases in ALT levels and improve-
ments in histopathological findings such as steatosis, lobular inflammation and bal-
looning degeneration in the Vitamin E arm when compared to placebo or pioglitazone 
arms [86]. TONIC (Effect of vitamin E or metformin for treatment of nonalcoholic 
fatty liver disease in children and adolescents) was a double-blind, double-dummy, 
placebo-controlled clinical trial performed in 173 children or adolescents with 
biopsy-confirmed NAFLD. Sustained reduction in ALT level were not established 
but significant histological improvements in hepatocellular ballooning scores and 
NAFLD activity scores were obtained after 96 weeks of treatment of Vitamin E 
(800 IU/day) when compared to metformin (1000 mg/day) or placebo [87]. A meta-
nalysis of five randomized controlled studies has shown that vitamin E replacement 
significantly improves liver functions and liver histology in children and adult 
patients with NAFLD/NASH [88].

In conclusion, there is limited data on the effects of Vitamin E replacement in 
patients with NAFLD. In accordance to the results of PIVENS study, current guide-
lines recommend vitamin E (800 IU/day) replacement in nondiabetic patients with 
biopsy proven NASH  [28, 89]. However, due to the unexpected data on increased 
all-cause mortality [63, 64] or prostate cancer risk [90], vitamin E replacement 
should not be unanimously recommended to all patients with NAFLD or NASH.

 Vitamin D

Vitamin D is a steroid hormone playing role in bone mineral metabolism, immune 
response regulation, cell differentiation and inflammation. Only 10% of circulating 
vitamin D is derived from the food intake while the rest is de-novo synthesized by 
the epidermal effect of ultraviolet (UV) B radiation. The UV B effect converts 
7-dehydrocholesterol to cholecalciferol which is sequentially hydroxylated in liver 
and kidney to its final active form 1,25-hydroxy-cholecalciferol or Calcitriol [91–
93]. Vitamin D deficiency may have role in insulin resistance and increase the risk 
of Metabolic Syndrome and Type 2 diabetes. Several studies show increased preva-
lence of vitamin D deficiency in patients with metabolic syndrome. Also, people 
with biopsy diagnosed NASH have lower vitamin D levels with a negative correla-
tion to the severity of liver fibrosis [94, 95]. Similar findings were also reported in 
patients with NAFLD and normal liver enzymes [96]. Vitamin receptors are 
expressed in hepatocytes and vitamin receptor interaction may have a role in the 
progression of NASH [97].

Despite the evidence about the role of vitamin D deficiency in NAFLD, there are 
controversial reports about the beneficial effects of vitamin D replacement in the 
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improvement of fatty liver. In a double-blind randomized placebo controlled clinical 
study, vitamin D replacement (50,000 IU/weekly for 4 months to 53 patients) did 
not cause significant improvements in liver enzymes, insulin sensitivity or the sever-
ity of hepatosteatosis [98]. Another clinical study of vitamin D replacement 
(2000 IU daily) also did not show significant improvements on metabolic parame-
ters and the severity of steatosis in 42 patients with NAFLD [99]. Likewise, vitamin 
D replacement (25,000 IU/weekly) for 24 weeks did not improve liver enzymes, 
insulin resistance and histological findings in biopsy proven patients with NASH  
[100]. Another randomized double-blind controlled study reported that there may 
be significant improvements in liver enzymes, lipid parameters and insulin sensitiv-
ity in patients with NAFLD when calcium is added to vitamin D replacement [101]. 
A metanalysis of 974 patients with NAFLD has shown that, the vitamin D levels 
were not different when patients with high and low NAS and patients with high and 
low fibrosis scores compared [102]. Therefore, although vitamin D deficiency 
appears to have role in the pathogenesis of NAFLD, it is not clear that vitamin D has 
a histopathological effect on NAFLD [102].

In summary, the data about the relationship between vitamin D deficiency and 
the pathogenesis of NAFLD is inconclusive. The inconsistencies between different 
reports may be related to the methodological differences between these studies. 
Therefore, larger and longer-term prospective studies are warranted to better under-
stand the direct effects of vitamin D replacement on disease progression.

 Carnitine

L-carnitine, is an endogenous precursor of the carnitine-palmitoyltransferase-1. 
L-carnitine plays critical roles in the transport of fatty acids into mitochondria, cell 
membrane stabilization, and lowering of serum lipid levels. It regulates the energy 
imbalance in cells where much of the energy is produced from the fatty acid oxida-
tion. Also, L-carnitine regulates immune response. L-carnitine replacement is 
expected to have beneficial effects in several metabolic disorders such as obesity, 
type 2 diabetes and liver cirrhosis [103–105].

In a placebo controlled clinical study, oral L- carnitine replacement (2 g/daily for 
24 weeks) significantly reduced liver enzymes, insulin resistance and inflammatory 
parameters in 24 weeks in patients with NASH. The control biopsy has shown that 
NASH activity index, defined by steatosis, parenchymal inflammation and hepato-
cellular injury and fibrosis score significantly improved [106]. However, another 
randomized controlled study reported that 52 weeks long L-carnitine replacement 
(500 mg twice daily) did not show significant alterations in liver enzymes and liver 
ultrasound findings about steatosis [107].

So far, the data about the effects of L-carnitine replacement on NAFLD patho-
genesis is controversial. More data is warranted to better understand the effect of 
long-term L-carnitine replacement on liver pathology.
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 Omega-3 Fatty Acids

Adipose tissue has the ability to effectively deposit free fatty acids (FFA). Obesity is 
a major cause of lipotoxicity of FFA in liver and pancreas. The exposure to FFA 
activates inflammatory pathways, impairs cellular communication and results in cel-
lular dysfunction. Metabolic disorders such as insulin resistance and type 2 diabetes 
ensue as a result of chronic lipotoxicity [108]. Omega-3 fatty acids are essential 
polyunsaturated fatty acids (PUFA), which are not produced in vivo or which are not 
derived from alfa-linolenic acid. The most common omega-3 FFAs are 
Docosahexaenoic acid (DHA) and Eicosapentaenoic acid (EPA). Fish oil is a suit-
able source for omega-3 fatty acids. The most important effect of omega-3 FFAs is 
the cellular regulation of the metabolism from lipogenesis and triacylglycerol depo-
sition to the fatty acid oxidation. PUFAs regulate lipid metabolism by reducing lipo-
genesis via their effects on Peroxisome proliferator-activated receptor alfa (PPAR- α) 
and the transcription of sterol regulatory element binding protein 1c (SREMP-1). 
This mechanism facilitates FFA oxidation and reduces hepatosteatosis. Insulin resis-
tance can be improved by the anti-inflammatory effects of PUFAs [109].

There are several studies about the role of PUFA replacement on the improve-
ment of NAFLD. A clinical study about 12 months of PUFA replacement reports 
significant improvements in TG and ALT levels and the ultrasound grade of steato-
sis [110]. Similar findings were also reported in several randomized controlled stud-
ies of PUFA (2 g/daily) replacement [111, 112]. PUFA appears to lower serum TG 
levels without lowering liver TG content [113].

Another clinical study showed that DHA (250 mg/day and 500 mg/day) signifi-
cantly lowered hepatosteatosis and serum triglycerides and improved insulin sensi-
tivity in 60 children with NAFLD [114]. A metanalysis of 9 clinical studies showed 
that PUFA can significantly but modestly improve liver enzymes and hepatic fat 
content [115].

In conclusion there are well designed but heterogeneous clinical studies about 
the role of PUFAs in the pathogenesis of NAFLD.  Also, the number of studies 
involving histopathological assessments are limited. Finally, the optimal dosage, 
treatment period and long-term safety data are not established.

 Vitamin C

Vitamin C is a water-soluble antioxidant and a free radical scavenger which plays 
role in infection control and cellular development. Vitamin C is not synthesized in 
the body and taken mainly form the fruit and vegetables. Cross-sectional population 
studies have shown that about 10–20% of the western population may have Vitamin 
C deficiency [116, 117]. Low vitamin C levels are not only related to NAFLD but 
also the risk of hypertension, cancer and atherosclerotic cardiovascular diseases 
[118, 119].
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Animal studies report that vitamin C deficiency results in elevation of plasma 
and liver lipids, and increased oxidative stress, inflammation and fibrosis in liver, 
and vitamin C replacement reduces hepatic oxidative stress [120]. There are contro-
versial reports from the epidemiological studies about the relation between vitamin 
C intake and NAFLD. According to some reports people with NAFLD have low 
vitamin C intake [121, 122] while others do not report any relationship at all 
[123–125].

Direct examination of the effect of Vitamin C replacement in comparison to pla-
cebo has not been performed in patients with NAFLD so far. However, studies 
which combine Vitamin C in combination to other vitamins have been conducted. A 
12  month, double-blinded, randomized controlled trial examined the differences 
between combined treatment with Vitamin C (500 mg/day) and vitamin E (600 IU/
day) versus placebo in children [126]. The change in liver enzymes, lipid levels or 
the liver brightness in the ultrasound were not significantly different in the treatment 
groups [126].

Another study in patients with NASH with 6 months of treatment with vitamin C 
(1000 IU daily) and vitamin E (1 gr daily) caused significant histological improve-
ments without any alteration in liver enzymes [85]. Another study, with 4  years 
treatment of combined vitamin C (1  gr/day) and vitamin E (1000  IU) showed 
improvements in hepatosteatosis [127]. However, it is not easy to discern whether 
these beneficial effects are due to Vitamin C itself or Vitamin E or the combination. 
In conclusion, the present data is not enough to recommend vitamin C replacement 
to patients with NAFLD.

 Coenzyme Q10

Coenzyme Q10 is an antioxidant and anti-inflammatory molecule and a promising 
agent in NAFLD treatment. Coenzyme Q10 is abundant in striated muscle, heart 
and liver, but present in all cells of the organism [128]. Main limitation of Coenzyme 
Q10 treatment is its low bioavailability. Therefore, high dosages are necessary for 
the establishment of therapeutic effects. On the other side Coenzyme Q10 has high 
safety profile and low risk of drug interaction [129]. A 3 weeks long, randomized, 
double blind, placebo-controlled study of 100 mg Coenzyme Q10 has shown sig-
nificant improvements in liver enzymes, and hsCRP levels in patients with NAFLD 
[130]. Also, Coenzyme Q10 replacement significantly improved lipid abnormalities 
in patients with NAFLD [131].

 Berberine

Berberine, also called berberine hydrochloride, is an alkaloid extract of Berberis 
vulgaris, traditional Medicine from China and India. Studies have shown that ber-
berine can improve blood glucose and lipid levels and regulate immune responses 
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[132, 133]. Animal studies have shown that berberine can decrease insulin resis-
tance, lower hepatic and adipose tissue inflammation [134, 135]. Clinical studies 
with short term (2–4  months) berberine (500  mg/day) replacement has shown 
improvements in the indirect markers of hepatosteatosis such as Hepatic Steatosis 
Index and Lipid Accumulation Product [136]. A metanalysis of 6 randomized con-
trolled studies has shown improvements in lipid parameters, insulin resistance and 
the grade of hepatic steatosis. However, these studies were performed with high 
dosages of berberine (1000–1500 mg/day) which caused significant intestinal side 
effects [137].

 Curcumin

Curcumin is an extract of Curcuma longa. It improves insulin sensitivity, reduces 
oxidative stress and inflammation [138–141]. Curcumine has low bioavailability. 
Therefore, in most of the clinical studies of curcumin, piperine like molecules 
were added to improve its bioavailability. In patients with metabolic syndrome, 
curcumin reduced the serum levels of proinflammatory cytokines (TNF-α, IL-6, 
IL-1β, and MCP-1), increase anti-inflammatory adiponectine levels [139, 140] and 
improve Blood lipids [141]. Curcumin ingestion (1000 mg/day divided into two 
doses) for 8  weeks decrease, liver fat content, reduce liver enzyme levels, and 
increase hepatic vein flow with a reduction in portal vein diameter and liver vol-
ume [142].

 Resveratrol

The natural nonflavonoid polyphenol compound resveratrol is an antioxidant, vaso-
protective and insulin sensitizing agent abundant in nuts, berries and grape peel 
[143, 144]. Conflicting reports are present about the effects of resveratrol in patients 
with NAFLD. A placebo controlled double blind study of resveratrol replacement 
(500 mg/day for 12 months) did not result in any significant alteration in anthropo-
metric measures, insulin sensitivity and lipid parameters, but reduced serum ALT 
levels and improved hepatic steatosis [145]. Another study of resveratrol replace-
ment (600  mg/day for 3  months) resulted in decreased insulin resistance, blood 
glucose and lipids [146]. Furthermore, resveratrol improved the balance between 
important pro-inflammatory and anti-inflammatory cytokines [146]. On the con-
trary, another study of resveratrol replacement with much higher dosages (3000 mg/
day for 8 weeks) did not reduce insulin resistance, steatosis, or abdominal fat distri-
bution, but increased liver enzymes [147]. The discrepancies with the results of the 
clinical studies are probably related to differences between the resveratrol dosage 
and the study periods. As the previous reports are not consistent, long-term clinical 
studies will be informative about the safety and efficacy of resveratrol in the treat-
ment of NAFLD.
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 Salvia Miltiorrhiza

Salvia Miltiorrhiza is a traditional Asian herbal medication, which is used in China 
in the treatment of cardiovascular diseases for more than 2000 years. A metanalysis 
of 8 controlled studies has shown that, Salvia miltiorrhiza dry extract supplementa-
tion significantly improves plasma transaminases and radiological severity of hepa-
tosteatosis [148].

 Probiotics

The dysbiosis of gut microbiota can take part in the pathogenesis of liver diseases. 
Probiotics, Prebiotics and symbiotics modulate gut microbiota and they are poten-
tial therapeutic agents for NAFLD [149].

Several studies performed with probiotics or symbiotics have shown significant 
improvements in insulin resistance, liver enzymes and the severity of steatosis in 
patients with NAFLD. But different probiotics were used in different amounts with 
different periods in these studies. Therefore, it is not easy to discern a specific pro-
biotic type, dosage and treatment period for [150].

Randomized controlled studies with L.  Acidophilus, B.  Lactis, L.  Bulgaris, 
S. Thermophilus or L. rhamnosus showed significant improvements in liver enzymes 
in children and adults [151–153]. Another study in children has shown that 4 months 
long replacement of bifidobacteria, lactobacilli and S. thermophilus improves the 
severity of steatosis in liver [154].

In conclusion, probiotics can improve gut microbiota and liver pathology. 
However, there is problem in the standardization of results from different probiot-
ics. The evidence is promising about the effect of agents targeting gut microbiota in 
NAFLD treatment.

 Anthocyanins

Anthocyanins, are water soluble bioactive flavonoid compounds. Nutrients rich in 
Anthocyanins improve oxidative stress, dyslipidemia and hepatic steatosis in exper-
imental NASH models. Replacement of purified anthocyanin (320 mg/day) signifi-
cantly improved insulin resistance and liver enzymes in patients with NAFLD [155]. 
However, we need more data, especially on histological improvements, in order to 
get benefit of Anthocyanins on NAFLD [156].
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 Betaine

Betaine is an important methyl donor. It is either synthesized de novo or taken by 
the diet. Animal studies has shown that betaine replacement can prevent liver fat 
deposition [157, 158]. The effects of Betaine replacement were also investigated in 
a small number of clinical studies.

There appears to be a negative correlation between plasma betaine concentra-
tions and the severity of NAFLD [159]. Eight weeks of Betaine replacement reduced 
25% of liver steatosis and improved liver enzymes of patients with NASH  [160]. 
However, another randomized controlled study of 12  months long oral betaine 
replacement did not show any significant effect on liver enzymes and liver histol-
ogy [161].

 Camellia Sinensis

Camellia Sinensis (Green Tea) is the leaf extract of the green tea plant Camellia 
Sinensis. Green Tea has been under scrutiny especially for its effects on cardiovas-
cular diseases [162]. Green tea ingestion improves exercise performance, increase 
fat oxidation, and prevent obesity in mice [163, 164]. In recent years Green Tea is 
also investigated for the treatment of NAFLD. In two randomized controlled stud-
ies, Green Tea extract (500  mg/day for 12  weeks) significantly improved liver 
enzymes, insulin resistance and the ultrasound findings of liver steatosis when com-
pared to the placebo arm [165, 166]. Another randomized controlled study with 
12 weeks of green tea (700 ml/day) containing high density catechins improved 
liver fat content and inflammation by reducing oxidative stress in patients with 
NAFLD [167].

 Coffee

Coffee consumption decreases insulin resistance and oxidative stress in hepatocytes 
and have anti-inflammatory and antifibrotic effects in animal models [168, 169]. 
The role of coffee consumption on NAFLD has been investigated in several clinical 
studies. A significant negative correlation between the amount of coffee consump-
tion and fibrosis scores were established in patients with biopsy proven NAFLD 
[170]. A 7 years follow up study has shown that coffee consumption prevents the 
progression of liver fibrosis [171]. The real-life data also show that healthy patients 
have higher coffee consumption rates when compared to patients with NAFLD 
[172]. A metanalysis has shown that the risks of NAFLD and NASH are signifi-
cantly lower in patients with regular daily coffee consumption [173].
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 Spirulina

Spirulina (Arthrospira platensis), is a cyanobacterium which has long been used as 
a food supplement. FDA approved Spirulina as a food supplement as it has a high 
safety profile and a rich source of proteins, vitamins, minerals, carotenoids, and 
phytocyanins. Spirulina has hypolipidemic, hypoglycemic, anti-viral, hepatoprotec-
tive, anti-inflammatory, anti-oxidant, anti-neoplastic, and immunomodulatory 
effects [174]. Spirulina replacement decreases liver enzymes and improves fibrosis 
in the animal models of NAFLD [175]. In a clinical study, 6 months of treatment 
with spirulina (6 gr/day) significantly improved lipid parameters, insulin resistance 
and liver enzymes, without any alteration in the severity of hepatosteatosis [176]. 
There is very limited data about the effect of spirulina in NAFLD treatment. Further 
studies with spirulina, especially on its effects on liver histology, are warranted.

 S-adenosyl-L-methionine

S-adenosylmethionine (SAM), is an organic molecule unanimously found in every 
living cell. Current data about the effect of SAM in the pathogenesis of NAFLD are 
derived from experimental animal models. Chronic liver SAM deficiency may play 
role in the development of NASH, and SAM replacement may be effective in pre-
vention of NAFLD in experimental animals [177]. There is however, limited clini-
cal evidence about the role of SAM replacement on the pathogenesis of NAFLD [178].

 Astaxanthin

Astaxanthin is an antioxidant caroten derivative, which inhibits lipid peroxidation 
more powerfully than vitamin E. It is regarded as a possible nutraceutical alternative 
to vitamin E [65]. Astaxanthin more significantly reduce lipogenesis, insulin resis-
tance, liver inflammation and fibrogenesis when compared to vitamin E in the 
experimental models [179]. With the preliminary data, Astaxanthin appears to be 
the ideal antioxidant for the prevention of liver injury induced by NAFLD. However, 
there is insufficient human data about the effect of Astaxanthin in NAFLD [180].

 Conclusion

In conclusion, numerous nutraceuticals are currently in use in different therapeutic 
forms such as food ingredients, dietary supplements, herbal teas or over the counter 
pills. Many clinical studies have been performed so far, to investigate the effects of 
nutraceuticals on NAFLD. There are several technical problems in quite a lot of 
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these reports, such as small sample sizes, short study periods, lack of placebo arms 
or overestimation of the benefits. However, there is also high-quality evidence 
derived from randomized, placebo controlled prospective studies. According to 
these data at least some of these nutraceuticals such as Silmarin, Curcumin, Green 
Tea or Vitamin E have promising metabolic advantages and may improve liver func-
tions or liver histology. However, there is hardly enough data about the optimal 
dosage, optimal treatment period and long-term safety data for most of these nutra-
ceuticals. Therefore, time is needed to reproduce long term, randomized controlled 
studies before the widespread use of nutraceuticals for the NAFLD treatment.
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Chapter 10
Nutraceuticals Supporting Cognitive 
Function in Mild Cognitive Impairment

Larysa Strilchuk

 Introduction

Dementia is a chronic condition characterized by the decreased cognitive capacity, 
which is more severe than in case of normal aging. The most common types of 
dementia include Alzheimer’s disease (AD) and vascular dementia (VD), which 
often coexist [1, 2]. Neurodegeneration can also accompany such disorders as amy-
otrophic lateral sclerosis, Huntington’s disease, frontotemporal dementia, and 
Parkinson’s disease (PD) [3].

Cognitive impairment is a major social and economic problem of modern society 
[4–6]. World Health Organization states that dementia affects about 47 million peo-
ple worldwide, and 9.9 million of new cases emerge each year [7]. Advances in 
general quality of life and medical science had shifted the population towards older 
people, so the incidence of dementia is predicted to increase dramatically [8]. 
So-called non-infectious pandemia of diabetes mellitus may accelerate this 
increase [9].

The first stage of dementia is defined as mild cognitive impairment (MCI) [10]. 
Characteristics of MCI include decline of memory, executive function, attention, 
visuospatial skills and speech [11, 12]. Pathogenic links of cognitive impairment are 
represented by neuroinflammation, excessive amyloid-β protein (ABP) production 
and deposition, formation of neurofibrillary tangles, oxidative stress and free radical 
damage, hyperphosphorylation of the tau protein, changes in the cholinergic sys-
tem, cellular senescence, genome instability and proteostasis dysregulation 
[1, 13–17].

In the recent years, the interest of scientists and consumers in natural plant- 
derived compounds for the treatment of dementia and MCI has increased [18].  
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It can be partly explained by the desire to receive effective, but safe non-drug ther-
apy [19]. In this chapter, we summarize the available evidence supporting the 
benevolent action of some botanicals and phytochemicals on cognitive function.

 Ginkgo biloba (Gb)

Gb is a widely used plant for the prevention and treatment of memory loss, depres-
sion, tinnitus and confusion [20]. Spectrum of Gb chemical constituents is very 
wide and includes terpene trilactones, flavonol glycosides, isoflavonoids, bifla-
vones, proanthocyanidins, alkylphenols, carboxylic acids, 4-O-methylpyridoxine 
and polyprenols [21–23]. Preclinical evidence suggests that flavonol glycosides are 
mostly responsible for the antioxidant activity of ginkgo [24], whereas terpene tri-
lactones like bilobalide provide neuroprotective effect and promote nerve regenera-
tion [25] by the means of counteracting the decrease of brain-derived neurotropic 
factor (BDNF), norepinephrine transporter and dopamine transporter [26–28].

The most widely studied Gb extract called EGb761 was approved as a drug in 
1967 [29]. EGb761 contains ≈24% flavone glycosides (quercetin, kaempferol, and 
isorhamnetin), 6% terpene lactones (ginkgolides A, B and C; bilobalide), 0.8% 
ginkgolide B [30]. These chemical constituents seem to have either separate or syn-
ergistic actions, which contribute to the global Ginkgo effect [31–34].

Neuroprotective and cognition-enhancing action of Gb are mostly attributed to 
its property to improve cerebral blood flow (CBF). This could be related to inhibi-
tion of platelet-activating factor (PAF), enhancing of nitric oxide (NO) production 
in vessels, and suppression of the acetylcholinesterase (AChE) activity [35–37]. 
EGb761 stabilizes cell membranes, reduces vascular permeability, promotes neuro-
genesis, and improves synaptic plasticity [38, 39]. Then, EGb761 has direct (free 
radicals scavenging) and indirect (stimulation of cytochrome P450 enzyme sys-
tems) antioxidative effect [40]. Gb extract also may counteract inflammation in 
microglial cells due to its property to inhibit production of prostaglandin E2, tumor 
necrosis factor α (TNF), interleukins (IL)-6, and -1β [41].

One of the AD pathogenesis theories suggests that AD is mediated by mitochon-
drial dysfunction, which is associated with the oxidative stress and decreased energy 
metabolism. W.E. Müller et al. (2017) attribute Gb procognitive effect to the inhibi-
tion of mitochondrial dysfunction cascade [42].

Gb has been extensively investigated in a large number of preclinical studies, 
especially, different dementia models in rodents. In galactose-induced dementia in 
rats Gb extract attenuated memory impairment and neuron apoptosis [43]. In a vas-
cular dementia model in gerbils, it induced recovery of spatial memory, protected 
the hippocampal CA1 neurons and counteracted the decrease in plasma superoxide 
dismutase (SOD) activity [44]. Gb pretreatment significantly improved cognitive 
function in rats exposed to bisphenol A. Authors explain this by increasing hippo-
campal levels of estrogen-dependent biogenic amines and controlling oxidative 
stress [45]. In aged rodents, Gb extracts improved spatial learning and memory, 
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producing favorable effects on synaptic efficacy and plasticity in the hippocampus 
CA1 area [46, 47]. Gb extracts were also shown to activate cell proliferation in the 
hippocampus of mice [28]. In animal models of AD, Gb extract inhibits ABP aggre-
gation, ABP1–42-induced dysfunction and death of hippocampal neurons [48]. It also 
inhibits the formation of ABP-derived neurotoxic ligands, decreases mitochondrial- 
initiated apoptosis and caspase-3 activity [49, 50], suppresses formation of amyloid 
fibrils [51, 52], and modulates phosphorylation of tau protein – the main component 
of neurofibrillary tangles and one of the key neuropathological characteristic of 
AD [53].

Gb is extremely widely studied in clinical trials, which, however, had showed 
heterogeneous results. For instance, in the GuidAge trial [54] and the Ginkgo 
Evaluation of Memory trial [55] EGb761 (240 mg/day) had been administered to 
participants with no cognitive impairment for 4–6 years. Authors did not reveal any 
positive effect of Gb extract on dementia incidence. Such conclusions were sup-
ported by the meta-analysis of eight trials of non-cognitively impaired participants 
treated with Gb for up to 13 weeks [56].

On the other side, a meta-analysis of 21 trials including 2608 patients with 
dementia or MCI showed that combination of Gb and conventional medicine taken 
for 24 weeks was superior in improving Mini-Mental State Examination (MMSE) 
score above the conventional medicine alone [48]. These results have been con-
firmed by the meta-analysis, concluding that Gb extract at doses >200 mg/day for at 
least 5 months has potentially beneficial effects for people with dementia [57]. In 
some studies EGb761 was significantly more effective above placebo in enhancing 
cognition according to Syndrom-Kurz test evaluating memory and attention [58–
60], whereas in others it was not [61, 62].

Single administration of Gb extract (600 mg) had been demonstrated to improve 
short-term memory in volunteers with [63, 64] and without cognitive impairment 
[65]. A large meta-analysis showed that a long-time treatment with Gb extract 
(240 mg/day for 22–26 weeks) may stabilize or slow down the cognitive decline in 
patients with neuropsychiatric symptoms [66]. Other analytic paper states the Gb 
extract has sufficient evidence of beneficial effect only in doses above 200 mg/day 
given longer than 22 weeks [57]. Accordingly, a 20-year long follow-up population- 
based study has revealed that EGb761 prevented cognitive decline in a non- 
demented elderly population in comparison to non-users [67].

The guidelines of World Federation of Societies of Biological Psychiatry for the 
biological treatment of AD and other dementias state that EGb761 has the same 
strength of evidence as AChE inhibitors and N-methyl-D-aspartate (NMDA) antag-
onists (Grade 3 recommendation; Level B evidence) [68]. EGb761 showed efficacy 
equal to donepezil (5 mg/day) according to MMSE in a small (n = 76) randomized 
controlled trial [69]. Authors of other comparison of EGb761 and donepezil agreed 
that these agents had a comparable therapeutic effect on cognitive symptoms in 
elderly AD patients and underlined the better safety of the former [70].

EGb761 has a positive risk-benefit profile according to an in-depth analysis [71] 
and European Medicines Agency report [72]. Once existing concerns regarding a 
possibility of bleeding risk increase due to the inhibition of platelet aggregation and 
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PAF function were not supported by several randomized trials and meta-analyses 
[73]. From 1966 to 2004 the association between GB extract and bleeding events 
was described in 15 case reports, but some of these patients had major bleeding risk 
factors (liver cirrhosis, hypertension and warfarin or high dose aspirin consump-
tion) [74]. Nevertheless, a large study based on the Veterans Administration 
Informatics and Computing Infrastructure database (USA, n  =  807,399) showed 
that Gb extract significantly increased risk of bleeding when taken together with 
warfarin in comparison to warfarin alone [75].

Despite some authors state that Gb extracts do not have any drug-drug interac-
tions [29, 32, 71], other ones note that this herbal drug may interact with aspirin, 
warfarin, trazodone, omeprazole, antihypertensive and antihyperglycaemic medica-
tions [76, 77].

To sum up, Gb is potentially beneficial for the improvement of cognitive function 
in patients with MCI or AD when given in doses of >200 mg/day for >22 weeks. It 
should be noted that active compounds of Gb extract have short half-lives, so this 
nutraceutical should be taken more than once daily [78, 79].

 Vitis vinifera

Seeds and berry peels of grape (Vitis vinifera) are well-known nutraceuticals. 
Beneficial properties of grape are usually attributed to its polyphenolic compounds 
[80]. Grape polyphenols are represented by proanthocyanidins, which are the poly-
mers of flavan-3-ol links like catechin, catechin gallate, epicatechin, and epicatechin 
gallate [81]. Polyphenolic compounds of grape can improve memory and cognition 
decreased in aging process [82] due to their antioxidant activity, which was proven 
in animal models of AD [83, 84]. This effect is in part realized via inhibiting the 
depletion of antioxidant enzymes in hippocampal regions involved in short-term 
memory [85]. Other mechanisms of procognitive and neuroprotective action of 
grape polyphenols include promotion of synaptic transmission in the hippocampus, 
enhancement of the synaptic plasticity, suppression of ABP oligomer aggregation, 
epigenetic regulation of BDNF, anti-inflammatory and antiapoptotic effects [86–
91]. Apart from that, grape induces increase of SOD, hemeoxygenase-1 (HO-1), 
and glutathione peroxidase activities, decreases levels of toxic malondialdehyde 
(MDA) and activates the nuclear factor (erythroid-derived 2)-like 2 (Nrf2)/ARE 
pathway [92].

In preclinical models, Vitis vinifera extract dose-dependently attenuated 
aluminum- induced impairment in learning and memory, by modifying the biochem-
ical cascades as a central cholinomimetic agent, inhibiting the mRNA expression of 
amyloid precursor protein and tau protein, and suppressing the activity of myeloper-
oxidase (anti-inflammatory effect) [93].

Chronic treatment with grape-derived polyphenolic supplements results in the 
increase in bioactive neurometabolites able to antagonize pathological mechanisms 
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and restore neuronal function [94]. In a randomized, double-blind, placebo- 
controlled clinical trial a food supplement based on grape extract (250 mg/day for 
12  weeks) led to the significant improvement of MMSE score in comparison to 
placebo. Among the Repeatable Battery for the Assessment of Neuropsychological 
Status (RBANS) parameters, Vitis vinifera supplementation significantly enhanced 
attention, language, immediate and delayed memory without having any superiority 
above placebo in terms of visuospatial/constructional abilities [95].

Resveratrol (3,5,4′-trihydroxystilbene) [96, 97] is one of the most studied grape 
polyphenols [98]. It exists in two isomeric forms: the trans-isomer is present in the 
berry skins of most grape cultivars and cis-isomer is formed from the trans-isomer 
under UV exposure [99]. Most research on resveratrol describes the effects of more 
stable trans-isomer [100]. As a potent antioxidant, resveratrol can prevent the oxida-
tive stress and, subsequently, senile plaques formation and AD development [101, 
102]. Resveratrol also protects neurons and microglia [103, 104], attenuates the 
ABP-induced accumulation of intracellular reactive oxygen species (ROS) [105], 
restores the normal levels of glutathione depleted by the ABP1–42 [106], protects cell 
components against electrophilic injury [107], and strengthens the HO-1 pathway 
[108]. Resveratrol can counteract the neuroinflammation [109] via suppression of 
astrocytes and microglia activation [110, 111], and the inhibition of p38 mitogen- 
activated protein kinase (MAPK) phosphorylation and nuclear factor (NF)-κB acti-
vation, eventually reducing production of TNF and NO [112]. Resveratrol was also 
shown to inhibit IL-1β and IL-6 expression [113], and signal transducer and activa-
tor of transcription 1 (STAT1) and STAT3 phosphorylation [114]. Resveratrol or 
grape seed extract coadministration along with bisphenol A attenuated the negative 
dementia-inducing effects of the latter in rats [115].

Even single doses of resveratrol (250 or 500 mg per os) increased CBF in healthy 
volunteers [116]. Dietary supplementation with resveratrol (200 mg/day) and quer-
cetin (320 mg/day) led to the memory retention and improved the functional con-
nectivity between hippocampus and frontal, parietal, and occipital areas of brain 
[117, 118]. Resveratrol also improves the cerebral vasodilatory responsiveness, 
which is associated with cognitive function [119, 120].

In general, neuroprotective and cognition-enhancing effects of resveratrol may 
be mostly explained by its antioxidant and vasoactive action, whereas mechanisms 
of grape extract effects may be more diverse.

 Camellia sinensis

Tea is produced from the leaves, buds, and young stems of Camellia sinensis plant 
[121]. Daily tea intake might be associated to a significant reduction in the risk of 
cognitive impairment, cognitive decline, and ungrouped cognitive disorders [122–
125]. Green tea consumption (2–4 cups/day for 3  months) improved cognitive 
status in subjects with already established cognitive dysfunction [126]. Acute 
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supplementation of green tea also improves working memory (according to the 
reading span and N-back task paradigm) in healthy women aged 50–63  years, 
whereas it did not have any effect on younger counterparts [127].

Neuroprotective effects of tea may include antioxidant action, metal-chelating 
properties, and modulation of cell signaling and cell survival pathways [128–130]. 
Metal-chelating effect are of extreme importance, because iron can take part in the 
generation of harmful hydroxyl radicals [131], and copper forms complexes with 
ABP, promoting its neurotoxicity [132].

Different kinds of tea have different chemical composition due to fermentation 
process [133, 134] and, consequently, may have different efficacy. Some authors 
postulate that any kind of tea (green, black, or oolong) can be a procognitive agent 
[135–137], whereas other scientists report positive effects of green tea only [138–
140], explaining this differences by the smaller amount of catechins in black and 
oolong tea as compared to green tea [135, 141]. Indeed, green tea main compounds 
belong to catechin family, whereas black tea principally contains tannins [142].

Green tea enhances memory formation in the fresh water pond snail, Lymnaea 
stagnalis [143], whereas black tea prevents long-term memory formation [144]. 
There is a hypothesis that higher content of flavan-3-ols in black tea may alter cog-
nition [145]. In contrast, a Chinese cross-sectional study (n = 9375) found a positive 
correlation with cognitive function for black tea, whereas green tea showed no sig-
nificant effect [146]. Procognitive effects of black tea seems to be associated with 
attention improvement [147–149].

Xu et  al. (2018) found that black tea and oolong tea were not linked to the 
decreased risk of amnestic MCI. At the same time, green tea may be a protective 
factor for amnestic MCI in males aged 60–70 years, though this effect was not evi-
dent in males aged over 70 years. Females did not benefit from green tea at any 
age [150].

In general, the evidence of protective effects of any tea remains controversial 
[151, 152]. There are even studies showing negative effect of tea on cogni-
tion [153].

Main active substances of green tea, namely, epigallocatechin gallate (EGCG), 
epicatechin gallate (ECG), epicatechin and epigallocatechin (EGC), belong to cat-
echin family and exert a potent antioxidant effect [154]. EGCG, ECG, and EGC 
constitute 80% of the total tea catechins [155]. Exposition of transgenic AD mice to 
catechins resulted in the decrease of ABP levels and plaques quantity associated 
with stimulation of non-amyloidogenic α-secretase pathway [156]. Tea also con-
tains other phenolic compounds such as gallic, caffeic, and chlorogenic acids, quer-
cetin, proanthocyanidols, caffeine, theophylline, l-theanine and minerals (fluorine, 
manganese, chromium) [157]. A systematic meta-analysis of 21 studies concluded 
that green tea may improve memory and attention due to synergetic action of its 
components. It is proved, for instance, by the fact that the most beneficial effects on 
cognition are observed under the influence of both caffeine and L-theanine, whereas 
separate administration of either agent has a smaller positive impact [158].

Green tea polyphenols can improve ethanol-induced impairment of spatial learn-
ing and memory in rats. This phenomenon is explained by the upregulation of 
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pyramidal layer neurons density, expression of NMDA-receptor 1 subunit, and 
cAMP response element-binding protein (CREB) phosphorylation in the hippocam-
pus [159]. These polyphenols amplify the cholinergic neurotransmission via the 
inhibition of AChE and butyrylcholinesterase [160].

It should be noted that excessive intake of green tea can be harmful, because 
abundant polyphenols can induce autooxidative reactions [161]. There also sporadic 
case reports describing liver toxicity of tea extracts [162]. Green tea may interact 
with some medications. For instance, it may lower the exposure to rosuvastatin 
(without clinically significant results), nadolol (significantly suppressing the sys-
tolic blood pressure-lowering effect) and tacrolimus or increase the exposure to 
sildenafil. There also reports considering green tea interaction with simvastatin and 
warfarin in clinical studies and with diltiazem, verapamil and nicardipine in animal 
experiments [163, 164].

EGCG ((2R,3R)-5,7-dihydroxy-2-(3,4,5-trihydroxyphenyl)-3,4-dihydro-2H-1-
benzopyran- 3-yl 3,4,5-trihydroxybenzoate) is the most abundant tea polyphenol, 
representing 50–80% of the total catechins [165–167]. This hydrophilic catechin is 
a potent antioxidant, metal chelator and anti-inflammatory agent, which has the 
ability to cross the blood-brain barrier [168, 169].

Animal studies on models of neurodegenerative disorders showed that EGCG 
may protect neurons and other cells from oxidative stress. EGCG also promotes the 
formation of non-cytotoxic spherical protein aggregates. The latter do not catalyze 
the formation of fibrils and, consequently, decrease the neurotoxicity of α-synuclein 
and ABP1–42 peptides [170, 171]. Molecular mechanisms of this effect include acti-
vation of the glycogen synthase kinase-3β (GSK-3β) and the inhibition of c-Abl/
FE65 nuclear translocation [172]. Other mechanisms of antioxidant and anti- 
inflammatory action of EGCG are represented by its ability to suppress the expres-
sion of TNFα, IL-1β, IL-6, and inducible nitric oxide synthase (iNOS) and to restore 
the intracellular antioxidants’ level in microglia [173].

Anti-neuroinflammatory effects of EGCG have been proven on different cells 
lines, namely, including MC65, EOC 13.31, SweAPP N2a, N2a/APP695, DIV8, 
CHO, and M146 L cells [174]. Results from these studies showed that the anti- 
neuroinflammatory capacity of EGCG is mainly associated to the inhibition of 
microglia-induced cytotoxicity via reducing NF-κB activation and MAPK signal-
ing, including c-Jun N-terminal kinase (JNK) and p38 signaling [175].

In a D-galactose AD mouse model [175] and TgCRND8 transgenic AD mouse 
model [176] EGCG significantly reduced the ABP accumulation, attenuated hip-
pocampal neuronal injury, and exerted beneficial effects on cognition. For instance, 
in one experiment EGCG showed the capacity to reduce ABP deposits by 60% in 
the frontal cortex and by 52% in the hippocampus. It also lowered the concentration 
of CD45  – a marker of microglial activation [177]. Other animal experiments 
showed that EGCG could prevent lipopolysaccharide-induced memory impairment 
[178] and streptozocin-induced cognitive deficit [179].

L-theanine is a major aminoacid of green tea, able to improve cognition and 
facilitate the long-lasting attention [180–182], presumably increasing brain sero-
tonin, dopamine and gamma-aminobutyric acid (GABA) levels [183]. Task-related 

10 Nutraceuticals Supporting Cognitive Function in Mild Cognitive Impairment



174

recordings of electroencephalography demonstrated that L-theanine may enhance 
cognition [184].

Tea leaves can contain between 2% and 5% of caffeine, depending on the age 
of the leaf (older leaves have a smaller concentration) [185]. Procognitive and 
neuroprotective effects of caffeine were shown in animal models of PD [186] and 
in patients with AD [187]. Three to five cups of coffee per day at midlife may 
reduce the AD or dementia risk by 65% [188]. Caffeine can block adenosine recep-
tors and, consequently, induce their upregulation, which improves the function of 
blood- brain barrier and protects brain against AD [189]. Other mechanisms of 
caffeine beneficial action on brain include regulation of CBF [190–192] and 
increase of oxygen consumption [193]. Chronic caffeine intake is associated with 
the significantly lower risk to develop cognitive impairment [194, 195]. 
Nevertheless, a large meta-analysis (total n  =  31,479) [196] and the Manitoba 
Study of Health and Ageing of Canada [197] failed to prove any link of caffeine 
intake from coffee or tea and risk of cognitive disorders. It is speculated that only 
long-term caffeine consumption (about 20 years) may inversely associate with AD 
risk [186]. Some studies state that caffeine consumption is associated with reduced 
cognitive decline in women only [198], whereas others find procognitive benefits 
of tea, but not coffee [199]. Oral contraceptive steroids and estrogen have a major 
impact on caffeine metabolism [200], so its effects should be studied separately in 
men and women.

In general, green tea and its compounds (mainly EGCG) exert antioxidant effect, 
modulate cell signaling and apoptosis, counteract neuroinflammation, and inhibit 
protein aggregation. Nevertheless, the results of clinical trials vary significantly. 
These discrepancies may be explained by various confounding factors (study 
design, beverage temperature, presence of harmful habits, differences in genetic and 
environmental factors). So, further clinical studies are needed to establish its doses, 
administration frequency, efficacy and safety in humans.

 Theobroma cacao

Many authors state that regular consumption of cacao (Theobroma cacao), coffee 
and dark chocolate can have a positive influence on the brain, including diminishing 
the risks of age-related neurodegeneration [201]. Chocolate intake was associated 
with a 40% lower risk of cognitive decline in healthy individuals. It is interesting 
that this effect was observed only among subjects with low daily consumption of 
caffeine (<75 mg, about one average espresso) [202]. Chocolate drinks (daily for 
8 weeks) improves cognitive performance in patients with MCI [203] and cogni-
tively intact elderly [204]. Cacao extracts also appear to prevent the oligomerization 
of ABP [205] and improve cognitive performance according to MMSE, Trail 
Making Test A and B (TMT-A and -B), and verbal fluency test [203]. Cacao poly-
phenolic extract counteracts heat-induced cognitive impairment [206] and improves 
spatial memory, short-term and long-term learning in aged rats [207]. Nevertheless, 
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some human studies failed to find any association between chocolate or cacao seed 
extract intake and cognitive performance [208].

The cocoa flavanols have a procognitive effect [209] by the means of direct 
action on neurons, enhancement of dentate gyrus function [210] and CBF improve-
ment [211]. Apart from flavanols, cacao and coffee contain methylxanthines, 
namely, caffeine (1,3,7-trimethylxanthine), theobromine (3,7-dimethylxanthine) 
and theophylline (1,3-dimethylxanthine) [212, 213]. These compounds are also 
present in tea, yerba mate and cola drinks [214]. Methylxanthines intake may pre-
vent PD and AD [215, 216]. Caffeine is the most studied methylxanthine; its effects 
have been discussed earlier (See section “Camellia sinensis”).

Coadministration of theobromine and caffeine increased alertness (according to 
Simple Reaction Time task), working memory (Rapid Visual Information Processing 
task) and manual dexterity (Thurstone tapping task) [217]. Nevertheless, in other 
studies it failed to increase vigilance or enhance cognitive performance [218, 219]. 
Diet, rich in theobromine, polyphenols, and polyunsaturated fatty acids, improved 
age-induced memory decline, which can be explained by the means of enhancement 
of cholinergic and adrenergic neurotransmission [220].

Theobromine may reduce ABP-mediated neurotoxicity in a dose-dependent 
manner [221], improve CBF [222] and decrease the release of proinflammatory fac-
tors [223].

Other from caffeine cacao compounds and its whole extract are, in general, 
poorly studied, so there is a need to continue investigations.

 Bacopa monnieri

Bacopa monnieri or water hyssop, belongs to the Scrophulariaceae family [180]. It 
is a perennial creeping herb that thrives in damp soils. BM had been known as a 
cognitive and memory enhancer [224]. The main active components of BM are 
represented by steroidal saponines (bacoside A and B) and various alkaloids (brah-
min, herpestine, monierin, hersaponin) [225–228]. Among these substances, baco-
side A is thought to be the most active [229].

Principal mechanisms of Bacopa action are related to anti-inflammatory, antioxi-
dant, metal-chelating, anti-amyloid and cholinergic effects [230–233]. Bacopa also 
antagonizes serotonin-6 and -2A receptors, which influence neurological pathways 
associated with memory and learning disorders [234]. Administration of bacoside 
can lead to a significant decrease of proinflammatory cytokines (IL-1β and TNF), a 
significant induction of iNOS expression, and a reduction of total nitrite and lipo-
fuscin content in the brain cortex [235]. Bacopa extract was shown to increase long- 
term potentiation magnitude, which can partly explain its beneficial mnemonic 
effect [236]. Water hyssop extract reversed cognitive impairment in various rodent 
models of AD and memory decline including phenytoin- [237], diazepam- [238], 
colchicine- [239], and scopolamine-induced [240] ones. It was also shown in a rat 
experiment to increase CBF by 25% [241].
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According to numerous and animal studies, Bacopa can improve motor learning, 
acquisition and retention [242], reverse cognitive deficits [232], reduce ABP fibrils 
formations and stimulate segregation of previously formed ones [243], decrease 
inflammatory and oxidative stress markers [244], normalize the concentrations of 
major neurotransmitters (acetylcholine, glutamate, 5-hydroxytryptamine, dopa-
mine, 3,4 dihydroxyphenylacetic acid, norepinephrine), down-regulate AChE and 
upregulate muscarinic M1 receptor and CREB expression in hippocampus [245]. 
Administration of Bacopa extract improves novel object recognition in mice by 
increasing the cell proliferation and differentiation in the dentate gyrus together 
with elevation of BDNF phosphorylation [246]. Bacopa extract had a procognitive 
action in rodent models of type 2 diabetes [247], AD [248], and amnesia [238].

In some human trials, consumption of Bacopa extract improved working mem-
ory and cognition in elderly individuals [249–251] and children/adolescents [252], 
enhanced logical memory in children with attention deficit hyperactivity disorder 
[253], increased information-retaining capacity [250], whereas in others it did not 
produce any positive effect [254]. One meta-analysis of clinical trials (total n = 437) 
showed that Bacopa improved cognition according to TMT-B test and decreased 
choice reaction time [255].

Interventions with separate compounds of Bacopa, namely, bacosides A and B, 
also show memory improvement [256], possibly, mediated by cholinergic density 
modulation [257] and ABP-scavenging effect [258].

In general, Bacopa has a multi-faceted action including direct pro-cholinergic, 
antioxidant, metal chelating, anti-inflammatory, pro-circulatory, adaptogenic and 
anti-amyloid effects.

 Crocus sativus

Crocus sativus is a perennial herb of the Iridaceae family. Stigmata of Crocus are 
used to obtained the famous spice named saffron [259, 260]. They were shown to 
have neuroprotective properties [261].

Saffron stigma contains crocetin, crocin, picrocrocin and safranal [262]. Other 
saffron components include flavonoids, anthocyanins, vitamins (riboflavin, thia-
mine), proteins, starch, and aminoacids [262]. Crocin – the main compound of saf-
fron – is a water-soluble carotenoid known to improve learning and memory [259, 
260]. Mechanism of action of crocin is based on the antioxidant effect and inhibi-
tion of AChE activity [263].

Crocin or whole saffron extract can also antagonize the cognitive deficits caused 
by neurotoxic agents like streptozocin [264] or aflatoxin [265].

A trial including subjects with moderate AD symptoms showed that the 16 weeks 
of supplementation with 30 mg saffron per day was able to significantly improve the 
AD assessment scale-cognitive subscale (ADAS-cog) when compared to placebo 
[266]. The same authors demonstrated that one-year supplementation with 30 mg 
saffron per day improved the Severe Cognitive Impairment Rating Scale (SCIRS) 
and Functional Assessment Staging (FAST) in moderate to severe AD [267]. In all 
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available trials on saffron, the incidence of adverse events was similar to that of 
placebo [268].

Saffron crocins could counteract natural forgetting (according to novel object- 
recognition task in rats) and may modulate recognition memory, so the combination 
of crocins and memantine can be an innovative strategy to treat memory disor-
ders [269].

In general, saffron extract and crocin itself need to be studied in further experi-
ments and trials.

 Panax ginseng

Ginseng is a perennial plant belonging to the Aralliaceae family [270]. Its root con-
tains triterpene saponins, polysaccharides, peptidoglycans, polyacetylenes, sesqui-
terpenes, nitrogen-containing and phenolic compounds [271]. Ginsenosides 
(ginseng-specific saponins) are the major active components of ginseng [272]. They 
are usually classified into three groups based on the chemical structure: the panaxa-
diol (Rb1, Rb2, Rb3, Rc, Rd, Rg3, Rh2, and Rs1), panaxatriol (Re, Rf, Rg1, Rg2, 
and Rh1), and oleanolic acid groups (Ro) [273].

Preclinical studies have revealed that ginseng and its compounds are pharmaco-
logically efficacious in different models of cognitive impairment. In a VD model in 
rats ginseng extract reduced the number of glial fibrillary acidic protein- 
immunoreactive cells, decreased apoptosis, ameliorated cholinergic system perfor-
mance, improved blood circulation in the brain and alleviated the learning and 
memory impairment [274]. In scopolamine-induced memory impairment ginseng 
was as effective as memantine in restoring memory [275].

Ginseng positively influenced memory in healthy volunteers [276, 277] and in 
AD patients (according the frontal assessment battery) [278]. Addition of ginseng to 
pharmacological AD preparations increased procognitive efficacy of the latter 
according to MMSE and ADAS-Cog [278]. Adjuvant therapy of AD by ginseng or 
its separate components may improve safety and tolerability of pharmacological 
preparations, enhance neuroprotection and delay disease progression [279].

On the contrary, some studies failed to prove ginseng effectiveness in AD [280, 
281], so clinical application of ginseng is still limited [282].

Ginsenoside Rb1 enhanced cognition and reverse memory loss in various rodent 
models of cognitive impairment, namely, cisplatin-, isoflurane-, trymethillin and 
surgery-induced [283–285]. Rb1 intake was also accompanied by inhibition of neu-
ronal loss, normalization of the cholinergic neuron function, antioxidant and anti- 
inflammatory effects [284, 285]. Ginsenoside Rd enhances learning and memory 
function and activate nonamyloidogenic cascade through estrogen receptors [279]. 
Ginsenoside Re improves the learning and memory in rats by the means of enhanc-
ing synaptic transmission and increasing the magnitude of the long-term potentia-
tion in the dentate gyrus of hippocampus [286]. In other animal experiments, it 
attenuated diabetes-associated cognitive decline [287] and controlled the antioxi-
dant systems via regulating the JNK pathway [288]. Ginsenoside Rg1 also has 
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procognitive and antioxidant properties proven in the numerous animal experiments 
and dementia models [289–292], including isoflurane- [293], lipopolysaccharide- 
[294] and dexamethasone-induced [295]. Similar effects were demonstrated for 
ginsenosides Rg2 and Rg3 [296–299], Rh1, Rh2 and Rh3 [300–302]. Other widely 
investigated ginseng compounds with procognitive, memory-stimulating and neuro-
protective action include pseudoginsenoside-F11, notoginsenoside R1, gintonin, 
and compound K [303]. Then, oral gintonin treatment decreases amyloid plaque 
deposits in the brain cortex and hippocampus [304].

Korean ginseng has been shown to increase cognitive performance in AD patients 
according to the ADAS-cog and the MMSE score, but after discontinuation of gin-
seng intake, these parameters returned to control group values [305]. Similar results 
were obtained in other studies for both Korean [306, 307] and American ginseng 
[308, 309]. Ginsenoside profile of American ginseng (Panax quinquefolius) differs 
from Panax ginseng [308], but both of them show beneficial effects on cognition.

Investigation of influence of lifetime ginseng intake on cognitive function 
showed that high ginseng use group was characterized by higher Consortium to 
Establish a Registry for AD Assessment Packet neuropsychological battery 
(CERAD) total score even after controlling for possible confounding factors (age, 
sex, education years, socioeconomic status, smoking, alcohol intake, presence of 
hypertension, stroke history, Geriatric Depression Scale, Cumulative Illness Rating 
Scale, and presence of the APOE e4 allele) [310].

Therapeutic potential of ginseng compounds is limited by their low bioavailabil-
ity because of poor solubility in water, instability in the digestive system and exten-
sive metabolism [311]. Moreover, ginsenosides function like prodrugs and are 
activated upon deglycosylation by colonic microbiota and further esterification 
[312]. Given these facts, it can be assumed that ginseng effects are characterized by 
high inter-individual variability.

Overall, ginseng is extremely widely studied as a cognition enhancer. It is worth 
noting that the majority of studies involve Asian population, where dietary intake of 
ginseng is quite high, so trials in other populations are needed.

 Curcuma longa

Turmeric (Curcuma longa) is an herbaceous perennial plant, which belongs to 
Zingiberaceae family [313]. Some studies attribute lower dementia rates in Asia to 
higher curry (turmeric) consumption [314]. Curcuma contains three major com-
pounds, namely, curcumin (60–70%), demethoxycurcumin (20–27%), and bisde-
methoxycurcumin (10–15%) [315]. Curcumin is a hydrophobic polyphenol with 
low bioavailability in humans, which is able to cross the blood-brain barrier [316]. 
According to existing literature, curcumin has the antioxidant, anti-inflammatory, 
and amyloid-disaggregating properties [317, 318]. It can also decrease inflamma-
tion induced by ABP and moderately inhibits AChE activity [319, 320].

Curcumin pretreatment can effectively reduce H2O2-induced neurotoxicity by 
decreasing caspase activation, poly-(ADP-ribose)-polymerase cleavage, DNA 
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damage, accumulation of ROS and reactive nitrogen species, and counteracting dys-
regulation of the MAPK and Akt pathways [321–323]. These effects allow cur-
cumin to reduce inflammation in microglial cells [324] and, consequently, enhance 
memory [325]. Curcumin alleviates ABP-induced neuroinflammation [326] and 
counteracts memory deficit [327] in the rat models of AD.  In the experimental 
model of chronic stress curcumin supplementation enhanced memory and normal-
ized redox state indicators (glutathione, SOD, MDA etc.) [328]. It is also able to 
inhibit JNK phosporylation, which is a link of ABP toxicity [327].

In numerous animal experiments, curcumin improved spatial memory and learn-
ing [329], inhibited ABP generation [330], improved the quantity and structure of 
the synapse [331], normalized BDNF levels in hippocampus [332, 333], inhibited 
pro-inflammatory cytokines through the suppression of NF-kB and Activator 
Protein 1 in BV2 microglial cells [334, 335], enhanced cell proliferation in the den-
tate gyrus [336], and decreased expression of oxidative stress biomarkers (MDA 
and SOD) [337]. However, in other study high intake of curcumin was accompanied 
by increased levels of MDA. [338].

Chronic administration of curcuma improves the dendritic arborization and, con-
sequently, communication among neurons, reflected in long-term memory enhance-
ment [339]. Curcumin (treatment or pre-treatment) attenuated streptozocin- [340], 
homocysteine- [341], and lipopolysaccharide-induced [342] cognitive impairment 
in rodents and cigarette smoke extract-induced neurocognitive impairment in 
zebrafish [343]. On the other side, some studies failed to reveal any link between 
curcumin and spatial memory enhancement in streptozocin model of aging [344]. It 
should be noted that these studies used different doses and different methods of 
analyzing memory, which could influence the results.

Clinical studies of curcumin in humans have received conflicting results [345]. 
This discrepancy may be partly related to the low bioavailability or the insufficient 
doses of tested product [346]. A small trial including non-demented adults showed 
that standardized curcumin intake (90 mg twice daily for 18 months) resulted in 
memory and attention enhancement [347]. Curcumin supplementation was associ-
ated with better performance according to Montreal Cognitive Assessment scale in 
24 weeks of treatment, but in 48 weeks, this benefit disappeared [348]. Some clini-
cal trials have shown complete lack of curcumin efficacy in cognition enhancement 
[349, 350].

In general, preclinical studies state that curcumin is a promising agent able to 
counteract neurodegenerative disease by improving glucose and lipid homeostasis, 
inhibiting ABP aggregation and suppressing inflammation. Human studies now are 
not as convincing as animal experiments, so there is a need in clinical trials.

 Paullinia cupana

Guaranà (Paullinia cupana) is a climbing plant of the Sapindaceae family, which 
increases alertness, calmness and memory performance [351]. Guarana contains 
caffeine, flavonoids [352], saponins and tannins [353, 354], which may improve 
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cognition [355–357]. Single doses of guarana extract have been shown to improve 
memory performance and response speed [356], and this effect cannot be attributed 
to caffeine only, because its level in guarana is too low (4–8%) [351, 356]. Caffeine 
procognitive effects were discussed earlier (see section “Camellia sinensis”).

Pretreatment by guarana powder prevented memory impairment caused by 
poloxamer-407-induced hyperlipidemia in rats [358]. Authors explain this by vari-
ous procognitive effects of methylxanthines including adenosine blocking, enhance-
ment of long-term potentiation in hippocampal neurons, increase of acetylcholine 
release into synapses.

Dried extract of guarana and its combination with ginseng extract stimulate 
attention, speed up the memory task performance, and improve serial subtraction 
task performance in healthy volunteers [356]. Complex multivitamin drinks and 
mouth rinses enriched by guarana extract increased the speed of information pro-
cessing and decision making in athletes according to Simon task and a duration- 
production task [359, 360]. Functional magnetic resonance imaging during a Rapid 
Visual Information Processing and Inspection Time tasks proved that different 
multivitamin supplements increased activation in brain areas involved in cognition, 
but the activation was greater after intake of guarana-containing multivita-
mins [361].

Although guarana is often shown to be a potent procognitive agent, it is mostly 
investigated as a component of complex preparations, which assesses its own imma-
nent properties inaccurate. Guarana effects are often attributed to its caffeine con-
tent, so, future trials are needed to distinguish between the action of whole guarana 
extract and its single components.

 Glycine max

Soybean (Glycine max) belongs to Leguminosae family [362]. Soy peptides prevent 
aging-associated cognitive impairment in normal and accelerated aging mice [363]. 
Soy isoflavones (SI), which are the major phytochemicals of soybean, may improve 
the cognitive function, activate cholinergic system and decrease oxidative stress in 
mice with scopolamine- [364], ABP- [365, 366] and ovariectomy-induced [367, 
368] memory impairment. Furthermore, SI upregulate the phosphorylation levels of 
extracellular signal-regulated kinase (ERK) and CREB, and increase BDNF expres-
sion levels in the hippocampus [364].

Treatment of healthy older adults with SI was associated with improved nonver-
bal memory, construction, and verbal fluency compared to placebo [369]. 
Nevertheless, in the Women’s Isoflavone Soy Health trial including 350 healthy 
postmenopausal women 25 g of isoflavone-rich soy protein failed to enhance cogni-
tive function. Moreover, increase of isoflavonoids intake was associated with gen-
eral intelligence decrement [370].

Results of clinical trials of soybean are extremely controversial and show bene-
fits for cognitive function [371–373], partial benefits [374], no effect [375–379] and 
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even potential harm [380]. SI could exert a beneficial effect on cognitive function 
only in individuals able to metabolize them to equol [373]. It should be noted that 
in live organisms SI undergo hydrolysis with subsequent release of bioactive sub-
stances including daidzein, genistein and glycitein. Equol is a nonsteroidal soy 
estrogen synthesized from daidzein be intestinal microbiota [381]. Intestinal metab-
olism of soy is highly variable [382] and only about 1/5 – ¼ of adult Westerners can 
produce equol [383]. Moreover, this proportion decreases with age [384]. These 
facts can partially explain discrepancy in human trials’ results.

As a source of phytoestrogens, soy is much largely studied in women than in 
men. Intake of soy protein isolate (50 g daily) improved reasoning speed, verbal 
working memory, numeric working memory and reaction time in older females 
[385]. Beneficial effect of SI on cognitive function in post-menopausal women was 
also noted in other studies [386, 387] and a large meta-analysis of 10 placebo- 
controlled trials of SI supplementation (total n = 1024). The latter revealed that SI 
intake was associated with increase of cognitive function test scores and visual 
memory improvement. Authors found out that age of starting supplementation, geo-
graphical region and treatment duration could influence the results [388]. Apart 
from age, gender, menopausal status and dosage, procognitive effects of soy phy-
toestrogens may be influenced by type of product – fermented or non-fermented 
[389] and menstrual cycle phase [390].

Gender-specific difference in soy procognitive effect may prove the hypothesis 
that the main mechanism of this action is represented by direct neuroprotection via 
estrogenic receptor pathways [391, 392] including both estrogen-agonist and antag-
onist actions [393]. Non-estrogenic mechanisms include antioxidant effect [394–
396], reduction of ABP fibril accumulation [397], inhibition of tyrosine kinase 
[391], regulation of CBF, and beneficial effects on various neurotransmitter systems 
(cholinergic, dopaminergic, and GABAergic) [398].

Genistein is a major SI with multiple beneficial effects, attenuating spatial recog-
nition, discrimination, and memory deficits in a dose-dependent manner [399]. 
Genistein acts as an antioxidant, lowering hippocampal level of MDA and increas-
ing activity of SOD. Apart from that, genistein lowers hippocampal levels of IL-6, 
NF-κB p65, toll-like receptor 4 (TLR4), TNF, cyclooxygenase-2, iNOS and 
increases concentration of antioxidant Nrf2 [399]. Soy-derived glyceollins attenu-
ate scopolamine-induced cognitive impairment in mice, but not in Nrf2 knockout 
animals, so it is suggested that the memory-enhancing effect of soy is mediated by 
the Nrf2 signaling pathway [400].

 Pueraria lobata

Pueraria (lobatа, mirifica) belongs to Fabaceae family. Puerarin is an isoflavone 
glycoside of the Pueraria root, which can protect neurons from apoptosis, induced 
by oxidative stress [401]. It is widely investigated in various animal experiments as 
a potentially neuroprotective agent.
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Seo et al. (2018) state that a diet containing a mixture of Pueraria lobata and red 
ginseng extracts reverses learning and memory impairments caused by trimethyltin-
induced neurodegeneration in mice [402]. A study in rats with ovariectomy- induced 
cognitive impairment showed that treatment by Pueraria mirifica extract and pure 
puerarin elicited neurotherapeutic effects. Authors report that the earlier treatment 
is optimal [403]. Beneficial effect of dietary puerarin on memory was also shown in 
D-galactose model of aging and cognitive decrease [404].

In a mice model of AD, puerarin decreased the escape latency of the Morris 
water maze in comparison to the model group. It also normalized the levels of 
BDNF, phosphorylated tau protein, MDA, AChE, GSK-3β, and the activity of SOD 
in the hippocampus and cerebral cortex. Authors concluded that puerarin might pro-
vide protection against cognitive decline, oxidative stress, and neurodegeneration in 
case of AD [401]. Puerarin attenuates ABP-induced cognitive decline and reverses 
the enhanced apoptosis of hippocampal neurons, so it can be perceived as an anti-
 AD candidate drug [405].

Therefore, puerarin seems to be a promising procognitive agent in preclinical 
studies, but more human trials are awaited to make final decision on its efficacy.

 Pinus Maritima

A standardized extract of the bark of French maritime pine (Pinus maritima) in a 
dose 150 mg/day for 8 weeks can improve the cognitive function in healthy subjects 
assessed with the help of MMSE [406] and Informant Questionnaire on Cognitive 
Decline in the Elderly (IQ Code) [407]. Three months of taking this supplement 
resulted in improving of working memory and decrease of F2-isoprostanes level 
relative to the control group [408]. An animal experiment on ß-amyloidosis mouse 
model showed that French maritime pine bark extract significantly decreased the 
number of amyloid plaques and improved the spatial memory [409]. Authors pro-
pose to use this extract in the prevention or at the early stages of MCI or AD.

The mechanisms of pine bark positive influence on cognitive function include 
inhibition of the NF-κB and AP-1 pathway, which suppresses the activation of 
microglia [410, 411]; modulation of NO production by means of inhibition of NO 
synthase [411]; protection of neurons against glutamate-induced cytotoxicity [412]; 
inhibition of ABP-mediated apoptosis [413, 414]. Taking everything into account, 
pine bark extract reduces oxidative stress, diminishes neuroinflammation, and coun-
teracts the synaptic dysfunction in brain cortex and hippocampus [415–417].

There are also sporadic reports on potential memory-enhancing or procognitive 
action of Centella asiatica [418], Withania somnifera [419], Nardostachys jata-
mansi [420], Embelia ribes [421], Celastrus paniculatus [422], Foeniculum vulgare 
[423], Convolvulous pluricaulis [424, 425], red clover [426], Mellissa officinalis 
[427], blueberry [428], various compounds of plant origin (astaxanthin [429–431], 
sesamin [432–434] and polyherbal remedies (combination of Bacopa monniera and 
Sideritis scardica [435]).
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 Conclusions

To sum up, it is quite difficult to make a definite conclusion on the preventive and 
therapeutic effects of nutraceuticals on cognitive decline. Whereas in vitro studies 
and animal experiments are very promising, human trials show significant 
discrepancies. The inconsistent results of clinical studies can be explained by differ-
ent inclusion criteria and study designs, different doses and treatment duration, high 
inter-individual difference in plant-derived components bioavailability, lack of stan-
dardized scores used to evaluate cognitive function. Anyway, a lack of scientific 
evidence does not necessarily mean that the treatment is absolutely ineffective 
[436]. Maybe, future studies will be able to unveil all unsolved mysteries of phyto-
botanicals. It seems to us that ginkgo, green tea and ginseng are the most promising 
procognitive nutraceuticals. Known active substances and major effects of each 
listed above plant are represented in Table 10.1.

Table 10.1 Active substances and major effects of the most extensively studied plants that may 
improve cognition

Plant Known active substances Procognitive effects

Ginkgo biloba Terpene trilactones (ginkgolides A, B, C; 
bilobalide), flavonol glycosides (quercetin, 
kaempferol, isorhamnetin), isoflavonoids, 
biflavones, proanthocyanidins, 
alkylphenols, carboxylic acids, 
4-O-methylpyridoxine, polyprenols

Direct and indirect antioxidant, 
anti-inflammatory, anti-amyloid, 
promotion of nerve regeneration

Vitis vinifera Polyphenols (proanthocyanidins), 
resveratrol

Antioxidant, anti-inflammatory, 
anti-amyloid, antiapoptotic, 
cholinomimetic, vasodilating, 
promotion of synaptic 
transmission

Camellia 
sinensis

Catechins (epicatechin, epigallocatechin, 
epigallocatechin and epicatechin gallate), 
other phenolic compounds (gallic, caffeic, 
and chlorogenic acids, quercetin, 
proanthocyanidols, caffeine, theophylline, 
l-theanine), minerals (fluorine, manganese, 
chromium), caffeine

Antioxidant, anti-inflammatory, 
anti-amyloid, metal-chelating, 
modulation of cell signaling and 
cell survival pathways, inhibition 
of AChE and butyrylcholinesterase

Theobroma 
cacao

Flavanols, methylxanthines (caffeine, 
theobromine, theophylline)

Anti-inflammatory, anti-amyloid

Bacopa 
monnieri

Steroidal saponines (bacoside A and B), 
alkaloids (brahmin, herpestine, monierin, 
hersaponin)

Antioxidant, anti-inflammatory, 
anti-amyloid, metal-chelating, 
cholinergic, pro-circulatory, 
adaptogenic

Crocus sativus Crocin, crocetin, picrocrocin, safranal, 
flavonoids, anthocyanins, vitamins 
(riboflavin, thiamine)

Antioxidant, inhibition of 
acetylcholinesterase

(continued)
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Talking about separate cognitive domains, it can be said that the majority of 
nutraceuticals positively affect memory and learning (Fig. 10.1), having less action 
on attention, language and emotions. On the other side, it may be explained by the 
fact that language and emotions cannot be investigated in animal experiments. 
Anyway, in future it may become possible to create targeted procognitive medica-
tions, aimed at separate domains of their combinations.

Learning

Attention

EmotionsLanguage

Memory
Main

cognitive
domains 

Ginkgo biloba
Vitis vinifera
Camellia sinensis
Theobroma cacao
Bacopa monnieri
Crocus sativus
Panax ginseng
Curcuma longa
Paullinia cupana
Glycine max
Pueraria lobate
Pinus maritima

Ginkgo biloba
Vitis vinifera
Camellia sinensis
Theobroma cacao
Bacopa monnieri
Panax ginseng 
Curcuma longa
Pueraria lobata

Ginkgo biloba
Vitis vinifera
Camellia sinensis
Curcuma longa
Paullinia cupana

Ginkgo biloba
Paullinia cupana

Vitis vinifera
Theobroma cacao
Glycine max

Fig. 10.1 Influence of various nutraceuticals on main cognitive domains

Plant Known active substances Procognitive effects

Panax ginseng Triterpene saponins (ginsenosides), 
polysaccharides, peptidoglycans, 
polyacetylenes, sesquiterpenes, nitrogen- 
containing and phenolic compounds

Antioxidant, anti-inflammatory, 
anti-amyloid, anti-apoptotic, 
cholinergic, pro-circulatory

Curcuma 
longa

Curcumin, demethoxycurcumin, 
bisdemethoxycurcumin

Antioxidant, anti-inflammatory, 
amyloid-disaggregating, 
acetylcholinesterase inhibition

Paullinia 
cupana

Caffeine, flavonoids, saponins, tannins Adenosine-blocking, enhancement 
of long-term potentiation in 
hippocampal neurons, cholinergic

Glycine max Soy isoflavones (genistein) Antioxidant, anti-amyloid, 
cholinergic

Pueraria 
lobata

Puerarin Antioxidant, anti-apoptotic, 
anti-amyloid

Pinus 
maritima

Polyphenols Antioxidant, anti-inflammatory, 
anti-amyloid, anti-apoptotic

Table 10.1 (continued)

L. Strilchuk



185

References

 1. Sanabria-Castro A, Alvarado-Echeverria I, Monge-Bonilla C.  Molecular pathogenesis of 
Alzheimer’s disease: an update. Ann Neurosci. 2017;24(1):46–54.

 2. Fotuhi M, Hachinski V, Whitehouse PJ. Changing perspectives regarding late-life dementia. 
Nat Rev Neurol. 2009;5(12):649–58. https://doi.org/10.1038/nrneurol.2009.175.

 3. Chung CG, Lee H, Lee SB. Mechanisms of protein toxicity in neurodegenerative diseases. 
Cell Mol Life Sci. 2018;75:3159–80. https://doi.org/10.1007/s00018-018-2854-4.

 4. Hugo J, Ganguli M. Dementia and cognitive impairment: epidemiology, diagnosis, and treat-
ment. Clin Geriatr Med. 2014;30:421–42. https://doi.org/10.1016/j.cger.2014.04.001.

 5. Hill NL, Mogle JM, Munoz E, Wion R, Colancecco EM.  Assessment of subjective cog-
nitive impairment among older adults. J Gerontol Nurs. 2015;41:28–35. https://doi.
org/10.3928/00989134-20150309-01.

 6. Prince M, Wimo A, Guerchet M, Gemma-Claire A, Wu YT, Prina M.  Data from: World 
Alzheimer Report 2015: the global impact of dementia. London: Alzheimer’s Disease 
International (ADI). Available online at: http://www.alz.co.uk/research/world-report-2015. 
Accessed 14 May 2019.

 7. World Health Organization, Medical centre, Fact sheets, Dementia. http://www.who.int/
mediacentre/factsheets/fs362/en. Last updated 2017. Accessed 11 May 2019.

 8. Jaul E, Barron J.  Age-related diseases and clinical and public health implications for the 
85 years old and over population. Front Public Health. 2017;5:335.

 9. Yaffe K, Falvey C, Hamilton N, et al. Diabetes, glucose control and 9 year cognitive decline 
among non-demented older adults. Arch Neurol. 2012;69:1170–5. https://doi.org/10.1001/
archneurol.2012.1117.

 10. Petersen RC. Mild cognitive impairment: transition between aging and Alzheimer’s disease. 
Neurologia. 2000;15:93–101.

 11. Janoutová J, Šerý O, Hosák L, Janout V.  Is mild cognitive impairment a precursor of 
Alzheimer’s disease? Short review. Cent Eur J Public Health. 2015;23:365–7.

 12. Hadjichrysanthou C, McRae-McKee K, Evans S, Wolf F. Potential factors associated with 
cognitive improvement of individuals diagnosed with mild cognitive impairment or demen-
tia in longitudinal studies. J Alzheimers Dis. 2018;66:587–600. https://doi.org/10.3233/
JAD-180101.

 13. Franceschi C, Capri M, Monti D, Giunta S, Olivieri F, Sevini F, et  al. Inflammaging and 
anti-inflammaging: a systemic perspective on aging and longevity emerged from studies in 
humans. Mech Ageing Dev. 2007;128:92–105. https://doi.org/10.1016/j.mad.2006.11.016.

 14. Niranjan R. Recent advances in the mechanisms of neuroinflammation and their roles in neuro-
degeneration. Neurochem Int. 2018;120:13–20. https://doi.org/10.1016/j.neuint.2018.07.003.

 15. Kar S, Slowikowski S, Westaway D, et  al. Interactions between β-amyloid and cen-
tral cholinergic neurons: implications for Alzheimer’s disease. J Psychiatry Neurosci. 
2004;29(6):427–41.

 16. Packer L.  Free radical scavengers and antioxidants in prophylaxy and treatment of brain 
diseases. In: Packer L, Prilipko L, Christen Y, editors. Free radicals in the brain. New York: 
Springer; 1992.

 17. Stough CK, Pase MP, Cropley V, Myers S, Karen N, King R, et  al. A randomized con-
trolled trial investigating the effect of Pycnogenol and Bacopa CDRI08 herbal medicines 
on cognitive, cardiovascular, and biochemical functioning in cognitively healthy elderly 
people: the Australian Research Council Longevity Intervention (ARCLI) study protocol 
(ANZCTR12611000487910). Nutr J. 2012;11:11. https://doi.org/10.1186/1475-2891-11-11.

 18. Wasik A, Antkiewicz-Michaluk L. The mechanism of neuroprotective action of natural com-
pounds. Pharmacol Rep. 2017;69(5):851–60.

10 Nutraceuticals Supporting Cognitive Function in Mild Cognitive Impairment

https://doi.org/10.1038/nrneurol.2009.175
https://doi.org/10.1007/s00018-018-2854-4
https://doi.org/10.1016/j.cger.2014.04.001
https://doi.org/10.3928/00989134-20150309-01
https://doi.org/10.3928/00989134-20150309-01
http://www.alz.co.uk/research/world-report-2015
http://www.who.int/mediacentre/factsheets/fs362/en
http://www.who.int/mediacentre/factsheets/fs362/en
https://doi.org/10.1001/archneurol.2012.1117
https://doi.org/10.1001/archneurol.2012.1117
https://doi.org/10.3233/JAD-180101
https://doi.org/10.3233/JAD-180101
https://doi.org/10.1016/j.mad.2006.11.016
https://doi.org/10.1016/j.neuint.2018.07.003
https://doi.org/10.1186/1475-2891-11-11


186

 19. Carlson S, Peng N, Prasain JK, Wyss JM.  The effects of botanical dietary supplements 
on cardiovascular, cognitive and metabolic function in males and females. Gender Med. 
2008;5(Suppl A):S76–90. https://doi.org/10.1016/j.genm.2008.03.008.

 20. Charemboon T, Jaisin K. Ginkgo biloba for prevention of dementia: a systematic review and 
meta-analysis. J Med Assoc Thail. 2015;98:508–13.

 21. van Beek TA, Montoro P. Chemical analysis and quality control of Ginkgo biloba leaves, 
extracts, and phytopharmaceuticals. J Chromatogr A. 2009;1216:2002–32. https://doi.
org/10.1016/j.chroma.2009.01.013.

 22. Li L, Zhao Y, Du F, et al. Intestinal absorption and presystemic elimination of various chemi-
cal constituents present in GBE50 extract, a standardized extract of Ginkgo biloba leaves. 
Curr Drug Metab. 2012;13:494–509. https://doi.org/10.2174/1389200211209050494.

 23. Cao J, Yang M, Cao F, et al. Tailor-made hydrophobic deep eutectic solvents for cleaner extrac-
tion of polyprenyl acetates from Ginkgo biloba leaves. J Clean Prod. 2017;152:399–405. 
https://doi.org/10.1016/j.jclepro.2017.03.140.

 24. Pilija V, Mirjana R, Brenesel MD, et  al. Inhibitory effect of ginkgo biloba extract on the 
tonus of the small intestine and the colon of rabbits. Molecules. 2010;15:2079–86. https://doi.
org/10.3390/molecules15042079.

 25. Singh S, Barreto G, Aliev G, et al. Ginkgo biloba as an alternative medicine in the treatment 
of anxiety in dementia and other psychiatric disorders. Curr Drug Metab. 2017;18:112–9. 
https://doi.org/10.2174/1389200217666161201112206.

 26. Nam Y, Shin E-J, Shin SW, et al. YY162 prevents ADHD-like behavioral side effects and 
cytotoxicity induced by Aroclor1254 via interactive signaling between antioxidant potential, 
BDNF/TrkB, DAT and NET. Food Chem Toxicol. 2014;65:280–92. https://doi.org/10.1016/j.
fct.2013.12.046.

 27. Tchantchou F, Pncao L.  Stimulation of neurogenesis and synaptogenesis by bilobalide 
and quercetin via common final pathway in hippocampal neurons. J Alzheimers Dis. 
2009;18:787–98.

 28. Tchantchou F, Xu Y, Wu Y, Christen Y, Luo Y. EGb 761 enhances adult hippocampal neuro-
genesis and phosphorylation of CREB in transgenic mouse model of Alzheimer’s disease. 
FASEB J. 2007;21:2400–8.

 29. Kleijnen J, Knipschild P. Ginkgo biloba. Lancet. 1992;340:1136–9.
 30. Guang Y.  The reconsideration of the importance on Ginkgo resource research. Beijing J 

Tradit Chin Med. 2008;27:463–5.
 31. Maclennan KM, Darlington CL, Smith PF. The CNS effects of Ginkgo biloba extracts and 

ginkgolide B. Prog Neurobiol. 2002;67(3):235–57.
 32. De Feudis FV, Drieu K. Ginkgo biloba extract (EGb 761) and CNS functions: basic studies 

and clinical applications. Curr Drug Targets. 2000;1(1):25–58.
 33. Ahlemeyer B, Krieglstein J. Neuroprotective effects of Ginkgo biloba extract. Cell Mol Life 

Sci. 2003;60(9):1779–92.
 34. De Feudis F. Bilobalide and neuroprotection. Pharmacol Res. 2002;46(6):565–8.
 35. Mansour SM, Bahgat AK, El-Khatib AS, et al. Ginkgo biloba extract (EGb 761) normalizes 

hypertension in 2K, 1C hypertensive rats: role of antioxidant mechanisms, ACE inhibiting 
activity and improvement of endothelial dysfunction. Phytomedicine. 2011;18:641–7.

 36. Zhang P, Liao L, Deng Z, Tan Y. Research progress of pharmacological effects and clinical 
application of ginkgo biloba extract. Jinzhou Yike Daxue Xuebao. 2017:426–9.

 37. Hirsch GE, Viecili PR, de Almeida AS, Nascimento S, Porto FG, Otero J, et al. Natural prod-
ucts with antiplatelet action. Curr Pharm Des. 2017;23(8):1228–46. https://doi.org/10.217
4/1381612823666161123151611.

 38. Ren C, Ji YQ, Liu H, Wang Z, Wang JH, Zhang CY, et al. Effects of Ginkgo biloba extract 
EGb761 on neural differentiation of stem cells offer new hope for neurological disease treat-
ment. Neural Regen Res. 2019;14:1152–7.

 39. Diamond BJ, Shiflett SC, Feiwel N, Matheis RJ, Noskin O, Richards JA, Schoenberger 
NE. Ginkgo biloba extract: mechanisms and clinical indications. Arch Phys Med Rehabil. 
2000;81:668–78.

L. Strilchuk

https://doi.org/10.1016/j.genm.2008.03.008
https://doi.org/10.1016/j.chroma.2009.01.013
https://doi.org/10.1016/j.chroma.2009.01.013
https://doi.org/10.2174/1389200211209050494
https://doi.org/10.1016/j.jclepro.2017.03.140
https://doi.org/10.3390/molecules15042079
https://doi.org/10.3390/molecules15042079
https://doi.org/10.2174/1389200217666161201112206
https://doi.org/10.1016/j.fct.2013.12.046
https://doi.org/10.1016/j.fct.2013.12.046
https://doi.org/10.2174/1381612823666161123151611
https://doi.org/10.2174/1381612823666161123151611


187

 40. Logani S, Chen MC, Tran T, Le T, Raffa RB.  Actions of Ginkgo biloba related to 
potential utility for the treatment of conditions involving cerebral hypoxia. Life Sci. 
2000;67:1389–96.

 41. Gargouri B, Carstensen J, Bhatia HS, Huell M, Dietz GPH, Fiebich BL.  Anti- 
neuroinflammatory effects of Ginkgo biloba extract EGb761 in LPS-activated primary microg-
lial cells. Phytomedicine. 2018;44:45–55. https://doi.org/10.1016/j.phymed.2018.04.009.

 42. Müller WE, Eckert A, Eckert GP, Fink H, Friedland K, Gauthier S, et al. Therapeutic efficacy 
of the Ginkgo special extract EGb761® within the framework of the mitochondrial cascade 
hypothesis of Alzheimer’s disease. World J Biol Psychiatry. 2017;20(3):1–17. https://doi.
org/10.1080/15622975.2017.1308552.

 43. Wang N, Chen X, Geng D, et al. Ginkgo biloba leaf extract improves the cognitive abilities 
of rats with d-galactose induced dementia. J Biomed Res. 2013;27(1):29–36.

 44. Rocher MN, Carre D, Spinnewyn B, et al. Long-term treatment with standardized Ginkgo 
bilobaextract (EGb 761) attenuates cognitive deficits and hippocampal neuron loss in a gerbil 
model of vascular dementia. Fitoterapia. 2011;82(7):1075–80.

 45. El Tabaa MM, Sokkar SS, Ramadan ES, Abd El Salam IZ, Zaid A.  Neuroprotective 
role of Ginkgo biloba against cognitive deficits associated with Bisphenol A exposure: 
an animal model study. Neurochem Int. 2017;108:199–212. https://doi.org/10.1016/j.
neuint.2017.03.019.

 46. Wang Y, Wang L, Wu J, et  al. The in  vivo synaptic plasticity mechanism of EGb 
761-induced enhancement of spatial learning and memory in aged rats. Br J Pharmacol. 
2006;148(2):147–53.

 47. Williams B, Watanabe CMH, Schultz PG, et al. Age-related effects of Ginkgo biloba extract 
on synaptic plasticity and excitability. Neurobiol Aging. 2004;25(7):955–62.

 48. Suliman NA, Mat Taib CN, Mohd Moklas MA, Adenan MI, Hidayat Baharuldin MT, 
Basir R.  Establishing natural nootropics: recent molecular enhancement influenced by 
natural nootropic. Evid Based Complement Alternat Med. 2016;2016:4391375. https://doi.
org/10.1155/2016/4391375.

 49. Yao Z, Drieu K, Papadopoulos V.  The Ginkgo biloba extract EGb 761 rescues the PC12 
neuronal cells from beta-amyloid-induced cell death by inhibiting the formation of beta- 
amyloid- derived diffusible neurotoxic ligands. Brain Res. 2001;889(1–2):181–90.

 50. Luo Y, Smith JV, Paramasivam V, et  al. Inhibition of amyloid-beta aggregation and 
caspase-3 activation by the Ginkgo biloba extract EGb761. Proc Natl Acad Sci U S 
A. 2002;99(19):12197–202.

 51. Colciaghi F, Borroni B, Zimmermann M, et  al. Amyloid precursor protein metabolism 
is regulated toward alpha-secretase pathway by Ginkgo biloba extracts. Neurobiol Dis. 
2004;16(2):454–60.

 52. Longpré F, Garneau P, Christen Y, et al. Protection by EGb 761 against β-amyloid-induced 
neurotoxicity: involvement of NF-κB, SIRT1, and MAPKs pathways and inhibition of amy-
loid fibril formation. Free Radic Biol Med. 2006;41(12):1781–94.

 53. Kwon KJ, Lee EJ, Cho KS, et al. Ginkgo biloba extract (Egb761) attenuates zinc-induced tau 
phosphorylation at Ser262 by regulating GSK3beta activity in rat primary cortical neurons. 
Food Funct. 2015;6(6):2058–67.

 54. Vellas B, Coley N, Ousset PJ, et al. Long-term use of standardised Ginkgo biloba extract 
for the prevention of Alzheimer’s disease (GuidAge): a randomised placebo-controlled trial. 
Lancet Neurol. 2012;11:851–9. https://doi.org/10.1016/S1474-4422(12)70206-5.

 55. DeKosky ST, Williamson JD, Fitzpatrick AL, Kronmal RA, Ives DG, Saxton JA, 
et  al. Ginkgo biloba for prevention of dementia: a randomized controlled trial. 
JAMA. 2008;300:2253–62.

 56. Canter PH, Ernst E. Ginkgo biloba is not a smart drug: an updated systematic review of ran-
domised clinical trials testing the nootropic effects of G. biloba extracts in healthy people. 
Hum Psychopharmacol. 2007;22:265–78.

 57. Yuan Q, Wang CW, Shi J, Lin ZX. Effects of Ginkgo biloba on dementia: an overview of sys-
tematic reviews. J Ethnopharmacol. 2017;195:1–9. https://doi.org/10.1016/j.jep.2016.12.005.

10 Nutraceuticals Supporting Cognitive Function in Mild Cognitive Impairment

https://doi.org/10.1016/j.phymed.2018.04.009
https://doi.org/10.1080/15622975.2017.1308552
https://doi.org/10.1080/15622975.2017.1308552
https://doi.org/10.1016/j.neuint.2017.03.019
https://doi.org/10.1016/j.neuint.2017.03.019
https://doi.org/10.1155/2016/4391375
https://doi.org/10.1155/2016/4391375
https://doi.org/10.1016/S1474-4422(12)70206-5
https://doi.org/10.1016/j.jep.2016.12.005


188

 58. Kanowski S, Hoerr R. Ginkgo biloba extract EGb 761  in dementia: intent-to-treat analy-
ses of a 24-week, multi-center, double-blind, placebo-controlled, randomized trial. 
Pharmacopsychiatry. 2003;36(6):297–303.

 59. Herrschaft H, Nacu A, Likhachev S, et al. Ginkgo biloba extract EGb 761® in dementia with 
neuropsychiatric features: a randomised, placebo-controlled trial to confirm the efficacy and 
safety of a daily dose of 240 mg. J Psychiatr Res. 2012;46(6):716–23.

 60. Napryeyenko O, Borzenko I. Ginkgo biloba special extract in dementia with neuropsychiatric 
features: a randomised, placebo-controlled, double-blind clinical trial. Arzneimittelforschung. 
2007;57(1):4–11.

 61. van Dongen M, van Rossum E, Kessels A, et  al. Ginkgo for elderly people with demen-
tia and age-associated memory impairment: a randomized clinical trial. J Clin Epidemiol. 
2003;56(4):367–76.

 62. Nikolova G, Yancheva S, Raychev I, et  al. Ginkgo biloba extract in dementia: a 22-week 
randomised, placebo-controlled, double-blind trial [in Bulgarian]. Bulg Neurol. 
2013;14(3):139–43.

 63. Allain H, Raoul P, Lieury A, LeCoz F, Gandon JM, d’Arbigny P.  Effect of two doses of 
Ginkgo biloba extract (EGb 761) on the dual-coding test in elderly subjects. Clin Ther. 
1993;15:549–58.

 64. Le Bars PL, Kastelan J. Efficacy and safety of a Ginkgo biloba extract. Public Health Nutr. 
2000;3:495–9. https://doi.org/10.1017/S1368980000000574.

 65. Subhan Z, Hindmarch I.  The psychopharmacological effects of Ginkgo biloba in normal 
healthy volunteers. Int J Clin Pharmacol Res. 1984;4:89–93.

 66. Tan MS, Yu JT, Tan CC, Wang HF, Meng XF, Wang C, et al. Efficacy and adverse effects 
of Ginkgo biloba for cognitive impairment and dementia: a systematic review and meta- 
analysis. J Alzheimers Dis. 2015;43:589–603. https://doi.org/10.3233/JAD-140837.

 67. Amieva H, Meillon C, Helmer C, Barberger-Gateau P, Dartigues JF. Ginkgo biloba extract 
and long-term cognitive decline: a 20-year follow-up population-based study. PLoS One. 
2013;8:e52755. https://doi.org/10.1371/journal.pone.0052755.

 68. Ihl R, Frolich L, Winblad B, Schneider L, Burns A, Moller HJ, et al. World Federation of 
Societies of biological psychiatry (WFSBP) guidelines for the biological treatment of 
Alzheimer’s disease and other dementias. World J Biol Psychiatry. 2011;12:2–32. https://doi.
org/10.3109/15622975.2010.538083.

 69. Mazza M, Capuano A, Bria P, et al. Ginkgo biloba and donepezil: a comparison in the treat-
ment of Alzheimer’s dementia in a randomized placebo-controlled double-blind study. Eur J 
Neurol. 2006;13(9):981–5.

 70. Rapp M, Burkart M, Kohlmann T, Bohlken J. Similar treatment outcomes with Ginkgo biloba 
extract EGb 761 and donepezil in Alzheimer’s dementia in very old age: a retrospective 
observational study. Int J Clin Pharmacol Ther. 2018;56(3):130–3.

 71. Heinonen T, Gaus W.  Cross matching observations on toxicological and clinical data 
for the assessment of tolerability and safety of Ginkgo biloba leaf extract. Toxicology. 
2015;327:95–115.

 72. European Union herbal monograph on Ginkgo biloba L., folium. London: European 
Medicines Agency; 2015.

 73. Kandiah N, Ong PA, Yuda T, Ng LL, Mamun K, Merchant RA, et al. Treatment of dementia 
and mild cognitive impairment with or without cerebrovascular disease: expert consensus 
on the use of Ginkgo biloba extract, EGb 761®. CNS Neurosci Ther. 2019;25(2):288–98. 
https://doi.org/10.1111/cns.13095.

 74. Bent S, Goldberg H, Padula A, et al. Spontaneous bleeding associated with ginkgo biloba: a 
case report and systematic review of the literature. J Gen Intern Med. 2005;20:657–61.

 75. Stoddard GJ, Archer M, Shane-McWhorter L, Bray BE, Redd DF, Proulx J, Zeng-Treitler 
Q.  Ginkgo and warfarin interaction in a large veterans administration population. AMIA 
Annu Symp Proc. 2015:1174–83.

L. Strilchuk

https://doi.org/10.1017/S1368980000000574
https://doi.org/10.3233/JAD-140837
https://doi.org/10.1371/journal.pone.0052755
https://doi.org/10.3109/15622975.2010.538083
https://doi.org/10.3109/15622975.2010.538083
https://doi.org/10.1111/cns.13095


189

 76. Hu Z, Yang X, Ho PC, Chan SY, Heng PW, Chan E, Duan W, Koh HL, Zhou S. Herb-drug 
interactions: a literature review. Drugs. 2005;65:1239–82.

 77. Izzo AA, Ernst E. Interactions between herbal medicines and prescribed drugs: a systematic 
review. Drugs. 2001;61:2163–75.

 78. Tanakan [standardized ginkgo biloba extract (EGb 761)] 40  mg film-coated tablets and 
40 mg/ml oral solution: summary of product characteristics (Czech Republic). Boulogne- 
Billancourt: Ipsen Pharma; 2016.

 79. Ude C, Schubert-Zsilavecz M, Wurglics M. Ginkgo biloba extracts: a review of the pharma-
cokinetics of the active ingredients. Clin Pharmacokinet. 2013;52(9):727–49.

 80. Patki G, Ali Q, Pokkunuri I, Asghar M, Salim S. Grape powder treatment prevents anxiety- 
like behavior in a rat model of aging. Nutr Res. 2015;35:504–11. https://doi.org/10.1016/j.
nutres.2015.05.005.

 81. Sharma V, Zhang C, Pasinetti G, Dixon R. Fractionation of grape seed proanthocyanidins 
for bioactivity assessment. In: Gang DR, editor. The biological activity of phytochemicals. 
New York: Springer; 2011. p. 33–46.

 82. Fuhrman B, Volkova N, Coleman R, Aviram M. Grape powder polyphenols attenuate ath-
erosclerosis development in apolipoprotein E deficient (E0) mice and reduce macrophage 
atherogenicity. J Nutr. 2005;135:722–8.

 83. Rezai-Zadeh K, Shytle D, Sun N, Mori T, Hou H, Jeanniton D, et  al. Green tea 
epigallocatechin- 3-gallate (EGCG) modulates amyloid precursor protein cleavage and 
reduces cerebral amyloidosis in Alzheimer transgenic mice. J Neurosci. 2005;25:8807–14. 
https://doi.org/10.1523/JNEUROSCI.1521-05.2005.

 84. Hartman RE, Shah A, Fagan AM, Schwetye KE, Parsadanian M, Schulman RN, et  al. 
Pomegranate juice decreases amyloid load and improves behavior in a mouse model 
of Alzheimer’s disease. Neurobiol Dis. 2006;24:506–15. https://doi.org/10.1016/j.
nbd.2006.08.006.

 85. Assuncao M, Santos-Marques MJ, De Freitas V, Carvalho F, Andrade JP, Lukoyanov NV, 
et al. Red wine antioxidants protect hippocampal neurons against ethanol-induced damage: 
a biochemical, morphological and behavioral. Neuroscience. 2007;146:1581–92. https://doi.
org/10.1016/j.neuroscience.2007.03.040.

 86. Ma L, Xiao H, Wen J, Liu Z, He Y, Yuan F. Possible mechanism of Vitis vinifera L. flavones 
on neurotransmitters, synaptic transmission and related learning and memory in Alzheimer 
model rats. Lipids Health Dis. 2018;17(1):152. https://doi.org/10.1186/s12944-018-0708-6.

 87. Yousuf S, Atif F, Ahmad M, Hoda N, Ishrat T, Khan B, et al. Resveratrol exerts its neuropro-
tective effect by modulating mitochondrial dysfunctions and associated cell death during cere-
bral ischemia. Brain Res. 2009;1250:242–53. https://doi.org/10.1016/j.brainres.2008.10.068.

 88. Salim S, Asghar M, Taneja M, Hovatta I, Chugh G, Vollert C, et al. Potential contribution of 
oxidative stress and inflammation to anxiety and hypertension. Brain Res. 2011;1404:63–71. 
https://doi.org/10.1016/j.brainres.2011.06.024.

 89. Solanki N, Alkadhi I, Atrooz F, Patki G, Salim S. Grape powder prevents cognitive, behav-
ioral, and biochemical impairments in a rat model of posttraumatic stress disorder. Nutr Res. 
2015;35:65–75. https://doi.org/10.1016/j.nutres.2014.11.008.

 90. Wang YJ, Thomas P, Zhong JH, Bi FF, Kosaraju S, Pollard A, et  al. Consumption of 
grape seed extract prevents amyloid-beta deposition and attenuates inflammation in brain 
of an Alzheimer’s disease mouse. Neurotox Res. 2009;15:3–14. https://doi.org/10.1007/
s12640-009-9000-x.

 91. He Q, Yang SY, Wang W, Wu ZJ, Ma HL, Lu Y. Proanthocyanidins affects the neurotoxicity 
of Aβ25-35 on C57/bl6 mice. Eur Rev Med Pharmacol Sci. 2016;20:679–84.

 92. Tabeshpour J, Mehri S, Shaebani Behbahani F, Hosseinzadeh H. Protective effects of Vitis 
vinifera (grapes) and one of its biologically active constituents, resveratrol, against natu-
ral and chemical toxicities: a comprehensive review. Phytother Res. 2018;32(11):2164–90. 
https://doi.org/10.1002/ptr.6168.

10 Nutraceuticals Supporting Cognitive Function in Mild Cognitive Impairment

https://doi.org/10.1016/j.nutres.2015.05.005
https://doi.org/10.1016/j.nutres.2015.05.005
https://doi.org/10.1523/JNEUROSCI.1521-05.2005
https://doi.org/10.1016/j.nbd.2006.08.006
https://doi.org/10.1016/j.nbd.2006.08.006
https://doi.org/10.1016/j.neuroscience.2007.03.040
https://doi.org/10.1016/j.neuroscience.2007.03.040
https://doi.org/10.1186/s12944-018-0708-6
https://doi.org/10.1016/j.brainres.2008.10.068
https://doi.org/10.1016/j.brainres.2011.06.024
https://doi.org/10.1016/j.nutres.2014.11.008
https://doi.org/10.1007/s12640-009-9000-x
https://doi.org/10.1007/s12640-009-9000-x
https://doi.org/10.1002/ptr.6168


190

 93. Rapaka D, Bitra VR, Vishala TC, Akula A. Vitis vinifera acts as anti-Alzheimer’s agent by 
modulating biochemical parameters implicated in cognition and memory. J Ayurveda Integr 
Med. 2018. pii: S0975-9476(17)30060-8. https://doi.org/10.1016/j.jaim.2017.06.013. [Epub 
ahead of print].

 94. Wang J, Ferruzzi MG, Ho L, Blount J, Janle EM, Gong B, et al. Brain-targeted proanthocy-
anidin metabolites for Alzheimer’s disease treatment. J Neurosci. 2012;32:5144–50. https://
doi.org/10.1523/JNEUROSCI.6437-11.2012.

 95. Calapai G, Bonina F, Bonina A, Rizza L, Mannucci C, Arcoraci V, et al. Randomized, double- 
blinded, clinical trial on effects of a Vitis vinifera extract on cognitive function in healthy 
older adults. Front Pharmacol. 2017;8:776.

 96. Shi J, He M, Cao J, Wang H, Ding J, Jiao Y, Li R, He J, Wang D, Wang Y. The comparative 
analysis of the potential relationship between resveratrol and stilbene synthase gene family 
in the development stages of grapes (Vitis quinquangularis and Vitis vinifera). Plant Physiol 
Biochem. 2014;74:24–32.

 97. Sahebkar A, Serban C, Ursoniu S, Wong ND, Muntner P, Graham IM, Mikhailidis DP, 
Rizzo M, Rysz J, Sperling LS, Lip GY, Banach M, Lipid and Blood Pressure Meta-analysis 
Collaboration Group. Lack of efficacy of resveratrol on C-reactive protein and selected car-
diovascular risk factors – Results from a systematic review and meta-analysis of randomized 
controlled trials. Int J Cardiol. 2015;189:47–55. https://doi.org/10.1016/j.ijcard.2015.04.008.

 98. Lee J, Torosyan N, Silverman DH. Examining the impact of grape consumption on brain 
metabolism and cognitive function in patients with mild decline in cognition: a double- 
blinded placebo controlled pilot study. Exp Gerontol. 2017;87(Pt A):121–8. https://doi.
org/10.1016/j.exger.2016.10.004.

 99. Moreno M, Castro E, Falqué E. Evolution oftrans- andcis- resveratrol content in red grapes 
(Vitis vinifera L. cv Menciá, Albarello and Merenzao) during ripening. Eur Food Res Technol. 
2008;227:667–74.

 100. Trela BC, Waterhouse AL. Resveratrol: isomeric molar absorptivities and stability. J Agric 
Food Chem. 1996;44:1253–7.

 101. Wahlster L, Arimon M, Nasser-Ghodsi N, Post KL, Serrano-Pozo A, Uemura K, Berezovska 
O. Presenilin-1 adopts pathogenic conformation in normal aging and in sporadic Alzheimer’s 
disease. Acta Neuropathol. 2013;125:187–99.

 102. Kim J, Lee HJ, Lee KW. Naturally occurring phytochemicals for the prevention of Alzheimer’s 
disease. J Neurochem. 2010;112:1415–30.

 103. Zhuang H, Kim YS, Koehler RC, Dore S. Potential mechanism by which resveratrol, a red 
wine constituent, protects neurons. Ann N Y Acad Sci. 2003;993:276–86.

 104. Candelario-Jalil E, de Oliveira AC, Graf S, Bhatia HS, Hull M, Munoz E, Fiebich 
BL. Resveratrol potently reduces prostaglandin E2production and free radical formation in 
lipopolysaccharide-activated primary rat microglia. J Neuroinflammation. 2007;4:25.

 105. Jang JH, Surh YJ. Protective effect of resveratrol on β-amyloid- induced oxidative PC12 cell 
death. Free Radic Biol Med. 2003;34:1100–10.

 106. Kwon KJ, Kim HJ, Shin CY, Han SH. Melatonin potentiates the neuroprotective properties 
of resveratrol against beta amyloid-induced neurodegeneration by modulating AMP activated 
protein kinase pathways. J Clin Neurol. 2010;6:127–37.

 107. Cao Z, Li Y. Potent induction of cellular antioxidants and phase 2 enzymes by resveratrol 
in cardiomyocytes: protection against oxidative and electrophilic injury. Eur J Pharmacol. 
2004;489:39–48.

 108. Kwon KJ, Kim JN, Kim MK, Lee J, Ignarro LJ, Kim HJ, Shin CY, Han SH. Melatonin syner-
gistically increases resveratrol induced heme oxygenase-1 expression through the inhibition 
of ubiquitin-dependent proteasome pathway: a possible role in neuroprotection. J Pineal Res. 
2011;50:110–23.

 109. Venigalla M, Sonego S, Gyengesi E, Sharman MJ, Münch G. Novel promising therapeu-
tics against chronic neuroinflammation and neurodegeneration in Alzheimer’s disease. 
Neurochem Int. 2016;95:63–74.

L. Strilchuk

https://doi.org/10.1016/j.jaim.2017.06.013
https://doi.org/10.1523/JNEUROSCI.6437-11.2012
https://doi.org/10.1523/JNEUROSCI.6437-11.2012
https://doi.org/10.1016/j.ijcard.2015.04.008
https://doi.org/10.1016/j.exger.2016.10.004
https://doi.org/10.1016/j.exger.2016.10.004


191

 110. Wang Q, Xu J, Rottinghaus GE, Simonyi A, Lubahn D, Sun GY, Sun AY. Resveratrol protects 
against global cerebral ischemic injury in gerbils. Brain Res. 2002;958:439–47.

 111. Bi XL, Yang JY, Dong YX, Wang JM, Cui YH, Ikeshima T, Zhao YQ, Wu CF. Resveratrol 
inhibits nitric oxide and TNF-α production by lipopolysaccharide-activated microglia. Int 
Immunopharmacol. 2005;5:185–93.

 112. Cheng X, Wang Q, Li N, Zhao H.  Effects of resveratrol on hippocampal astrocytes and 
expression of TNF-α in Alzheimer’s disease model rate. J Hyg Res. 2015;44:610–4.

 113. Yao Y, Li J, Niu Y, Yu JQ, Yan L, Miao ZH, Zhao XX, Li YJ, Yao WX, Zheng P, et  al. 
Resveratrol inhibits oligomeric Aβ-induced microglial activation via NADPH oxidase. Mol 
Med Rep. 2015;12:6133–9.

 114. Capiralla H, Vingtdeux V, Zhao H, Sankowski R, Al-Abed Y, Davies P, Marambaud 
P.  Resveratrol mitigates lipopolysaccharide- and Aβ-mediated microglial inflammation by 
inhibiting the TLR4/NF-κB/STAT signaling cascade. J Neurochem. 2012;120:461–72.

 115. Rameshrad M, Razavi BM, Imenshahidi M, Hosseinzadeh H. Vitis vinifera (grape) seed 
extract and resveratrol alleviate bisphenol-A-induced metabolic syndrome: biochemical and 
molecular evidences. Phytother Res. 2019;33:832–44. https://doi.org/10.1002/ptr.6276.

 116. Kennedy D, Wightman EL, Reay JL, Lietz G, Okello EJ, Wilde A, Haskell CF. Effects of 
resveratrol on cerebral blood flow variables and cognitive performance in humans: a double- 
blind, placebo-controlled, crossover investigation. Am J Clin Nutr. 2010;91:1590–7.

 117. Witte AV, Kerti L, Margulies DS, Flöel A. Effects of resveratrol on memory performance, 
hippocampal functional connectivity, and glucose metabolism in healthy older adults. J 
Neurosci. 2014;34:7862–70.

 118. Serban MC, Sahebkar A, Zanchetti A, Mikhailidis DP, Howard G, Antal D, Andrica F, Ahmed 
A, Aronow WS, Muntner P, Lip GY, Graham I, Wong N, Rysz J, Banach M, Lipid and Blood 
Pressure Meta-analysis Collaboration (LBPMC) Group. Effects of quercetin on blood pres-
sure: a systematic review and meta-analysis of randomized controlled trials. J Am Heart 
Assoc. 2016;5(7):pii: e002713. https://doi.org/10.1161/JAHA.115.002713.

 119. Wong RH, Nealon RS, Scholey A, Howe PR. Low dose resveratrol improves cerebrovascular 
function in type 2 diabetes mellitus. Nutr Metab Cardiovasc Dis. 2016;26:393–9.

 120. Evans HM, Howe PR, Wong RH.  Effects of resveratrol on cognitive performance, mood 
and cerebrovascular function in post-menopausal women; a 14-week randomised placebo- 
controlled intervention trial. Nutrients. 2017;9(1):pii: E27. https://doi.org/10.3390/
nu9010027.

 121. Gardner EJ, Ruxton CH, Leeds AR. Black tea – helpful or harmful? A review of the evidence. 
Eur J Clin Nutr. 2007;61:3–18.

 122. Ma QP, Huang C, Cui QY, Yang DJ, Sun K, Chen X, Li XH. Meta-analysis of the association 
between tea intake and the risk of cognitive disorders. PLoS One. 2016;11(11):e0165861. 
https://doi.org/10.1371/journal.pone.0165861.

 123. Yang L, Jin X, Yan J, Jin Y, Yu W, Wu H, Xu S. Prevalence of dementia, cognitive status 
and associated risk factors among elderly of Zhejiang province, China in 2014. Age Ageing. 
2016;45:708–12. https://doi.org/10.1093/ageing/afw088.

 124. Kuriyama S, Hozawa A, Ohmori K, Shimazu T, Matsui T, Ebihara S, et al. Green tea con-
sumption and cognitive function: a cross-sectional study from the Tsurugaya project 1. Am J 
Clin Nutr. 2006;83:355–61.

 125. Ng TP, Feng L, Niti M, Kua EH, Yap KB. Tea consumption and cognitive impairment and 
decline in older Chinese adults. Am J Clin Nutr. 2008;88(1):224–31.

 126. Ide K, Yamada H, Takuma N, Park M, Wakamiya N, Nakase J, et al. Green tea consumption 
affects cognitive dysfunction in the elderly: a pilot study. Nutrients. 2014;6(10):4032–42. 
https://doi.org/10.3390/nu6104032.

 127. Liu Y, Fly AD, Wang Z, Klaunig JE. The effects of green tea extract on working memory 
in healthy women. J Nutr Health Aging. 2018;22(3):446–50. https://doi.org/10.1007/
s12603-017-0962-8.

10 Nutraceuticals Supporting Cognitive Function in Mild Cognitive Impairment

https://doi.org/10.1002/ptr.6276
https://doi.org/10.1161/JAHA.115.002713
https://doi.org/10.3390/nu9010027
https://doi.org/10.3390/nu9010027
https://doi.org/10.1371/journal.pone.0165861
https://doi.org/10.1093/ageing/afw088
https://doi.org/10.3390/nu6104032
https://doi.org/10.1007/s12603-017-0962-8
https://doi.org/10.1007/s12603-017-0962-8


192

 128. Weinreb O, Mandel S, Amit T, Youdim MB. Neurological mechanisms of green tea polyphe-
nols in Alzheimer’s and Parkinson’s diseases. J Nutr Biochem. 2004;15(9):506–16.

 129. Mandel S, Youdim MB.  Catechin polyphenols: neurodegeneration and neuroprotection in 
neurodegenerative diseases. Free Radic Biol Med. 2004;37(3):304–17.

 130. Hou RR, Chen JZ, Chen H, Kang XG, Li MG, Wang BR.  Neuroprotective effects of 
(−)-epigallocatechin- 3-gallate (EGCG) on paraquat-induced apoptosis in PC12 cells. Cell 
Biol Int. 2008;32(1):22–30.

 131. Kell DB. Towards a unifying, systems biology understanding of large-scale cellular death and 
destruction caused by poorly liganded iron: Parkinson’s, Huntington’s, Alzheimer’s, prions, 
bactericides, chemical toxicology and others as examples. Arch Toxicol. 2010;84:825–89. 
https://doi.org/10.1007/s00204-010-0577-x.

 132. Jomova K, Baros S, Valko M. Redox active metal-induced oxidative stress in biological sys-
tems. Transit Met Chem. 2012;37:127–34. https://doi.org/10.1007/s11243-012-9583-6.

 133. Graham HN.  Green tea composition, consumption, and polyphenol chemistry. Prev Med. 
1992;21:334–50.

 134. Yamamoto T, Juneja LR, Chu D, Kim M. Chemistry and applications of green tea. Boca 
Raton: CRC Press; 1997. p. 6–34.

 135. Luczaj W, Skrzydlewska E.  Antioxidative properties of black tea. Prev Med. 
2005;40(6):910–8.

 136. Bastianetto S, Yao ZX, Papadopoulos V, Quirion R.  Neuroprotective effects of green and 
black teas and their catechin gallate esters against beta-amyloid-induced toxicity. Eur J 
Neurosci. 2006;23(1):55–64.

 137. Grelle G, Otto A, Lorenz M, Frank RF, Wanker EE, Bieschke J.  Black tea theafla-
vins inhibit formation of toxic amyloid-beta and alpha-synuclein fibrils. Biochemistry. 
2011;50(49):10624–36.

 138. Noguchi-Shinohara M, Yuki S, Dohmoto C, et al. Consumption of green tea, but not black tea 
or coffee, is associated with reduced risk of cognitive decline. PLoS One. 2014;9(5):e96013.

 139. Martins A, Schimidt HL, Garcia A, et al. Supplementation with different teas from Camellia 
sinensis prevents memory deficits and hippocampus oxidative stress in ischemia-reperfusion. 
Neurochem Int. 2017;108:287–95. https://doi.org/10.1016/j.neuint.2017.04.019.

 140. Schimidt HL, Garcia A, Martins A, Mello-Carpes PB, Carpes FP. Green tea supplementation 
produces better neuroprotective effects than red and black tea in Alzheimer-like rat model. 
Food Res Int. 2017;100(Part 1):442–8. https://doi.org/10.1016/j.foodres.2017.07.026.

 141. Henning SM, Niu Y, Lee NH, et al. Bioavailability and antioxidant activity of tea flavanols 
after consumption of green tea, black tea, or a green tea extract supplement. Am J Clin Nutr. 
2004;80(6):1558–64.

 142. Wierzejska R. Tea and health – a review of the current state of knowledge. Przegl Epidemiol. 
2014;68:595–9.

 143. Swinton E, de Freitas E, Swinton C, et al. Green tea and cocoa enhance cognition in Lymnaea. 
Commun Integr Biol. 2018;11(1):e1434390.

 144. Zhang J, de Freitas E, Lukowiak K. Black tea differs from green tea: it suppresses long-term 
memory formation in Lymnaea. Commun Integr Biol. 2018;11(3):1–4. https://doi.org/10.108
0/19420889.2018.1491245.

 145. Chow HH, Hakim I.  Pharmacokinetic and chemo-prevention studies on tea in humans. 
Pharmacol Res. 2011;64:105–12.

 146. Shen W, Xiao Y, Ying X, Li S, Zhai Y, Shang X, et al. Tea consumption and cognitive impair-
ment: a cross-sectional study among Chinese elderly. PLoS One. 2015;10:e0137781. https://
doi.org/10.1371/journal.pone.0140739.

 147. Borota D, Murray E, Keceli G, et al. Post-study caffeine administration enhances memory 
consolidation in humans. Nat Neurosci. 2014;17:201–3.

 148. McLellan T, Caldwell J, Lieberman HA. Review of caffeine’s effects on cognitive, physical 
and occupational performance. Neurosci Biobehav Rev. 2016;71:294–312.

 149. Wright GA, Baker DD, Palmer MJ, Stevenson PC, et al. Caffeine in floral nectar enhances a 
pollinator’s memory of reward. Science. 2013;339:1202–4.

L. Strilchuk

https://doi.org/10.1007/s00204-010-0577-x
https://doi.org/10.1007/s11243-012-9583-6
https://doi.org/10.1016/j.neuint.2017.04.019
https://doi.org/10.1016/j.foodres.2017.07.026
https://doi.org/10.1080/19420889.2018.1491245
https://doi.org/10.1080/19420889.2018.1491245
https://doi.org/10.1371/journal.pone.0140739
https://doi.org/10.1371/journal.pone.0140739


193

 150. Xu H, Wang Y, Yuan Y, Zhang X, Zuo X, Cui L, et al. Gender differences in the protective 
effects of green tea against amnestic mild cognitive impairment in the elderly Han popula-
tion. Neuropsychiatr Dis Treat. 2018;14:1795–801.

 151. Lindsay J, Laurin D, Verreault R, et al. Risk factors for Alzheimer’s disease: a prospective 
analysis from the Canadian Study of Health and Aging. Am J Epidemiol. 2002;156(5):445–53.

 152. Panza F, Solfrizzi V, Barulli MR, et al. Coffee, tea, and caffeine consumption and preven-
tion of late-life cognitive decline and dementia: a systematic review. J Nutr Health Aging. 
2015;19(3):313–28.

 153. Mashal RH.  Hyperhomocysteinemia, lifestyle factors and cognitive impairment in heathy 
older subjects in Jordan. Pak J Nutr. 2013;12:71–9. https://doi.org/10.3923/pjn.2013.71.79.

 154. Flores MF, Martins A, Schimidt HL, Santos FW, Izquierdo I, Mello-Carpes PB, et al. Effects 
of green tea and physical exercise on memory impairments associated with aging. Neurochem 
Int. 2014;78:53–60.

 155. Lee LS, Kim SH, Kim YB, Kim YC. Quantitative analysis of major constituents in green tea 
with different plucking periods and their antioxidant activity. Molecules. 2014;19:9173–86.

 156. Bieschke J, Russ J, Friedrich RP, Ehrnhoefer DE, Wobst H, Neugebauer K, Wanker 
EE. EGCG remodels mature alpha-synuclein and amyloid-beta fibrils and reduces cellular 
toxicity. Proc Natl Acad Sci U S A. 2010;107:7710–5.

 157. Pastoriza S, Mesías M, Cabrera C, Rufián-Henares JA. Healthy properties of green and white 
teas: an update. Food Funct. 2017;8(8):2650–62. https://doi.org/10.1039/c7fo00611j.

 158. Mancini E, Beglinger C, Drewe J, Zanchi D, Lang UE, Borgwardt S. Green tea effects on cog-
nition, mood and human brain function: a systematic review. Phytomedicine. 2017;34:26–37. 
https://doi.org/10.1016/j.phymed.2017.07.008.

 159. Zhang Y, He F, Hua T, Sun Q.  Green tea polyphenols ameliorate ethanol-induced spatial 
learning and memory impairments by enhancing hippocampus NMDAR1 expression 
and CREB activity in rats. Neuroreport. 2018;29(18):1564–70. https://doi.org/10.1097/
WNR.0000000000001152.

 160. Ali B, Jamal QM, Shams S, et al. In silico analysis of green tea polyphenols as inhibitors 
of AChE and BChE enzymes in Alzheimer’s disease treatment. CNS Neurol Disord Drug 
Targets. 2016;15:624–8. https://doi.org/10.2174/1871527315666160321110607.

 161. Halliwell B. Are polyphenols antioxidants or pro-oxidants? What do we learn from cell cul-
ture and in vivo studies? Arch Biochem Biophys. 2008;476:107–12.

 162. Bonkovsky HL. Hepatotoxicity associated with supplements containing Chinese green tea 
(Camellia sinensis). Ann Intern Med. 2006;144:68–71.

 163. Werba JP, Misaka S, Giroli MG, Shimomura K, Amato M, Simonelli M, et al. Update of 
green tea interactions with cardiovascular drugs and putative mechanisms. J Food Drug Anal. 
2018;26(2):S72–7. https://doi.org/10.1016/j.jfda.2018.01.008.

 164. Albassam AA, Markowitz JS. An appraisal of drug-drug interactions with green tea (Camellia 
sinensis). Planta Med. 2017;83:496–508.

 165. Li F, Wang Y, Li D, Chen Y, Qiao X, Fardous R, et al. Perspectives on the recent developments 
with green tea polyphenols in drug discovery. Expert Opin Drug Discovery. 2018;24:1–18.

 166. Chu C, Deng J, Man Y, Qu Y. Green tea extracts epigallocatechin-3-gallate for different treat-
ments. Biomed Res Int. 2017;2017:5615647.

 167. Chakrawarti L, Agrawal R, Dang S, Gupta S, Gabrani R. Therapeutic effects of EGCG: a pat-
ent review. Expert Opin Ther Pat. 2016;26(8):907–16. https://doi.org/10.1080/13543776.201
6.1203419.

 168. Mandel S, Amit T, Reznichenko L, Weinreb O, Youdim MB. Green tea catechins as brain- 
permeable, natural iron chelators-antioxidants for the treatment of neurodegenerative disor-
ders. Mol Nutr Food Res. 2006;50:229–34.

 169. Serban C, Sahebkar A, Antal D, Ursoniu S, Banach M.  Effects of supplementation with 
green tea catechins on plasma C-reactive protein concentrations: a systematic review and 
meta-analysis of randomized controlled trials. Nutrition. 2015;31(9):1061–71. https://doi.
org/10.1016/j.nut.2015.02.004.

10 Nutraceuticals Supporting Cognitive Function in Mild Cognitive Impairment

https://doi.org/10.3923/pjn.2013.71.79
https://doi.org/10.1039/c7fo00611j
https://doi.org/10.1016/j.phymed.2017.07.008
https://doi.org/10.1097/WNR.0000000000001152
https://doi.org/10.1097/WNR.0000000000001152
https://doi.org/10.2174/1871527315666160321110607
https://doi.org/10.1016/j.jfda.2018.01.008
https://doi.org/10.1080/13543776.2016.1203419
https://doi.org/10.1080/13543776.2016.1203419
https://doi.org/10.1016/j.nut.2015.02.004
https://doi.org/10.1016/j.nut.2015.02.004


194

 170. Singh NA, Mandal AK, Khan ZA. Potential neuroprotective properties of epigallocatechin- 3- 
gallate (EGCG). Nutr J. 2016;15(1):60. https://doi.org/10.1186/s12937-016-0179-4.

 171. Ehrnhoefer DE, Bieschke J, Boeddrich A, Herbst M, Masino L, Lurz R, Engemann S, Pastore 
A, Wanker EE. EGCG redirects amyloidogenic polypeptides into unstructured, off pathway 
oligomers. Nat Struct Mol Biol. 2008;15:558–66.

 172. Lin CL, Chen TF, Chiu MJ, et  al. Epigallocatechin gallate (EGCG) suppresses beta- 
amyloid- induced neurotoxicity through inhibiting c-Abl/FE65 nuclear translocation 
and GSK3 beta activation. Neurobiol Aging. 2009;30:81–92. https://doi.org/10.1016/j.
neurobiolaging.2007.05.012.

 173. Cheng-Chung Wei J, Huang HC, Chen WJ, et al. Epigallocatechin gallate attenuates amy-
loid β-induced inflammation and neurotoxicity in EOC 13.31 microglia. Eur J Pharmacol. 
2016;770:16–24. https://doi.org/10.1016/j.ejphar.2015.11.048.

 174. Cascella M, Bimonte S, Muzio MR, Schiavone V, Cuomo A.  The efficacy of 
Epigallocatechin-3- gallate (green tea) in the treatment of Alzheimer’s disease: an over-
view of pre-clinical studies and translational perspectives in clinical practice. Infect Agent 
Cancer. 2017;12:36.

 175. He M, Liu MY, Wang S, Tang QS, Yao WF, Zhao HS, Wei MJ. Research on EGCG improving 
the degenerative changes of the brain in AD model mice induced with chemical drugs. Zhong 
Yao Cai. 2012;35:1641–4.

 176. Walker JM, Klakotskaia D, Ajit D, Weisman GA, Wood WG, Sun GY, et al. Beneficial effects 
of dietary EGCG and voluntary exercise on behavior in an Alzheimer’s disease mouse model. 
J Alzheimers Dis. 2015;44:561–72. https://doi.org/10.3233/JAD-140981.

 177. Li Q, Gordon M, Tan J, et  al. Oral administration of green tea epigallocatechin-3-gallate 
(EGCG) reduces amyloid beta deposition in transgenic mouse model of Alzheimer’s disease. 
Exp Neurol. 2006;198:576. https://doi.org/10.1016/j.expneurol.2006.02.062.

 178. Lee YJ, Choi DY, Yun YP, et al. Epigallocatechin-3-gallate prevents systemic inflammation- 
induced memory deficiency and amyloidogenesis via its anti-neuroinflammatory properties. 
J Nutr Biochem. 2013;24:298–310. https://doi.org/10.1016/j.jnutbio.2012.06.011.

 179. Biasibetti R, Tramontina AC, Costa AP, Dutra MF, Quincozes-Santos A, Nardin P, et al. Green 
tea (−)epigallocatechin-3-gallate reverses oxidative stress and reduces acetylcholinesterase 
activity in a streptozotocin-induced model of dementia. Behav Brain Res. 2013;236:186–93. 
https://doi.org/10.1016/j.bbr.2012.08.039.

 180. Aguiar S, Borowski T. Neuropharmacological review of the nootropic herb Bacopa monnieri. 
Rejuvenation Res. 2013;16(4):313–26. https://doi.org/10.1089/rej.2013.1431.

 181. Türközü D, Şanlier N. L-theanin, unique aminoacid of tea, and its metabolism, health effects, 
safety. Crit Rev Food Sci Nutr. 2017;57(8):1681–7. https://doi.org/10.1080/10408398.201
5.1016141.

 182. Gomez-Ramirez M, Kelly SP, Montesi JL, Foxe JJ. The effects of L-theanine on alpha-band 
oscillatory brain activity during a visuo-spatial attention task. Brain Topogr. 2009;22(1):44–51. 
https://doi.org/10.1007/s10548-008-0068-z.

 183. Nathan PJ, Lu K, Gray M, Oliver C.  The neuropharmacology of L-theanine(N-ethyl-L- 
glutamine): a possible neuroprotective and cognitive enhancing agent. J Herb Pharmacother. 
2006;6(2):21–30.

 184. Juneja LR, Chu DC, Okubo T, Nagato Y, Yokogoshi H. L-theanine – a unique amino acid of 
green tea and its relaxation effect in humans. Trends Food Sci Technol. 1999;10:199–204.

 185. Dufresne CJ, Farnworth ER. A review of latest research findings on the health promotion 
properties of tea. J Nutr Biochem. 2001;12:404–21.

 186. Maia L, de Mendonca A.  Does caffeine intake protect from Alzheimer’s disease? Eur J 
Neurol. 2002;9:377–82.

 187. Xu K, Xu Y, Brown-Jermyn D, Chen JF, Ascherio A, Dluzen DE, et al. Estrogen prevents neu-
roprotection by caffeine in the mouse 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine model 
of Parkinson’s disease. J Neurosci. 2006;26:535–41.

 188. Eskelinen MH, Kivipelto M.  Caffeine as a protective factor in dementia and Alzheimer’s 
disease. J Alzheimers Dis. 2010;20:167–74.

L. Strilchuk

https://doi.org/10.1186/s12937-016-0179-4
https://doi.org/10.1016/j.neurobiolaging.2007.05.012
https://doi.org/10.1016/j.neurobiolaging.2007.05.012
https://doi.org/10.1016/j.ejphar.2015.11.048
https://doi.org/10.3233/JAD-140981
https://doi.org/10.1016/j.expneurol.2006.02.062
https://doi.org/10.1016/j.jnutbio.2012.06.011
https://doi.org/10.1016/j.bbr.2012.08.039
https://doi.org/10.1089/rej.2013.1431
https://doi.org/10.1080/10408398.2015.1016141
https://doi.org/10.1080/10408398.2015.1016141
https://doi.org/10.1007/s10548-008-0068-z


195

 189. Chen X, Ghribi O, Geiger JD. Caffeine protects against disruptions of the blood-brain barrier 
in animal models of Alzheimer’s and Parkinson’s diseases. J Alzheimers Dis. 2010;20(Suppl 
1):S127–41.

 190. Pelligrino DA, Xu HL, Vetri F.  Caffeine and the control of cerebral hemodynamics. J 
Alzheimers Dis. 2010;20:S51–62.

 191. Klaassen EB, de Groot RH, Evers EA, Snel J, Veerman EC, Ligtenberg AJ, Jolles J, Veltman 
DJ. The effect of caffeine on working memory load-related brain activation in middle-aged 
males. Neuropharmacology. 2013;64:160–7.

 192. Koppelstaetter F, Poeppel TD, Siedentopf CM, Ischebeck A, Verius M, Haala I, et  al. 
Does caffeine modulate verbal working memory processes? An fMRI study. NeuroImage. 
2007;39:492–9.

 193. Haller S, Rodriguez C, Moser D, Toma S, Hofmeister J, Sinanaj I, et  al. Acute caffeine 
administration impact on working memory-related brain activation and functional connectiv-
ity in the elderly: a BOLD and perfusion MRI study. Neuroscience. 2013;250:364–71.

 194. Santos C, Costa J, Santos J, Vaz-Carneiro A, Lunet N. Caffeine intake and dementia: system-
atic review and meta-analysis. J Alzheimers Dis. 2010;20(Suppl 1):S187–204. https://doi.
org/10.3233/JAD-2010-091387.

 195. Wierzejska R. Can coffee consumption lower the risk of Alzheimer’s disease and Parkinson’s 
disease? A literature review. Arch Med Sci. 2017;13(3):507–14. https://doi.org/10.5114/
aoms.2016.63599.

 196. Kim YS, Kwak SM, Myung SK. Caffeine intake from coffee or tea and cognitive disorders: 
a meta-analysis of observational studies. Neuroepidemiology. 2015;44:51–63. https://doi.
org/10.1159/000371710.

 197. Tyas SL, Manfreda J, Strain LA, Montgomery P.  Risk factors for Alzheimer’s disease: a 
population-based., longitudinal study in Manitoba, Canada. Int J Epidemiol. 2001;30:590–7.

 198. Arab L, Biggs ML, O’Meara ES, Longstreth WT, Crane PK, Fitzpatrick AL. Gender differ-
ences in tea, coffee, and cognitive decline in the elderly: the cardiovascular health study. J 
Alzheimers Dis. 2011;27:553–66. https://doi.org/10.3233/JAD-2011-110431.

 199. Feng L, Gwee X, Kua EH, Ng TP. Cognitive function and tea consumption in community 
dwelling older Chinese in Singapore. J Nutr Health Aging. 2010;14:433–8. https://doi.
org/10.1007/s12603-010-0095-9.

 200. Lane J, Steege J, Rupp S, Kuhn C. Menstrual cycle effects on caffeine elimination in the 
human female. Eur J Clin Pharmacol. 1992;43:543–6. https://doi.org/10.1007/BF02285099.

 201. Camandola S, Plick N, Mattson MP. Impact of coffee and cacao purine metabolites on neu-
roplasticity and neurodegenerative disease. Neurochem Res. 2019;44(1):214–27. https://doi.
org/10.1007/s11064-018-2492-0.

 202. Moreira A, Diogenes MJ, de Mendonca A, Lunet N, Barros H. Chocolate consumption is 
associated with a lower risk of cognitive decline. J Alzheimers Dis. 2016;53:85–93. https://
doi.org/10.3233/JAD-160142.

 203. Desideri G, Kwik-Uribe C, Grassi D, Necozione S, Ghiadoni L, Mastroiacovo D, et  al. 
Benefits in cognitive function, blood pressure, and insulin resistance through cocoa flavanol 
consumption in elderly subjects with mild cognitive impairment: the cocoa, cognition, and 
aging (CoCoA) study. Hypertension. 2012;60(3):794–801.

 204. Mastroiacovo D, Kwik-Uribe C, Grassi D, Necozione S, Raffaele A, Pistacchio L, et  al. 
Cocoa flavanol consumption improves cognitive function, blood pressure control, and meta-
bolic profile in elderly subjects: the cocoa, cognition, and aging (CoCoA) study – a random-
ized controlled trial. Am J Clin Nutr. 2015;101:538–48.

 205. Wang J, Varghese M, Ono K, Yamada M, Levine S, Tzavaras N, et al. Cocoa extracts reduce 
oligomerization of amyloid-β:implications for cognitive improvement in Alzheimer’s dis-
ease. J Alzheimers Dis. 2014;41(2):643–50. https://doi.org/10.3233/JAD-132231.

 206. Rozan P, Hidalgo S, Nejdi A, Bisson JF, Lalonde R, Messaoudi M. Preventive antioxidant 
effects of cocoa polyphenolic extract on free radical production and cognitive performances 
after heat exposure in Wistar rats. J Food Sci. 2007;72:2–5.

10 Nutraceuticals Supporting Cognitive Function in Mild Cognitive Impairment

https://doi.org/10.3233/JAD-2010-091387
https://doi.org/10.3233/JAD-2010-091387
https://doi.org/10.5114/aoms.2016.63599
https://doi.org/10.5114/aoms.2016.63599
https://doi.org/10.1159/000371710
https://doi.org/10.1159/000371710
https://doi.org/10.3233/JAD-2011-110431
https://doi.org/10.1007/s12603-010-0095-9
https://doi.org/10.1007/s12603-010-0095-9
https://doi.org/10.1007/BF02285099
https://doi.org/10.1007/s11064-018-2492-0
https://doi.org/10.1007/s11064-018-2492-0
https://doi.org/10.3233/JAD-160142
https://doi.org/10.3233/JAD-160142
https://doi.org/10.3233/JAD-132231


196

 207. Bisson JF, Nejdi A, Rozan P, Hidalgo S, Lalonde R, Messaoudi M.  Effects of long-term 
administration of a cocoa polyphenolic extract (Acticoa powder) on cognitive performances 
in aged rats. Br J Nutr. 2008;100:94–101.

 208. Massee LA, Ried K, Pase M, Travica N, Yoganathan J, Scholey A, et al. The acute and sub- 
chronic effects of cocoa flavanols on mood, cognitive and cardiovascular health in young 
healthy adults: a randomized, controlled trial. Front Pharmacol. 2015;6:93.

 209. Grassi D, Ferri C, Desideri G. Brain protection and cognitive function: cocoa flavonoids as 
nutraceuticals. Curr Pharm Des. 2016;22(2):145–51.

 210. Brickman AM, Khan UA, Provenzano FA, Yeung LK, Suzuki W, Schroeter H, et  al. 
Enhancing dentate gyrus function with dietary flavanols improves cognition in older adults. 
Nat Neurosci. 2014;17(12):1798–803. https://doi.org/10.1038/nn.3850.

 211. Nehlig A.  The neuroprotective effects of cocoa flavanol and its influence on cog-
nitive performance. Br J Clin Pharmacol. 2013;75(3):716–27. https://doi.
org/10.1111/j.1365-2125.2012.04378.x.

 212. Blanchard J, Sawers SJ. The absolute bioavailability of caffeine in man. Eur J Clin Pharmacol. 
1983;24:93–8.

 213. Chvasta TE, Cooke AR.  Emptying and absorption of caffeine from the human stomach. 
Gastroenterology. 1971;61:838–43.

 214. Oñatibia-Astibia A, Franco R, Martínez-Pinilla E. Health benefits of methylxanthines in neu-
rodegenerative diseases. Mol Nutr Food Res. 2017;61:1600670.

 215. Franco R, Oñatibia-Astibia A, Martínez-Pinilla E.  Health benefits of methylxanthines in 
cacao and chocolate. Nutrients. 2013;5:4159–73.

 216. Oñatibia-Astibia A, Martínez-Pinilla E, Franco R.  The potential of methylxanthine-based 
therapies in pediatric respiratory tract diseases. Respir Med. 2016;112:1–9.

 217. Smit HJ, Gaffan EA, Rogers PJ. Psychopharmacology. 2004;176:412. https://doi.org/10.1007/
s00213-004-1898-3.

 218. Judelson DA, Preston AG, Miller DL, Munoz CX, Kellogg MD, Lieberman HR. Effects of 
theobromine and caffeine on mood and vigilance. J Clin Psychopharmacol. 2013;33:499–506.

 219. Baggott MJ, Childs E, Hart AB, et  al. Psychopharmacology. 2013;228:109. https://doi.
org/10.1007/s00213-013-3021-0.

 220. Fernandez-Fernandez L, Esteban G, Giralt M, Valente T, Bolea I, Sole M, et  al. 
Catecholaminergic and cholinergic systems of mouse brain are modulated by LMN diet, rich 
in theobromine, polyphenols and polyunsaturated fatty acids. Food Funct. 2015;6:1251–60.

 221. Travassos M, Santana I, Baldeiras I, Tsolaki M, Gkatzima O, Sermin G, et al. Does caffeine 
consumption modify cerebrospinal fluid amyloid-β levels in patients with Alzheimer’s dis-
ease? J Alzheimers Dis. 2015;47:1069–78. https://doi.org/10.3233/JAD-150374.

 222. Cova I, Leta V, Mariani C, et al. Psychopharmacology. 2019;236:561. https://doi.org/10.1007/
s00213-019-5172-0.

 223. Sweitzer S, De Leo J. Propentofylline: glial modulation, neuroprotection, and alleviation of 
chronic pain. In:  Methylxanthines. Berlin: Springer Berlin Heidelberg; 2011. p. 235–50.

 224. Stough C, Downey LA, Lloyd J.  Examining the nootropic effects of a special extract of 
Bacopa monniera on human cognitive functioning: 90 day double-blind placebo-controlled 
randomized trial. Phytother Res. 2008;22:1629–34. https://doi.org/10.1002/ptr.2537.

 225. Sharma PC, Yelne MB, Dennis TJ.  Database on medicinal plants used in ayurveda, vol. 
I. New Delhi: Central Council for Research in Ayurveda and Siddha Department of ISM & 
H, Ministry of Health and Family Welfare, Government of India; 2000. p. 93–101.

 226. Rastogi S, Kulshreshtha DK. Bacoside A2 – a triterpenoid saponin from Bacopa monnieri. 
Indian J Chem. 1998;38:353–6.

 227. Basu N, Rastogi RP, Dhar ML. Chemical examination of Bacopa monnieri Wettst: part III, 
bacoside B. Indian J Chem. 1967;5:84–6.

 228. Sivaramakrishna C, Rao CV, Trimurtulu G, Vanisree M, Subbaraju GV. Triterpenoid glyco-
sides from Bacopamonnieri. Phytochemistry. 2005;66(23):2719–28.

L. Strilchuk

https://doi.org/10.1038/nn.3850
https://doi.org/10.1111/j.1365-2125.2012.04378.x
https://doi.org/10.1111/j.1365-2125.2012.04378.x
https://doi.org/10.1007/s00213-004-1898-3
https://doi.org/10.1007/s00213-004-1898-3
https://doi.org/10.1007/s00213-013-3021-0
https://doi.org/10.1007/s00213-013-3021-0
https://doi.org/10.3233/JAD-150374
https://doi.org/10.1007/s00213-019-5172-0
https://doi.org/10.1007/s00213-019-5172-0
https://doi.org/10.1002/ptr.2537


197

 229. Chandel RS, Kulshreshtha DK, Rastogi RP. Bacogenin A3: a new sapogenin from Bacopa 
monnieri. Phytochemistry. 1977;16:141–3.

 230. Stough C, Singh H, Zangara A.  Mechanisms, efficacy, and safety of Bacopa monnieri 
(Brahmi) for cognitive and brain enhancement. Evid Based Complement Alternat Med. 
2015;2015:717605. https://doi.org/10.1155/2015/717605.

 231. Agrawal A.  A comparative study of psychotropic drugs and bio-feedback therapy in the 
prevention and management of psychosomatic disorder. Thesis. Varanasi: Banaras Hindu 
University; 1993.

 232. Bhattacharya SK, Kumar A, Ghosal S.  Effect of Bacopa monniera on animal models of 
Alzheimer’s disease and perturbed central cholinergic markers of cognition in rats. Res 
Commun Pharmacol Toxicol. 1999;4(3&4):1–12.

 233. Jain SK.  Ethnobotany and research on medicinal plants in India. CIBA Found Symp. 
1994;185:153–64.

 234. Dethe S, Deepak M, Agarwal A. Elucidation of molecular mechanism(s) of cognition enhanc-
ing activity of Bacomind(®): a standardized extract of Bacopa monnieri. Pharmacogn Mag. 
2016;12(Suppl 4):S482–7.

 235. Rastogi M, Ojha R, Prabu PC, Devi DP, Agrawal A, Dubey GP. Amelioration of age associ-
ated neuroinflammation on long term bacosides treatment. Neurochem Res. 2012;37:869–74. 
https://doi.org/10.1007/s11064-011-0681-1.

 236. Promsuban C, Limsuvan S, Akarasereenont P, Tilokskulchai K, Tapechum S, Pakaprot 
N.  Bacopa monnieri extract enhances learning-dependent hippocampal long-term 
synaptic potentiation. Neuroreport. 2017;28(16):1031–5. https://doi.org/10.1097/
WNR.0000000000000862.

 237. Vohora D, Pal SN, Pillai KK. Protection from phenytoin-induced cognitive deficit by Bacopa 
monniera, a reputed Indian nootropic plant. J Ethnopharmacol. 2000;71:383–90.

 238. Saraf MK, Prabhakar S, Pandhi P, Anand A. Bacopa monniera ameliorates amnesic effects of 
diazepam qualifying behavioral-molecular partitioning. Neuroscience. 2008;155:476–84.

 239. Saini N, Singh D, Sandhir R. Neuroprotective effects of Bacopa monnieri in experimental 
model of dementia. Neurochem Res. 2012;37:1928–37.

 240. Kishore K, Singh M.  Effect of bacosides, alcoholic extract of Bacopa monniera Linn. 
(Brahmi), on experimental amnesia in mice. Indian J Exp Biol. 2005;43:640–5.

 241. Kamkaew N, Norman Scholfield C, Ingkaninan K, Taepavarapruk N, Chootip K.  Bacopa 
monnieri increases cerebral blood flow in rat independent of blood pressure. Phytother Res. 
2013;27:135–8.

 242. Singh HK, Dharwan BN. Neuropsychopharmacological effects of the Ayurvedic nootropic 
Bacopa monniera linn (brahmi). Indian J Pharm. 1997;29:S359–65.

 243. Mathew M, Subramanian S.  Evaluation of the anti-amyloidogenic potential of nootropic 
herbal extracts in vitro. Int J Pharm Sci Res. 2012;3:4276–80.

 244. Saini N, Singh D, Sandhir R.  Bacopa monnieri prevents colchicine-induced dementia by 
anti-inflammatory action. Metab Brain Dis. 2019;34(2):505–18. https://doi.org/10.1007/
s11011-018-0332-1.

 245. Pandareesh MD, Anand T, Khanum F. Cognition enhancing and neuromodulatory propensity 
of Bacopa monniera extract against scopolamine induced cognitive impairments in rat hippo-
campus. Neurochem Res. 2016;41(5):985–99. https://doi.org/10.1007/s11064-015-1780-1.

 246. Kwon HJ, Jung HY, Hahn KR, Kim W, Kim JW, Yoo DY, et al. Bacopa monnieri extract 
improves novel object recognition, cell proliferation, neuroblast differentiation, brain-derived 
neurotrophic factor, and phosphorylation of cAMP response element-binding protein in the 
dentate gyrus. Lab Anim Res. 2018;34(4):239–47.

 247. Pandey SP, Singh HK, Prasad S.  Alterations in hippocampal oxidative stress, expression 
of AMPA receptor GluR2 subunit and associated spatial memory loss by Bacopa monn-
ieri extract (CDRI-08) in streptozotocin-induced diabetes mellitus type 2 mice. PLoS One. 
2015;10(7):e0131862.

10 Nutraceuticals Supporting Cognitive Function in Mild Cognitive Impairment

https://doi.org/10.1155/2015/717605
https://doi.org/10.1007/s11064-011-0681-1
https://doi.org/10.1097/WNR.0000000000000862
https://doi.org/10.1097/WNR.0000000000000862
https://doi.org/10.1007/s11011-018-0332-1
https://doi.org/10.1007/s11011-018-0332-1
https://doi.org/10.1007/s11064-015-1780-1


198

 248. Chaudhari KS, Tiwari NR, Tiwari RR, Sharma RS. Neurocognitive effect of nootropic drug 
brahmi (Bacopa monnieri) in Alzheimer’s disease. Ann Neurosci. 2017;24(2):111–22.

 249. Pase MP, Kean J, Sarris J, Neale C, Scholey AB, Stough C. The cognitive-enhancing effects 
of Bacopa monnieri: a systematic review of randomized, controlled human clinical trials. J 
Altern Complement Med. 2012;18(7):647–52.

 250. Stough C, Lloyd J, Clarke J, Downey LA, Hutchison CW, Rodgers T, Nathan PJ. The chronic 
effects of an extract of Bacopa monniera (Brahmi) on cognitive function in healthy human 
subjects. Psychopharmacology. 2001;156(4):481–4.

 251. Peth-Nui T, Wattanathorn J, Muchimapura S, Tong-Un T, Piyavhatkul N, Rangseekajee P, 
Ingkaninan K, Vittaya-Areekul S.  Effects of 12-week Bacopa monnieri consumption on 
attention, cognitive processing, working memory, and functions of both cholinergic and 
monoaminergic systems in healthy elderly volunteers. Evid Based Complement Alternat 
Med. 2012;2012:606424.

 252. Kean JD, Downey LA, Stough C. A systematic review of the ayurvedic medicinal herb Bacopa 
monnieri in child and adolescent populations. Complement Ther Med. 2016;29:56–62. 
https://doi.org/10.1016/j.ctim.2016.09.002.

 253. Negi K, Singh Y, Kushwaha K, Rastogi C, Rathi A, Srivastava J, et al. Clinical evaluation of 
memory enhancing properties of memory plus in children with attention deficit hyperactivity 
disorder. Indian J Psychiatry. 2000;42:2.

 254. Mitra-Ganguli T, Kalita S, Bhushan S, Stough C, Kean J, Wang N, et  al. A randomized, 
double-blind study assessing changes in cognitive function in Indian school children receiv-
ing a combination of Bacopa monnieri and Micronutrient supplementation vs placebo. Front 
Pharmacol. 2017;8:678.

 255. Kongkeaw C, Dilokthornsakul P, Thanarangsarit P, Limpeanchob N, Norman Scholfield 
C. Meta-analysis of randomized controlled trials on cognitive effects of Bacopa monnieri 
extract. J Ethnopharmacol. 2014;151(1):528–35. https://doi.org/10.1016/j.jep.2013.11.008.

 256. Singh HK, Rastogi RP, Srimal RC, Dhawan BN. Effect of Bacosides A and B on avoidance 
responses in rats. Phytother Res. 1988;2:70–5. https://doi.org/10.1002/ptr.2650020205.

 257. Uabundit N, Wattanathorn J, Mucimapura S, Ingkaninan K. Cognitive enhancement and neu-
roprotective effects of Bacopa monnieri in Alzheimer’s disease model. J Ethnopharmacol. 
2010;127:26–31. https://doi.org/10.1016/j.jep.2009.09.056.

 258. Holcomb LA, Dhanasekaran M, Hitt AR. Bacopa monniera extract reduces amyloid levels in 
psapp mice. J Alzheimers Dis. 2006;9:243–51. https://doi.org/10.3233/JAD-2006-9303.

 259. Schmidt M, Betti G, Hensel A. Saffron in phytotherapy: pharmacology and clinical uses. 
Wien Med Wochenschr. 2007;157(13–14):315–9.

 260. Finley JW, Gao S. A perspective on Crocus sativus L. (saffron) constituent crocin: a potent 
water-soluble antioxidant and potential therapy for Alzheimer’s disease. J Agric Food Chem. 
2017;65(5):1005–20. https://doi.org/10.1021/acs.jafc.6b04398.

 261. Khazdair MR, Boskabady MH, Hosseini M, Rezaee R, Tsatsakis AM. The effects of Crocus 
sativus (saffron) and its constituents on nervous system: a review. Avicenna J Phytomed. 
2015;5:376–91.

 262. Rios J, Recio M, Giner R, Manez S. An update review of saffron and its active constituents. 
Phytother Res. 1996;10:189–93.

 263. Pitsikas N. The effect of Crocus sativus L. and its constituents on memory: basic studies and 
clinical applications. Evid Based Complement Alternat Med. 2015;2015:926284. https://doi.
org/10.1155/2015/926284.

 264. Naghizadeh B, Mansouri MT, Ghorbanzadeh B, Farbood Y, Sarkaki A.  Protective effects 
of oral crocin against intracerebroventricular streptozotocin-induced spatial memory deficit 
and oxidative stress in rats. Phytomedicine. 2013;20(6):537–42. https://doi.org/10.1016/j.
phymed.2012.12.019.

 265. Linardaki ZI, Lamari FN, Margarity M.  Saffron (Crocus sativus L.) tea intake prevents 
learning/memory defects and neurobiochemical alterations induced by Aflatoxin B1 

L. Strilchuk

https://doi.org/10.1016/j.ctim.2016.09.002
https://doi.org/10.1016/j.jep.2013.11.008
https://doi.org/10.1002/ptr.2650020205
https://doi.org/10.1016/j.jep.2009.09.056
https://doi.org/10.3233/JAD-2006-9303
https://doi.org/10.1021/acs.jafc.6b04398
https://doi.org/10.1155/2015/926284
https://doi.org/10.1155/2015/926284
https://doi.org/10.1016/j.phymed.2012.12.019
https://doi.org/10.1016/j.phymed.2012.12.019


199

 exposure in adult mice. Neurochem Res. 2017;42(10):2743–54. https://doi.org/10.1007/
s11064-017-2283-z.

 266. Akhondzadeh S, Sabet MS, Harirchian MH, Togha M, Cheraghmakani H, Razeghi S, et al. 
Saffron in the treatment of patients with mild to moderate Alzheimer’s disease: a 16-week, 
randomized and placebo-controlled trial. J Clin Pharm Ther. 2010;35(5):581–8. https://doi.
org/10.1111/j.1365-2710.2009.01133.x.

 267. Farokhnia M, Shafiee Sabet M, Iranpour N, Gougol A, Yekehtaz H, Alimardani R, et  al. 
Comparing the efficacy and safety of Crocus sativus L. with memantine in patients with 
moderate to severe Alzheimer’s disease: a double-blind randomized clinical trial. Hum 
Psychopharmacol. 2014;29(4):351–9. https://doi.org/10.1002/hup.2412.

 268. Tsolaki M, Karathanasi E, Lazarou I, Dovas K, Verykouki E, Karacostas A, et al. Efficacy and 
safety of Crocus sativus L. in patients with mild cognitive impairment: one year single-blind 
randomized, with parallel groups, clinical trial. J Alzheimers Dis. 2016;54(1):129–33. https://
doi.org/10.3233/JAD-160304.

 269. Pitsikas N, Tarantilis PA.  Effects of the active constituents of Crocus sativus L. crocins 
and their combination with memantine on recognition memory in rats. Behav Pharmacol. 
2018;29(5):400–12. https://doi.org/10.1097/FBP.0000000000000380.

 270. Kim HJ, Kim P, Shin CY. A comprehensive review of the therapeutic and pharmacological 
effects of ginseng and ginsenosides in central nervous system. J Ginseng Res. 2013;37:8–29.

 271. Sticher O. Getting to the root of ginseng. ChemTech. 1998;28:26–32.
 272. Im DS, Nah SY.  Yin and Yang of ginseng pharmacology: ginsenosides vs gintonin. Acta 

Pharmacol Sin. 2013;34:1367–73.
 273. Tachikawa E, Kudo K, Harada K, Kashimoto T, Miyate Y, Kakizaki A, Takahashi E. Effects 

of ginseng saponins on responses induced by varoius receptor stimuli. Eur J Pharmacol. 
1999;369:23–32. https://doi.org/10.1016/S0014-2999(99)00043-6.

 274. Zhu JD, Wang JJ, Zhang XH, Yu Y, Kang ZS.  Panax ginseng extract attenuates neuronal 
injury and cognitive deficits in rats with vascular dementia induced by chronic cerebral hypo-
perfusion. Neural Regen Res. 2018;13(4):664–72.

 275. Al-Hazmi MA, Rawi SM, Arafa NM, Wagas A, Montasser AO. The potent effects of ginseng 
root extract and memantine on cognitive dysfunction in male albino rats. Toxicol Ind Health. 
2015;31(6):494–509.

 276. Kennedy DO, Scholey AB, Wesnes KA.  Modulation of cognition and mood following 
administration of single doses of Ginkgo biloba, ginseng, and a ginkgo/ginseng combina-
tion to healthy young adults. Physiol Behav. 2002;75:739–51. https://doi.org/10.1016/
S0031-9384(02)00665-0.

 277. Wesnes KA, Ward T, McGinty A, Petrini O.  The memory enhancing effects of a Ginkgo 
biloba/Panax ginseng combination in healthy middle-aged volunteers. Psychopharmacology. 
2000;152:353–61. https://doi.org/10.1007/s002130000533.

 278. Heo JH, Park MH, Lee JH. Effect of Korean red ginseng on cognitive function and quantita-
tive EEG in patients with Alzheimer’s disease: a preliminary study. J Altern Complement 
Med. 2016;22:280–5.

 279. Kim HJ, Jung SW, Kim SY, Cho IH, Kim HC, Rhim H, et al. Panax ginseng as an adju-
vant treatment for Alzheimer’s disease. J Ginseng Res. 2018;42(4):401–11. https://doi.
org/10.1016/j.jgr.2017.12.008.

 280. Lee HW, Lim HJ, Jun JH, Choi J, Lee MS. Ginseng for treating hypertension: a systematic 
review and meta-analysis of double blind, randomized, placebo-controlled trials. Curr Vasc 
Pharmacol. 2017;15:549–56. https://doi.org/10.2174/1570161115666170713092701.

 281. Wang Y, Yang G, Gong J, Lu F, Diao Q, Sun J, et al. Ginseng for Alzheimer’s disease: a 
systematic review and meta-analysis of randomized controlled trials. Curr Top Med Chem. 
2016;16:529–36. https://doi.org/10.2174/1568026615666150813143753.

 282. Rajabian A, Rameshrad M, Hosseinzadeh H.  Therapeutic potential of Panax ginseng and 
its constituents, ginsenosides and gintonin, in neurological and neurodegenerative disorders: 

10 Nutraceuticals Supporting Cognitive Function in Mild Cognitive Impairment

https://doi.org/10.1007/s11064-017-2283-z
https://doi.org/10.1007/s11064-017-2283-z
https://doi.org/10.1111/j.1365-2710.2009.01133.x
https://doi.org/10.1111/j.1365-2710.2009.01133.x
https://doi.org/10.1002/hup.2412
https://doi.org/10.3233/JAD-160304
https://doi.org/10.3233/JAD-160304
https://doi.org/10.1097/FBP.0000000000000380
https://doi.org/10.1016/S0014-2999(99)00043-6
https://doi.org/10.1016/S0031-9384(02)00665-0
https://doi.org/10.1016/S0031-9384(02)00665-0
https://doi.org/10.1007/s002130000533
https://doi.org/10.1016/j.jgr.2017.12.008
https://doi.org/10.1016/j.jgr.2017.12.008
https://doi.org/10.2174/1570161115666170713092701
https://doi.org/10.2174/1568026615666150813143753


200

a patent review. Expert Opin Ther Pat. 2019;29(1):55–72. https://doi.org/10.1080/1354377
6.2019.1556258.

 283. Tu TT, Sharma N, Shin EJ, Tran HQ, Lee YJ, Nah SY, et  al. Treatment with mountain- 
cultivated ginseng alleviates trimethyltin-induced cognitive impairments in mice via IL-6- 
dependent JAK2/STAT3/ERK Signaling. Planta Med. 2017;83(17):1342–50. https://doi.
org/10.1055/s-0043-111896.

 284. Chen C, Zhang H, Xu H, Zheng Y, Wu T, Lian Y. Ginsenoside Rb1 ameliorates cisplatin- 
induced learning and memory impairments. J Ginseng Res. 2019;43:409–507. https://doi.
org/10.1016/j.jgr.2017.07.009.

 285. Miao HH, Zhang Y, Ding GN, Hong FX, Dong P, Tian M. Ginsenoside Rb1 attenuates isoflu-
rane/surgery-induced cognitive dysfunction via inhibiting neuroinflammation and oxidative 
stress. Biomed Environ Sci. 2017;30:363–72.

 286. Zhao Y, Liu J, Lu D, Zhao Y, Li P. Improvement effect of ginsenoside Re on learning and 
memory abilities of natural apolexis eats and its mechanisms. Tradit Chin Drug Res Clin 
Pharm. 2007;18:20–2.

 287. Liu YW, Zhu X, Li W, Lu Q, Wang JY, Wei YQ, Yin XX. Ginsenoside Re attenuates diabetes- 
associated cognitive deficits in rats. Pharmacol Biochem Behav. 2012;101:93–8.

 288. Kim JM, Park CH, Park SK, Seung TW, Kang JY, Ha JS, et al. Ginsenoside Re ameliorates 
brain insulin resistance and cognitive dysfunction in high fat diet-induced C57BL/6 mice. J 
Agric Food Chem. 2017;65:2719–29.

 289. Qi D, Zhu Y, Wen L, Liu Q, Qiao H. Ginsenoside Rg1 restores the impairment of learning 
induced by chronic morphine administration in rats. J Psychopharmacol. 2009;23:74–83.

 290. Wang Q, Sun LH, Jia W, Liu XM, Dang HX, Mai WL, Wang N, Steinmetz A, Wang YQ, Xu 
CJ. Comparison of ginsenosides Rg1 and Rb1 for their effects on improving scopolamine- 
induced learning and memory impairment in mice. Phytother Res. 2010;24:1748–54.

 291. Zhu J, Mu X, Zeng J, Xu C, Liu J, Zhang M, et  al. Ginsenoside Rg1 prevents cognitive 
impairment and hippocampus senescence in a rat model of D-galactose-induced aging. PLoS 
One. 2014;9:e101291.

 292. Kezhu W, Pan X, Cong L, Liming D, Beiyue Z, Jingwei L, et  al. Effects of ginsenoside 
Rg1 on learning and memory in a reward-directed instrumental conditioning task in chronic 
restraint stressed rats. Phytother Res. 2017;31:81–9.

 293. Zhang Y, Zhang Z, Wang H, Cai N, Zhou S, Zhao Y, et al. Neuroprotective effect of gin-
senoside Rg1 prevents cognitive impairment induced by isoflurane anesthesia in aged rats 
via antioxidant, anti-inflammatory and anti-apoptotic effects mediated by the PI3K/AKT/
GSK-3β pathway. Mol Med Rep. 2016;14:2778–84.

 294. Jin Y, Peng J, Wang X, Zhang D, Wang T.  Ameliorative effect of ginsenoside Rg1 on 
lipopolysaccharide- induced cognitive impairment: role of cholinergic system. Neurochem 
Res. 2017;42:1299–307.

 295. Zhang Y, Hu W, Zhang B, Yin Y, Zhang J, Huang D, et al. Ginsenoside Rg1 protects against 
neuronal degeneration induced by chronic dexamethasone treatment by inhibiting NLRP-1 
inflammasomes in mice. Int J Mol Med. 2017;40:1134–42.

 296. Zhang G, Liu A, Zhou Y, San X, Jin T, Jin Y. Panax ginseng ginsenoside-Rg2 protects mem-
ory impairment via anti-apoptosis in a rat model with vascular dementia. J Ethnopharmacol. 
2008;115:441–8.

 297. Lee B, Sur B, Park J, Kim SH, Kwon S, Yeom M, et  al. Ginsenoside rg3 alleviates 
lipopolysaccharide- induced learning and memory impairments by anti-inflammatory activity 
in rats. Biomol Ther (Seoul). 2013;21:381–90.

 298. Kim J, Shim J, Lee S, Cho WH, Hong E, Lee JH, et al. Rg3-enriched ginseng extract ame-
liorates scopolamine-induced learning deficits in mice. BMC Complement Altern Med. 
2016;16:66.

 299. Peña ID, Yoon SY, Kim HJ, Park S, Hong EY, Ryu JH, et al. Effects of ginseol k-g3, an Rg3- 
enriched fraction, on scopolamine-induced memory impairment and learning deficit in mice. 
J Ginseng Res. 2014;38:1–7.

L. Strilchuk

https://doi.org/10.1080/13543776.2019.1556258
https://doi.org/10.1080/13543776.2019.1556258
https://doi.org/10.1055/s-0043-111896
https://doi.org/10.1055/s-0043-111896
https://doi.org/10.1016/j.jgr.2017.07.009
https://doi.org/10.1016/j.jgr.2017.07.009


201

 300. Wang YZ, Chen J, Chu SF, Wang YS, Wang XY, Chen NH, Zhang JT. Improvement of mem-
ory in mice and increase of hippocampal excitability in rats by ginsenoside Rg1’s metabolites 
ginsenoside Rh1 and protopanaxatriol. J Pharmacol Sci. 2009;109:504–10.

 301. Kim EJ, Jung IH, Van Le TK, Jeong JJ, Kim NJ, Kim DH. Ginsenosides Rg5 and Rh3 protect 
scopolamine-induced memory deficits in mice. J Ethnopharmacol. 2013;146:294–9.

 302. Lu C, Shi Z, Dong L, Lv J, Xu P, Li Y, Qu L, Liu X. Exploring the effect of ginsenoside 
Rh1  in a sleep deprivation-induced mouse memory impairment model. Phytother Res. 
2017;31:763–70.

 303. Jakaria M, Haque E, Kim J, Cho DY, Kim IS, Choi K. Active ginseng components in cognitive 
impairment: therapeutic potential and prospects for delivery and clinical study. Oncotarget. 
2018;9(71):33601–20.

 304. Hwang SH, Shin EJ, Shin TJ, Lee BH, Choi SH, Kang J, et al. Gintonin, a ginseng-derived 
lysophosphatidic acid receptor ligand, attenuates Alzheimer’s disease-related neuropathies: 
involvement of non-amyloidogenic processing. J Alzheimers Dis. 2012;31:207–23.

 305. Lee ST, Chu K, Sim JY, Heo JH, Kim M. Panax ginseng enhances cognitive performance in 
Alzheimer disease. Alzheimer Dis Assoc Disord. 2008;22:222–6.

 306. Yeo HB, Yoon HK, Lee HJ, Kang SG, Jung KY, Kim L. Effects of Korean red ginseng on cog-
nitive and motor function: a double-blind, randomized, placebo-controlled trial. J Ginseng 
Res. 2012;36:190–7.

 307. Park K, Jin H, Rhee HY, Kim S, Lee SE, Kim YO, et al. A randomized, double-blind, placebo- 
controlled clinical trial of Korean ginseng as a functional food in mild cognitive impairment. 
Alzheimers Dement. 2013;9:804.

 308. Scholey A, Ossoukhova A, Owen L, Ibarra A, Pipingas A, He K, et al. Effects of American 
ginseng (Panax quinquefolius) on neurocognitive function: an acute, randomised, double- 
blind, placebo-controlled, crossover study. Psychopharmacology. 2010;212:345–56.

 309. Sutherland SK, Purdon SE, Lai C, Wang LJ, Liu GZ, Shan JJ. Memory enhancement from 
two weeks’ exposure to North American ginseng extract HT1001 in young and middle aged 
healthy adults. Open Nutraceuticals J. 2010;3:20–4.

 310. Lho SK, Kim TH, Kwak KP, Kim K, Kim BJ, Kim SG, et al. Effects of lifetime cumulative 
ginseng intake on cognitive function in late life. Alzheimers Res Ther. 2018;10:50.

 311. Kim H, Lee JH, Kim JE, Kim YS, Ryu CH, Lee HJ, et al. Micro-/nano-sized delivery systems 
of ginsenosides for improved systemic bioavailability. J Ginseng Res. 2018;42:361–9.

 312. Hasegawa H. Proof of the mysterious efficacy of ginseng: basic and clinical trials: metabolic 
activation of ginsenoside: deglycosylation by intestinal bacteria and esterification with fatty 
acid. J Pharmacol Sci. 2004;95:153–7. https://doi.org/10.1254/jphs.FMJ04001X4.

 313. Sahebkar A, Saboni N, Pirro M, Banach M. Curcumin: an effective adjunct in patients with 
statin-associated muscle symptoms? J Cachexia Sarcopenia Muscle. 2017;8(1):19–24. 
https://doi.org/10.1002/jcsm.12140.

 314. Sarker MR, Franks SF. Efficacy of curcumin for age-associated cognitive decline: a narrative 
review of preclinical and clinical studies. GeroScience. 2018;40(2):73–95.

 315. Nelson KM, Dahlin JL, Bisson J, Graham J, Pauli GF, Walters MA. The essential medici-
nal chemistry of curcumin. J Med Chem. 2017;60:1620–37. https://doi.org/10.1021/acs.
jmedchem.6b00975.

 316. Lee WH, Loo CY, Bebawy M, Luk F, Mason RS, Rohanizadeh R. Curcumin and its deriva-
tives: their application in neuropharmacology and neuroscience in the 21st century. Curr 
Neuropharmacol. 2013;11(4):338–78. https://doi.org/10.2174/1570159X11311040002.

 317. Ullah F, Liang A, Rangel A, Gyengesi E, Niedermayer G, Münch G. High bioavailability cur-
cumin: an anti-inflammatory and neurosupportive bioactive nutrient for neurodegenerative 
diseases characterized by chronic neuroinflammation. Arch Toxicol. 2017;91(4):1623–34. 
https://doi.org/10.1007/s00204-017-1939-4.

 318. Ganjali S, Blesso CN, Banach M, Pirro M, Majeed M, Sahebkar A.  Effects of curcumin 
on HDL functionality. Pharmacol Res. 2017;119:208–18. https://doi.org/10.1016/j.
phrs.2017.02.008.

10 Nutraceuticals Supporting Cognitive Function in Mild Cognitive Impairment

https://doi.org/10.1254/jphs.FMJ04001X4
https://doi.org/10.1002/jcsm.12140
https://doi.org/10.1021/acs.jmedchem.6b00975
https://doi.org/10.1021/acs.jmedchem.6b00975
https://doi.org/10.2174/1570159X11311040002
https://doi.org/10.1007/s00204-017-1939-4
https://doi.org/10.1016/j.phrs.2017.02.008
https://doi.org/10.1016/j.phrs.2017.02.008


202

 319. Lim GP, Chu T, Yang F, Beech W, Frautschy SA, Cole GM. The curry spice curcumin reduces 
oxidative damage and amyloid pathology in an Alzheimer transgenic mouse. J Neurosci. 
2001;21:8370–7.

 320. Yang F, Lim GP, Begum AN, Ubeda OJ, Simmons MR, Ambegaokar SS, et al. Curcumin 
inhibits formation of amyloid beta oligomers and fibrils, binds plaques, and reduces amyloid 
invivo. J Biol Chem. 2005;280:5892–901.

 321. Sreejayan Rao MN.  Nitric oxide scavenging by curcuminoids. J Pharm Pharmacol. 
1997;49:105–7.

 322. Sreejayan N, Rao MN.  Free radical scavenging activity of curcuminoids. 
Arzneimittelforschung. 1996;46:169–71.

 323. Fu XY, Yang MF, Cao MZ, Li DW, Yang XY, Sun JY, et al. Strategy to suppress oxidative 
damage-induced neurotoxicity in PC12 cells by curcumin: the role of ROS-mediated DNA 
damage and the MAPK and Akt pathways. Mol Neurobiol. 2016;53:369–78. https://doi.
org/10.1007/s12035-014-9021-1.

 324. Jin ML, Park SY, Shen Q, Lai YH, Ou XM, Mao Z, et  al. Anti-neuroinflammatory effect 
of curcumin on Pam3CSK4-stimulated microglial cells. Int J Mol Med. 2018;41:521–30. 
https://doi.org/10.3892/ijmm.2017.3217.

 325. Kodali M, Hattiangady B, Shetty GA, Bates A, Shuai B, Shetty AK. Curcumin treatment 
leads to better cognitive and mood function in a model of Gulf War illness with enhanced 
neurogenesis, and alleviation of inflammation and mitochondrial dysfunction in the hippo-
campus. Brain Behav Immun. 2018;69:499–514. https://doi.org/10.1016/j.bbi.2018.01.009.

 326. Liu ZJ, Li ZH, Liu L, Tang WX, Wang Y, Dong MR, Xiao C. Curcumin attenuates beta- 
amyloid- induced neuroinflammation via activation of peroxisome proliferator-activated 
receptor-gamma function in a rat model of Alzheimer’s disease. Front Pharmacol. 2016;7:261. 
https://doi.org/10.3389/fphar.2016.00261.

 327. Wang YL, Li JF, Wang YT, Xu CY, Hua LL, Yang XP, et al. Curcumin reduces hippocam-
pal neuron apoptosis and JNK-3 phosphorylation in rats with Aβ-induced Alzheimer’s dis-
ease: protecting spatial learning and memory. J Neuro-Oncol. 2017;5:117–23. https://doi.
org/10.2147/JN.S125567.

 328. Rinwa P, Kumar A. Piperine potentiates the protective effects of curcumin against chronic 
unpredictable stress-induced cognitive impairment and oxidative damage in mice. Brain Res. 
2012;1488:38–50. https://doi.org/10.1016/j.brainres.2012.10.002.

 329. Wang P, Su C, Li R, Wang H, Ren Y, Sun H, et  al. Mechanisms and effects of curcumin 
on spatial learning and memory improvement in APPswe/PS1dE9 mice. J Neurosci Res. 
2014;92:218–31. https://doi.org/10.1002/jnr.23322.

 330. Wullschleger S, Loewith R, Hall MN.  Tor signaling in growth and metabolism. Cell. 
2006;124:471–84. https://doi.org/10.1016/j.cell.2006.01.016.

 331. He Y, Wang P, Wei P, Feng H, Ren Y, Yang J, et  al. Effects of curcumin on synapses in 
APPswe/PS1dE9 mice. Int J Immunopathol Pharmacol. 2016;29:217–25. https://doi.
org/10.1177/0394632016638099.

 332. Franco-Robles E, Campos-Cervantes A, Murillo-Ortiz BO, Segovia J, Lopez-Briones S, 
Vergara P, et al. Effects of curcumin on brain-derived neurotrophic factor levels and oxida-
tive damage in obesity and diabetes. Appl Physiol Nutr Metab. 2014;39:211–8. https://doi.
org/10.1139/apnm-2013-0133.

 333. Nam SM, Choi JH, Yoo DY, Kim W, Jung HY, Kim JW, et al. Effects of curcumin (Curcuma 
longa) on learning and spatial memory as well as cell proliferation and neuroblast differen-
tiation in adult and aged mice by upregulating brain-derived neurotrophic factor and CREB 
signaling. J Med Food. 2014;17(6):641–9. https://doi.org/10.1089/jmf.2013.2965.

 334. Kang G, Kong PJ, Yuh YJ, Lim SY, Yim SV, Chun W, Kim SS.  Curcumin suppresses 
lipopolysaccharide- induced cyclooxygenase-2 expression by inhibiting activator protein 1 
and nuclear factor kappaB bindings in BV2 microglial cells. J Pharmacol Sci. 2004;94:325–8. 
https://doi.org/10.1254/jphs.94.325.

L. Strilchuk

https://doi.org/10.1007/s12035-014-9021-1
https://doi.org/10.1007/s12035-014-9021-1
https://doi.org/10.3892/ijmm.2017.3217
https://doi.org/10.1016/j.bbi.2018.01.009
https://doi.org/10.3389/fphar.2016.00261
https://doi.org/10.2147/JN.S125567
https://doi.org/10.2147/JN.S125567
https://doi.org/10.1016/j.brainres.2012.10.002
https://doi.org/10.1002/jnr.23322
https://doi.org/10.1016/j.cell.2006.01.016
https://doi.org/10.1177/0394632016638099
https://doi.org/10.1177/0394632016638099
https://doi.org/10.1139/apnm-2013-0133
https://doi.org/10.1139/apnm-2013-0133
https://doi.org/10.1089/jmf.2013.2965
https://doi.org/10.1254/jphs.94.325


203

 335. Jin CY, Lee JD, Park C, Choi YH, Kim GY.  Curcumin attenuates the release of pro- 
inflammatory cytokines in lipopolysaccharide-stimulated BV2 microglia. Acta Pharmacol 
Sin. 2007;28:1645–51. https://doi.org/10.1111/j.1745-7254.2007.00651.x.

 336. Dong S, Zeng Q, Mitchell ES, Xiu J, Duan Y, Li C, Zhao Z. Curcumin enhances neuro-
genesis and cognition in aged rats: implications for transcriptional interactions related to 
growth and synaptic plasticity. PLoS One. 2012;7(2):e31211. https://doi.org/10.1371/jour-
nal.pone.0031211.

 337. Sun CY, Qi SS, Zhou P, Cui HR, Chen SX, Dai KY, Tang ML. Neurobiological and phar-
macological validity of curcumin in ameliorating memory performance of senescence- 
accelerated mice. Pharmacol Biochem Behav. 2013;105:76–82. https://doi.org/10.1016/j.
pbb.2013.02.002.

 338. Shailaja M, Damodara Gowda KM, Vishakh K, Suchetha Kumari N. Anti-aging role of cur-
cumin by modulating the inflammatory markers in albino Wistar rats. J Natl Med Assoc. 
2017;109(1):9–13. https://doi.org/10.1016/j.jnma.2017.01.005.

 339. Vidal B, Vázquez-Roque RA, Gnecco D, Enríquez RG, Floran B, Díaz A, Flores G. Curcuma 
treatment prevents cognitive deficit and alteration of neuronal morphology in the limbic sys-
tem of aging rats. Synapse. 2017;71:e21952.

 340. Ishrat T, Hoda MN, Khan MB, Yousuf S, Ahmad M, Khan MM, et al. Amelioration of cog-
nitive deficits and neurodegeneration by curcumin in rat model of sporadic dementia of 
Alzheimer’s type (SDAT). Eur Neuropsychopharmacol. 2009;19(9):636–47. https://doi.
org/10.1016/j.euroneuro.2009.02.002.

 341. Ataie A, Sabetkasaei M, Haghparast A, Moghaddam AH, Kazeminejad B. Neuroprotective 
effects of the polyphenolic antioxidant agent, curcumin, against homocysteine-induced 
cognitive impairment and oxidative stress in the rat. Pharmacol Biochem Behav. 
2010;96(4):378–85. https://doi.org/10.1016/j.pbb.2010.06.009.

 342. Kawamoto EM, Scavone C, Mattson MP, Camandola S.  Curcumin requires tumor necro-
sis factor alpha signaling to alleviate cognitive impairment elicited by lipopolysaccharide. 
Neurosignals. 2013;21(1–2):75–88. https://doi.org/10.1159/000336074.

 343. Muthuraman A, Thilagavathi L, Jabeen S, Ravishankar SB, Ahmed SS, George T, et  al. 
Curcumin prevents cigarette smoke extract induced cognitive impairment. Front Biosci (Elite 
Ed). 2019;11:109–20.

 344. Bassani TB, Bonato JM, Machado MMF, Coppola-Segovia V, Moura ELR, Zanata SM, 
et al. Decrease in adult neurogenesis and neuroinflammation are involved in spatial memory 
impairment in the streptozotocin-induced model of sporadic Alzheimer’s disease in rats. Mol 
Neurobiol. 2018;55(5):4280–96. https://doi.org/10.1007/s12035-017-0645-9.

 345. Mazzanti G, Di Giacomo S.  Curcumin and resveratrol in the management of cognitive 
disorders: what is the clinical evidence? Molecules. 2016;21(9):pii: E1243. https://doi.
org/10.3390/molecules21091243.

 346. Cicero AFG, Fogacci F, Banach M.  Botanicals and phytochemicals active on cognitive 
decline: the clinical evidence. Pharmacol Res. 2018;130:204–12. https://doi.org/10.1016/j.
phrs.2017.12.029.

 347. Small GW, Siddarth P, Li Z, Miller KJ, Ercoli L, Emerson ND, et  al. Memory and brain 
amyloid and tau effects of a bioavailable form of curcumin in non-demented adults: a double- 
blind, placebo-controlled 18-month trial. Am J Geriatr Psychiatry. 2018;26:266–77. https://
doi.org/10.1016/j.jagp.2017.10.010.

 348. Rainey-Smith SR, Brown BM, Sohrabi HR, Shah T, Goozee KG, Gupta VB, Martins 
RN.  Curcumin and cognition: a randomised, placebo-controlled, double-blind study of 
community-dwelling older adults. Br J Nutr. 2016;115(12):2106–13. https://doi.org/10.1017/
S0007114516001203.

 349. Baum L, Lam CW, Cheung SK, Kwok T, Lui V, Tsoh J, et al. Six-month randomized, placebo- 
controlled, double-blind, pilot clinical trial of curcumin in patients with Alzheimer disease. J 
Clin Psychopharmacol. 2008;28(1):110–3. https://doi.org/10.1097/jcp.0b013e318160862c.

10 Nutraceuticals Supporting Cognitive Function in Mild Cognitive Impairment

https://doi.org/10.1111/j.1745-7254.2007.00651.x
https://doi.org/10.1371/journal.pone.0031211
https://doi.org/10.1371/journal.pone.0031211
https://doi.org/10.1016/j.pbb.2013.02.002
https://doi.org/10.1016/j.pbb.2013.02.002
https://doi.org/10.1016/j.jnma.2017.01.005
https://doi.org/10.1016/j.euroneuro.2009.02.002
https://doi.org/10.1016/j.euroneuro.2009.02.002
https://doi.org/10.1016/j.pbb.2010.06.009
https://doi.org/10.1159/000336074
https://doi.org/10.1007/s12035-017-0645-9
https://doi.org/10.3390/molecules21091243
https://doi.org/10.3390/molecules21091243
https://doi.org/10.1016/j.phrs.2017.12.029
https://doi.org/10.1016/j.phrs.2017.12.029
https://doi.org/10.1016/j.jagp.2017.10.010
https://doi.org/10.1016/j.jagp.2017.10.010
https://doi.org/10.1017/S0007114516001203
https://doi.org/10.1017/S0007114516001203
https://doi.org/10.1097/jcp.0b013e318160862c


204

 350. Ringman JM, Frautschy SA, Teng E, Begum AN, Bardens J, Beigi M, et al. Oral curcumin 
for Alzheimer’s disease: tolerability and efficacy in a 24-week randomized, double blind, 
placebo- controlled study. Alzheimers Res Ther. 2012;4(5):43. https://doi.org/10.1186/
alzrt146.

 351. Haskell CF, Kennedy DO, Wesnes KA, Milne AL, Scholey AB. A double-blind, placebo- 
controlled, multi-dose evaluation of the acute behavioural effects of guarana in humans. J 
Psychopharmacol. 2007;21:65–70.

 352. Scholey A, Haskell C.  Neurocognitive effects of guaraná plant extract. Drugs Future. 
2008;33:869–74. https://doi.org/10.1358/dof.2008.33.10.1250977.

 353. Espinola EB, Dias RF, Mattei R, Carlini EA. Pharmacological activity of guarana (Paullinia 
cupana Mart.) in laboratory animals. J Ethnopharmacol. 1997;55:223–9. https://doi.
org/10.1016/S0378-8741(96)01506-1.

 354. Mattei R, Dias RF, Espínola EB, Carlini EA, Barros SB. Guarana (Paullinia cupana): toxic 
behavioral effects in laboratory animals and antioxidants activity in vitro. J Ethnopharmacol. 
1998;60:111–6. https://doi.org/10.1016/S0378-8741(97)00141-4.

 355. Pomportes L, Davranche K, Brisswalter I, Hays A, Brisswalter J.  Heart rate variability 
and cognitive function following a multi-vitamin and mineral supplementation with added 
Guarana (Paullinia cupana). Nutrients. 2014;7:196–208. https://doi.org/10.3390/nu7010196.

 356. Kennedy DO, Haskell CF, Wesnes KA, Scholey AB.  Improved cognitive performance in 
human volunteers following administration of guarana (Paullinia cupana) extract: compari-
son and interaction with Panax ginseng. Pharmacol Biochem Behav. 2004;79:401–11. https://
doi.org/10.1016/j.pbb.2004.07.014.

 357. Veasey RC, Haskell-Ramsay CF, Kennedy DO, Wishart K, Maggini S, Fuchs CJ, Stevenson 
EJ. The effects of supplementation with a vitamin and mineral complex with guaraná prior 
to fasted exercise on affect, exertion, cognitive performance, and substrate metabolism: a 
randomized controlled trial. Nutrients. 2015;7:6109–27. https://doi.org/10.3390/nu7085272.

 358. Ruchel JB, Braun JBS, Adefegha SA, Guedes Manzoni A, Abdalla FH, de Oliveira JS, et al. 
Guarana (Paullinia cupana) ameliorates memory impairment and modulates acetylcholin-
esterase activity in Poloxamer-407-induced hyperlipidemia in rat brain. Physiol Behav. 
2017;168:11–9. https://doi.org/10.1016/j.physbeh.2016.10.003.

 359. Pomportes L, Brisswalter J, Casini L, Hays A, Davranche K. Cognitive performance enhance-
ment induced by caffeine, carbohydrate and guarana mouth rinsing during submaximal exer-
cise. Nutrients. 2017;9(6):589.

 360. Pomportes L, Brisswalter J, Hays A, Davranche K.  Effects of carbohydrate, caffeine and 
guarana on cognitive performance, perceived exertion and shooting performance in high level 
athletes. Int J Sports Physiol Perform. 2018;9:1–26. https://doi.org/10.1123/ijspp.2017-0865.

 361. Scholey A, Bauer I, Neale C, Savage K, Camfield D, White D, et al. Acute effects of differ-
ent multivitamin mineral preparations with and without Guaraná on mood, cognitive perfor-
mance and functional brain activation. Nutrients. 2013;5:3589–604. https://doi.org/10.3390/
nu5093589.

 362. Liang W, Lee AH, Binns CW, Huang R, Hu D, Shao H. Soy consumption reduces risk of isch-
emic stroke: a case-control study in southern China. Neuroepidemiology. 2009;33:111–6. 
https://doi.org/10.1159/000222093.

 363. Katayama S, Imai R, Sugiyama H, Nakamura S. Oral administration of soy peptides sup-
presses cognitive decline by induction of neurotrophic factors in SAMP8 mice. J Agric Food 
Chem. 2014;62(16):3563–9. https://doi.org/10.1021/jf405416s.

 364. Lu C, Wang Y, Wang D, Zhang L, Lv J, Jiang N, et al. Neuroprotective effects of soy isofla-
vones on scopolamine-induced amnesia in mice. Nutrients. 2018;10(7):853.

 365. Bagheri M, Joghataei MT, Mohseni S, Roghani M. Genistein ameliorates learning and mem-
ory deficits in amyloid beta(1–40) rat model of Alzheimer’s disease. Neurobiol Learn Mem. 
2011;95:270–6. https://doi.org/10.1016/j.nlm.2010.12.001.

L. Strilchuk

https://doi.org/10.1186/alzrt146
https://doi.org/10.1186/alzrt146
https://doi.org/10.1358/dof.2008.33.10.1250977
https://doi.org/10.1016/S0378-8741(96)01506-1
https://doi.org/10.1016/S0378-8741(96)01506-1
https://doi.org/10.1016/S0378-8741(97)00141-4
https://doi.org/10.3390/nu7010196
https://doi.org/10.1016/j.pbb.2004.07.014
https://doi.org/10.1016/j.pbb.2004.07.014
https://doi.org/10.3390/nu7085272
https://doi.org/10.1016/j.physbeh.2016.10.003
https://doi.org/10.1123/ijspp.2017-0865
https://doi.org/10.3390/nu5093589
https://doi.org/10.3390/nu5093589
https://doi.org/10.1159/000222093
https://doi.org/10.1021/jf405416s
https://doi.org/10.1016/j.nlm.2010.12.001


205

 366. Ma WW, Xiang L, Yu HL, Yuan LH, Guo AM, Xiao YX, Li L, Xiao R. Neuroprotection of soy-
abean isoflavone co-administration with folic acid against beta-amyloid 1–40-induced neuro-
toxicity in rats. Br J Nutr. 2009;102:502–5. https://doi.org/10.1017/S0007114509274757.

 367. Russell AL, Grimes JM, Larco DO, Cruthirds DF, Joanna W, Wooten L, et al. The interaction 
of dietary isoflavones and estradiol replacement on behavior and brain-derived neurotrophic 
factor in the ovariectomized rat. Neurosci Lett. 2017;640:53–9. https://doi.org/10.1016/j.
neulet.2017.01.011.

 368. MacLusky NJ, Thomas G, Leranth C.  Low dietary soy isoflavonoids increase hippocam-
pal spine synapse density in ovariectomized rats. Brain Res. 1657;2017:361–7. https://doi.
org/10.1016/j.brainres.2017.01.002.

 369. Gleason CE, Carlsson CM, Barnet JH, Meade SA, Setchell KD, Atwood CS, Johnson SC, 
Ries ML, Asthana S. A preliminary study of the safety, feasibility and cognitive efficacy of 
soy isoflavone supplements in older men and women. Age Ageing. 2009;38:86–93.

 370. John JAS, Henderson VW, Hodis HN, Kono N, McCleary CA, Franke AA, Mack 
WJ. Associations of urine excretion of isoflavonoids with cognition in postmenopausal women 
in the Women’s Isoflavone Soy Health clinical trial. J Am Geriatr Soc. 2014;62(4):629–35.

 371. Woo J, Lynn H, Lau WY, Leung J, Lau E, Wong SY, Kwok T. Nutrient intake and psychologi-
cal health in an elderly Chinese population. Int J Geriatr Psychiatry. 2006;21:1036–43.

 372. Hogervorst E, Mursjid F, Priandini D, Setyawan H, Ismael RI, Bandelow S, Rahardjo 
TB. Borobudur revisited: soy consumption may be associated with better recall in younger, 
but not in older, rural Indonesian elderly. Brain Res. 2011;1379:206–12.

 373. Gleason CE, Fischer BL, Dowling NM, Setchell KDR, Atwood CS, Carlsson CM, Asthana 
S. Cognitive effects of soy isoflavones in patients with Alzheimer’s disease. J Alzheimers Dis. 
2015;47(4):1009–19.

 374. Henderson VW, St John JA, Hodis HN, Kono N, McCleary CA, Franke AA, Mack WJ, Group 
WR. Long-term soy isoflavone supplementation and cognition in women: a randomized, con-
trolled trial. Neurology. 2012;78:1841–8.

 375. Kreijkamp-Kaspers S, Kok L, Grobbee DE, de Haan EH, Aleman A, van der Schouw 
YT. Dietary phytoestrogen intake and cognitive function in older women. J Gerontol A Biol 
Sci Med Sci. 2007;62:556–62.

 376. Huang MH, Luetters C, Buckwalter GJ, Seeman TE, Gold EB, Sternfeld B, Greendale 
GA. Dietary genistein intake and cognitive performance in a multiethnic cohort of midlife 
women. Menopause. 2006;13:621–30.

 377. Franco OH, Burger H, Lebrun CE, Peeters PH, Lamberts SW, Grobbee DE, Van Der Schouw 
YT. Higher dietary intake of lignans is associated with better cognitive performance in post-
menopausal women. J Nutr. 2005;135:1190–5.

 378. Kreijkamp-Kaspers S, Kok L, Grobbee DE, et al. Effect of soy protein containing isoflavones 
on cognitive function, bone mineral density, and plasma lipids in postmenopausal women: a 
randomized controlled trial. JAMA. 2004;292:65–74.

 379. Ho SC, Chan AS, Ho YP, et  al. Effects of soy isoflavone supplementation on cognitive 
function in Chinese postmenopausal women: a double-blind, randomized, controlled trial. 
Menopause. 2007;14(Pt 1):489–99.

 380. White LR, Petrovitch H, Ross GW, Masaki K, Hardman J, Nelson J, Davis D, Markesbery 
W. Brain aging and midlife tofu consumption. J Am Coll Nutr. 2000;19:242–55.

 381. Setchell KD, Brown NM, Lydeking-Olsen E.  The clinical importance of the metabolite 
equol – a clue to the effectiveness of soy and its isoflavones. J Nutr. 2002;132:3577–84.

 382. Setchell KDR, Brown NM, Desai P, et al. Bioavailability of pure isoflavones in healthy humans 
and analysis of commercial soy isoflavone supplements. J Nutr. 2001;131:1362S–75S.

 383. Setchell KD, Cole SJ. Method of defining equol-producer status and its frequency among 
vegetarians. J Nutr. 2006;136:2188–93.

 384. Frankenfeld CL, Atkinson C, Thomas WK, et al. Familial correlations, segregation analy-
sis, and nongenetic correlates of soy isoflavone-metabolizing phenotypes. Exp Biol Med 
(Maywood). 2004;229:902–13.

10 Nutraceuticals Supporting Cognitive Function in Mild Cognitive Impairment

https://doi.org/10.1017/S0007114509274757
https://doi.org/10.1016/j.neulet.2017.01.011
https://doi.org/10.1016/j.neulet.2017.01.011
https://doi.org/10.1016/j.brainres.2017.01.002
https://doi.org/10.1016/j.brainres.2017.01.002


206

 385. Zajac IT, Herreen D, Bastiaans K, Dhillon VS, Fenech M. The effect of whey and soy protein 
isolates on cognitive function in older Australians with low vitamin B12: a randomised con-
trolled crossover trial. Nutrients. 2019;11(1):19.

 386. Kritz-Silverstein D, Von Muhlen D, Barrett-Connor E, Mathias B. Isoflavones and cognitive 
function in older women: the SOy and postmenopausal health in aging (SOPHIA) Study. 
Menopause. 2003;10:196–202. https://doi.org/10.1097/00042192-200310030-00004.

 387. Nakamoto M, Otsuka R, Nishita Y, Tange C, Tomida M, Kato Y, et al. Soy food and isoflavone 
intake reduces the risk of cognitive impairment in elderly Japanese women. Eur J Clin Nutr. 
2018;72(10):1458–62. https://doi.org/10.1038/s41430-017-0061-2.

 388. Cheng PF, Chen JJ, Zhou XY, Ren YF, Huang W, Zhou JJ, Xie P.  Do soy isoflavones 
improve cognitive function in postmenopausal women? A meta-analysis. Menopause. 
2015;22(2):198–206. https://doi.org/10.1097/GME.0000000000000290.

 389. Soni M, Rahardjo TB, Soekardi R, Sulistyowati Y, Lestariningsih CL, Yesufu-Udechuku A, 
et al. Phytoestrogens and cognitive function: a review. Maturitas. 2014;77(3):209–20. https://
doi.org/10.1016/j.maturitas.2013.12.010.

 390. Islam F, Sparkes C, Roodenrys S, Astheimer L. Short-term changes in endogenous estrogen 
levels and consumption of soy isoflavones affect working and verbal memory in young adult 
females. Nutr Neurosci. 2008;11(6):251–62. https://doi.org/10.1179/147683008X301612.

 391. Lee YB, Lee HJ, Sohn HS.  Soy isoflavones and cognitive function. J Nutr Biochem. 
2005;16(11):641–9.

 392. Kajta M, Rzemieniec J, Litwa E, Lason W, Lenartowicz M, Krzeptowski W, Wojtowicz 
AK. The key involvement of estrogen receptor beta and G-protein-coupled receptor 30 in the 
neuroprotective action of daidzein. Neuroscience. 2013;238:345–60.

 393. Pike AC, Brzozowoski AM, Hubbard RE, et al. Structure of the ligand-binding domain of 
oestrogen receptor beta in the presence of a partial agonist and a full antagonist. EMBO 
J. 1999;18:4608–18.

 394. Nadal-Serrano M, Pons DG, Sastre-Serra J, Blanquer-Rossello MD, Roca P, Oliver 
J. Genistein modulates oxidative stress in breast cancer cell lines according to ER alpha/ER 
beta ratio: effects on mitochondrial functionality, sirtuins, uncoupling protein 2 and antioxi-
dant enzymes. Int J Biochem Cell Biol. 2013;45:2045–51.

 395. Chung MJ, Kang AY, Lee KM, Oh E, Jun HJ, Kim SY, et al. Water-soluble genistin glycoside 
isoflavones up-regulate antioxidant metallothionein expression and scavenge free radicals. J 
Agric Food Chem. 2006;54:3819–26.

 396. Butterfield DA, Reed T, Newman SF, Sultana R. Roles of amyloid beta-peptide-associated 
oxidative stress and brain protein modifications in the pathogenesis of Alzheimer’s disease 
and mild cognitive impairment. Free Radic Biol Med. 2007;43:658–77.

 397. Henry-Vitrac C, Berbille H, Merillon JM, Vitrac X. Soy isoflavones as potential inhibitors of 
Alzheimer beta-amyloid fibril aggregation in vitro. Food Res Int. 2010;43:2176–8.

 398. Setchell KDR. Soy isoflavones--benefits and risks from nature’s selective estrogen receptor 
modulators (SERMs). J Am Coll Nutr. 2001;20:354S–63S.

 399. Mirahmadi SM, Shahmohammadi A, Rousta AM, Azadi MR, Fahanik-Babaei J, 
Baluchnejadmojarad T, Roghani M. Soy isoflavone genistein attenuates lipopolysaccharide- 
induced cognitive impairments in the rat via exerting antioxidative and anti-inflammatory 
effects. Cytokine. 2018;104:151–9. https://doi.org/10.1016/j.cyto.2017.10.008.

 400. Seo JY, Kim BR, Oh J, Kim JS. Soybean-derived phytoalexins improve cognitive function 
through activation of Nrf2/HO-1 signaling pathway. Int J Mol Sci. 2018;19(1):268.

 401. Wu L, Tong T, Wan S, Yan T, Ren F, Bi K, Jia Y. Protective effects of puerarin against Aβ 
1-42-induced learning and memory impairments in mice. Planta Med. 2017;83(3–04):224–31. 
https://doi.org/10.1055/s-0042-111521.

 402. Seo YM, Choi SJ, Park CK, Gim MC, Shin DH. Synergistic effect of Korean red ginseng and 
Pueraria montana var. lobata against trimethyltin-induced cognitive impairment. Food Sci 
Biotechnol. 2018;27(4):1193–200. https://doi.org/10.1007/s10068-018-0362-9.

L. Strilchuk

https://doi.org/10.1097/00042192-200310030-00004
https://doi.org/10.1038/s41430-017-0061-2
https://doi.org/10.1097/GME.0000000000000290
https://doi.org/10.1016/j.maturitas.2013.12.010
https://doi.org/10.1016/j.maturitas.2013.12.010
https://doi.org/10.1179/147683008X301612
https://doi.org/10.1016/j.cyto.2017.10.008
https://doi.org/10.1055/s-0042-111521
https://doi.org/10.1007/s10068-018-0362-9


207

 403. Anukulthanakorn K, Parhar IS, Jaroenporn S, Kitahashi T, Watanbe G, Malaivijitnond 
S.  Neurotherapeutic effects of Pueraria mirifica extract in early- and late-stage cognitive 
impaired rats. Phytother Res. 2016;30(6):929–39. https://doi.org/10.1002/ptr.5595.

 404. Xu XH, Zhao TQ. Effects of puerarin on D-galactose-induced memory deficits in mice. Acta 
Pharmacol Sin. 2002;23(7):587–90.

 405. Li J, Wang G, Liu J, Zhou L, Dong M, Wang R, et  al. Puerarin attenuates amyloid-beta- 
induced cognitive impairment through suppression of apoptosis in rat hippocampus in vivo. 
Eur J Pharmacol. 2010;649(1–3):195–201. https://doi.org/10.1016/j.ejphar.2010.09.045.

 406. Hosoi M, Belcaro G, Saggino A, Luzzi R, Dugall M, Feragalli B. Pycnogenol® supplemen-
tation in minimal cognitive dysfunction. J Neurosurg Sci. 2018;62(3):279–84. https://doi.
org/10.23736/S0390-5616.18.04382-5.

 407. Belcaro G, Dugall M, Ippolito E, Hu S, Saggino A, Feragalli B.  The COFU3 Study. 
Improvement in cognitive function, attention, mental performance with Pycnogenol® in 
healthy subjects (55–70) with high oxidative stress. J Neurosurg Sci. 2015;59(4):437–46.

 408. Ryan J, Croft K, Mori T, Wesnes K, Spong J, Downey L, Kure C, Lloyd J, Stough C. An 
examination of the effects of the antioxidant Pycnogenol on cognitive performance, serum 
lipid profile, endocrinological and oxidative stress biomarkers in an elderly population. J 
Psychopharmacol. 2008;22(5):553–62. https://doi.org/10.1177/0269881108091584.

 409. Paarmann K, Prakash SR, Krohn M, Möhle L, Brackhan M, Brüning T, et al. French mari-
time pine bark treatment decelerates plaque development and improves spatial memory 
in Alzheimer’s disease mice. Phytomedicine. 2019;57:39–48. https://doi.org/10.1016/j.
phymed.2018.11.033.

 410. Fan B, Dun SH, Gu JQ, Guo Y, Ikuyama S. Pycnogenol attenuates the release of proinflam-
matory cytokines and expression of Perilipin 2 in lipopolysaccharide-stimulated microglia in 
part via inhibition of NF-kappaB and AP-1 activation. PLoS One. 2015;10:e0137837.

 411. Gu JQ, Ikuyama S, Wei P, Fan B, Oyama J, Inoguchi T, Nishimura J.  Pycnogenol, an 
extract from French maritime pine, suppresses toll-like receptor 4-mediated expression of 
adipose differentiation-related protein in macrophages. Am J Physiol Endocrinol Metab. 
2008;295:E1390–400.

 412. Kobayashi MS, Han D, Packer L. Antioxidants and herbal extracts protect HT-4 neuronal 
cells against glutamate-induced cytotoxicity. Free Radic Res. 2000;32(2):115–24. https://doi.
org/10.1080/10715760000300121.

 413. Liu F, Lau BHS, Peng Q, Shah V.  Pycnogenol protects vascular endothelial cells from 
α-amyloid-induced injury. Biol Pharm Bull. 2000;23(6):735–7. https://doi.org/10.1248/
bpb.23.735.

 414. Peng QL, Buzzard AR, Lau BHS. Pycnogenol® protects neurons from amyloid-β peptide- 
induced apoptosis. Mol Brain Res. 2002;104(1–2):55–65.

 415. Ansari MA, Roberts KN, Scheff SW. Dose- and time-dependent neuroprotective effects of 
Pycnogenol following traumatic brain injury. J Neurotrauma. 2013;30:1542–9.

 416. Norris CM, Sompol P, Roberts KN, Ansari M, Scheff SW. Pycnogenol protects CA3-CA1 
synaptic function in a rat model of traumatic brain injury. Exp Neurol. 2016;276:5–12.

 417. Scheff SW, Ansari MA, Roberts KN.  Neuroprotective effect of Pycnogenol(R) following 
traumatic brain injury. Exp Neurol. 2013;239:183–91.

 418. Wattanathorn J, Mator L, Muchimapura S.  Positive modulation of cognition and mood 
in the healthy elderly volunteer following the administration of Centella asiatica. J 
Enthnopharmacol. 2008;116:325–32. https://doi.org/10.1016/j.jep.2007.11.038.

 419. Chengappa KNR, Bowie CR, Schlicht PJ, Fleet D, Brar JS, Jindal R. Randomized placebo- 
controlled adjunctive study of an extract of withania somnifera for cognitive dysfunction in 
bipolar disorder. J Clin Psychiatry. 2013;74:1076–83. https://doi.org/10.4088/JCP.13m08413.

 420. Joshi H, Parle M. Nardostachys jatamansi improves learning and memory in mice. J Med 
Food. 2006;9:113–8. https://doi.org/10.1089/jmf.2006.9.113.

10 Nutraceuticals Supporting Cognitive Function in Mild Cognitive Impairment

https://doi.org/10.1002/ptr.5595
https://doi.org/10.1016/j.ejphar.2010.09.045
https://doi.org/10.23736/S0390-5616.18.04382-5
https://doi.org/10.23736/S0390-5616.18.04382-5
https://doi.org/10.1177/0269881108091584
https://doi.org/10.1016/j.phymed.2018.11.033
https://doi.org/10.1016/j.phymed.2018.11.033
https://doi.org/10.1080/10715760000300121
https://doi.org/10.1080/10715760000300121
https://doi.org/10.1248/bpb.23.735
https://doi.org/10.1248/bpb.23.735
https://doi.org/10.1016/j.jep.2007.11.038
https://doi.org/10.4088/JCP.13m08413
https://doi.org/10.1089/jmf.2006.9.113


208

 421. Vinutha B, Prashanth D, Salma K, Sreeja SL, Pratiti D, Padmaja R, et al. Screening of selected 
Indian medicinal plants for acetylcholinesterase inhibitory activity. J Ethnopharmacol. 
2007;109:359–63. https://doi.org/10.1016/j.jep.2006.06.014.

 422. Bhanumathy M, Harish MS, Shivaprasad HN, Sushma G.  Nootropic activity of celastrus 
paniculatus seed. Pharm Biol. 2010;48:324–7. https://doi.org/10.3109/13880200903127391.

 423. Rahimi R, Ardekani MRS. Medicinal properties of Foeniculum vulgare Mill. in traditional 
Iranian medicine and modern phytotherapy. Chin J Integr Med. 2013;19:73–9. https://doi.
org/10.1007/s11655-013-1327-0.

 424. Sethiya NK, Nahata A, Dixit VK, Mishra SH. Cognition boosting effect of Canscora decus-
sata (a south Indian shankhpushpi). Eur J Int Med. 2012;4:e113–21. https://doi.org/10.1016/j.
eujim.2011.11.003.

 425. Kothiyal P, Rawat MSM. Comparative nootropic effect of Evolvulus alsinoides and convol-
vulus pluricaulis. Int J Pharm Bio Sci. 2011;2:616–21.

 426. Geller SE, Studee L. Soy and red clover for midlife and aging. Climacteric. 2006;9(4):245–63.
 427. Kennedy DO, Wake G, Savelev S. Modulation of mood and cognitive performance follow-

ing acute administration of single doses of Melissa officinalis (lemon balm) with human 
CNS nicotinic and muscarinic receptor-binding properties. Neuropsychopharmacology. 
2003;28:1871–81. https://doi.org/10.1038/sj.npp.1300230.

 428. McNamara RK, Kalt W, Shidler MD, McDonald J, Summer S, Stein AL, et al. Cognitive 
response to fish oil, blueberry, and combined supplementation in older adults with subjective 
cognitive impairment. Neurobiol Aging. 2018;64:147–56.

 429. Katagiri M, Satoh A, Tsuji S, Shirasawa T. Effects of astaxanthin-rich Haematococcus plu-
vialis extract on cognitive function: a randomised, double-blind, placebo-controlled study. J 
Clin Biochem Nutr. 2012;51:102–7.

 430. Wu H, Niu H, Shao A, Wu C, Dixon BJ, Zhang J, Yang S, Wang Y. Astaxanthin as a potential 
neuroprotective agent for neurological diseases. Mar Drugs. 2015;13:5750–66.

 431. Grimmig B, Kim SH, Nash K, Bickford PC, Douglas SR. Neuroprotective mechanisms of 
astaxanthin: aotential therapeutic role in preserving cognitive function in age and neurode-
generation. GeroScience. 2017;39:19–32.

 432. Cheng FC, Jinn TR, Hou RC, Tzen JT. Neuroprotective effects of sesamin and sesamolin on 
gerbil brain in cerebral ischemia. Int J Biomed Sci. 2006;2:284–8.

 433. Guo H, Tian J, Wang X, Tian Z, Li X, Yang L, Zhao M, Liu S. Neuroprotection of sesamin 
against cerebral ischemia in-vivo and N-Methyl-D-Aspartate-induced apoptosis in-vitro. 
Biochem Pharmacol (Los Angeles). 2015;4:185.

 434. Liu Y, Xu Z, Yang G, Yang D, Ding J, Chen H, Yuan F, Tian H. Sesamin alleviates blood- 
brain barrier disruption in mice with experimental traumatic brain injury. Acta Pharmacol 
Sin. 2017;38:1445–55.

 435. Dimpfel W, Schombert L, Biller A.  Psychophysiological effects of Sideritis and Bacopa 
extract and three combinations thereof  – a quantitative EEG study in subjects suffering 
from mild cognitive impairment (MCI). Adv Alzheimer’s Dis. 2016;5(1):1–22. https://doi.
org/10.4236/aad.2016.51001.

 436. Kotsirilos V. Complementary and alternative medicine. Part 2–evidence and implications for 
GPs. Aust Fam Physician. 2005;34:689–91.

L. Strilchuk

https://doi.org/10.1016/j.jep.2006.06.014
https://doi.org/10.3109/13880200903127391
https://doi.org/10.1007/s11655-013-1327-0
https://doi.org/10.1007/s11655-013-1327-0
https://doi.org/10.1016/j.eujim.2011.11.003
https://doi.org/10.1016/j.eujim.2011.11.003
https://doi.org/10.1038/sj.npp.1300230
https://doi.org/10.4236/aad.2016.51001
https://doi.org/10.4236/aad.2016.51001


209© Springer Nature Switzerland AG 2021
A. F.G. Cicero, M. Rizzo (eds.), Nutraceuticals and Cardiovascular Disease, 
Contemporary Cardiology, https://doi.org/10.1007/978-3-030-62632-7_11

Chapter 11
Nutraceuticals Supporting Heart Function 
in Heart Failure

Arrigo F.G. Cicero and Alessandro Colletti

 Introduction

Heart failure (HF) is defined by the American Heart Association /American College 
of Cardiology guidelines as “a complex clinical syndrome that can result from any 
structural or functional cardiac disorder that impairs the ability of the ventricle to fill 
or eject blood” [1, 2]. In USA the prevalence of HF is about of 5 million people [3], 
while it affects 23 million people worldwide [4]. In Europe the prevalence and inci-
dence of HF are quite similar [5, 6]. This condition is the main responsible for 
hospitalization and disability in the elderly and it is the cause of one in nine death in 
the USA [3]. The estimated economic burden of HF to the health-care system 
amounts more than $39 billion annually in the USA [7]. The main HF risk factors 
are coronary artery disease, ageing, cardiomyopathy, hypertension and valvular 
heart disease [1, 2]. Even though there have been relevant improvements in the HF 
prevention and treatment, quality of life is often impaired and mortality rates are 
greater than 10% per year, reaching 20–50% in more serious patients [8]. An 
improvement in life-style is suggested when HF is already diagnosed, and at the 
same time HF could be prevented in part by improving lifestyle [9, 10]. Lifestyle 
changes include first of all adherence to a Mediterranean diet as well as a reduced- 
sodium diet or Dietary Approaches to Stop Hypertension (DASH) [11, 12], that are 
able to reduce the risk of developing HF and improve endothelial function, exercise 
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capacity and quality of life in HF patients [13]. In particular, DASH-diet can protect 
against HF risk by 29% [14]. Moreover, increased aerobic exercise, weight loss, and 
moderation of alcohol consumption are recommended, as well [15]. In the recent 
years, epidemiological studies and clinical trials have investigated the possibility 
that some dietary supplements and phytochemicals can contribute to the prevention 
of incident HF and or to the improvement of related symptoms and/or instrumental 
parameters (Table 11.1). The aim of this chapter is to describe the nutraceuticals 
potentially active on HF based on data of scientific literature.

Table 11.1 Nutraceuticals supporting heart function: active daily doses, effects on symptoms, 
effects on lab or instrumental parameters and on hard outcomes

Nutraceutical
Active daily 
doses

Effects on 
symptoms

Effects on lab or 
instrumental 
parameters

Effects on hard 
outcomes

Beetroot 10–15 mmol 
of NO3-

↑ self-perceived 
quality of life

↑ Exercise capacity, 
CO, VO2 max, 
submaximal aerobic 
endurance, ↓ blood 
pressure,

Not investigated

Cocoa and 
dark 
chocolate

25–100 g of 
dark chocolate 
or 400- 
1000 mg of 
cocoa 
polyphenols

↑ self- perceived 
quality of life

↑ vascular function 
(FMD, PWV), LKB1, 
AMPK, NO 
bioavailability, ↓ 
NT-proBNP, total 
cholesterol, LDL- 
cholesterol, insulin 
resistance, HOMA- 
index, SBP, DBP, and 
vascular inflammation 
(hsCRP, ET-1)

↓ of HF 
hospitalization, 
cardiovascular 
disease 
(epidemiological 
data)

Coenzyme 
Q10

100–300 mg ↑ self-perceived 
quality of life, 
improvement in 
NYHA class

↑ EF (if >30%), ↑ 
LVEF, ↑ CO and CI, ↑ 
SV, ↑ EDV, ↑ Exercise 
capacity, ↓ ventricular 
arrhythmias after 
surgery and need of 
inotropic drugs (after 
cardiac surgery), ↓ 
lipid peroxidation, 
Lp(a), triglycerides 
and low-grade 
inflammation 
(TNF-alpha, IL-6, 
hsCRP), ↑ insulin 
sensitivity

↓ MACE, total 
mortality and 
incidence of hospital 
stays for HF

D-ribose 5 g/day ↑ self-perceived 
quality of life 
and physical 
activity 
performance

↑ vascular stiffness, 
ATP bioavailability, 
diastolic function, 
ventilatory efficiency

Not investigated
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Table 11.1 (continued)

Nutraceutical
Active daily 
doses

Effects on 
symptoms

Effects on lab or 
instrumental 
parameters

Effects on hard 
outcomes

Hawthorn 160–1800 mg ↑ self-perceived 
quality of life, 
symptom 
burden, ability 
to enjoy and 
relax, positive 
and negative 
mood, 
socialness, and 
allegiance

↑ EF, ↑ LVEF, ↑ 
Exercise capacity, 
maximal workload 
and exercise tolerance, 
↑ maximal workload, 
↑ endothelium 
stiffness, ↓ lipid 
peroxidation, 
pressure-heart rate 
product

↓ sudden death 
(patients with less 
compromised LV 
function)

Iron 30–150 mg/
day (?)

↓ asthenia (?) ↑serum iron and 
transferrin

No data available

L-carnitine 1500–6000 mg ↓ angina 
symptoms (?)

↑ LVEF, ↑ CO and CI, 
↑ SV, ↑ EDV, ↓ NP, 
NT-proBNP, LVESD, 
LVEDD and LVESV, 
↓ hs-CRP, ↓ Lp(a), ↓ 
body weight

↓ ventricular 
arrhythmias and 
total mortality ? 
(conflicting data)

L-carnosine 500 mg 
(L-carnosine)
3–6 g 
(magnesium 
orotate)

↑ self-perceived 
quality of life 
and physical 
activity 
performance

↑ peak VO2, VO2 at 
anaerobic threshold 
and peak exercise 
workload

↓ mortality ? (few 
data available)

Magnesium 200–400 mg Low serum 
magnesium 
seems to be 
associated to 
poor QoL

↓ LVEF, DBP, SBP, ↑ 
glucose homeostasis 
and insulin action

Low serum 
magnesium appear 
to be associated to 
the increase risk of 
all cause of 
mortality, CVD, HF, 
atrial fibrillation and 
number of 
hospitalization

Omega-3 1–4 g Not investigated ↓ TG, hsCRP, 
TNF-alpha, BNP, 
Adhesion molecules, ↑ 
LVEF and LAEF, ↓ 
Blood pressure, ↑ 
FMD, ↓ PWV

↓ cardiovascular 
mortality 
(epidemiological 
data), cardiac death 
and sudden death 
post myocardial 
infarction

Vitamin B1 25–300 mg/
day

Improvement of 
fatigue and 
asthenia

↑ LVEF Not investigated

Vitamin C 1–2 g Not investigated ↓ hsCRP, ↓ lipid 
peroxidation, ↑ FMD, 
↓ PWV

Unavailable data

(continued)
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 Nutraceuticals

 Beetroot and Inorganic Nitrates

Nitric oxide (NO) is both endothelium-derived relaxing factor and a key cellular 
signaling molecule with pleiotropic effects in many tissues [16]. In failing cardiac 
muscle, the increased production of ROS leads to more rapid destruction of NO 
which in turn is thought to contribute to reduced contractility in HF [17]. Emerging 
evidence suggests that supplementation of dietary inorganic nitrate (NO3−) has 
beneficial effects on vascular health, blood pressure, exercise capacity, and oxygen 
metabolism though targeted NO production [18]. NO3− is reduced to bioactive 
NO2− by bacteria found in the oral cavity, and can be converted to nitric oxide 
(NO) after absorption [19]. Inorganic nitrates slowly produce NO and determine 
more mild but sustained vasodilation while organic nitrates rapidly release rela-
tively large amounts of NO [20, 21], with potentially adverse effect on myocardial 
functionality in HF patients [22]. As underline by the study of Miller et al. a single, 
acute dose or one week of daily dosing of beetroot juice significantly increased 
plasma NO2− similarly, by 138% and 129% respect to placebo, respectively [23]. 
Today, no epidemiological evidences exist on the association between beetroot juice 
or dietary nitrates use and HF incidence or prognosis. However, i some RCTs, 

Table 11.1 (continued)

Nutraceutical
Active daily 
doses

Effects on 
symptoms

Effects on lab or 
instrumental 
parameters

Effects on hard 
outcomes

Vitamin D 1000–100000 
UI

Improvement of 
quality of life 
(6MWT)

Improvement of serum 
25-(OH)-D, LVEF, 
LVEDD, LVESD, 
myocardial 
performance index, 
interleukin-10 and 
reduction of 
TNF-alpha

No clear data 
available

Vitamin E 160–1800 mg Not investigated ↓ ApoB, ↓ LDL-C, ↑ 
HDL-C
↑ FMD, ↓ PWV

↑ risk of HF, ↓ risk 
of myocardial 
infarction

AMPK AMP-activated Protein Kinase, ApoB Apolipoprotein B, ATP Adenosine Triphosphate, CI 
Cardiac Input, CO Cardiac Output, CVD Cardiovascular Disease, DBP Diastolic Blood Pressure, 
EDV End-Diastolic Volume, EF Ejection Fraction, ET-1 Endothelin 1, FMD Flow Mediated 
Dilatation, HDL-C HDL Cholesterol, HF Heart Failure, hsCRP high sensible C-Reactive Protein, 
IL-6 Interleukin 6, LDL-C LDL Cholesterol, LKB1 Liver Kinase B1, Lp(a) Lipoprotein a, LVEDD 
left ventricular end diastolic diameter, LVEF Left Ventricular Ejection Fraction, LVESD left ven-
tricular end systolic diameter, MACE Major Adverse Cardiac Events, NO Nitric Oxide, NYHA 
New  York Heart Association, LVESV Left Ventricular End Systolic Volume, PWV Pulse Wave 
Velocity, QoL Quality of Life, SBP Systolic Blood Pressure, SV Stroke Volume, TG Triglycerides, 
TNF-alpha Tumor Necrosis Factor-alpha, VO2 max Maximal Oxygen Consumption, 6MWT six- 
minute walking test
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(randomized clinical trials) beetroot has been shown to increase time to exhaustion 
during high-intensity exercise and to reduce oxygen consumption (VO2) during 
submaximal exercise (i.e. reduce oxygen cost at a given submaximal work rate) 
[24–26]. These results were obtained in healthy people [27], elite adults [28] and 
also in HF patients [29]. Daily supplementation with beetroot juice containing 11.2 
mmol of NO3- increase NO production and muscle function with an improvement 
of physical exercise in HF patients [30]. In another RCT including elderly people 
with HF, the consumption of 6.1 mmol of inorganic nitrate (beetroot juice), signifi-
cantly improves submaximal aerobic endurance (p = 0.02 compared with placebo) 
and blood pressure (p < 0.001) [31]. Acute dietary NO3- intake was also related to 
increase of VO2 peak, improved physical performances [32] and may have positive 
effects also combined with aerobic exercise training regimen in patients with HF 
[33]. Finally, a meta-analysis of RCTs including 1248 patients showed that beetroot 
juice is associated to significant reduction in blood pressure (SBP: −3.55 mm Hg; 
95% CI: −4.5, −2.5 mm Hg; DBP: −1.3 mm Hg; 95%CI: −1.9 to −0.7 mm Hg) 
compared to controls, thus reducing the afterload [34]. In general, beetroot supple-
mentation seems to be tolerable and safe after short-term administration. Long-term 
effects on EF (ejection fraction) and hard outcomes are still lacking.

 Cocoa and Dark Chocolate

Cocoa (Theobroma cacao) is a rich source of polyphenols, generally varying from 
12% to 18% of dry weight depending on variety, growing region and processing 
operations of the bean [35]. Among polyphenols, cocoa is particularly rich in flavo-
noids, in particular flavanols that are present as aglycones both in the monomeric 
and polymerized form: among the monomeric flavanols the flavan-3-ols (37% of 
total monomeric flavanols form), with (−)-epicatechin occurring in largest quanti-
ties, represent 35% of the total content of phenolic compounds in cocoa beans. 
Cocoa contains also procyanidins that represent about the 58% of the total polyphe-
nol, anthocyanins which constitute the 4% of total polyphenols, and finally flavo-
nols (quercetin), flavones (apigenin, luteolin) and flavanones (naringenin) that are 
present in small quantities with other non-flavanoids polyphenols as derivatives of 
hydroxy-benzoic acids and hydroxy-cinnamic acids [36]. Dark chocolate is particu-
larly rich in polyphenols, even if the treatment of cocoa beans through fermentation, 
roasting, drying and alkalization processes is the cause of a significant loss of poly-
phenol content and of the antioxidant, metabolic and vascular effects [37]. The pos-
sible mechanisms of action through which cocoa polyphenols could act on HF 
concern the improvement of the endothelium-dependent vasodilator responses, 
mediated by increase of nitric oxide synthesis, the suppression of endothelin-1 
(ET-1) synthesis, and the reduction of N-terminal pro-B-type natriuretic peptide 
[38, 39]. A recent meta-analysis of prospective studies showed that light-to- 
moderate, but not high, consumption of dark chocolate was associated with a 
reduced risk of HF.  Compared to no chocolate consumption, a moderate 
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consumption was associated with a risk reduction in HF incidence of 16% [40]. A 
similar result was further obtained in a prospective cohort study: in this case, the 
moderate chocolate consumption was associated with a lower rate of HF hospital-
ization or death [41]. However, a higher than moderate intake was not associated 
with a decreased risk, probably to the high calorie content of commercially avail-
able chocolate even if in the large Physician’s Health Study, the association between 
chocolate consumption and incident HF was stronger in lean than in overweight/
obese subjects [42], making the interpretation of this relationship more complex. In 
RCT, 32 patients with chronic HF were randomized to consume 50 g/day of high-
flavanol dark chocolate (HFDC; 1064  mg of flavanols/day) or low-flavanol dark 
chocolate (LFDC; 88 mg of flavanols/day) for 4 weeks and then crossed over to 
consume the alternative dark chocolate for a further 4 weeks. At the end of treatment 
of HFDC, NT-proBNP was significantly reduced compared with baseline 
(−44  ±  69%), LFDC (−33 ± 72%), and follow-up (−41 ± 77%) values. HFDC also 
reduced diastolic blood pressure compared with values after LFDC 
(−6.7  ±  10.1 mmHg) [43]. In addition, flavanol- rich chocolate acutely improves 
also vascular function in patients with CHF [44]. Dark chocolate consumption in 
patients with HF it was also related to an improvement of VO2 max (p = 0.056) and 
maximum work (watts) (p = 0.026), with no changes with placebo. It was observed 
also a significant increase in protein levels for LKB1, AMPK and PGC1α and in 
their active forms (phosphorylated AMPK and LKB1) as well as in citrate synthase 
[45]. At dosages of 25–100 g of dark chocolate or 400-1000 mg of cocoa polyphe-
nols, it has been demonstrated a significant reduction of LDL-C, HDL-C, hs-CRP 
levels, blood pressure and platelet aggregation, with small but controversial 
improvements of the HDL-C [46–48]. In addition, two meta-analyses of RCTs 
observed also an improvement of insulin resistance and flow-mediated dilation [49, 
50]. Cocoa is usually very well-tolerated, both as functional food and as dietary 
supplement (cocoa flavanols). However, larger and longer studies with a designed 
treatment and a specific population sample are needed to have clearer and more 
consistent results.

 Hawthorn Flavonoid Fraction

Hawthorn extract from Crataegus monogyna and oxyacantha is a flavonoid-rich 
herbal remedy with known anti-inflammatory, antioxidant, inotropic and coronary 
vasodilator effects. The most studied extract (WS 1442) is a dry extract from haw-
thorn leaves that contains about 17.3–20.1% oligomeric procyanidins (OPCs) and 
several flavonoids, including hyperoside, vitexin-rhamnoside, rutin, and vitexin as 
well as triterpenoids and phenol carboxylic acids. In vitro experiments with human 
myocardial tissue demonstrated a positive inotropic effect of hawthorn with a 
concentration- dependent increase of myocardial contractility accompanied by a 
transient rise in intracellular calcium [51, 52]. In addition, in contrast to cardiac 
glycosides, hawthorn possess pronounced anti-arrhythmic properties especially 
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evaluated in animal models and it increases the release of NO from the endothelium 
[53, 54]. Hawthorn has also shown to raise endothelial calcium levels by inhibition 
of SERCA and activation of the IP3 pathway [55].

The SPICE study has investigated the effect of 900 mg/day of WS 1442 on mor-
tality and hospitalization rate in NYHA class II–III patients, in a 24-month, ran-
domized, placebo-controlled trial: the trend for cardiac mortality reduction with WS 
1442 was not statistically significant (p = 0.269) even if, in the subgroup with LVEF 
≥25%, WS 1442 reduced sudden cardiac death by 39.7% (HR 0.59; 95%CI: 
0.37–0.94) at month 24; p = 0.025) [56, 57]. Hawthorn supplementation has shown 
to improve maximum workload (p = 0.024) and general capability, lassitude, early 
fatigability, and effort dyspnoea at dosages of 900 mg/day (p = 0.04) and 1800 mg/
day (p = 0.004) [58]. A Cochrane meta-analysis of RCTs concluded that the treat-
ment with hawthorn compared to placebo was more beneficial for the physiologic 
outcome of maximal workload (p  <  0.02, n  =  380), exercise tolerance and the 
pressure- heart rate product, an index of cardiac oxygen consumption. Furthermore, 
shortness of breath and fatigue were also improved [59]. These results were con-
firmed by a more recent meta-analysis of RCTs [60]. Hawthorn also seems to be 
able to improve lipid metabolism [61] and could improve endothelial dysfunction 
and atherosclerosis related diseases [62].

The recommended daily dose of hawthorn extract is 160–900 mg (equivalent to 
30–169 mg of epicatechin or 3.5–19.8 mg of flavonoids), which must be taken in 
two or three doses to reach a therapeutic effect. Side effects reported were mild, 
transient and infrequent and in general compared to placebo; they included a mild 
rash, headache, sweating, dizziness, and gastrointestinal symptoms [63]. In conclu-
sion, according to clinical evidence, Crataegus extracts have proven benefits regard-
ing functional capacity, symptom control and health-related QoL in HF people.

 Nutritional Supplements

 Coenzyme Q10

Coenzyme Q10 (CoQ10) is an organic molecule which is composed of a lipophilic 
core (benzoquinone) and an isoprenoid side chain; it was identified in 1940 and 
isolated for the first time from beef heart mitochondria by Frederick Crane of 
Wisconsis (USA), in 1957 [64]. CoQ10 is universally present in the cells of the 
body, particularly concentrated in the mitochondria, in both reduced form (ubiqui-
nol) and oxidized form (ubiquinone) [65]. The overall body content of CoQ10 is 
only about 500–1500 mg (highest in organs with high rates of metabolism such as 
the heart, kidney, and liver) and decreases with age. It is naturally contained in oily 
fish, organ meats and whole grains, but it can be assumed also as dietary supplement 
[66]. CoQ10 has two important roles as an essential cofactor of the mitochondrial 
respiratory chain used for production of adenosine triphosphate (ATP) [67] and the 
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only lipid-soluble antioxidant that slows lipid peroxidation in the circulation [68]. 
Other functions of CoQ10  in cell membrane include stabilization of calcium- 
dependent channels, metabolic regulation, cell signalling and cell growth [69]. 
Being the CoQ10 an essential cofactor for the synthesis of ATP, it is not surprising 
that the highest concentration compared to other tissues, is focused in myocardium 
mitochondria [70]. There are not studies investigating the association between 
serum CoQ10 level and incidence of HF even if some evidence suggest that 
decreased myocardial function is associated with decreased CoQ10 myocardial tis-
sue concentrations [71–73], and greater is the depletion of CoQ10 more serious is 
the development of the disease [74, 75]. One of the most important study in the field 
of nutraceuticals is the Q-SYMBIO multicenter clinical trials that assessed the 
impact of the daily intake of CoQ10 on total mortality and not just on the surrogate 
endpoints. 420 patients with moderate or severe HF for a period of two years, were 
treated with 300 mg of CoQ10 (n = 202) or placebo (n = 218): at the end of treat-
ments they have benefited from a significant reduction in MACE (15% of the 
patients in the CoQ10 group versus 26% in the placebo group, hazard ratio: 0.50; 
95%CI: 0.32 to 0.80; p = 0.003), cardiovascular mortality (9% vs. 16%, p = 0.026), 
all-cause mortality (10% vs. 18%, p = 0.018) and incidence of hospital stays for HF 
(p = 0.033) [76]. A meta-analysis of 14 RCTs including 2149 patients has shown 
that administration of CoQ10 reduces mortality (RR  =  0.69; 95%CI: 0.50–0.95; 
p = 0.02; I2 = 0%) and improves exercise capacity (SMD = 0.62; 95%CI: 0.02–0.30; 
p = 0.04; I2 = 54%) compared with placebo. No significant difference was observed 
in the endpoints of LVEF between “active group” and placebo (SMD = 0.62; 95% 
CI: 0.02–1.12; p = 0.04; I2 = 75%) [77]. The effect on LVEF could be more relevant 
patients with preserved EF [78] and patients untreated with statins and/or ACE 
inhibitors (ACEi) compared to the subgroup of patients treated with these drugs 
[79]. The heterogeneity of results obtained on EF may therefore be partly explained 
by many factors such as the diversity of CoQ10 supplemented through different 
pharmaceutical forms and dosages [80–82], diversity of HF grade of patients 
enrolled (NYHA I-II-III-IV), duration of treatments and co-treatment with conven-
tional therapies [83]. CoQ10 supplementation could exert pleiotropic activities such 
as the reduction of serum triglycerides levels and the improvement of lipid profiles 
in patients with metabolic disorders [84]. CoQ10 also exert a mild but significant 
reduction in plasma lipoprotein(a) levels [85]. In elderly healthy people who 
received CoQ10 supplementation for over 4 years, an increase in insulin-like growth 
factor 1 (IGF-1) and postprandial insulin-like growth factor-binding protein 1 
(IGFBP-1) levels, and greater age-corrected IGF-1 score based on the standard 
deviation of the mean value were observed compared with placebo [86]. A recent 
meta-analysis of RCT show that CoQ10 is responsible for the significant reduction 
of the plasma levels of tumor necrosis factor alpha (TNF-α), C-reactive protein and 
interleukin 6 (IL-6) in patients afflicted by inflammatory diseases [87]. Similar 
results were obtained by the meta-analysis of RCTs of Zhai et  al. [88]. Finally, 
CoQ10 lowers the need of inotropic drugs and reduces the appearance of ventricular 
arrhythmias after surgery in the prevention of complications in patients undergoing 
cardiac surgery: the results showed that this molecule [89]. CoQ10 has high safety 
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profile and at dosages ranging from 60 to 600 mg/day it does not cause clinically 
relevant adverse events. In conclusion, meta-analyses suggest that supplementation 
with CoQ10 (≥200 mg/day) can be of benefit in patients with chronic HF, in par-
ticular in early stage of HF, and potentially responsible of a reduction in MACE and 
total mortality.

 D-ribose

D-ribose is a pentose carbohydrate that has a key role in the interaction between 
calcium and the sarcoplasmic reticulum (important for ventricular relaxation) and 
thus to maintain the cell’s integrity and function [90]. Supplementation of D-ribose 
enhances the regeneration of ATP levels by bypassing rate-limiting, slow enzymatic 
steps in glycolysis through the pentose phosphate pathway [91, 92]. The supple-
mentation with D-ribose in an experimental model of ischemic injury quickly 
increase the levels of ATP, improving diastolic dysfunction and substantially short-
ens the lengthy time recovery that normally occurs following ischemia [93]. 
However, no epidemiological evidence exist on the association between D-ribose 
use and HF incidence or prognosis. In a prospective feasibility study D-ribose 
improved diastolic dysfunction, self-perceived QoL, and physical function [94], 
while in a pilot trial D-ribose improved ventilatory efficiency [95]. In RCT, 5 g daily 
of D-ribose for 6 weeks in patients with NYHA II-IV showed an improvement of 
tissue doppler velocity (E’) (3/4 of the patients), also maintained in the follow-up 
visit at nine weeks. In addition, half of the patients achieved an improvement in 
their ratio of early diastolic filling velocity € to early annulus relaxation velocity 
(E′) [96]. Part of these effects might be related to the anti-ischemic properties of this 
molecule that enabled patients with stable coronary artery disease to exercise longer 
without developing angina or electrocardiographic changes [97]. In addition, 
improvement in heamodynamic parameters have been also recorded periopera-
tively, in patients undergoing off-pump coronary artery bypass [98] and in people 
following aortic valve replacement [99]. In conclusion, D-ribose might offer an 
energetic benefit in patients with ischemic cardiovascular diseases, including HF 
with a good safety profile. Even if the preliminary data are encouraging, clinical 
studies conducted to date are still few, small and short. For this reason, new long- 
term RCTs are needed.

 Iron

Iron deficiency is defined in the general population as serum ferritin <30 ng/ml and 
transferrin (TfS) saturation below 20%: however, in the presence of inflammatory 
comorbidities such as chronic kidney disease or inflammatory bowel disease differ-
ent cutoff values of ferritin and TfS are used to diagnose iron deficiency [100]. The 
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burdening prevalence of this comorbid condition is illustrated by the findings of 
such deficit in 30–50% in chronic stable disease [101, 102] and 70–80% in acute HF 
[103, 104]. Iron deficiency independently predicts more severe symptomatic bur-
den, higher morbidity, as noted by markedly increased hospitalizations and read-
mission rates, and mortality [105], which underscores its importance in HF.  Iron 
deficiency in HF patients (as in general population) may be due to either reduced 
iron intake, increased iron body and/or losses impaired iron absorption [106]. No 
epidemiological evidences exist on the association between iron intake and HF inci-
dence or prognosis. The study of Noghes et al. noted that iron intake was markedly 
decreased in HF patients, aggravating with increased disease severity [107]. 
Nervetheless, the multicentre double-blinded IRONOUT HF study (255 patients 
with symptomatic iron deficiency and reduced ejection fraction treated for 16 weeks 
with oral intake of 150 mg twice/daily of iron polysaccharide or placebo), it found 
no significant differences between groups regarding natriuretic peptides levels, 
symptomatic score, 6MWT or pVO2 [108]. Today, no trial has formally tested the 
role of oral iron in patients with HF and mid-range ejection fraction or HF with 
preserved ejection fraction. While intravenous iron administration in stable symp-
tomatic (NYHA II-III) chronic HF (LVEF <40–45%) is supported by several clini-
cal trial, no convincing evidence is available as it regards oral iron supplementation. 
Moreover, oral iron supplementation is often associated with multiple unwanted 
events, particularly gastrointestinal adverse effects [109] which clearly outweighs 
the null benefit of such dietary supplement in reduced ejection fraction.

 L-carnitine

Levo-carnitine is a hydrophilic quaternary amine, chemically analogue of choline, 
that is involved in several physiological activities such as mitochondrial defence and 
lipid metabolism (it acts as an obligatory cofactor for oxidation of fatty acids and 
the transport of long-chain fatty acids from the cytosol to the mitochondrial matrix 
for β-oxidation) [110]. It seems possible that L-carnitine improves energy metabo-
lism in cardiomyocytes and contribute to the improvement of clinical symptoms and 
cardiac function: this ability, is in agreement with the “energy starvation” hypothe-
sis, suggesting that insufficient ATP supply underlies the contractile dysfunction 
presenting in HF [111]. L-carnitine exerts cardioprotective effects through the 
reduction of arterial hypertension, cardiac inflammation and fibrosis [112, 113], 
oxidative stress [114], and interstitial remodelling [115], as well as by improving 
endothelial function and nitric oxide bioavailability [116, 117]. No epidemiological 
evidences exist on the association between L-carnitine use and HF incidence or 
improvement. In a first meta-analysis of RCTs not specifically including HF 
patients, L-carnitine use was associated with a 27% reduction in all-cause mortality, 
a 65% reduction in ventricular arrhythmias, and a 40% reduction in angina in 
patients experiencing an acute myocardial infarction [118]. A more recent 
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meta- analysis of 17 RCTs enrolling 1625 HF subjects showed a considerable 
improvement in overall efficacy (p < 0.01), LVEF (p = 0.01), stroke volume (SV) 
(p = 0.01), cardiac output (CO) (p < 0.01), and E/A (p<0.01) compared to control. 
In addition, treatment with L-carnitine also resulted in significant decrease in serum 
levels of BNP (p = 0.01), serum levels of NT-proBNP (p<0.01), LV end systolic 
diameter (LVESD) (p<0.01), LV end diastolic diameter (LVEDD) (p<0.01), and LV 
end systolic volume (LVESV) (p<0.01). No significant differences were reported in 
all- cause mortality, 6-minute walk, and adverse events between L-carnitine and 
control groups [119]. The partially contrasting data reported in the above cited 
meta- analyses, is probably related to the higher heterogeneity in the studies included 
in the more recent one as it regards severity of patients, background therapy, 
L-carnitine tested doses (ranging from 1.5 to 6 g/day) and follow-up length (ranging 
from 7 days to 3 years). In a further meta-analysis of RCTs, the L-carnitine assump-
tion was associated to a significant reduction of serum CRP and TNF-α concentra-
tions [120]. Then, L-carnitine supplementation could have mild but significant 
impact on body weight [121] and plasma level of Lipoprotein (a) [122]. The clinical 
relevance of these effects has to be clarified. In general, L-carnitine is usually well 
tolerated even if dry mouth, rash and mild gastrointestinal problems could unfre-
quently occur. In conclusion, L-carnitine treatment is effective for chronic HF 
patients in improving clinical symptoms and cardiac functions, decreasing serum 
levels of BNP and NT-proBNP.  Further research is required to more accurately 
assess the results of L-carnitine for supporting HF care.

 L-carnosine

L-carnosine, chemically β-alanyl-L-histidine, is a dipeptide produced from 
β-alanine, through carnosine synthase (in the liver) and stored especially in the skel-
etal muscle and in the heart [123]. The oral administration of β-alanine has shown 
to increase the levels of L-carnosine in the heart probably because the rate limiting 
step in the synthesis of L-carnosine is represented by the tissue concentration of 
β-alanine (produced as a result of uracil hepatic metabolism) [124]. It exerts a posi-
tive effect on HF patients through different mechanisms of action: the inhibition of 
the fragmentation and inactivation of Cu, Zn-superoxide dismutase (SOD) by per-
oxyl radicals, the prevention of hydroxyl radicals production via chemical Fenton 
catalysis by iron and copper chelation antioxidant and through its peroxyl radical- 
trapping ability at physiological concentrations due to its imidazole ring [125–127].
In addition, L-carnosine plays a sensitizing action of calcium in cardiac contraction, 
probably related to an upregulation of calcium release from the sarcoplasmic reticu-
lum [128]. This effect could led to a procontractile action [129], potentially useful 
in HF patients. No epidemiological evidence exist on the association between 
L-carnosine use and HF incidence or improvement (L-carnosine is not a nutrient or 
food but a supplement). In RCT the oral administration of 500 mg of orodisperible 
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L-carnosine for six months has been tested in 50 patients with stable HF and severe 
LVEF: at the end of the study, patients who received this supplement experienced an 
improvement in 6-minute walking test (6MWT) distance (p  =  0.014) and an 
improvement in self-perceived quality of life (assessed with a Visual Analogue 
Scale  – VAS score, p  =  0.039) between baseline and follow-up. In addition, 
L-carnosine group compared to controls, at the end of six months of treatment 
showed an improvement in peak VO2 (p < 0.0001), VO2 at anaerobic threshold, 
6MWT, peak exercise workload and self-perceived quality of life assessed by the 
EuroQoL five dimensions questionnaire (EQ-5D test) and the VAS score [130]. A 
potential precursor of uridine, a nucleoside used from cardiac tissue as a source of 
β-alanine and subsequently of L-carnosine is magnesium orotate, that seems also to 
be clinically useful in HF [131]. In patients with severe HF, treated with magnesium 
orotate (6 g per day for 1 month, 3 g per day for 11 months) the survival rate was of 
75.7% compared to 51.5% to those treated with placebo (p < 0.05) [132]. Orotate 
can be considered as a “delayed release” form of β-alanine, better tolerated than 
β-alanine itself because the evolution of β-alanine proceeds gradually [133]. 
Magnesium orotate is in generally safe and well tolerated. However, the intake of 
β-alanine active doses at one time can give “pins and needles” paraesthesia that can 
last one hour, during the peak of plasma β-alanine [134]. Timed-release β-alanine 
preparations may also be employed to prevent the above cited paresthesias [135], 
but this formulation has not yet tested in HF patients.

 Magnesium

Magnesium plays a role in electrophysiologic and hemodynamics functioning 
through many enzymatic processes: first of all, it is an important component in the 
mitochondrial function, modulating cellular potassium permeability and affecting 
calcium uptake and its distribution [136, 137]. Even if is not infrequently observed 
in HF patients respect to other electrolyte alterations, the pathophysiology of hypo-
magnesemia (serum magnesium <1.5 mg/dL) remains less studied: the prevalence 
is 7% of well-compensated ambulatory subjects to 52 % in more advanced HF 
patients who are aggressively treated with diuretics [138]. The effective correction 
of magnesium disturbances is favourable in HF subjects, in particular preventive 
potentially life-threatining arhytmias [139]. Magnesium depletion in HF people 
appears to be due to several factors that include the reduced dietary intake, altered 
distribution of the ion, renal losses, edematous states of intestinal mucosa that might 
interfere with the absorption of microelements, respiratory alkalosis and excessive 
catecholamine release [140]. In addition, diuretics produce most of renal magne-
sium loss, especially in the volume-expanded setting of HF and in associated hyper-
aldosteronism and it has been demonstrated that potassium depletion inhibits the 
renal reabsorption of magnesium, leading to hypermagnesiuria and hypomagnese-
mia [141]. In HF people, the presence of adequate total-body magnesium stores has 
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been associated with a reduction in the risk of arrhythmias, digitalis toxicity, and 
hemodynamic abnormalities [142]. The most part of evidence supporting magne-
sium supplementation in HF patients comes from observational data, even if small 
RCTs carried out on HF people have underlined that magnesium supplementation 
improves LVEF [143] and heart rate variability [144]. Observational studies have 
linked low serum magnesium to more adverse cardiovascular disease (CVD) risk 
factor profiles [145–147] and greater risk of CVD events [148]. Many studies have 
underlined an inverse correlation was noted between mortality and plasma magne-
sium and in some cases, magnesium supplementation determines the reversal of HF 
[149, 150]. In particular in the ARIC study, participants in the lowest quintile of 
magnesium were at 2.5 times greater risk of incident HF (and after adjustment for 
demographic factors and for behaviors and CVD risk factors, individuals in the low-
est quintile of magnesium were at 66% greater risk of developing incident HF than 
those in the highest quintile) [151]. Evidences to date suggested that patients with 
HF are more likely to have low serum magnesium than are other older individuals 
[152], and among patients with HF, low serum magnesium has been associated with 
increased all-cause mortality [153]. The prospective British Heart Regional Study 
showed that serum magnesium was inversely related to risk of incident HF and the 
benefit of high serum magnesium on HF risk was most evident in men with ECG 
evidence of ischaemia (HR 0.29; 95%CI: 0.13–0.68, p < 0.05) [154]. In the Jackson 
Heart Study cohort, magnesium intake <2.3 mg/kg was related to increased risk of 
subsequent HF hospitalizations [155], and in a more recent study, the magnesium 
deficiency independently predicted poor HRQoL and earlier cardiac event-free sur-
vival in HF patients [156]. However, a meta-analysis of 7 eligible prospective stud-
ies did not observed a clear correlation between hypomagnesemia and HF, if not in 
elderly HF patients with reduced LVEF [157]. Nevertheless, low serum magnesium 
seems to be associated with an increased risk of incident atrial fibrillation [158, 159] 
that is closely related with HF [160, 161]. In addition, magnesium is believed to be 
linked to CVD risk through a broad range of physiologic roles; low serum concen-
trations have been associated with impaired glucose homeostasis and insulin action, 
elevated blood pressure, chronic inflammation, impaired vasomotor tone and 
peripheral blood flow, and electrocardiogram abnormalities [162]. A recent meta- 
analysis of forty prospective cohort studies (more than 1 million participants) has 
shown that increasing dietary magnesium intake is associated with a reduced risk of 
stroke, HF, diabetes, and all-cause mortality, but not CHD or total CVD [163]. The 
prognostic significance of serum magnesium concentration in HF patients is cur-
rently under investigation. Additional work is needed to elucidate whether the asso-
ciation between HF and magnesium deficiency is causal and to clarify the specific 
mechanisms that underlie the association. Whether this biomarker will be useful 
candidates for HF risk prediction or targets for prevention remains to be confirmed. 
Stomach upset, mild diarrhea, nausea and heartbeat are the most common dose- 
dependent side effects after the use of magnesium. Magnesium toxicity rarely 
occurs except in patients with renal dysfunction: severe kidney failure and heart 
block are the two relative contraindications [164].
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 Omega-3 Polyunsaturated Fatty Acids (PUFAs)

Supplementation with omega-3 PUFAs could exert some positive effects in HF 
patients: it is possible that eicosapentaenoic (EPA) and docosahexaenoic (DHA) 
fatty acids have a direct action on mitochondrial membrane, modifying its structure 
and function [165–167]. DHA could in fact decreases viscosity of the membrane 
and a greater ease of movement of membrane proteins [168, 169]. PUFAs exhibit 
wide-ranging biological actions that include regulating both vasomotor tone and 
renal sodium excretion, they also reduce angiotensin-converting enzyme activity, 
angiotensin II formation, tumor growth factor-beta expression, enhance endothelial 
nitric oxide generation and activate the parasympathetic nervous system [170]. 
PUFAs inhibit natriuretic peptide production and alters the diacylglycerol composi-
tion in the heart and prevents activation of protein kinase C [171, 172]. In a meta- 
analysis of 7 prospective epidemiological studies involving 176441 subjects with 
5480 incident cases of HF, the pooled relative risk for HF comparing the highest to 
lowest category of fish intake was 0.85 (95%CI: 0.73–0.99; p = 0.04); correspond-
ing value for marine omega-3 PUFAs was 0.86 (95%CI: 0.74–1.00; p = 0.05) [173]. 
In the large GISSI-HF trial patients with chronic HF of NYHA class II-IV, were 
randomly assigned to omega-3 PUFA 1 g daily (n = 3494) or placebo (n = 3481). 
955 (27%) patients died from any cause in the n-3 PUFA group and 1014 (29%) in 
the placebo group (HR 0.91; 95%CI: 0.833-0.998; p = 0.041). 57% patients in the 
omega-3 PUFA group and 59% in the placebo group died or were admitted to hos-
pital for cardiovascular reasons (HR 0.92; 99%CI: 0.849–0.999; p  =  0.009). In 
absolute terms, 56 patients needed to be treated for a median duration of 3.9 years 
to avoid one death or 44 to avoid one event like death or admission to hospital for 
cardiovascular reasons [174]. In the same trial, baseline LVEF increased with n-3 
PUFA by 8.1% at 1 year, 11.1% at 2 years, and 11.5% at 3 years vs. 6.3% at 1 year, 
8.2% at 2 years, and 9.9% at 3 years in the placebo group (p = 0.005) [175]. A meta- 
analysis of RCTs highlighted also a significant reduction in cardiac death in active 
group compared with control, in particular in subgroup analysis with EPA+DHA 
dosages >1 g/day [176]. Similar results were obtained by the study of Dabkowsky 
et al. in more than two hundred patients with ischemic HF or dilated cardiomyopa-
thy [177]. The effect of omega-3 PUFA on HF seems to be dose-related [178]. In a 
double-blind, placebo controlled, cross-over trial the treatment with 2 g/daily of 
omega-3 PUFAs for 8 weeks in 31 patients with ischemic HF has shown to improve 
LVEF, global longitudinal strain, E/e′ ratio (early ventricular filling to early mitral 
annulus velocities), ST2 levels, FMD and hsCRP levels (p < 0.05 for all) compared 
to placebo [179]. These results confirm those from previous investigations suggest-
ing beneficial effects of EPA/DHA on LV indices, hemodynamics and inflammation 
[180, 181]. As parallel effects, omega-3 PUFAs exert a significant dose-related 
reduction in triglycerides level, systemic inflammation, arterial stiffness and a mild 
improving effect on blood pressure [182]. Omega-3 PUFAs are well tolerated 
beyond some mild gastrointestinal adverse events [183]. the available evidences 
support the supplementation of EPA and DHA to improve HF prognosis, especially 
after a myocardial infarction.
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 Probiotics

Recent clinical and preclinical studies underline the key role of intestinal microbi-
ota in cardiovascular health and in particular in HF prognosis [184]. Intestinal eubi-
osis is important in regulation of the function of the intestinal barrier, together with 
mucosal immunity, sodium and water homeostasis and the functionality of tight 
junctions. Subjects with HF manifest gastrointestinal disorders of absorption, motil-
ity, tissue perfusion and edema, which determine alterations of the intestinal bacte-
rial flora that are responsible of an increase in translocation of endotoxins in the 
blood, an increase in preload and afterload and an aggravation of the clinical picture 
[185, 186]. An altered intestinal microbiota is associated with a modification in 
permeability and an increase in trimethylamine N-oxide (TMAO) levels, which is 
also indirectly responsible for an exacerbation of HF and renal dysfunction. At the 
same time, the translocation in the bloodstream of microbes and endotoxins increase 
in pro-inflammatory cytokine levels and this “phenomenon” is called leaky gut syn-
drome. It appears to exist a strong correlation between the HF severity and the 
severity of intestinal dysbiosis, measured through the serum levels of trimethylamine- 
N- oxide (TMAO), an amine produced by the metabolism of choline and phosphati-
dylcholine from opportunistic/pathogenic microorganisms [187, 188]. The 
etiopathogenetic mechanism is not clear yet but it is evident that there is a direct 
proportionality between the blood levels of TMAO and the increase in intestinal 
oedema, inflammatory metabolites and cardiac and vascular remodelling. In a pro-
spective trial, it was studied the role of TMAO in HF, measured through fasting 
blood samples in 720 subjects and for a duration of 5 years of follow-up -up. The 
study found that the highest TMAO levels were reported in patients with HF (mean 
TMAO levels: 5.0 μM) compared to healthy subjects (mean TMAO levels: 3.5 μM, 
p < 0.001), with a risk of mortality increased by 3.4 times [189]. It has been shown 
also that elevated TMAO levels modify lipid metabolism through changes in the 
functionality of reverse cholesterol transport, sterol metabolism and modification of 
the quality and quantity of bile acids [190, 191]. The potential role of probiotics 
supplementation was confirmed in RCT conducted in patients with HF: at the end 
of the study (3 months) the group treated with probiotics (1000 mg/day of S. bou-
lardii) benefited from a significant reduction in uric acid levels (−1.08 mg/dL, 
p = 0.014 vs. placebo: −0.01 mg/dL, p = 0.930), total cholesterol (−7,63 mg/dL, 
p = 0.010 vs placebo: −2.02 mg/dL, p = 0.603), hsCRP (−0.23 mg/dL, p = 0.116 vs 
placebo: +0.44 mg/dL, p = 0.011), an improvement in LVEF (+6.6%, p = 0.005 vs. 
placebo: +4.2%, p = 0.173) and of the left atrial diameter (−0.29 cm, p = 0.044 vs. 
placebo: +0.2 cm, p = 0.079) [192]. Preclinical data have shown results comparable 
to L. rhamnosus [193]. Probiotics have different pleiotropic activities in cardiovas-
cular prevention confirmed by several meta-analysis, such as blood pressure lower-
ing effect [194], lipid-lowering activities [195] and also they can modulate some 
glyco-metabolic parameters (in particular fasting plasma glucose (FPG), insulin 
levels and glycated hemoglobin (HbA1c)) [196, 197] and vascular inflammation 
(reduction of plasmatic hsCRP, IL-6, fibrinogen, F2-isoprostane and TNF-alpha, 
improvement of NO plasmatic levels) [198, 199]. However, in agreement with the 

11 Nutraceuticals Supporting Heart Function in Heart Failure



224

results of literature, duration of treatment should be ≥8 weeks and the daily dose 
≥1011 CFU. In general, supplementation with probiotics in HF proved to be safe 
and free of any relevant side effects. Further long-term clinical trials are needed to 
investigate the effects of probiotic supplementation on hard outcomes.

 Vitamins

 Vitamin B1 (thiamine)

Thiamine is an essential vitamin required for cellular energy production and humans 
neither synthesize thiamine nor store it in large quantities [200]. In particular thia-
mine pyrophosphate (TPP) is the key coenzyme in the pentose phosphate pathway 
for transketolation of glucose-6-phosphate to ribose-5-phosphate, it is essential for 
the ATP metabolism and specifically for the functioning of the pyruvate dehydroge-
nase complex and alpha-ketoglutarate dehydrogenase in the Kreb’s cycle [201]. 
Thiamine deficiency is related to a several non-specific signs, that including 
anorexia, fatigue, weight loss, sleep disorders, depression [202]. Many studies have 
shown that thiamine deficiency is more prevalent in HF patients than in general 
population: the meta-analysis of Jane et al. including nine observational studies, it 
showed that the incidence of thiamine deficiency in patients with HF was higher 
compared to that of control subjects without HF (OR 2.53 [95% CI 1.65–3.87]) 
[203]. The reduction of thiamine intake and/or its poor absorption due to cardiac 
cachexia and splanchnic congestion, associated to the increased urinary excretion 
determined by the treatment with high-dose loop diuretics are the possible mecha-
nisms for thiamine deficiency in HF [204]. Decreased activity of pyruvate dehydro-
genase due to thiamine deficiency results in build-up of pyruvate, which is then 
shunted towards anaerobic conversion into lactate [205]. This accumulation of lac-
tate causes a decrease in peripheral resistance, thereby increasing the preload, that, 
coupled with myocardial dysfunction, has been proposed to be a basis of congestive 
HF in thiamine deficiency [206]. In a cross-sectional prospective observational 
analysis on 32 male NYHA II HF patients on prolonged diuretic therapy, 16 patients 
received 300 mg/day of thiamine for 28 days: a 13.5% increase in EF was observed 
in thiamine recipients (p = 0.021) when compared to control [207]. Shimon et al. 
randomized 30 hospitalized HF patients secondary to myocardial ischemia and 
administered intravenous thiamine for 7 days or placebo in a double-blind manner 
followed by 6 weeks of oral thiamine 200 mg/day in all patients. At the end of com-
plete treatment patients experienced a 22% increase in EF as compared to the base-
line value (p < 0.01) [208]. Similar results were obtained in a RCT carried out of 
nine symptomatic patients with HF with an increase in LVEF from 29.5% to 32.8% 
(p = 0.024) after supplementation with oral thiamine 300 mg/day for 28 days [209]. 
A meta-analysis of the available RCTs showed a small increase in LVEF (3.28%, 
95%CI 0.64–5.93%) with thiamine therapy in HF patients compared to control 
[210]. However, a recent RCT (52 patients with HF and LVEF <40% treated with 
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300 mg/day of thiamine or placebo for a period of 1 month) showed no significant 
difference in either systolic or diastolic echocardiographic parameters and dyspnea 
between the two groups, even if patients in the thiamine group showed a significant 
improvement in peripheral edema (34.6 vs 3.8%, p = 0.005) [211]. In this study, 
however, the proportion of patients who were on furosemide in this study was 
incredibly low (10 out of 52). Second, spironolactone was prescribed to most (22 
out of 26) patients in the thiamine group which may have caused a decrease in the 
incidence of thiamine deficiency in this small cohort of patients [212]. In general, at 
dosages between 25 and 300 mg/day thiamine confirms to have an excellent profile 
of safety. Given the small sample size and inherent limitations of the individual 
studies, long-term RCTs with large samples are needed to confirm or not the posi-
tive effects of thiamine on heart [213].

 Vitamin C

Ascorbic acid (Vitamin C) is contained mostly in fruits and vegetables and is well 
known to protect against oxidative stress by reducing levels of free oxygen radicals 
and inhibiting low density lipoprotein oxidation and oxidative cell damage [214]. It 
also improves arterial stiffness and immune function, and it reduces inflammatory 
markers responsible of systemic inflammation [215]. Some [216, 217], but not all 
the studies [218] have underlined that high diet in fruit and vegetable rich in antioxi-
dants is associated with reduced risk of HF. Few studies have examined the associa-
tion between plasma vitamin C levels and incidence of HF, suggesting a positive 
correlation between elevated vitamin C levels and reduction of the risk of HF [219]. 
However, as reported also by the European Investigation into Cancer and Nutrition 
(EPIC) Norfolk study the association between vitamin C and HF seems to involve 
plasma vitamin C rather than dietary vitamin C, [220]. A possible mechanism of 
correlation between plasma vitamin C levels and its beneficial effects may be relate 
to the arterial dilation mediated by the modulation of nitric oxide release [221]. In a 
prospective study (3919 men aged 60–79 years with no HF at the baseline and fol-
lowed up for a mean period of 11 years), higher plasma vitamin C level was associ-
ated with significantly lower risk of incident HF in both men with and without 
previous myocardial infarction after adjustment for lifestyle characteristics, diabe-
tes mellitus, blood lipids, blood pressure, and heart rate (hazards ratio 95% CI 0.81 
[0.70, 0.93] and 0.75 [0.59, 0.97] for 1 SD increase in log vitamin C, respectively) 
[222]. In another study, 200 HF patients completed a 3-day food diary to determine 
vitamin C intake: 39% of patients had vitamin C deficiency that was associated with 
an hsCRP level higher than 3 mg/L in the hierarchical logistic regression (odds 
ratio, 2.40; 95% confidence interval, [1.13–5.10]; p = 0.023). In addition, both vita-
min C deficiency and hsCRP level higher than 3 mg/L predicted shorter cardiac 
event-free survival in hierarchical Cox regression and produced a 2.3-fold higher 
risk for cardiac events (p = 0.002) in moderation analysis. Higher level of hsCRP 
predicted shorter cardiac event-free survival only in patients with vitamin C 
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deficiency (p = 0.027), but not in those with vitamin C adequacy [223]. In addition, 
a meta-analysis of 44 RCTs showed a significant positive effect of vitamin C on 
endothelial function (SMD: 0.50, 95%CI: 0.34, 0.66, p < 0.001), in particular in the 
HF subgroup (SMD: 0.48, 95% CI: 0.08, 0.88, p < 0.02) [224]. In general, supple-
mentation with vitamin C at dosages between 500 mg and 3 g/day is considered safe 
and well tolerated [225], even if to date no study direct investigated the impact of 
chronic vitamin C supplementation on HF incidence nor prognosis.

 Vitamin D

Vitamin D is a collection of fat-soluble steroids, obtained via endogenous produc-
tion or from dietary intake, with the latter accounting for nearly 10–20% of our total 
supply [226]. Vitamin D, is commonly referred to D2 and D3, respectively ergocal-
ciferol and cholecalciferol [227]. In the last years, the biological influence of 
Vitamin D has been significantly expanded beyond just calcium regulation: vitamin 
D receptor has been isolated from a number of different tissues not traditionally 
involved in calcium homeostasis, such as the myocardium [228] and fibroblasts 
[229]. Many observational studies have suggested a possible relationship between 
vitamin D status and prevalence, incidence and severity of HF [230–232]]. Despite 
emerging evidence supporting a pathophysiological relationship between Vitamin 
D and HF, the exact mechanism by which vitamin D deficiency leads to poor clini-
cal outcome has not been clearly established. Vitamin D deficiency in HF patients 
could be linked to an over activation of the RAAS and the sympathetic nervous 
system and thus to an increased risk in clinical entity called cardiorenal syndrome 
[233, 234]. In general, mean serum 25(OH)D concentration is usually lower in 
patients with HF compared with controls [235–237] and vitamin D status may be 
related to physical functioning and prognosis in HF [238–241]. In RCT, 123 patients 
with HF treated for 9 months with vitamin D, 2000 IU/day + 500 mg/day of cal-
cium, experienced a significantly increased of serum 25-(OH)-D and interleukin-10 
and reduction of TNF-alpha compared with placebo (only calcium 500 mg/day) 
[242]. Similar results were obtained in pediatric HF patients with daily vitamin D 
supplementation of 1000 IU [243]. Vitamin D supplementation (between 800 and 
1000 IU per day) in HF patients with low 25(OH)D levels was associated with a 
significant reduction in mortality, independent of the baseline 25(OH)D levels 
[244]. However, the supplementation with high dosage is not associated with 
improvement of 6MWT distance after 20 weeks of treatment, despite a significant 
reduction in BNP levels [245].To date, vitamin D should be supplemented in vita-
min D deficient subjects: however, large-scale RCTs are needed before routine vita-
min D supplementation can be recommended as part of clinical care of HF patients. 
Vitamin D is believed to be safe and well tolerated even if use of thiazide diuretics 
in combination with calcium and this supplement may cause hypercalcemia in the 
elderly or those with compromised renal function or hyperparathyroidism. [246].
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 Vitamin E

Vitamin E includes eight distinct chemical entities: α-, β-, g-, and δ-tocopherol and 
α-, β-, g-, and δ-tocotrienol even if the most studied is α-tocopherol. In vitro and 
animal studies suggest that oxidative stress characterized by the excessive produc-
tion of ROS and reduction of antioxidant defence capacity, may play an important 
role in the pathophysiology of HF [247]. In this sense, vitamin E can protect against 
oxidative stress and also it inhibits low density lipoprotein oxidation and oxidative 
cell damage and it has a small but significant and documented lipid-lowering activ-
ity through the peroxisome proliferator-activated receptor (PPAR-α, PPAR-β, and 
PPAR-g) activation and the HMG-CoA reductase inhibition [248]. Finally, vitamin 
E showed an improvement of endothelial function and arterial stiffness at doses 
between 50 and 200 mg [249, 250]. Studies conducted to date, regarding the role of 
vitamin E in HF, are still inconclusive and conflicting. In the meta-analysis of RCTs 
by Loffredo et al. the supplementation of vitamin E given alone (33–800 IU) signifi-
cantly decreased myocardial infarction (3.0% vs 3.4%) (random effects RR: 0.82; 
95%CI 0.70–0.96; p = 0.01). This effect was driven by reduction of fatal myocardial 
infarction (RR: 0.84; 95%CI 0.73–0.96; p  =  0.01) [251]. At the same time the 
Physician’s Health Study II and the Women’s Health Study reported no association 
between vitamin E supplements and HF in a primary prevention population [252, 
253] while other studies reported increased risk of HF with vitamin E supplements 
in those with CVD [254, 255] raising concern about the use of vitamin E supple-
ments. Moreover, in a prospective study of 3919 men aged 60–79 years with no HF 
followed up for a mean period of 11 years, the high intake of dietary vitamin E was 
associated with increased HF risk [256]. The reason for an increased risk of HF in 
particular in older men [257] is still unclear, but it may relate to the suggestion that 
α–tocopherol may become a pro-oxidant in a pre-existing environment with 
increased oxidative stress, suppress other fat-soluble antioxidants such as 
γ-tocopherol (more powerful antioxidant than α-tocopherol), disrupting the natural 
balance of antioxidant systems and increasing vulnerability to oxidative damage 
[258]. In contrast to dietary vitamin E, it was observed no association between 
plasma vitamin E and risk of HF [259]. In conclusion, epidemiological data and 
results from RCTs do not suggest supplementation of vitamin E in prevention or as 
adjuvant to conventional therapy in HF.

 Conclusion

It’s well known that HF is highly prevalent in Western countries and the prevention 
of this condition is necessary not only to improve the quality of life, but also because 
of the great economic burden that imposes to both healthcare systems and society, 
through hospitalizations, pharmacological therapy, lost productivity, morbidity and 
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premature mortality [260–262]. The overall economic cost of HF was estimated at 
$108 billion/year worldwide: specifically, direct costs for healthcare system 
accounted for ~60%, while indirect costs for society accounted for ~40% of the 
overall expenditure [263]. The therapeutic goal for the HF is to increase the cardiac 
efficiency to improve the quality of life, exercise performance and in particular 
increase the duration of life. Therefore, drugs as digitalis and phosphodiesterase 
inhibitors (that increase the force of heart muscle contraction), ACE inhibitors or 
B-blockers (vasodilators) and natriuretics (drugs that cause a reduction in the vol-
ume of extracellular fluid) are commonly used in clinical practice [264]. Parallel to 
the drug therapy used, a potential support is given by the nutraceuticals or dietary 
supplements recommended as adjuvants of conventional treatments in 
HF. Nutraceuticals (Fig. 11.1) would seem to have an ameliorative action as well as 
the symptoms (QoL and 6MWT), in some cardiac parameters (LVEF, SV, CO). 
However, it is important to evaluate the impact of the nutraceutical approach in 
terms of reduction of cardiovascular events and mortality; until now, the GISSI HF 
trial (about w-3) and the Q-SYMBIO study (about coenzyme q10) are the most 
convincing ones [76, 265]. It is really important to stress the observation that the 
positive results obtained with some nutraceuticals in the above cited trials have been 
achieved with the use of highly standardized and full dosed products, not always 
similar to what is available in the market and sometime expensive for everyday use. 
In conclusion, a growing clinical evidence suggests that the intake of adequate dos-
ages of some nutraceuticals (Hawthorn extract, Coenzyme Q10, L-carnitine, 
D-ribose, Carnosine, Vitamin D, Probiotics, Omega-3 PUFAs, Beet nitrates) is asso-
ciated with improvements in self-perceived quality of life and/or functional 
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Fig. 11.1 Nutraceuticals with clinical effects on heart failure: main mechanisms of action. Green 
colour: evidence A (very good)  – Yellow colour: evidence B (good)  – Red colour: evidence 
C (poor)
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parameters such as ejection fraction, stroke volume and cardiac output in HF 
patients, with the advantage of excellent safety profile. Those benefits tended to be 
greater in earlier HF stage. In no case, the use of nutraceuticals can replace the con-
solidated pharmacological treatment of HF. Finally, it is necessary to evaluate the 
cost/benefit ratio in the long term with clinical trials on larger and heterogeneous 
sample of HF patients.
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Chapter 12
Cardiovascular Risk Factors Management 
in Pregnancy: A Role for Nutraceuticals?

Federica Fogacci and Silvia Fogacci

 Background

Cardiovascular disorders are the leading cause of indirect maternal mortality in 
European countries [1]. However, drug treatment in pregnancy is a very specific and 
sensitive problem [2]. As a matter of fact, if untreated diseases can lead to harmful 
consequences for mothers and their children, the use of some drugs can negatively 
affect the correct embryonic and fetal development and, in some cases, lead to abor-
tion or intrauterine death [3].

Though non-pharmacological treatments have always been considered marginal 
in the management of cardiovascular risk factors in pregnancy, their role should be 
taken into account from the most recent evidence. As a matter of fact, randomized 
controlled clinical trials testing the efficacy and the safety of dietary supplements in 
pregnancy are many and their results seem to be promising [4, 5]. For this reason, 
their use in clinical practice should be encouraged in order to prevent the develop-
ment of the gestational diabetes mellitus (GDM) and/or of the hypertensive disor-
ders and to support the drug treatment, when necessary [6, 7].

In this context, the present chapter aims to summarise the available evidence sup-
porting, in clinical practice, the use of some active compounds available as dietary 
supplements and having significant effect in the management of the cardiovascular 
risk factors in pregnancy.
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 Active Compounds

Calcium During pregnancy, the risk of hypertensive disorders can be prevented 
through an adequate calcium intake [8].

A meta-analysis by the Cochrane Collaboration showed that calcium supplemen-
tation compared to placebo decreased the overall risk of pre-eclampsia in pregnancy 
(n = 15,730 women; RR = 0.45, 95%CI: 0.31; 0.65) [8], with an even greater reduc-
tion in women clinically diagnosed at high risk (n = 587 women; RR = 0.22, 95%CI: 
0.12; 0.42) [8]. Similar findings were found in an even more recent meta-analysis of 
27 clinical studies, including 28.492 pregnant women (RR = 0.51, 95%CI: 0.40; 
0.64) [9].

What is still unclear is the mechanism by which calcium may have an effect on 
blood pressure; one hypothesis is that low calcium intakes increase the parathyroid 
hormone and 1,25-dihydroxy vitamin D levels, that are required to maintain specific 
calcium concentrations in extracellular fluids. Higher blood concentrations of 
1,25-dihydroxy vitamin D and parathyroid hormone stimulate calcium influx into 
different cell types and increase intracellular calcium into the vascular smooth mus-
cle cell, consequently increasing the peripheral vascular resistance and, then, the 
blood pressure [10, 11].

However, some concerns have been raised as regards the safety profile of cal-
cium during gestation – as it may cause rebound postnatal bone demineralisation 
and increase the HELLP syndrome occurrence, with hemolysis, elevated liver 
enzymes and a low platelet count [12–14].

Calcium supplementation is recommended by the most recent ACOG, World 
Health Organization (WHO), and ESC Guidelines to be prescribed in deficiency 
during pregnancy in order to reduce the risk of pre-eclampsia [15–17]. The sug-
gested scheme for calcium supplementation is 1.5–2.0 g daily, with the total dosage 
divided into three dosages, preferably taken at mealtimes [17].

Omega-3 Polyunsaturated Fatty Acids (PUFAs) Observational studies suggest 
that both GDM and pre-eclampsia are associated with low intake of PUFAs from 
diet [18–20].

In patients with GDM, PUFAs supplementation is associated with an improved 
metabolic function, by increasing insulin sensitivity and decreasing inflammation 
[21]. However, it seems not to exert a detectable effect on hypertensive disorders 
[22–24].

Vitamin D Vitamin D deficiency, as measured by circulating 25(OH)-vitamin D 
concentrations, is reported to be as high as 40% among pregnant women and is also 
very common during lactation [25]. As pregnancy progresses, the requirements of 
vitamin D increase and, as a consequence, any preexisting vitamin D deficiency can 
worsen [26].
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Accordingly to the findings of a recent meta-analysis, vitamin D supplementa-
tion (1000–4762 IU/day) is able to promote the glycaemic control in women with 
GDM [27]. Furthermore, vitamin D supplementation in women with GDM reduces 
the incidence of newborn complications such as polyhydramnios (RR  =  0.17, 
95%CI: 0.03; 0.89) and hyperbilirubinemia (RR = 0.4, 95%CI: 0.23; 0.68) and the 
need for maternal hospitalization (RR = 0.13, 95%CI: 0.02; 0.98) and infant hospi-
talization (RR = 0.4, 95%CI: 0.23; 0.69) [28].

Vitamin D supplementation was also demonstrated to potentiate nifedipine treat-
ment for preeclampsia, shortening the time to control blood pressure and prolong-
ing time before subsequent hypertensive crisis, probably via an immunomodulatory 
mechanism [29].

A lately meta-analysis by Fogacci et al. carried out on 4777 women suggests that 
the ones in treatment with vitamin D have a lower risk of pre-eclampsia compared 
to those that receive no intervention or placebo (OR = 0.37, 95%CI: 0.26; 0.52), 
being the effect largely independent of the supplementation duration and the co- 
administration of calcium and enhanced for increasing vitamin D doses [5]. 
Adequate vitamin D intake might help with the maintenance of the calcium homeo-
stasis – which is inversely related to blood pressure levels – [30] or may directly 
suppress the proliferation of the vascular smooth muscle cells [31]. Furthermore, 
vitamin D might be a powerful endocrine suppressor of renin biosynthesis and 
could act on the regulation of the renin-angiotensin system, which plays a critical 
role in blood pressure control [31]. Finally, vitamin D may also act on the synthesis 
of adipokines related to endothelial and vascular health [32].

Folic Acid Epidemiological studies of the association between folic acid supple-
mentation and the incidence of pre-eclampsia showed a potential protective effect 
[33]. On the contrary, higher plasma folate was found to be associated with higher 
risk of GDM [34].

Findings from the Ottawa and Kingston (OaK) Birth Cohort suggested a 60% 
reduction in the risk of pre-eclampsia (n = 8085; OR = 0.37, 95%CI: 0.18; 0.75) and 
a dose-response association between folic acid and pre-eclampsia events in women 
with identified risk factors [33, 35]. The possible reason can be found on folic acid 
action affecting levels of hyperhomocysteinemia, which is known to damage the 
vascular endothelium of the developing placenta [36].

However, a recent analysis from the Tongji Maternal and Child Health Cohort 
(TMCHC) involving 4353 pregnant women recently showed that folic acid supple-
mentation (≥800 μg/day) from prepregnancy through midpregnancy is associated 
with a higher risk for GDM after adjustment for potential confounders (OR = 2.36, 
95%CI: 1.51; 3.69) [37]. Certainly, the potential risk of excess folic acid intake is a 
concern which will require further evaluation to examine the underlying mechanism.

Resveratrol Resveratrol (3,5,4′-trihydroxystilbene) belongs to a family of poly-
phenolic compounds known as stilbenes, which are particularly concentrated in 
grapes, berries and nuts [38].
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Findings from a recent meta-analysis showed that the combination treatment 
nifedipine/resveratrol is able, in pregnancy, to shorten the time for achieving target 
BP with a relative risk (RR) reduction of −13.9 (95%CI: −22.6; −5.2), compared to 
nifedipine alone (RR = −3.5, 95%CI: −26.5; 19.7) and labetalol (RR = −1, 95%CI: 
−22.2; 23) [39], which are the recommended treatments from the International 
Guidelines for the management of pre-eclampsia [16, 40, 41].

Alpha-Lipoic Acid Alpha-lipoic acid (ALA) is a natural antioxidant lipophilic 
compound which acts as an essential cofactor for mitochondrial enzymes [42]. A 
randomized double-blind clinical placebo-controlled clinical trial recently showed 
that supplementation with 100 mg/day of ALA for 8 weeks is able to exert some 
beneficial effects on glucose metabolism and liver function in women with GDM, 
by decreasing the circulating levels of fasting blood glucose (P < 0.001 versus base-
line and versus control), gamma-glutamyltransferase (P < 0.001 versus baseline and 
versus control) and alanine trantaminase (P < 0.05 versus baseline) [43]. A further 
clinical trial carried out on 60 women diagnosed with GDM showed that supple-
mentation with 100 mg/day of ALA for 8 weeks significantly decreases not only 
maternal fasting plasma glucose, but also the homeostatic model assessment for 
insulin resistance (HOMA-IR) [44].

Recently, some studies have finally evaluated the protective effect of ALA on 
fetal outcome of diabetic mothers, leading to interesting though preliminary 
results [45].

An observational retrospective study carried out analyzing data regarding 610 
expectant mothers provided a reassuring picture about the safety of ALA oral treat-
ment during pregnancy, with no treatment-related adverse events occurred in moth-
ers or newborns [46].

Zinc Zinc supplementation has valuable anti-inflammatory effects, which may 
provide important benefits to metabolic status of gestational diabetes [47]. 
Accordingly to the most recent evidence, zinc supplementation is able to improve 
metabolic status in GDM by significantly reducing fasting plasma glucose, insulin 
and improving HOMA and QUICKI indexes [48].

Low maternal circulating zinc concentrations was also associated with incidence 
of pre-eclampsia [49, 50]. However, attempts to modify the incidence of pre- 
eclampsia with zinc supplementation was not successful. A meta-analysis from the 
Cochrane Collaboration Group involving 7 randomized clinical trials with 2975 
enrolled women failed to show that zinc supplementation might significantly 
decrease the risk of hypertension or pre-eclampsia (RR  =  0.83, 95%CI: 0.64; 
1.08) [47].

Inositol Myo-inositol is able to improve metabolic disorders in pregnancy [51]. 
Myo-inositol supplementation leads pregnant women at high risk of developing 
GDM to a lower incidence of GDM [52]. In particular, its supplementation is able 
to reduce the occurrence of GDM-related complications, such as shoulder dystocia, 
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respiratory distress syndrome, neonatal hypoglycemia, preterm delivery and poly-
hydramnios [53, 54].

Probiotics A 6-week probiotic supplementation has shown to have beneficial 
effects on gene expression related to insulin and inflammation, glycemic control, 
inflammatory markers and oxidative stress in patients with GDM [55]. A recent 
meta-analysis carried out on 10 RCTs overall including 1139 pregnant women 
showed that probiotics supplementation effectively reduces fasting plasma glucose 
[mean difference (MD)  =  −0.11  mmol/L, P  <  0.001], serum insulin levels 
(MD = −2.06 μU/mL, P < 0.001) and HOMA-IR (MD = −0.38, P < 0.001) [56].

Other Functional Foods and Nutraceuticals Pre-clinical data suggest that sup-
plementation with ergothioneine (ERG) –a water-soluble amino acid- might be a 
viable therapeutic agent in pre-eclampsia [57]. On the other hand, dietary inorganic 
nitrate supplements should be avoided during pregnancy. As a matter of fact, even 
though they might be useful in attenuating hypertension and pre-eclampsia by 
improving the placental blood flow, their use was associated with a wide range of 
unexpected maternal and fetal adverse events outcomes, such as methemoglobin-
emia, alteration in embryonic cells and malignant transformation, as well as thyroid 
disorders [58].

Finally, lycopene supplementation recently failed to decrease the risk of pre- 
eclampsia, though it may mitigate fetal complications [59]. The potential effect of 
supplementation of vitamin C and vitamin E on pre-eclampsia was also refused 
from lately published meta-analysis [60, 61].

 Conclusions

In consideration on the available evidence, the use of nutraceuticals with a good 
safety profile and well-established effect in pregnancy might represent a good thera-
peutic alternative to prevent the hypertensive disorders or it may be an adjuvant for 
their treatment together with the traditional drugs.

Certainly, we still need data on long-term safety regarding many of the above- 
discussed active compounds, particularly when they are supplemented at a high 
dosage. In particular, further clinical research is advisable to identify, from the 
available active nutraceuticals, those with the best cost-effectiveness and risk–ben-
efit ratio for widespread use in the clinical practice.
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Chapter 13
Nutraceuticals for Cardiovascular Risk 
Factors Management in Children: 
An Evidence Based Approach

Ornella Guardamagna and Giulia Massini

 Introduction

Dyslipidemias represent a primary health concern as a major risk factor for athero-
sclerosis. Increased serum total cholesterol (TC), LDL cholesterol (LDL-C), low 
levels of HDL cholesterol (HDL-C), and/or elevated triglyceride (TG) levels impact 
negatively on the cardiovascular outcome and precociously since pediatric age [1]. 
Children or adolescents showing phenotypes related to primary or secondary dys-
lipidemia, including overweight, should undergo a treatment aimed to improve their 
lipid profile, in order to achieve LDL-C targets according to the American Academy 
of Pediatrics guidelines [2]. LDL-C serum levels are considered acceptable or safe 
when ≤130 or ≤ 110 mg/dl respectively [3]. Therapy steps include firstly the dietary 
regimen aimed to provide adequate calories and nutrients intake before driving to 
hypolipidemic drugs. Nutraceuticals represent the intermediate option to be consid-
ered in the pediatric practice [4].

The nutraceutical experience in pediatrics is so far rather limited as scanty, short- 
term, randomized, controlled studies have been performed. These mainly concern 
the administration of Fibre and Phyto-sterol/stanol while sporadic reports include 
Red Yeast Rice (RYR)  extract, Soy Protein, Probiotic, Omega-3, Omega-6 
PoliUnsatured Fatty Acids (PUFAs) and Nut. This review summarizes results from 
Pub-Med source that have been reached by intervention trials performed in hyper-
lipidemic children and adololescents. The objective of this review is to update ben-
efits and limitations of nutraceuticals in this selected population and to demonstrate 
the lipid-lowering activity based on evidences from clinical trials.
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 Fibre

Fibres consist of edible part of plants not digested in the human small intestine 
including complex carbohydrates indigestible as non-starch polysaccharides (cel-
lulose, hemi-cellulose, gums, pectins, oat bran, wheat bran), oligosaccharides (inu-
lin, fructo-oligosaccharides) and lignin (a noncarbohydrate substance bound to 
fiber), which are intact in plants and have been linked to positive health outcome, 
including cardiovascular disease (CVD) and obesity prevention [5]. Fibre contained 
in cereals, fruits, and vegetables, as part of a correct dietary regimen, ameliorates 
lipid profile [6] reducing TC and LDL-C blood levels around 5–15% and 9–22% in 
adults, respectively [7, 8]. Evidences allowed the regulatory Agencies to issue 
Health Claims of food fiber intake [9], Oat β-glucan and their LDL-C lowering 
effect or CVD risk reduction [10, 11].

The need of fibre in children is still critical and not finally solved [12]. There is 
no agreement in terms of quantity as guidelines relate the need to the intake 
of Calories (12 g/1000 calories), as FDA suggests, or to the weight or to the age as 
established by the American Academy of Pediatrics (AAP) [13]. It should then be 
mentioned that recommendations in pediatrics vary widely depending on countries 
and the evidence base used [14]. Overall, in practice the most pediatricians apply 
the formula that correspond, in grams per day, to the sum of the age (in children 
>3 years old) plus 5 [15]. This intake is respected when mediterranean dietary style 
or vegetables enriched diet is pursued, but this condition is rarely satisfied. Most 
children living in West Countries typically consume less vegetables and fruits which 
contribute to the lower dietary fibre intake than appropriate  and to  a calorically 
dense, highly refined, high fat diet despite the dietary guidelines provided [16]. The 
consequences of the uncorrect food intake include metabolic changes and hyperlip-
idemia, sometimes related to overweight/obesity. In the Healthy Start Preschool 
Study of Cardiovascular disease risk factors and Diet a follow up of children dem-
onstrates the beneficial effect on blood lipids of dietary fibre besides that of mono-
unsaturated fatty acids (MUFAs) [17].

Soluble fibres comprising mainly Psyllium (soluble, viscous, non-fermentable 
fibre), Glucomannan, Oat, Pectin, and Guar Gum (soluble, viscous, fermentable 
fibre) are commercially available as unprocessed and additionable  to food, or as 
flavored powder or capsule as well. Psyllium is one of the richest sources of soluble 
mucilaginous dietary fibre. It is derived from the seed husk of Plantago ovata and 
is considered a proper supplement to dietary therapy [18]. Glucomannan, the main 
polysaccharide obtained from the tuber Amorphophallus Konjac, (a member of the 
Araceae family, found in East Asia) is a palatable soluble fibre. In the Asian 
Continent, people have been consuming glucomannan for thousands of years; its 
use is also increasing in West Countries. The chemical structure of glucomannan 
consists in a mannose:glucose 8:5 ratio, linked by B-glycosidic bonds. Glucomannan 
has the highest molecular weight and viscosity of any other known dietary fibre 
[19]. Oat is a cereal containing a complex array of compounds, the main is B-glucan 
constituent, consisting of glucose molecules. It is a viscous, soluble fibre found in 
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the endosperm of the Avena sativa plant [20]. Isabgol husk is included under the 
mucilage component of fiber and derives from the seeds of Plantago ovata Forsk, of 
which it represents the 30%. It acts as a gel forming polysaccharides, simil to Guar 
Gum and Pectin. Locust bean gum is a white and odorless powder extract from the 
endosperm of the bean without a distinctive taste. Interestingly it  was used by 
Greeks as a laxative but if taken in a non-hydrated form it should cause intestinal 
bolus and obstruction. It is less viscous than Guar Gum but is similar to Ash and 
Galactomannan moisture protein content and is  more palatable [21]. The lipid- 
lowering ability of fibre depends on their physical-chemical properties and different 
levels of viscosity. Among all fibre  types Glucomannan is considered one of the 
most viscous, its water content being eight times more than the Oat one. Glucomannan 
significantly lowers LDL-C and more than Psyllium and Wheat Bran, even if admin-
istered at half dosage [22].

Soluble fibres act mainly forming viscous solutions that slow down gastric emp-
tying and reduce fat absorption, then modulating the lipoprotein metabolism. In the 
small intestine the gelling process binds dietary fats, hinders the absorption of cho-
lesterol and the reabsorption of bile acids increasing their excretion in feces. The 
consequence is the reduced chylomicron circulation and the intestinal cholesterol 
uptake, increases the liver bile synthesis with the consequent hypocholesterolemic 
effect. A further mechanism consists in the bacterial fermentation, taking part in the 
colon (except lignin) and resulting in the production of short-chain fatty acids (ace-
tate, propionate and butyrate). The propionate is postulated to inhibit the cholesterol 
synthesis [23, 24].

 Reports

The largest study was performed in a cohort of Japanese children, 10–11 years old, 
from the general population (n = 5873) and found dietary fiber consumption to be 
inversely associated with TC, overweight, and obesity then confirming data from 
adult trials [25].

Fibres are commonly added to diet in children and adolescents affected by pri-
mary hyperlipidemias, then to familial hypercholesterolemia (FH), hypertrygliceri-
demia and poligenic hypercholesterolemia, including subjects affected by familial 
combined hyperlipidemia (FCH) and obese children, to promote TC and LDL-C 
reduction. Implications related to physiopatologic differences underlying these dis-
orders could be a relevant topic when considering the fibre choice. For example if 
we consider that psyllium should possibly reduce chylomicron intestinal absorption 
and Very Low Density Lipoproteins (VLDL) liver synthesis it is presumed a more 
pronounced effect on familial combined hyperlipidemia disorder with respect to 
other conditions. A number of studies focused on the short term efficacy and toler-
ance of different type of fibre on LDL-C levels in hyperlipidemic children and ado-
lescents. Most trials were performed in the 90’s with results greatly variable from 
no change to 30% decrease [21, 26–34], (Table 13.1).
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Fibre supplied in children studies were preferably Psyllium but also 
Glucomannnan, Oat and Gum were added to STEP I (Daily Fat intake<30%, Satured 
fatty acids<10%, Cholesterol<300  mg) or STEP II (Satured fatty Acids 7%, 
Cholesterol <200 mg.) diets (more recently nominated as CHILD I diet and CHILD 
II diet but here, to simplify, indicated as in trials) [3]. Balancing the intake of fibre 
from food, nutraceutical or fibre added-food is relevant to the compliance and out-
come. A very restricted diet, as required by STEP II diet, although safe [35, 36] is 
not always agreed by children then the combination of STEP I diet added to food 
fibre-enriched or capsules containing fibre is considered more effective at reducing 
serum LDL-C levels.

The efficacy of Psyllium was demonstrated in most studies [31, 37, 26, 38] 
but one [33]. A 12 weeks randomized controlled study conducted on 50 mildly 
hypercholesterolemic children on STEP I diet and supplemented with Psyllium 
3.2 g/day showed a 8.9% LDL-C decrease when compared to the control group 
[37]. A further success was demonstrated in 36 children, FCH affected, showing 
11.9% TC and 13.8% LDL-C decrease. This latter group when assumed Psyllium 
2.5  g–10  g day (depending on the age) showed  a final TC and LDL-C levels 
reduction of 18% and 23% respectively [31]. Moreover it should be mentioned 
the success of Psyllium in further reducing LDL-C in hyperlipidemic children on 
STEP II diet, as more recently demonstrated [38]. By contrast a randomized 
double blind, placebo controlled, cross-over study employing 6 g/day of Psyllium 
in 20 mild hypercolesterolemic children, already on STEP II diet, did not dem-
onstrate any significant effect on CT but on TG. Minerals (Calcium, Iron and 
Zinc) and fat-soluble vitamins (A; D; E) were unchanged at the end of the 
study [33].

In 2010, the European Food Safety Authority approved health claims related to 
Konjac Glucomannan and reductions in body weight, postprandial glycemia, and 
blood cholesterol [39].

Glucomannan have been tested with success on 36 hyperlipidemic children who 
underwent a double-blind, randomized, placebo-controlled, cross-over trial 
24  week  long dutation. This cohort, affected by primary dyslipidemia, was on 
dietary control CHILD I diet since at least 1  month. Capsules containing 
Glucomannan 500 mg were administered at the dose of 1–1.5g/day depending on 
the proband weight. TC, LDL-C and non-HDL-C decreased significantly by 5.1%, 
7.3%, and 7.2% respectively [40]. These results were more pronounced in female 
while in males just non-HDL-C decreased significantly and in agreement with pre-
viously results [28]. Two metanalysis on Glucomannan, including children, have 
been done. The first considered 531 subjects from the 3 studies in children and did 
not found any significant change of LDL-C but of TG in obese children [41, 42]. 
The second estimated that the degree of lipid lowering effect was consistent and 
similar in adults and children therefore concluding that dose, follow-up duration, 
baseline cholesterol concentration, or the matrix of Glucomannan administration, 
did not modify the estimate effect on LDL-C [43].
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Other sporadic studies concerning Oat Bran demonstrated the significant increase 
of HDL-C and decrease of LDL-C after 7 months of consumption (dosage: 1 g/kg 
body weight/day)  if compared with Soy Derivatives [44] in 20 hypercholesterol-
emic children (5–12 years old). These results may suggest that a long duration of 
Oat Bran consumption may improve lipid profile in children with high cholesterol 
levels. Anyway at present no recommendation could be made for Oat Bran in chil-
dren as a supplement to diet [23]. Isabogol husk, (25 g/day for 3 weeks), decreased 
LDL-C (7%), free fatty acids, and phospholipids in 11 borderline hypercholesterol-
emic adolescents [32].  Furthermore  Locust bean gum (Carruba), 8–30 g/day, 
showed a significant 11% to 19% LDL-C decrease when comparing active and pla-
cebo groups undergoing a 16-weeks, cross-over trial including 11 FCH children, 10 
controls and 17 adults [21].

A critical topic concerns Apolipoprotein B (ApoB), recognized as a  relevant 
cardiovascular risk marker [45], then the relationship between ApoB/non-HDL-C 
and Glucomannan was considered. ApoB levels were not influenced by 
Glucomannan supplementation [40] and this result was further confirmed as 
unchanged in the recent metanalysis of 12 trials involving 370 individuals, chil-
dren included [43]. The metanalysis focused on ApoB from 6 studies including 2 
pediatric reports and 96 children [40, 46]. While the robust effect on LDL-C 
(−10%) and non-HDL-C (−7%) was proven there was no impact on ApoB levels. 
The utility of ApoB is important in subjects showing increased CVD risk, but nor-
mal or slightly elevated LDL-C [43]. As regard to Oat bran a study conducted on 
49 hypercholesterolemic children, (mean age 10 years), supplemented 38 g/day of 
Oat bran for 4 weeks, demonstrated that while the lipid profile did not differ sig-
nificantly, ApoB decreased (P = 0.05) if compared to controls [29]. On the con-
trary positive effects were confimed on LDL-C but not on ApoB [47]. Therefore, 
as results are conflicting more studies are required to better understand the role of 
Glucomannan on ApoB.

There are no great safety issues to underline but Psillium intake should be 
related to allergies then attention should be paid in giving this type of fiber to 
allergic subjects [26]. It should be added to cereals without affecting taste or tex-
ture then tolerance is good. Most of children undergoing trials showed just occa-
sionally intestinal disturbances and found both Psyllium and Glucomanan 
palatable [38, 40] while reports on B-Glucan, Guar Gum and Pectin do not always 
confirm this acceptance [48]. Concerning the tolerability diarrhea and abdominal 
discomfort were the most commonly reported symptoms, while a paucity of data 
exists on the long-term safety of Glucomannan. Glucomannan does not exhibit 
adverse effects on the absorption of oligoelements such as iron, calcium, copper, 
and zinc, as demonstrated in children [42]. It should be considered that the FDA 
issued warnings about consuming products containing Glucomannan as “jelly cup 
type candies” stating they posed a serious choking risk, particularly to chil-
dren [49].

The reduction of LDL-C ranges between 7–10% across different type of fibre, 
which indicate a class effect of soluble fibre [41]. The cholesterol drop varies with 
viscous fibre types and each gram of Glucomannan reduces LDL-C by 0.12 mmol/L 
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[43], more than double if compared to B-Glucans from Oats and Barley [50] sug-
gesting that smaller quantities of glucomannan are required to reduce LDL-C.

Studies considered show a wide range of effects, possibly related to the quality 
of dietary intervention and dietary intake evaluation  method, to different study 
designs and randomisation methods as well as to laboratory measurement and over-
all to the small number of subject recruited that should not exceeds n°480. It should 
then be considered that fibre intake needs to be respected primarily pursuing a cor-
rect mediterranean style diet but in the presence of persistent high LDL-C,  TC and/
or TG  levels soluble fibre added to diet should help in ameliorating lipid profile 
without relevant adverse effects.

 Plant Sterols

Plant sterols (phytosterols or non-cholesterol sterols) are naturally occurring plant 
compounds commonly taken by food, through vegetable oils and nuts in amount 
corresponding to that of cholesterol (200–400 mg/die) as cannot be synthetized in 
humans. Plant sterols safely and effectively reduce serum cholesterol concentra-
tions inhibiting cholesterol absorption [51] and since 2001, NCEP Guidelines have 
included plant sterol–enriched food as part of a dietary strategy aimed at reducing 
LDL-C levels [52].

Non-cholesterol sterols or stanols (or sterol ester), are commercially available 
added to bread, cereals, salad dressing, milk, margarine or yoghurt with different 
flavors and good palatability. These factors are likely to increase acceptability and 
favor the compliance [53]. Milk, as a vehicle for phytosterols, is a good option as 2 
cups of phytosterol-enriched milk ensure 150% and 60% of the dietary calcium 
needs for children and adolescents, respectively [16]. Furthermore it was evidenced 
in adults that milk matrix provide better results than cereals then LDL-C decreased 
15.9% versus 5.4% respectively [54]. Although the efficacy of stanols was ascer-
tained as greater in lowering cholesterol levels, compared to sterols, most studies 
administered sterols at variable doses of 1.6–2 g/day.

Plant sterols inhibit the cholesterol absorption at the intestinal level then reduc-
ing its serum concentration [55] but the exact mechanism is not fully understood 
[56]. Phytosterols, and mainly sitostanol, compete with cholesterol for intestinal 
absorption displaying cholesterol from micelle (Fig. 13.1). This event is enhanced 
by the hydrophobic properties of phytosterols, higher than that of cholesterol, which 
make phytosterols more susceptible to mixed micelles. Both cholesterol and phytos-
terols require the Niemann-Pick C1 Like 1 Protein (NPC1L1) to enter enterocytes. 
Non-esterified cholesterol and phytosterols are pumped back into the intestine 
lumen through the ABCG5/G8 complex. Finally about 50% of cholesterol, but less 
than 5% of plant sterols, is absorbed [57, 58]. Phytosterols in their free form are 
absorbed in a low percentage  <  10% while stanols are unabsorbable [59]. The 
decreased entry of intestinal cholesterol and transport by chylomicrons to the liver 
reduce the levels of Intermediate Density Lipoprotein besides LDL [60].
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 Reports

Data concerning Phytosterol use in children are limited despite a great number of 
studies have been performed in adults. Plant Sterols have been demonstrated useful 
in decreasing cholesterol levels in mild affected hypercholesterolemic children [61, 
62] and in FH children as confirmed in a series of paper [60, 63–69] (Table 13.2).

Subjects more commonly submitted to sterol treatment (1.2–2.0 g/day) were FH 
children, already on STEP I or II diet. They showed an approximate reduction of 
LDL-C by 10% [63, 65, 67] in a period range of 2–12 months and about 2|3 of FH 
children randomized were responders [65, 67]. An higher intake of 2.3 g/day of 
plant sterols decreased TC (11%) and LDL-C (14%) as compared to placebo spread 
in FH children [69] while higher decreases were observed in stanol added diet 3 g/
day [60]. ApoB was reduced significantly by phytosterols (7–10%) [63, 65, 69]. The 
efficacy of plant sterols was further demonstrated in mild affected hypercholesterol-
emic (mean values TC > 197 mg and LDL >125 mg/dl) non FH children, already on 
STEP II diet. The intake of 1.2 g/day in two doses reduced TC (7–11%) and LDL-C 
(9–14%) significantly compared to the control group [61].

The well-tolerated plant stanol ester margarine reduced TC and LDL-C by 9% 
and 12% respectively in FH children after 1.6 g/day for 5–6 weeks [66, 68] and 15% 
on 3.0 g/day of margarine stanol enriched for 6 weeks (60). In mild elevated choles-
terol 6 yrs. old children, from the STRIP Study, serum TC and LDL-C dropped 
significantly by 5.4% and 7.5%, respectively [57].

Fig. 13.1 Phytosterols and colesterol interaction at the enterocyte level. Phytosterols enter the 
mixed cells and display cholesterol which is only partially absorbed and enter chylomicrons while 
phytosterols are secreted into the intestinal lumen as only partially absorbed
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An additive benefit to the above described changes is the significant decrease of 
small  dense LDL-C (sdLDL-C) levels after a daily consumption of 2  g of plant 
sterols in children and adolescents with dyslipidemia. This topic is of great rele-
vance, and never described before, as sdLDL-C particles characterize the phenoty-
peB described in subjects affected by metabolic syndrome. Reducing sdLDL-C 
concentrations means to reduce a marker of cardiovascular risk then to improve 
benefits [65].

Data are concordant on the lack of significant effect on TG concentrations, at 
times reduced but not significantly [70] while HDL-C did not change [71].

Variations in carotenoids and fat-soluble vitamins were reported by investigators 
using plant sterol– or stanol ester–enriched spreads in both adults and children. In 
FH children lipid-adjusted lycopene decreased by 8.1% (P = 0.015) when on stanol 
period but this reduction was not confirmed as statistically significant at 6 month 
follow-up. As well alfa- and beta-carotene dropped down significantly by 17.4% 
and 10.9%, respectively, in FH children, after daily consumption of 1.2 g of plant 
sterols for 2 months, but recovered at 6 month follow-up [64]. In the STRIP study 
the administration of 1.5 phytostanols to mild hypercholesterolemic children 
decreased the serum beta-carotene to LDL-C ratio by 19% (P = 0.003), while alpha- 
tocopherol to LDL-C ratio remained unchanged [57]. No changes in other carot-
enoids or fat soluble vitamins occurred [63]. Anyway, as results in children are 
numerically poor it should be suggested to improve the intake of vegetables and 
fruits, when on phytosterol added to the dietary regimen, to compensate any possi-
ble carotenoid reduction also possibly related to seasonal dietary variation.

To establish if the LDL-C change on phytosterol addiction ameliorate the endo-
thelial function in children, a marker related to future cardiovascular events, flow 
mediated dilation was assessed in two different studies on FH children with no 
benefit [69, 68]. Two ocurrences were considered: the lack of a direct effect on the 
endothelium, independent of LDL-C levels or the failure to reach a threshold level, 
as the endothelial function is strictly related to LDL-C [68]. Finally  the 
Apolipoprotein E4 or Apolipoprotein E3 genotypes do not impact on biochemical 
effects of sterols or stanols addiction in children [62], but this topic is controversial 
as several studies demonstrate in adults [63].

Children undergoing statin therapy show commonly homeostasic changes char-
acterized by increased cholesterol absorption and increased plant sterol levels. In 
this condition phytostanol supplementation was demonstrated to reverse these 
changes then it should be considered advantageous to ameliorate the metabolic bal-
ance [72, 73].

Although most studies demonstrate the benefits of sterol/stanol administration, by 
contrast  two studies showed no improvement when conducted for 8 weeks [74] or 
12 months [75]. These observations are supposed to be related to critical and still ques-
tionable points. These include the administration vehicle (i.e. milk, yoghurt, and mar-
garine), the administration  frequency and the  dosage of daily intake [54, 76]. 
Moreover the lipid drop seems independent of baseline levels, the effects are similar in 
adults and children and the maximum effect is reached in a short time, generally 
2 weeks [77]. The administration for a longer period did not reduce LDL-C levels 
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further [78] and not only it should be considered that the compliance reduces with 
time. The latter, as demonstrated in a 6 months follow-up, the longest conducted in FH 
children, dropped from 92% to 65% then lowering the intake of spread of 25% [64].

 Adverse Effects

The experts agree with no relevant adverse events on the short and mean term as 
children did not referred any side effects, or any other difficulties in complying to 
the diet and to phyto-sterols/stanols intake, [63] as functional food were well toler-
ated. Furthermore plant stanols have been evaluated for safety for as long as 5 years 
without any reported adverse events [79].

The long term safety, on the contrary, was questioned as phytosterol levels were 
demonstrated to increase the incidence of atherosclerosis [80]; it should be related 
to increased cardiovascular events, as described in the large epidemiological cohort 
of the PROCAM Study [81]. Furthermore, in the MONICA/KORA study, campes-
terol correlated with the incidence of acute myocardial infarction [82]. Controversies 
concerning the role of beta-sitosterol as a causative agent of premature atheroscle-
rosis in the autosomal recessive familial form of sitosterolemia is well known [83] 
but other reports seem to contradict this finding [84, 85]. The mild increase in sitos-
terol, as relevant to cardiovascular risk remains a matter of debate. Campesterol and 
sitosterol increased but were still less than 8% [64] of that observed in subjects with 
homozygous phytosterolemia [86] and did not exceed 1% of total serum sterols, 
while cholesterol accounts for more than 99% of serum sterols [64]. Lathosterol, a 
marker  of liver cholesterol synthesis, was unmodified after  a 12-weeks sterol 
intake  [67] while it increased by 259% after 6 months follow-up on sterol  ester 
supplementation [64]. Discussion underline that plant sterol homeostasis is still 
unsolved [66] then long-term trials with plant sterol–enriched foods are mandatory 
for solving the question.

The administration of phyto-sterols/stanols has been demonstrated an efficacious 
tool in order to reduce cholesterol levels in children with hyperlipidemia and at high 
risk of premature atherosclerotic disease. In addition, plant sterols do not decrease 
HDL-C concentration and overall their complementary effects to diet can represent 
a choice to be considered under strict dietician and medical follow-up.

 Other Nutraceuticals

Children suffering dyslipidemias have been investigated for other nutraceuticals 
including RYR, Probiotics, Omega-3 and Omega-6 PUFA, Soy Protein and Nuts 
recognized safe for cardiovascular prevention (Table 13.3). These trials, although 
randomized and controlled, are sporadic then observations need confirmations on 
wider and well selected cohort.
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 Red Yeast Rice (Monacolin K)

RYR has been largely employed for many centuries in China as an additive to fla-
vour food; it was obtained by fermentation of rice cooked with red wine mash giv-
ing the typical red colour. Actually the nutraceutical preparation is obtained by 
fermentation with the mycete Monascus purpureus Went. This compound is then 
processed 9 days later and gel capsules are available as supplement [87]. RYR con-
tains a series of monacolins. Monacolin K, the bioactive one,  shows effects similar to 
lovastatin [88] as inhibitor of 3-hydroxy-3methylglutaryl- coenzymeA reductase 
then shows lipid lowering benefits (Fig. 13.2). The efficacy of hypolipidemic effects 
of Monacolin K has been largely demonstrated in adults. A number of recent meta-
nalysis confirm its safety [89] and addresses the administration of RYR also to 
intolerant statin subjects [90].

At present just one study has been conducted in children at increased cardiovas-
cular risk including children suffering FH and FCH, already on Step II diet [91]. 
The study design was a double blind, randomized cross-over trial that  lasted 
6  months. All patient completed the study without relevant adverse effects. 
At  the  end of treatment, 8 weeks later,  TC, LDL-C and ApoB decrease 
were −18.5%, −25.1% and −25.3% respectively. HDL-C was unchanged. These 

Acetyl-CoA

HMG-CoA
Reductase

Glycerol and
Free fatty acids

Liver

Red yeast rice

Policosanols
Propionate

Cholesterol

↓VLDL sinthesys'

↓Cholesterol
sinthesys'

Cholesterol pool

Bile acids

Omega 3

Triglycerides

↓ VLDL secretion

Soy protein

Soy protein

VLDL

Omega 3
↓Triglyceride synthesis

LDL receptor

LDL

↑ Uptake

Fig. 13.2 Effects of nutraceuticals on cholesterol and triglyceride synthesis, very low density 
lipoprotein (VLDL) liver secretion and Low Density Lipoprotein (LDL) uptake
HMG-CoA Reductase- 3-hydroxy-3-methylglutaryl-coenzyme A reductase; LDL low density lipo-
protein, LDL-R low-density lipoprotein receptor, VLDL very-low-density lipoprotein
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results were interesting for compliance, tolerability and effectivness. In particular, 
considering the Monacolin K, 3 mg/day dosage, the result was impressive as similar 
to that reached by pravastatin 10 mg/day suggesting a synergic effect of other bioac-
tive components.

With respect to safety the concern should be related to Monacolin, the statin-like 
molecule, showing real pharmacological benefits as well as potential adverse 
effects. Children undergoing this supplement need a strict follow-up, in particular in 
the first weeks of administration, to avoid intolerance, transaminase or creatinphos-
fokinase changes as miopathy and rabdomyolisis have been described [92, 93]. 
Another point concerns the quality of capsule content as citrinin, a micotoxin pro-
duced by monascus, resulted strongly nephrotoxic and possibly genotoxic and car-
cinogenic [94] then it should be removed by manifacturers.

In conclusion RYR represents a good choice for high cardiovascular risk chil-
dren showing hypercholesterolemia but in the practice the administration needs to 
comply with Guidelines on statin treatment concerning children selection, follow-
 up to ascetain tolerability and target levels to be observed.

 Probiotics

Probiotics or “live microbes which, when administered in adequate amounts, confer 
a health benefit to the host” as defined by FAO/WHO [95], have been demonstrated 
useful in reducing lipids in hyperlipidemic adults [93]. This effect is the result of 
cholesterol assimilation and bile salts hydrolysis (BSH) [97, 96]; the first, triggered 
by lactic acid bacteria, inhibits the intestinal cholesterol reabsorption and the sec-
ond impacts on bile salt homeostasis leading to LDL-C and ApoB reduction [96]. 
Furthermore some Bifidobacteria strains ameliorate blood lipids as transform lin-
oleic acid (LA) into conjugated linoleic acids (CLA) [98].

The combination of different probiotic strains seems to improve results as healthy 
hypercholesterolemic adults showed TC, LDL-C and ApoB reduction when admin-
istered yoghurt, enriched with BSH producing probiotic strains as Lactobacillus 
acidofilus, L. casei, L. reuteri, Bifidobacterium longum [99, 100]. The effects of 
Lactobacillus acidofilus on TC, LDL-C and on inflammatory markers of hypercho-
lesterolemic adults were further confirmed in two metanalysis, in particular when 
the medium was yoghurt [101], but also when administered in capsules [102]. A 
double-blind, randomized, placebo-controlled, cross-over trial, 32 weeks long, was 
performed in children showing TC exceeding the 90 percentile (age/sex related). 
The administration of a mixture of three Bifidobacterium strains,  active on BSH 
activity, cholesterol assimilation, and CLA production enhanced a very mild, but 
significant, decrease of TC (3.4%), LDL-C (3.8%), TG (1.9%) and increased HDL- 
C (1.7%) levels [103]. Compliance and tolerance were optimal. Concerning 
the safety it should be remembered that species B. animalis, B. bifidum, and B. breve 
are currently included in the QPS (qualified presumption of safety) list of European 
Food Safety Authority (EFSA), based on their history of safety [104].
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 Poliunsatured Fatty Acids (PUFAs)

The quality of dietary fat affects serum concentrations of lipoprotein profile [105] 
but the dietary intake of PUFAs is often inadequate in children [106]. PUFAs, and 
in particular Omega-3 PUFAs and Omega-6 PUFAs, impact on cardiovascular risk 
markers such as TG (Fig.  13.2), LDL-C, adhesion molecules and show anti- 
inflammatory properties [107, 108]. The effects of a 5-month daily intake of milk 
enriched with long-chain PUFAs, and low in saturated fatty acids, were evaluated in 
a randomized double-blind placebo-controlled trial on 107 healthy children. The 
functional food reduced markers of endothelial cell activation as adhesion mole-
cules, E-selectin, ICAM-1 and lymphocyte levels decreased while plasma DHA 
increased [109]. Hempseed oil (HSO) is rich in essential fatty acids Omega-3 
PUFAs α-linolenic acid (ALA) and Omega-6 PUFAs linoleic acid (LA). The LA/
ALA ratio ranges between 2:1 and 3:1, a favorable proportion then is suitable as 
dietary supplement [110]. While HSO has been already checked in animals and 
human adults just a recent RCT 8 week long study was performed in hyperlipidemic 
children. It increased red blood cell content of total n-3 and n-6 PUFAs and amelio-
rate the Omega3-index. A significant mean reduction (14%) in LDL-C levels was 
detected in the HSO group [111].

In conclusion results on PUFAs supplemented diet is of great value to provide 
and complement the food intake but further studies are necessary to confirm pre-
liminary data.

 Soy

The effects of Soy and its derivatives, extensively studied in adults, are referred to 
the isoflavone content that promotes the expression of LDL receptors [112] 
(Fig. 13.2). On this basis Soy Proteins have been considered beneficial for subjects 
suffering hypercholesterolemia. Adults with borderline-high TC levels ameliorate 
serum TC and LDL-C around 4–6% after the consumption of 25 g/day of Soy pro-
tein [113]. Studies in children are scanty but a preliminary one addressed FH chil-
dren to soy protein versus milk protein. TC and LDL-C did not change significantly 
while TG decreased and HDL-C increased in the former group [114]. Results simi-
lar to those above described in adults were obtained in a prospective study con-
ducted on 16 hypercholesterolemic children, mainly FH affected. TC, LDL-C and 
ApoB decreased significantly (7.7, 6.4, 12.6% respectively) when Soy Proteins 
(administerd as soya dairy-free milk, 0·25–0·5 g/kg body weight) were added to 
STEP I diet for 3 months [115]. This was the more extended study on soy protein in 
pediatrics, children were compliant to this program but not all subjects (4/16) were 
responders, although showing the same basal characteristics. In general most stud-
ies agree with the efficacy of Soy protein, although safety  data are conflicting. 
Issues concern allergic disorders or the effects of phytoestrogen content which are 
still questionable mainly in very young subjects [116].
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 Nuts

Nuts are dry fruits that include almonds, walnuts, hazelnuts, macadamia nuts, pista-
chios and peanuts. The cardioprotective effects and health benefits of nuts have been 
largely demonstrated in epidemiologial studies, particularly on walnuts, and attrib-
uted to bioactive components like MUFAs and PUFAs, phytosterols, antioxidants, 
vitamins (e.g. tocopherols), fibers, and polyphenols well represented in hazelnuts 
[117]. Poliphenols are regarded to improve lipid profile as impact on cholesterol 
absorption, TG syntesis and secretion, showing antioxidant effects [118]. 
Furthermore hazelnuts show the highest content of MUFAs when compared to all 
other nuts [119].

Once more very poor data concern trials in hyperlipidemic children and as far as 
we know just 3 available randomized studies were addressed to explore the effects 
of hazelnuts on lipid profile, antioxidative properties and microbiome. Results from 
these studies confirm the beneficial power and efficacy of a daily intake (0.43 g/ kg 
of body weight,15–30 g portions). Hazelnuts with or without skin reduced signifi-
cantly LDL-C and increased the ratio HDL-C/LDL-C when the hazelnut supple-
mented group was compared to the control group receiving STEP I diet. Furthermore 
an increase of MUFA/SFA on red blood cells [119] was demonstrated. On the same 
cohort hazelnuts lowered the endogenous and oxidatively induced DNA damage, as 
already known in adults after the intake of almonds or walnuts [120]. The effects on 
microbiome has been as well demontrated to modulate the abundance of gut micro-
biota and to modulate the intestinal concentration of SCFAs [121].

 Final Considerations

Although randomized and controlled studies considering strong end-point in chil-
dren are poor, and often occasional, benefits observed at least in the short – mean 
time, mainly concerning phyto-sterol/stanol and fibre, should be underlined.

Sterol/Stanol and fibre supplementary foods demonstrate usually the efficacy in 
reducing TC and LDL-C in FH children, but also in poligenic hypercholesterolemia 
or in children showing metabolic disturbances and mild changes of lipid profile. 
ApoB as well ameliorate after phytosterols intake while contrasting results concern 
fibre. On the contrary no favourable variations have been observed on the endothe-
lial function on phyto-sterol/stanol addiction but since only 2 studies concern this 
topic results are unconclusive. Phyto-sterol/stanol and fibre were well tolerated and 
the compliance was elevated at least in the short time. The compliance decrease 
occurring at phytosterol follow-up did not worsen the biochemical parameters. No 
significant serious adverse effects were detected but abdominal discomfort or diar-
rhea were the most frequently referred symptoms on fibre supplementation. 
Functional foods containing phyto-sterol/stanol are related to a significant decrease 
of carotenoids requiring an uphold intake of vegetables and fruits to avoid nutri-
tional deficiency.

13 Nutraceuticals for Cardiovascular Risk Factors Management in Children…



282

Available data sustain the lipid-lowering effect of phytosterols in subjects suffer-
ing lipid disorders, as declared by Pediatric Guidelines, and  the EAS Consensus 
Panel established on 2014 that functional foods with plant sterols/stanols should be 
considered also in children with FH [122].

In conclusions phytosterol and fiber are safe, as other above mentioned nutraceu-
ticals could be, acceptable and effective complement to dietary therapy. It should be 
underlined that nutraceuticals should not be considered an alternative to diet or 
statins when required, as Guidelines suggest. Diet STEP I or STEP II (CHILD I or 
CHILD II) represent the therapeutic cornerstone in the prevention of dyslipidemia 
in children and the first basic approach that need to be respected to promote healthy 
life and outcome.
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Chapter 14
Future Perspectives in Nutraceutical 
Research

Arrigo F.G. Cicero and Manfredi Rizzo

 Introduction

In the previous chapters, we have seen that many nutraceuticals have been identi-
fied, exerting possible positive effects on cardiovascular disease risk factors in 
humans [1]. Some of them, namely the one active on heart failure metabolism, have 
also an impact on functional parameters and clinical outcomes in severe patients [2]. 
Moreover, for a few compounds we have cumulated strong clinical evidence of 
efficacy and safety, so that they have been considered as advisable by international 
guidelines [3]. In this context, what could be the future perspectives in nutraceutical 
research? There are many issues that should be considered (Table 14.1). In fact, cur-
rently, the research process on nutraceuticals is relatively chaotic, with different 
research groups working on similar (not always the same) compounds, with differ-
ent methodologies, without interaction and often furnishing interesting results but 
non included in a congruous research plan, as usually done with chemical drugs.
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 Identification and Characterization of New 
Bioactive Compounds

First, new bioactive compounds could be discovered from epidemiological observa-
tion or from in vitro testing. Once the bioactive compound identified and chemically 
characterized, the procedure to extract and/or concentrate it should be strictly stan-
dardized. Then, the mechanism of action by which it should exert a positive effect 
on human health has to be defined in vitro and (always less frequently) in animal 
models [4]. This is also relevant in order to understand eventual safety risk related 
to the mechanism of action and of potential pharmacodynamics interactions with 
other drugs [5]. At this stage, it should be needed to consider the available evidence 
and evaluate a relatively large number of parameters. (Table 14.2).

Anyway, all these issues have to be considered also for already known bioactive 
compounds, often available on the market, for which the previous steps have not be 
so fully considered.

 Bioavailability in Humans

A relatively large number of bioactive compounds with interesting mechanism of 
action and strong effect in vitro or ex-vivo models do not show clinically propor-
tional effects in humans. This is the known case of powerful molecules such as 

Table 14.1 Issues that should be 
considered by the future 
nutraceutical research

Identification of new bioactive compounds
Clear definition of pharmacodynamics
Definition of the potential usefulness of the 
nutraceutical
Clear definition of pharmacokinetics (in humans)
Well-designed and repeated randomized clinical trials
Meta-analysis of randomized clinical trials

Table 14.2 Parameters to be considered at the end of the preclinical phase before to continue 
clinical research on nutraceuticals

Availability and cost of the active compound source
Possibility to standardize extraction and/or concentration of the product
Cost of extraction and/or concentration of the product
Innovativeness of the mechanism of action (comparison with available nutraceuticals and 
drugs)
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curcumine, resveratrol and berberine that, anyway, exert some effects in humans 
[6]. Therefore, now, the research have to clarify if the identified compound is orally 
available in humans, and if there could be a pharmaceutical technique able to 
improve its bioavailability if naturally insufficient. The most effective and safe way 
to improve the absorption of large molecule is the use of emulsion, in particular 
nanoemulsion [7]. Then, the nutraceutical industry also often associated to bioactive 
compounds some so called “bioavailability enhancers” reducing the density of 
mucus on intestinal wall, accelerating the opening velocity of the intestinal intercel-
lular tight junctions and/or inhibiting the activity of intestinal P-glycoprotein and/or 
cytochromes [8, 9]. Recently it has been also shown that the modulation of bowel 
microbioma could improve the bioavailability of some bioactive compounds (for 
instance, phytoestrogens). Anyway, the bioavailability of the bioactive compounds 
(alone or associated to pharmaceutical techniques to theoretically improve their 
absorption) has to be demonstrated in humans. The main limitation to do it is that 
the researcher needs to have a method to measure the bioavailability of the tested 
active compound or of its known metabolite. Alternative methods could be to com-
paratively measure the known effect of the natural compound and the pharmaceuti-
cally transformed version with an adequate study design (see below).

 Study Methodology

Frequently, promising nutraceuticals do not clearly confirm their efficacy in clinical 
trials. However, it should be recognized that a relatively large part of trials carried 
out on nutraceuticals is not adequately powered and correctly designed. Usually, the 
gold standard for clinical research is a double-blind, placebo-controlled, random-
ized clinical trial. The only reason not to calculate the sample size of a trial is that 
the tested product has never been clinically tested before standard deviation of the 
expected change of a studied parameter is unavailable. The outcome/outcomes of 
the study could be largely different and the methods used to reach them have a very 
variable cost (Table 14.3) [10].

Statistical planning should follow the ICH E9 Guidance. Given the multifactorial 
effects of nutraceuticals on different organ and tissues, one should consider the pos-
sibility of carrying out multivariate analysis procedures such as multivariate analy-
sis of variance, principal component analysis, nonmetric multidimensional scaling 
or the Wei-Lachin test11 to assess whether the treatment has a beneficial effect 
simultaneously on multiple outcomes.

The results obtained by a research group should be then verified by other research 
groups in similar or different kind of subjects. Then, when more clinical trials have 
been carried out on a same nutraceutical, preferably with similar dosage and phar-
maceutical forms, meta-analyses of clinical trials should be carried out in order to 
strength the obtained information [12, 13].
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Adequately designed randomized clinical trials and their meta-analysis consti-
tutes the basis for the suggestion of nutraceutical use in clinical practice by the main 
international expert consensus [14, 15].

Consequently, the future of nutraceutical research is to follow always more 
strictly the rules of the research applied to conventional drugs and in particular the 
rules of the Good Clinical Practice. The research should also extend from the study 
of short term effects on anthropometric/laboratory parameters to middle-term 
effects on functional/instrumental parameters and, if and when possible, to long- 
term effect on disease prevention. Moreover, the tested products should reflect the 
products available on the market and the subjects enrolled in the trials should repre-
sent the final consumers of the nutraceutical themselves.
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