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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 1II, 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 =
(DALY per 100,00) ¥
T 229-884

885-1,205
M 1,206-1,894
B 1,895-5,736

Data not available

b women ¢, -

Ischemic hear disease
(DALYs per 100,00)
| 61-396
397-715
m 716-944
W 945-2,663 ¥
Data not available

Fig. 1.1 The Global Distribution of Ischemic Heart Disease for both men and women, in DALY,
in 2011. (a)l Men (b) IWomen. Data are age-standardized per 100,000 of the population.
Abbreviation: DALY, 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, Pagel2
http://whglibdoc.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

Fig. 1.2 Log-Linear 37 |
relationship between )
LDL-C and Relative Risk S 9]
for Coronary Artery ki)
Disease. (Reproduced with x 8 22
permission from Grundy T o
et al. Circulation 2004; 0o 17
110: 227-239) g 13-

<

1.0 7
I I I I I

1.8 2.6 3.2 4 4.8
LDL-Cholesterol (mmol/L)
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Fig. 1.3 Predicted 5-year benefits of LDL cholesterol reductions with statin treatment at different
levels of risk. (a) Major vascular events and (b) vascular deaths. Lifetable estimates using major
vascular event risk or vascular death risk in the respective risk categories and overall treatment
effects per 1.0 mmol/L (38 mg/dL) reduction in LDL cholesterol with statin therapy. (Reproduced
from Cholesterol Treatment Trialists, C., et al. (2012). “The effects of lowering LDL cholesterol
with statin therapy in people at low risk of vascular disease: meta-analysis of individual data from

27 randomised trials.” Lancet (London, England) 380(9841): 581-590. This article is open access
and free to read and use)

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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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)

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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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 mmHg or untreated DBP of 80 to 89 mmHg. The American Heart
Association (AHA) notes that: [1] between 2011 and 2014, the prevalence of
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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 mmHg) 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 mmHg and diastolic BP <90 mmHg
[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 DALY, 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

12
10
8
QOdds
6
4
2
>110 °
100-109 >100
90-99 60-69 80799
80-89 50-59 Pulse pressure
) ) 70-79 40-49
Diastolic blood <70

<40

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 o- and f- 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
1 <20%

[ 20-<25%

[ 25-<30%

I 30-<35%

B 35-<40%

B 40 - <45%

Hl >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 CII [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 f-islet secretion of insulin. In the setting of DM there is increasing
loss of B-islet cell mass over time, leading to progressive rises in glucose.

B. Increased a-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 (SGLT?2) 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.
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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)

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
alc values increase, risk for CV events, all-cause mortality, and CVD mortality all
increase continuously [114, 115] (Fig. 1.8). Controlling hemoglobin alc 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 kB, [122] Kriippel-like factors, [123], and activator
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C., et al. Diabetologia 2012; 55 [9]: 2348-2355)

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-1f 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 m?), 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, M1, 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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Fig. 1.10 Relationships between cardiac events and mortality from cardiovascular disease (CVD)
by stage of chronic kidney disease (CKD). A and B, The adjusted relative rate of all-cause mortal-
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ACR 30-300 mg/g; or heavy, ACR >300 mg/g). C and D, Adjusted mortality resulting from CVD
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minuria (stage 1, ACR < 30 mg/g). RRT: renal replacement therapy. (Reproduced with permission
from Tonelli et al. Circulation. 2016;133:518-536)

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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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

All human history attests
That happiness for man, — the hungry sinner! -
Since Eve ate apples, much depends on dinner.

Lord George Gordon Byron (1788-1824)

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 @d&ppoakov (/pharmakon/, “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 @&ppokov 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
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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 x 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 Stover’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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Table 3.1 Categories of nutraceuticals

Food supplement A product used to supplement the normal diet and aiming at enhancing
(Dietary supplement) | 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 food* 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, | Preparations derived from plants, algae, fungi or lichens. Examples
phytochemicals)® include hawthorn (Crataegus), garlic (Allium), St. John’s Wort
(Hypericum) or ginseng (Panax ginseng).

Superfoods, A purely marketing term for food (mostly botanicals but some fish and
Ultraceuticals 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.

In some countries included in the food supplement category
"no regulatory status in most countries

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.
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Fig. 3.1 Number of publications referring to nutraceuticals, 1930-2018

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 FoOSHUSs 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 (Agéncia Nacional de Vigilancia
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].



3 Nutraceuticals: Scientific and Legal Definitions around the World 33

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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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

1 Well-designed non experimental descriptive studies, such as comparative studies,
correlation studies, case-control studies

v 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]

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
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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 | Contribution to 2011:9(4):2052
homocysteine normal
metabolism homocysteine
metabolism
Art.13(1) | Choline Contributes to normal | Contribution to 2011;9(4):2056
homocysteine normal
metabolism homocysteine
metabolism
Art.13(1) | Folate Contributes to normal | Homocysteine 2009;7(9):1213
homocysteine metabolism
metabolism
Art.13(1) | Vitamin B6 Contributes to normal | Contribution to 2010;8(10):1759
homocysteine normal
metabolism homocysteine
metabolism
Blood cholesterol levels
Art.13(1) | Alpha-linolenic Contributes to the Maintenance of 2009;7(9):1252
acid (ALA) maintenance of normal | normal blood
blood cholesterol cholesterol
levels concentrations

(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 2009;7(9):1254
maintenance of normal | normal blood
blood cholesterol cholesterol
levels concentrations
Art.13(1) | Chitosan Contributes to the Maintenance of 2011;9(6):2214
maintenance of normal | normal blood
blood cholesterol LDL-cholesterol
levels concentrations
Art.13(1) | Glucomannan Contributes to the Maintenance of 2009;7(9):1258
(konjac mannan) | maintenance of normal | normal blood
blood cholesterol cholesterol
levels concentrations
Art.13(1) | Guar gum Contributes to the Maintenance of 2010;8(2):1464
maintenance of normal | normal blood
blood cholesterol cholesterol
levels concentrations
Art.13(1) | Hydroxypropyl Contributes to the Maintenance of 2010;8(10):1739
methylcellulose maintenance of normal | normal blood
(HPMC) blood cholesterol cholesterol
levels concentrations
Art.13(1) | Linoleic acid Contributes to the Maintenance of 2009;7(9):1276
maintenance of normal | normal blood
blood cholesterol cholesterol
levels concentrations
Art.13(1) | Monascus Contributes to the Maintenance of 2011;9(7):2304
purpureus (red maintenance of normal | normal blood
yeast rice: blood cholesterol LDL-cholesterol
Monacolin K) levels concentrations
Art.13(1) | Pectin Contributes to the Maintenance of 2010:8(10):1747
maintenance of normal | normal blood
blood cholesterol cholesterol
levels concentrations
Art.14(1) | Barley Barley beta-glucans Q-2011-00799
(a) beta-glucans has been shown to
lower/reduce blood
cholesterol. high
cholesterol is a risk
factor in the
development of
coronary heart disease
Art.14(1) | Oat beta-glucan Oat beta-glucan has Q-2008-681
(a) been shown to lower/

reduce blood
cholesterol. high
cholesterol is a risk
factor in the
development of
coronary heart disease




3 Nutraceuticals: Scientific and Legal Definitions around the World

Table 3.3 (continued)
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Claim
type Substance Claim Health relationship | Reference®
Art.14(1) | Plant sterols/plant | Plant sterols and plant Q-2008-118;
(a) stanol esters stanol esters have been Q-2008-779
shown to lower/reduce
blood cholesterol. high
cholesterol is a risk
factor in the
development of
coronary heart disease.
Art.14(1) | Plant sterols: Plant sterols have been Q-2008-085
(a) Sterols extracted shown to lower/reduce
from plants, free or | blood cholesterol. high
esterified with food | cholesterol is a risk
grade fatty acids. | factor in the
development of
coronary heart disease.
Art.13(1) | Foods with alow | Reducing consumption | Maintenance of 2011;9(4):2062
or reduced content | of saturated fat normal blood
of saturated fatty | contributes to the LDL-cholesterol
acids maintenance of normal | concentrations
blood cholesterol levels
Art.13(1) | Oleic acid Replacing saturated Maintenance of 2011:;9(4):2043
fats in the diet with normal blood
unsaturated fats LDL-cholesterol
contributes to the concentrations
maintenance of normal
blood cholesterol
levels. Oleic acid is an
unsaturated fat.
Art.13(1) | Monounsaturated | Replacing saturated Replacement of 2011;9(4):2069
and/or fats with unsaturated mixtures of
polyunsaturated fats in the diet saturated fatty acids
fatty acids contributes to the (SFAs) as present in
maintenance of normal | foods or diets with
blood cholesterol mixtures of
levels [MUFA and polyunsaturated
PUFA are unsaturated | fatty acids (PUFAs)
fats] and maintenance of
normal blood
LDL-cholesterol
concentrations
Art.14(1) | Monounsaturated | Replacing saturated Q-2009-00458
(a) and/or fats with unsaturated
polyunsaturated fats in the diet has been

fatty acids

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

(continued)
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Table 3.3 (continued)
Claim
type Substance Claim Health relationship | Reference®
Blood pressure control
Art.13(1) | Foods with alow | Reducing consumption | Maintenance of 2011;9(6):2237
or reduced content | of sodium contributes | normal blood
of sodium to the maintenance of | pressure
normal blood pressure
Art.13(1) | Docosahexaenoic | Contributes to the Maintenance of 2009; 7(9); 1263
acid and maintenance of normal | normal blood
eicosapentaenoic | blood pressure pressure
acid (DHA/EPA)
Art.13(1) | Potassium Contributes to the Blood pressure 2010;8(2):1469
maintenance of normal
blood pressure
Others
Art.13(1) | Walnuts Contributes to the Improvement of 2011;9(4):2074
improvement of the endothelium-
elasticity of blood dependent
vessels vasodilation
Art.13(1) | Thiamine Contributes to the Cardiac function 2009;7(9):1222
normal function of the
heart

* EFSA Journal citation

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
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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 Garcia 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:

e No Smoking

e BMI <25 kg/m?

* Frequent physical activity

e Moderate alcohol consumption
e 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/m?. 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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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

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,
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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 PREvencién con
Dleta MEDiterranea (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
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health. In the study by Alvarez-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 Martinez-
Gonzdlez [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
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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

e 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.

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

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

e 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

e 6 or less serving/day of meats, poultry, fish and eggs
e 5 or less serving/week of sweets

e 4-5 serving/day of vegetables

e 4-5 serving/day of fruits

e 4-5 serving/week of dry fruits

e 2-3 serving/day of low-fat dairy products

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

Control diet

Fruits and vegetables
diet

Combination diet

Nutrient | Menu Nutrient | Menu Nutrient | Menu
target analysis | target analysis | target 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 |48 50.5 48 49.2 55 56.5

total kcal)

Protein (% of total 15 13.8 15 15.1 18 17.9

kcal)

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 33 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 0.0 0.6 0.7

legumes

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 5.8 53 2.5

dressing

Snacks and sweets 4.1 1.4 0.7

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
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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

e 1°) Spinach salad. Ingredients: Spinach, chickpeas, natural and raw almonds
onion, tomato, extra virgin olive oil, lemon, pepper and salt.

e 2°) Chicken and veggie brochette. Ingredients: Chicken breast, green and red
pepper, sweet onion, mushrooms, cherry tomatoes.

e 3°) Yogurt. Ingredients: Yogurt with strawberry jam.

e 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.

e 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/m? 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 HbA 1c. 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.

e 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:

e Varied and balanced diet

* Minimum quantities of food

* Physical activity, including meditation
* High quality of social life

e 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.

e 2°) Salmon with eggs. Ingredients: Fresh salmon, eggs, mix of vegetables, rape-
seed oil and salt.

e 3°) Fruit. Ingredients: Seasonal fruit.

e 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 m%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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Chapter 5 )
Nutraceuticals and Cardiovascular Disease <

Roberta Chianetta, Alexandros Sachinidis, Dragana Nikolic,
Luca Marco Luzzu, Anca Pantea Stoian, Peter P. Toth, and Manfredi Rizzo

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 [S]. 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) Al 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 4+/— 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 t0 49.6 +/— 0.2%, p < 0.0001, while small, dense LDL-3, -4, and
5 particles decreased from 14.5 +/— 0.1 t0 9.0 +/— 0.1% p < 0.0001; 3.2 +/— 0.1 to
1.5 4+/— 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 TU
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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Turmeric 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 throughits 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 £ 13.5to 79.4 £ 12.5 kg, p < 0.0001),
BMI (from 29.6 (23.7) to 29.3 (21.9) kg/m?, 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/m?, 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% CIL: —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), HbAlc (-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%)
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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 A: —2.59 + 1.91 vs. placebo, A: —1.72 + 1.60) and
DBP (aged garlic extract A: —1.07 = 1.32 vs. placebo, A: =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
(CORDIOPREYV; 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.
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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 0Oil, 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
ACETI 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].

-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 Q-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 Q-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].

Q-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 areduced 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 ATIR 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-a, 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
sulthydryl 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
f cell function [21, 22]. It has been also implied that it stimulates the secretion of
insulin from f cells by depolarisation of  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 f-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
B-glycosides, known as ginsenosides or panaxosides: >150 types of ginsenosides



7 Nutraceuticals for Insulin Resistance and Type 2 Diabetes Mellitus 111

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
(PPARSs) 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 f 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 f3-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 GLUT?2 [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/m?). For adults, WHO
defines overweight as BMI >25 kg/m? and obesity as a BMI >30 kg/m?. Furthermore,
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obesity is sub-classified into 3 subgroups — class I: BMI between 30-34.9 kg/m?
(associated with moderate risk); class II: BMI between 35-39.9 kg/m? (associated
with high risk) and class III: BMI >40 kg/m? (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/m?or BMI >35 kg/
m? 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
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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, f-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, p-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.

P-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, f-glucan [28].
f-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 f-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 p-glucan for weight loss.
Most of the studies concluded that f-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 P-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 B-glucans, weight
loss was also assessed. After an administration of 3-9 g/day of pB-glucan for up to
12 weeks, no effect was shown in body weight reduction [33-35]. In conclusion,
B-glucan supplementation might not be a good option for treating overweight or
obesity, although a recent meta-analysis shows that cereal f-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/m?, 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 —0.89kg;
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/m? 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

Glucomannis asoluble 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 (1G), 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 B-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 p-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: —1.33kg; 95% CI: —-2.09 to —0.57) and showed a
decrease in BMI (MD: —0.47kgm™2; 95% CIL: —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/m? (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/m? (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, I = 91.2%); 0.23 (95%CI:
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0.09, 0.36; Q = 71.0, I> = 93.0%) and 0.36 (95% CI: 0.24, 0.48; Q = 167.36,
I? = 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 -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/m? p = 0.34), and insulin sensitivity, the lipid
profile, and inflammatory status all improved [87].

Chromium

Chromium (IIT) 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 pg/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
BMLI, 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; I
48.0%, p = 0.01), BMI (WMD -0.23 kg/m?, 95% CI: —0.39, — 0.06; I*: 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; 1%
57.0%, p = 0.01), with longer duration (more than 12 weeks) (WMD —1.29 kg,
95% CI. —=2.29, —0.29; I>: 70.3%, p = 0.003) and dosage more than 3.4 g/day
(WMD —-0.77 kg, 95% CI: —1.28, —0.25; I*: 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.
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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 a-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
areduction 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 x 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
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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
etal. [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/m?, 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/m?; 95% CI: —1 to
—0.1 kg/m?) 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™ [METABOY])
as an adjunct to an 8-week weight loss program, in arandomized, 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



146 A. Sonmez et al.

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 AsiaPacific 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



9 Nutraceuticals for Non-alcoholic Fatty Liver Disease 147

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- o)
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



9 Nutraceuticals for Non-alcoholic Fatty Liver Disease 151

[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-a, IL-6,
IL-1B, 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

Coftfee 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-f 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].
EGDb761 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 E,, tumor
necrosis factor o (TNF), interleukins (IL)-6, and -1f [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. Miiller 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
CALl 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, ABP,_-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



10  Nutraceuticals Supporting Cognitive Function in Mild Cognitive Impairment 171

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 ABP,_4, [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)-kB acti-
vation, eventually reducing production of TNF and NO [112]. Resveratrol was also
shown to inhibit IL-1f 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 a-secretase pathway [156]. Tea also con-
tains other phenolic compounds such as gallic, caffeic, and chlorogenic acids, quer-
cetin, proanthocyanidols, caffeine, theophylline, I-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 a-synuclein
and ABP,_y, peptides [170, 171]. Molecular mechanisms of this effect include acti-
vation of the glycogen synthase kinase-3f3 (GSK-3f) 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 TNFa, IL-1p, 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, DIVS,
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-xB 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 TgCRNDS 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
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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-1$ 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, Rgl, Rg?2,
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 Rgl 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 H,0,-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 INK 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

Guarana (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 — %4 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-xB 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 (lobata, 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-3p, 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 3-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-xB 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 Catechins (epicatechin, epigallocatechin, Antioxidant, anti-inflammatory,
sinensis epigallocatechin and epicatechin gallate), | anti-amyloid, metal-chelating,
other phenolic compounds (gallic, caffeic, | modulation of cell signaling and
and chlorogenic acids, quercetin, cell survival pathways, inhibition
proanthocyanidols, caffeine, theophylline, | of AChE and butyrylcholinesterase
I-theanine), minerals (fluorine, manganese,
chromium), caffeine
Theobroma Flavanols, methylxanthines (caffeine, Anti-inflammatory, anti-amyloid
cacao theobromine, theophylline)
Bacopa Steroidal saponines (bacoside A and B), Antioxidant, anti-inflammatory,
monnieri alkaloids (brahmin, herpestine, monierin, anti-amyloid, metal-chelating,
hersaponin) cholinergic, pro-circulatory,
adaptogenic
Crocus sativus | Crocin, crocetin, picrocrocin, safranal, Antioxidant, inhibition of
flavonoids, anthocyanins, vitamins acetylcholinesterase

(riboflavin, thiamine)

(continued)
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Table 10.1 (continued)

L. Strilchuk

Plant Known active substances Procognitive effects

Panax ginseng | Triterpene saponins (ginsenosides), Antioxidant, anti-inflammatory,
polysaccharides, peptidoglycans, anti-amyloid, anti-apoptotic,
polyacetylenes, sesquiterpenes, nitrogen- | cholinergic, pro-circulatory
containing and phenolic compounds

Curcuma Curcumin, demethoxycurcumin, Antioxidant, anti-inflammatory,

longa bisdemethoxycurcumin amyloid-disaggregating,

acetylcholinesterase inhibition
Paullinia Caffeine, flavonoids, saponins, tannins Adenosine-blocking, enhancement
cupana of long-term potentiation in

hippocampal neurons, cholinergic

Glycine max | Soy isoflavones (genistein)

Antioxidant, anti-amyloid,

cholinergic
Pueraria Puerarin Antioxidant, anti-apoptotic,
lobata anti-amyloid
Pinus Polyphenols Antioxidant, anti-inflammatory,
maritima anti-amyloid, anti-apoptotic

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

Learning

Main
cognitive

domains

Vitis vinifera
Theobroma cacao
Glycine max

Ginkgo biloba
Vitis vinifera

Camellia sinensis
Theobroma cacao
Bacopa monnieri

Panax ginseng
Curcuma longa
Pueraria lobata

Attention

Ginkgo biloba
Vitis vinifera
Camellia sinensis
Curcuma longa
Paullinia cupana

Ginkgo biloba
Paullinia cupana

Fig. 10.1 Influence of various nutraceuticals on main cognitive domains

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.
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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-

1 self-perceived
quality of life

1 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

1 self- perceived
quality of life

1 vascular function
(FMD, PWV), LKBI,
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

1 self-perceived
quality of life,
improvement in
NYHA class

1 EF (if >30%), 1
LVEEF, 1 CO and CI, 1
SV, 1 EDV, 1 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), 1 insulin
sensitivity

| MACE, total
mortality and
incidence of hospital
stays for HF

D-ribose

5 g/day

1 self-perceived
quality of life
and physical
activity
performance

1 vascular stiffness,
ATP bioavailability,
diastolic function,
ventilatory efficiency

Not investigated
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Effects on lab or

Active daily Effects on instrumental Effects on hard
Nutraceutical | doses symptoms parameters outcomes
Hawthorn 160-1800 mg | 1 self-perceived |1 EF, 1 LVEF, 1 | sudden death
quality of life, Exercise capacity, (patients with less
symptom maximal workload compromised LV
burden, ability and exercise tolerance, | function)
to enjoy and 1 maximal workload,
relax, positive 1 endothelium
and negative stiffness, | lipid
mood, peroxidation,
socialness, and | pressure-heart rate
allegiance product
Iron 30-150 mg/ | asthenia (?) Tserum iron and No data available
day (?7) transferrin

L-carnitine

1500-6000 mg

| angina
symptoms (?)

1 LVEF, 1 CO and CI,
1SV, 1 EDV, | NP,
NT-proBNP, LVESD,
LVEDD and LVESYV,
1 hs-CRP, | Lp(a), |
body weight

| ventricular
arrhythmias and
total mortality ?
(conflicting data)

L-carnosine | 500 mg 1 self-perceived | 1 peak VO2, VO2 at | mortality ? (few
(L-carnosine) | quality of life anaerobic threshold data available)
3-6¢g and physical and peak exercise
(magnesium | activity workload
orotate) performance

Magnesium | 200—400 mg Low serum | LVEF, DBP, SBP, 1 | Low serum

magnesium glucose homeostasis | magnesium appear
seems to be and insulin action to be associated to
associated to the increase risk of
poor QoL all cause of
mortality, CVD, HF,
atrial fibrillation and
number of
hospitalization
Omega-3 14¢ Not investigated | | TG, hsCRP, | cardiovascular
TNF-alpha, BNP, mortality
Adhesion molecules, 1 | (epidemiological
LVEF and LAEF, | data), cardiac death
Blood pressure, 1 and sudden death
FMD, | PWV post myocardial
infarction

Vitamin B1 | 25-300 mg/ Improvement of | 1 LVEF Not investigated

day fatigue and
asthenia
Vitamin C 12¢g Not investigated | | hsCRP, | lipid Unavailable data

peroxidation, T FMD,
| PWV

(continued)
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Table 11.1 (continued)

Effects on lab or

Active daily Effects on instrumental Effects on hard
Nutraceutical | doses symptoms parameters outcomes
Vitamin D 1000-100000 | Improvement of | Improvement of serum | No clear data
Ul quality of life 25-(OH)-D, LVEF, available
(6MWT) LVEDD, LVESD,
myocardial

performance index,
interleukin-10 and
reduction of

TNF-alpha

Vitamin E 160-1800 mg | Not investigated | | ApoB, | LDL-C, 1 1 risk of HF, | risk
HDL-C of myocardial
1t FMD, | PWV infarction

AMPK AMP-activated Protein Kinase, ApoB Apolipoprotein B, ATP Adenosine Triphosphate, C/
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, ~sCRP 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, 7G Triglycerides,
TNF-alpha Tumor Necrosis Factor-alpha, VO2 max Maximal Oxygen Consumption, 6MWT six-
minute walking test

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,
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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 PGCla 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 CoQI10 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; 12 =0%) and improves exercise capacity (SMD =0.62; 95%CI: 0.02-0.30;
p =0.04; 12 = 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; 12 = 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-1I-ITI-1V), 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-a), 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-IIT) 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 B-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-a 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 p-alanyl-L-histidine, is a dipeptide produced from
f-alanine, through carnosine synthase (in the liver) and stored especially in the skel-
etal muscle and in the heart [123]. The oral administration of B-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
[-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
[-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 f-alanine, better tolerated than
B-alanine itself because the evolution of P-alanine proceeds gradually [133].
Magnesium orotate is in generally safe and well tolerated. However, the intake of
[-alanine active doses at one time can give “pins and needles” paraesthesia that can
last one hour, during the peak of plasma f-alanine [134]. Timed-release p-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%ClI: 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 I 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
LVEEF, 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
TMADO levels: 5.0 pM) compared to healthy subjects (mean TMAO levels: 3.5 pM,
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 (HbAlc)) [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
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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



226 A. E.G. Cicero and A. Colletti

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: o-, -, g-, and d-tocopherol and
a-, B-, g-, and d-tocotrienol even if the most studied is a-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-a, PPAR-B, 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%C10.70-0.96; 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
a—tocopherol may become a pro-oxidant in a pre-existing environment with
increased oxidative stress, suppress other fat-soluble antioxidants such as
y-tocopherol (more powerful antioxidant than a-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

- | plasmatic levels of TMAO 1 ) - T ATP synthesis

- | Intestina loedema, - T ATP synthesis _ - Stabilizer of calcium
inflammatory metabolites, Probiotics — dependent channels
cardiac and vascular EvT— - Antioxidant
remodelling

- Antinflammatory

- - Inotropiceffect
- Coronaryvasodilator

- Regulation of RAAS system} Vitamin D

- Antioxidant
- Antinflammatory Cocoa and
- T Arterialstiffnees dark - Stabilizer of
- Antioxidant chocolate mitochondrial
. AL membrane
- Cofactop‘or ATP 5 \ 'J',: A - - Antinflammatory
metabolism L B e 1) o - T Arterialstiffness
- Coenzyme in the pentose Vitamin B1 \% < A
phosphate pathway Wi PE Y k‘ - Antioxidant
i A !'r\ _d s - Chelator of iron and
-T NO production } Beetroot W ey L-carnosine copper
e - Sensitizing action on
- Antinflammatory Magnesium calcium channels
- T Arterial stiffness
- Antioxidant - - Antioxidant
) - Hemodynamics and e lihe - Cofactor of B-oxidation
- Antinflammatory electrophysiologic - T Endothelialfunction
- Antioxidant - functioningc

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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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 1U/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 pg/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].



248 F. Fogacci and S. Fogacci

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 pU/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 pB-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].
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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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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

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
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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 a-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.
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Auvailable 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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Table 14.1 Issues that should be Identification of new bioactive compounds
considered by the future

nutraceutical research

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)

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
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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 test!! 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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Table 14.3 Possible study outcomes in nutraceuticals clinical research

Outcomes | Instrument Advantages Difficulties
Soft Anthropometric Non-invasive, non None
measures expensive
First level Non-invasive, non High pre-test variability
haemodynamic expensive
evaluation
Vascular aging Non-invasive, not Usually middle-term, Need for
evaluation excessively expertise
expensive
Validated Non-invasive, Often time-consuming
questionnaires non-expensive
Standardized Mildly invasive Very variable costs
laboratory parameters
Hard Disease prevention Health claim support | Long/Very long term, Very high
costs (mainly related to the high
sample size required)

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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