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Foreword

I’ve always been a little afraid of cardiology as a medical specialty. It always
seemed to me a too delicate and, at the same time, “explosive” subject to be
addressed by complementary medicine. Therefore, it is something to be
handled with care, otherwise risking the health of a vital organ, and that of
the patient.

It is a “dangerous” topic in which the general practitioner does not
intervene if not carrying out the wishes of the specialist, as the complemen-
tary medicine practitioner does most of the time, often renouncing from the
start to provide possible indications for natural substances useful in improv-
ing the clinical situation of patients with heart problems.

We often intervene in circulatory disorders and, in particular, in changes
in blood pressure so frequently now, even when people are in their prime, but
when it comes to real heart problems we proceed with caution, often fear-
fully, avoiding interference with conventional therapies prescribed to the
patient as much as possible.

Yet, the heart is not only the vital organ par excellence, but it is also
central to the holistic vision, which is the basis for the practice of comple-
mentary medicine.

On this issue, I allow myself to digress briefly before commenting. It is
precisely the vital organs, with their function and physiology, that express
more clearly the correspondence between the inner man, or the psychic and
spiritual sphere of the person, and the outer man, the physical body with its
organs and systems. Some organs and functions are related to the emotional
side of the person, such as the heart and liver, and, on the other hand, some
organs are connected to personal aspects, such as the digestive system (the
stomach and intestines) and kidneys. The stomach, in fact, receives food and
the intestine assimilates it, absorbing what is good for the body and rejecting
what is dangerous or toxic, just as the intellect introjects what it considers
true and eliminates the false.

The heart and circulatory system carry oxygen and nourishment to the
tissues and they do not choose or select anything, holding for themselves only
the minimum necessary for subsistence, distributing to the tissues as required
according to their needs. What the heart receives from the pulmonary circu-
lation is then donated. For this reason, we speak of a “person of heart” and the
reference is a mother’s love, unconditional love. For this correspondence,
emotions such as love, hate, fear, or courage are felt in the heart and
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therefore, the health of this organ; its integrity becomes essential for the
continuation of life.

To take care of the heart, and all vital organs, is to take care of the whole
person and coincides with the preservation of life. This concept emerges
strongly when reading this book as a whole and in many of its parts.

Another important aspect of this book consists of the quality and the great
expertise of each of the authors, starting with the curator Massimo Fioranelli.
In this case, the reader can not only enjoy the fruits of experience gained in
the field over decades of clinical activity, but also receive the teaching of true
masters, each in their own discipline. The editorial proposal is therefore more
of a real professional training manual than a book about unconventional
therapies in cardiology.

We live in an age where information in all fields, but especially on health
issues, come from a thousand different sources, primarily via social
networks. None or very few of these are scientifically verified or evaluated
based on the experience of competent professionals.

How then to judge the appropriateness of the treatment choices proposed?
How to decide which path to take in the plethora of news that is often based
on a desire for intellectual provocation or a need for glamour rather than on
evidence for effectiveness?

Another aspect is the content of this text, which is based on three funda-
mental elements: the authority and expertise of the authors, the completeness
of the information, and an updated bibliography.

We have already mentioned the authority of the masters, but equally
important in the evaluation of text quality is the completeness of the
information provided. These not only concern the range of possible
interventions with the different complementary therapies—acupuncture, home-
opathy, homotoxicology, herbal medicine, medicinal mushrooms, in addition
to nutrition and meditation—but also the complex relationships between the
cardiovascular system and the endocrine system, or the microbiota, interpreting
the function of this system in the context of psycho-neuro-endocrine immunol-
ogy (PNEI).

Moreover, it is not only a theoretical text. The clear aim is to train doctors
and provide useful tools for their therapeutic intervention in extremely
complex pathological situations such as cardiovascular disease. Thus, valu-
able indications for the prevention and treatment of dyslipidemia, hyperten-
sion, but also of arrhythmias, coronary heart disease, heart failure and even
the cardiac protection that is so important in cancer disease and its treatment,
particularly in chemotherapy.

Obviously, this text is not opposed to conventional therapy but represents
its natural complement. This does not mean, however, that, for some
situations and settings, it may not be the first choice of treatment for the
cardiologist.
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How many are, in fact, the situations of suffering for which conventional
medicine does not provide satisfactory answers, because it is ineffective in
that specific case, or because it is poorly tolerated owing to the adverse
effects produced by standard drugs?

As this book demonstrates, and especially from now on, the lack of
integration of complementary therapies in cardiology in appropriate
situations and settings can only be explained by the lack of knowledge and
the resistance to change of most conservative conventional medicine
practitioners.

In the future, this resistance will certainly be overcome, but it is very
important that the future begins now, immediately. Not as a matter of
principle, but namely the affirmation of the freedom of therapeutic choice,
but for the patient’s benefit.

Finally, I would like to sincerely acknowledge all the authors who
participated in this project, which is important for our world and marks a
point of no return for the development of a higher level of integration of
complementary medicine into mainstream medicine.

Elio G. Rossi

Responsabile Ambulatorio di omeopatia
ASL Toscana Nordovest Lucca

Centro di riferimento regionale

toscano per 1’omeopatia

Lucca, Italy



Foreword

A book can synthesize a shared knowledge or open a new territory in a
scientific field.

The book Integrative Cardiology by Massimo Fioranelli encompasses
both aspects.

Integrative medicine is a combination of conventional medicine and tradi-
tional healing modalities, not commonly taught in Western medical schools.
Nutrition, low-dose therapy, herbal medicine, metabolic cardiology,
acupuncture, psycho-neuro-endocrine immunology (PNEI), immunomo-
dulation through the intervention on microbioma, and attention to mind—
body influences cover many aspects of integrative cardiology.

Many medical conditions, such as hypertension, coronary artery disease,
congestive heart failure, arrhythmias, and cardiac surgery can benefit from
this natural approach.

This book translates this holistic strategy into the treatment of cardiovas-
cular diseases.

The main merit of the Editor is to have collected the experience of
eminent scholars in the field of integrative medicine and to highlight a new
pathway in the treatment of cardiovascular diseases. This book is something
very new in the publishing field that will be helpful to practitioners seeking to
translate various bodies of knowledge into the clinical field.

Along with traditional therapy, in accordance with the current guidelines,
I believe that there is space in the clinical field to integrate conventional
medical treatment with nonconventional therapies.

My best wishes to Massimo Fioranelli for this new achievement in a field
of medicine that deserves larger diffusion into the scientific community.

Serafino Ricci

Faculty of Medicine and Surgery
University La Sapienza University
Rome, Italy
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Herbal Medicine in Cardiology

Ivo Bianchi

All over the world, herbs are currently used in
the treatment of cardiovascular disease. Ample
evidence shows that heart diseases can be
prevented or even reversed with traditional
medicine using ethnobotanical remedies. Diet
and lifestyle are a fundamental part of a strat-
egy that is effective in the fight again athero-
sclerosis, the underlying cause of most cases of
heart disease. There are few but very effective
and well-studied herbs and herbal derivatives
useful for pathological heart conditions; we
describe the most important, some of which
have been or are currently used in conventional
medical practice [1-4]:

. Allium sativum (garlic)

. Arnica montana

. Astragalus membranaceus

. Camelia sinensis (green tea)

. Commiphora mukul (guggul)

. Convallaria majalis

. Crataegus oxyacantha (hawthorn)

. Cytisus scoparius

. Digitalis purpurea

. Gelsemium sempervirens (Carolina yellow
jasmine)

. Ginkgo biloba
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12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

Hibiscus sabdariffa (roselle)
Leonurus cardiaca (motherwort)
Nattokinase (fermented soybeans)
Plectranthus barbatus (forskolin)
Rauvolfia serpentina

Ruscus aculeatus (butcher’s broom)
Salvia miltiorrhiza (danshen)
Scilla maritima

Strophanthus kombe

Terminalia arjuna

Viscum album

1.1

Primary Cardiological Herbs

1. Arnica montana

2. Convallaria majalis

3. Crataegus oxyacantha (hawthorn)
4. Cytisus scoparius

5. Digitalis purpurea

6. Scilla maritima

7. Strophanthus kombe

8. Terminalia arjuna

1.2

Metabolic Herbs

1. Allium sativum (garlic)
2. Astragalus
3. Camelia sinensis (green tea)

M. Fioranelli (ed.), Integrative Cardiology, DOI 10.1007/978-3-319-40010-5_1
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4. Commiphora mukul (guggul)
5. Nattokinase (fermented soybeans)

1.3 Nervous Sedation
and Neurovegetative Herbs
1. Crataegus oxyacantha (hawthorn)

N

. Gelsemium sempervirens (Carolina yellow
jasmine)

. Leonurus cardiaca (motherwort)

. Plectranthus barbatus (forskolin)

. Rauvolfia serpentina

. Salvia miltiorrhiza (danshen)

AN bW

14  Allium sativum (Garlic)

Garlic is a perennial odiferous bulb containing
1020 cloves, is native to the northern hemi-
sphere, and belongs to the Liliaceae family. Its
virtues were described in inscriptions on the
Great Pyramid of Cheops. The pharmaco-
logically active compound is allicin, which also
gives crushed garlic its characteristic pungent
odor (Fig. 1.1).

Allium  sativum exerts antiaggregatory
effects by inhibiting the adenosine diphosphate
pathway; its mechanisms of action are compa-
rable with those of conventional drugs [5].
Treatment with garlic tablets standardized to
deliver 0.6% allicin, the active ingredient of
garlic, produced a significantly greater reduc-
tion in total cholesterol and low-density lipo-
protein (LDL) cholesterol and a moderate
increase in high-density lipoprotein (HDL) cho-
lesterol compared with placebo, whereas it has
no significant effect on serum triglyceride
levels.

Garlic supplements have shown promise in
the treatment of uncontrolled hypertension,

Fig. 1.1 Allium sativum

lowering blood pressure (BP) by about
10 mmHg systolic and 8 mmHg diastolic, simi-
lar to standard BP medication. Modern garlic
extract, which contains S-allylcysteine as the
bioactive sulfur compound, is particularly
standardizable and highly tolerable, with little
or no known harmful interaction when taken
with other BP-reducing or blood-thinning
medications. Garlic-derived polysulfides stimu-
late the production of the vascular hydrogen
sulfide (H,S) and enhance the regulation of
endothelial nitric oxide (NO), which induces
smooth muscle cell relaxation, vasodilation,
and BP reduction. Normally, several dietary
and genetic factors influence the efficiency of
the H,S and NO signaling pathways and may
contribute to the development of hypertension.
Sulfur deficiency may play a part in the etiology
of hypertension and could be alleviated with
supplementation of organosulfur compounds
derived from garlic. The available data suggest
that garlic might be of value in either the pre-
vention or treatment of atherosclerotic diseases
[6-12].
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Hypertensive

ATHEROSCLEROTIC

Arnica montana

1.5

Arnica is a perennial herb native to the mountain-
ous regions of Europe and southern Russia and
belong to the Asteraceae family. Arnica flowers
contain helenanolide-type sesquiterpene lactones,
flavonoids (isoquercetin, astragalin, etc.), volatile
oils, and coumarins. Goethe recommended it for
coronary heart disease and acute treatment of
angina pectoris. Although Arnica can improve
coronary circulation in much the same manner
as Crataegus, it has a more rapid onset of action.
Therefore, Arnica is preferred for acute and
Crataegus for long-term treatment of coronary
heart disease [7-9, 13, 14] (Fig. 1.2).

1.6  Astragalus membranaceus

Astragalus is a small shrub native to temperate
regions of the northern hemisphere and belongs
to the Fabaceae family. Use of Astragalus roots
is very old and well known in traditional Chinese
medicine, employed principally as a tonic and for
the treatment of diabetes and kidney diseases.
Astragalus root contains a series of cycloartane
triterpene glycosides named astragalosides I to
VII. Several saponins based on the oleanane
skeleton have also been reported. Astragalus

Vasodilation

Fig. 1.2 Arnica montana

saponins demonstrated a positive inotropic
action, improving walking distance and quality
of life in patients with chronic heart failure. Oral
administration of extracts of the root countered
the rise in blood pressure and plasma renin activ-
ity in a hypertensive model. Astragaloside IV
improved homocysteine-induced endothelial
dysfunction in rat aortic rings via antioxidant
activity and exhibited vasodilatory effects. Oral
administration of Astragalus has an inhibitory
effect on left ventricular hypertrophy induced
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Coronary
Heart Disease

Crataegus

Fig. 1.3 Astragalus membranaceus

by pressure overload in rats. After acute
myocardial infarction, there is an anti-free radi-
cal effect and amelioration of left ventricular
function. Astragalus increases the survival rate
and improves some abnormal electrophysiologi-
cal parameters in acute viral myocarditis. Rou-
tine therapy combined with oral administration
of Astragalus in these patients significantly
enhanced immune parameters compared with
patients receiving routine therapy alone. Heart
mitochondria are also protected by toxic insult
experimentally produced with daunorubicin [13,
15-18] (Fig. 1.3).

1.7  Berberine

Berberine is a quaternary ammonium salt derived
from protoberberine, and belongs to the
isoquinoline alkaloid family. This molecule is

Chronic

Left Ventricular
Hypertrophy

Viral
Myocarditis

Heart's
Mitochondrial
protection

Inotropic action

anti
Homocysteine

found in the roots, rhizomes, stems, and bark of
plants such as Berberis aquifolium and vulgaris,
Hydrastis canadensis, Xanthorhiza
simplicissima, Tinospora  cordifolia, and
Eschscholzia californica. A detailed review
concluded that berberine possesses a range of
cardiovascular properties, including positive
inotropic, negative chronotropic, anti-
arrhythmic, and vasodilatory activities. In
experiments, berberine prevented the develop-
ment of pressure overload induced by left ven-
tricular hypertrophy in vivo after aortic
banding. Oral administration of 10 mg/kg
decreased left ventricular, diastolic pressure,
and plasma levels of adrenaline and noradren-
aline. In a rat model of hypertension, 5-10 mg/kg
of berberine improved cardiac contractility and
inhibited left ventricular remodeling and global
myocardial fibrosis. Such effects might be
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partially associated with increased nitric oxide
and cAMP in left ventricular tissue. Berberine
inhibits platelet aggregation and adhesiveness
and levels of thromboxane B2, and these could
be the important factors behind the anti-ische-
mic activity of berberine.

Recent research focused on the cholesterol-low-
ering activity of berberine mediated by the
upregulation of hepatic LDL receptor expression
and inhibition of cholesterol and triglyceride syn-
thesis. Oral administration of berberine to
hyperlipidemic hamsters for 10 days resulted in
26 and 42% decreases in total cholesterol and
LDL cholesterol respectively. Human studies
seem to demonstrate that berberine might benefit
the integrity and function of vascular endothelial
cells by improving protective mechanisms: increas-
ing the production of NO and enhancing resistance
to hyperglycemia-induced injury [7, 8, 19].

anti
Atherosclerotic

1.8  Camelia sinensis (Green Tea)

Green tea is produced from leaves of Camellia
sinensis, an evergreen shrub native to Eastern
Asia from Teaceae family. Green tea is the
dried leaf component, whereas black tea is pro-
duced by a complex wilting and fermentation
process. Tea leaves contain varying amounts of
polyphenols (most of which are catechins) in
addition to smaller quantities of caffeine,
theanine, theobromine, theophylline, and pheno-
lic acids. Evidence from clinical trials suggests
that green tea might play a role in metabolic
syndrome because it may have an impact on
body weight, glucose homeostasis, and other car-
diovascular risk factors. Green tea helps to
reduce the oxidation of low-density lipoproteins,
improving cholesterol profiles, reducing
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Fig. 1.4 Camelia sinensis

sativum

sinensis

Aggregation Effect

- Salvia milt

platelet aggregation, and finally antagonizing
atherosclerosis [7, 8, 19-22] (Fig. 1.4).

1.9  Commiphora mukul (Guggul)

Guggul is a small shrub that is widely distributed
in India and adjacent dry regions from the
Burseraceae family. The gum has been used in

Indian medicine for centuries as a cardiac tonic,
and as a weight-reducing and anti-inflammatory
agent.

The dry gum resin obtained from the bark of
the tree downregulates the expression of all
inflammatory mediators. Research shows that
the resin of the guggul tree contains ketonic
steroid compounds called guggulsterones and
these have the ability to reduce the cholesterol-
containing plaque. Guggul also helps to increase
the metabolic rate of the body and thus is useful
for weight loss.

Guggul, in animal experiments, was as effec-
tive as phenylbutazone and ibuprofen in acute
and chronic inflammation. A study in 200 patients
with ischemic heart disease demonstrated an
improvement on electrocardiography and a
decrease in episodes of dyspnea and chest pain.
Guggul increases fibrinolytic activity and
decreases platelet adhesiveness, but the most
interesting activity is the improvement of hypo-
thyroid conditions and an increase in triiodothy-
ronine levels. In most studies, the use of guggul
leads to a reduction in total cholesterol and
HDL. Globally, guggul is considered an impor-
tant natural remedy for preventing coronary heart
disease [23, 24].

1.10 Convallaria majalis (Lily
of the Valley)

Lily of the valley is an herbaceous perennial
plant native to the forests of Northern Hemi-
sphere of the Asparagaceae family (previously
classified in the Liliaceae family). The aerial
parts contain cardenolides and glycosides
whose potency is not comparable to that of Digi-
talis and is also weaker than that of Scilla. Hence
Convallaria is mainly used in patients with mild
heart failure. The main advantage of
Convallaria is its rapid onset of effects and the
only remote risk of accumulation of glycosides.
Furthermore, the glycosides in Convallaria do
not affect the nerve impulse conduction system
of the heart; thus, there is no risk of arrhythmias.
This plant is therefore very well suited for the
treatment of heart failure associated with
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Weight loss
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HEART
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Tachycardia Crataegus
bradycardia. Crataegus complements hawthorn is an official drug in the
Convallaria in the case of an “aging heart.” We pharmacopoeias of Brazil, China, Czecho-

can classify lily of the valley as a cardiosedative
remedy, well suited to the treatment of func-
tional heart disorders [25].

1.11 Crataegus oxyacantha

(Hawthorn)

Hawthorn is a spiny tree native to temperate
regions in the Northern Hemisphere belonging
to Rosaceae family. The use of this herb for
the treatment of heart problems dates back to
1800, but the ancients probably knew already
the virtues of this plant that they not casually
named Crataegus: in the Greek language
kratos means strength and this suggests that
this plant might give the body energy through
the enhancement of heart activity. Today,

slovakia, France, Germany, Hungary, Russia,
and Switzerland. As a measure of its incredible
popularity, it is an ingredient in 213 commercial
European herbal formulas, mostly for cardio-
vascular system.

For many years, it has been suggested that
hawthorn could be used as an alternative therapy
for various cardiovascular diseases, such as
angina, hypertension, hyperlipidemia,
arrhythmia, and initial congestive heart fail-
ure. Besides the antioxidant, positive inotro-
pic, anti-inflammatory, and anticardiac
remodeling effects and other cardiovascular
protective effects of the hawthorn, active
ingredients have been demonstrated in various
in vivo and in vitro experiments.

The clinical efficacy of hawthorn can there-
fore no longer be disputed, but this plant still has
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not found its rightful place in modern cardiology.
Therapy shows effects after 7-8 weeks, but the
pharmacologically measurable effects on the
myocardium and coronary flow volume persist
for several weeks, even after the administration
of Crataegus has been discontinued.

The constituents of hawthorn are:

1. Active dehydrocatechins of the flavan type,
also classified as oligomeric procyanidins,
responsible for the effects on coronary
circulation

2. Monomeric flavonoids (hyperoside, querce-

tin, vitexin rhamnoside), which are important
for myocardial metabolism

. Biogenic amines

. Triterpene acids

Sterols

. Purines

. Catechin tannins

N o v AW

In any case, the research confirms that the
overall effect of the extract as a whole is more
significant than that of its individual constituents.

Many experimental studies in animals have
confirmed that Crataegus increases coronary
blood flow, inhibiting cAMP. Several studies
also documented stimulation of myocardial con-
tractility, through a different mechanism to that
of Digitalis, indirectly improving myocardial
energy metabolism through mitochondrial acti-
vation. This also explains why hawthorn requires
a much longer period than Digitalis to take effect
and why myocardial reactivity must exist so that
the herbal drug can take effect.

It has been verified pharmacologically that
Crataegus regulates heart thythm and standard
extracts of the plant demonstrated positive
chronotropic and dromotropic effects in addition
to negative bathmotropic effects. Crataegus
increases myocardial tolerance to oxygen defi-
ciency. An increase in cardiac volume, a reduc-
tion of peripheral vascular resistance, and an
increase in cardiac performance have also been
documented in various studies on animals.

Summarizing Crataegus:

1. Increases  coronary
circulation

2. Improves myocardial contractility, mostly
stimulating and protecting mitochondria
from lipid peroxidative damage, preventing
left ventricular hypertrophy and most func-
tional and structural problems of the heart.

3. Exerts an eurythmic effect on certain types
of electrical heart instabilities. Crataegus
extract prolongs action potential duration
and delays recovery. The effect is similar to
the action of class III antiarrhythmic
drugs, with a significant decrease in the
total number of ventricular ectopic beats,
mainly by reducing the number of beats,
i.e., ventricular tachycardia.

4. Increases myocardial tolerance to oxygen
deficiency

5. Has positive inotropic activity: the force of
contraction of the left ventricle is clearly
enhanced.

6. Has an  anti-inflammatory  effect,
downregulating COX-2, TNF-a, IL-1f, and

and myocardial
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10.

11.

12.

13.

14.

Inotropic Effect

IL-6 expression, in addition to reducing
nitrative stress and oxidative stress, and thus
decreasing apoptosis of myocardial cells.

. Has an anti-platelet aggregation effect at low

doses, as indicated by the increase in bleeding
time, decrease in platelet aggregation, and
reduction in serum levels of thromboxane.

. Is effective in lowering blood lipid levels

and significantly reducing the ratio between
low-density and high lipoprotein. It also
increases bile acid excretion and depresses
hepatic cholesterol by upregulating hepatic
LDL receptors with a consequently greater
influx of plasma cholesterol into the liver.

. Significantly restores the activity of antiox-

idant enzymes such as superoxide
dismutase, catalase, glutathione peroxidase,
and glutathione.

Antagonizes left ventricular hypertrophy
related to hypertension

Has a vasodilatory action on both coronary
and peripheral circulation that may be
mediated by the inhibition of angiotensin-
converting enzyme (ACE).

Effectively protects against endothelial barrier
dysfunction by its action on key determinants
of endothelial permeability (adherens
junctions, actin cytoskeleton, and contractile
apparatus). Past and ongoing studies also sug-
gest that the chronic intake of Crataegus
might have prevented aging-related endothe-
lial dysfunction by reducing the prostanoid-
mediated contractile responses.

Decreases heart rate by sinus node suppres-
sion and progressive atrio-ventricular block-
ade owing to direct stimulation of the
muscarinic receptor M2 and possible block-
ade of B-receptors

Significantly reduces the deterioration of
contractile function and infarct size in rat

— - Mitochondria |

myocardium exposed to prolonged ischemia
and reperfusion. Besides, it showed an evi-
dent effect against reperfusion arrhythmias
by reducing the average prevalence of malig-
nant arrhythmias (VF + flutter) and the aver-
age prevalence of ventricular tachycardia
(VT). Moreover, it prevents the
isoproterenol-induced decrease in antioxi-
dant enzyme activity .

15. Has hypotensive action as it enhances
nitric oxide release

16. Is a support to conventional treatment
because of its positive inotropic, antiar-
rhythmic, and vasodilator properties, and
may provide additional benefit in symptom
control (fatigue, listlessness, dyspnea under
strain, pretibial edema, and rapid exhaus-
tion), frequency of nocturnal urination, and
exercise tolerance (distance walked and
number of stairs ascended without fatigue).

17. Reduces sudden cardiac death by 39.7%
and is safe for patients with heart failure.
The maximal tolerated workload during
bicycle exercise showed that typical heart
failure symptoms as rated by the patients
were reduced to a greater extent [7, 8, 13,
19, 23, 26-28].

1.12 Cytisus scoparius (Broom)

Cytisus is deciduous bush native to central and
southern Europe and belongs to the Fabaceae
family. The main alkaloid in the floral parts of
the plant is sparteine, classified as an anti-
arrhythmic drug. Sparteine inhibits the transport
of sodium ions across the cell membrane, thereby
reducing overstimulation of the nerve impulse
conduction system of the heart. Pathological
change in the impulse arising in the atrium is
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CRATAEGUS

ANTI OXIDANT

also normalized. Unlike Digitalis glycosides,
sparteine does not have a positive inotropic
effect, but still extends diastole. Broom is
contraindicated in hypertension and should also
be avoided in pregnancy because it increases the
tonicity of the gravid uterus. The indications for
Cytisus are primarily functional -cardiac
arrhythmias mostly of the tachycardiac type,
in combination with a tendency toward low
blood pressure [29].

1.13 Digitalis purpurea

Digitalis is a biennial plant native to Western
Europe, but is found today as an ornamental
plant through the world. It belongs to the
Scrophulariaceae family. In Europe, its use for
the treatment of heart failure has been traced
back to the 10th century. In 1875, digitoxin was

Mild Forms of
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Pectoris

Aging Heart

Disorders

Cor pulmonale

Postinfectious
Cardiac

Insufficiency

isolated from Digitalis and since then this plant
has been recognized by all major pharmacopeias.

Cardiac glycosides from the leaves of Digi-
talis possess positive inotropic effects owing to
inhibition of sodium—potassium adenosine
triphosphatase; this allows calcium to accumu-
late in myocytes leading to the enhancement of
cardiac contractility. Digitalis causes some anti-
arrhythmic activity, but the therapeutic index is
quite narrow and it can only induce arrhythmias
at higher dosages [7, 8, 19, 30].

1.14 Gelsemium sempervirens
(Yellow Jasmine)

Gelsemium is a climbing plant native to Mexico
and Guatemala and belongs to Loganiaceae fam-
ily. The rootstock is used to make a tincture
containing indole alkaloids. Gelsemium reduces
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the overstimulation of the sympathetic nervous
system and calms the overtonicized vascular sys-
tem. This plant can be classified as
cardiosedative. Unlike broom, it does not have
a specific effect on the nerve impulse conduction
system; nevertheless, it does have a calming
effect on the heart in patients with extrasystoles
and functional heart disorders [31, 32].

1.15 Ginkgo biloba

Ginkgo can be traced back more than 200 million
years to fossils of the Permian geological period
and is the sole survivor of the Ginkgoaceae family.
Individual trees may live as long as 1,000 years and
grow to a height of approximately 40 m. The main
medicinal constituents are found in the leaves and
include flavonoids and several terpene trilactones
unique to the family. There is a seasonal variation
in the content of active compounds in leaves, with
the highest amounts in autumn. Ginkgo is tradi-
tionally used to treat peripheral arterial occlu-
sion and has been demonstrated to be useful for
improving walking distances for patients with
intermittent claudication. Ginkgo extracts are
used in China to treat short-term ischemic stroke
and may be useful to shorten general and neuro-
logical recovery [7, 8, 19, 33-36].

1.16 Hibiscus sabdariffa (Roselle)

Hibiscus is an annual herb native to Central and
West Africa and belongs to the Malvaceae fam-
ily. It has a long history of traditional use for
many conditions, including hypertension, liver
disease, cancer, constipation, and fever. Its
flowers contain various polyphenols, including
anthocyanins, proanthocyanidins, flavonoids, and
other pigments. Aqueous preparations of Hibiscus
showed a dose-dependent decreased effect on
systolic and diastolic pressure comparable with
that of captopril and lisinopril. A natriuretic
effect was also observed in various studies [37].

1.17 Leonorus cardiaca
(Motherwort)

Leonorus cardiaca is an herbaceous perennial
plant native to Central Asia and South East Europe
and belongs to the Lamiaceae (mint) family. It
contains alkaloids, bitter glycosides, and
bufenolides. In particular, the alkaloid leonurine
is a mild vasodilator with a relaxant effect on
smooth muscles. Leonorus is indicated in patients
with vegetative and functional heart complaints,
and like valerian seems to have a primarily seda-
tive effect. It must usually be used for several
months to achieve adequate treatment results [38].

1.18 Lycopus virginicus/europeus

Lycopus virginicus/europeus 1is a herbaceous
perennial plant growing in the wet habitats of
North America and Europe. It belongs to the
Lamiaceae (mint) family. Phenolic compounds,
lithospermic, rosarinic, chlorogenic, and caffeic
acid have been identified in both European and
American plants. This herb is mainly used for
hyperthyroidism and related symptoms. Extracts
of the plant reduce prolactin levels and may be
related to the suppression of TSH. Its thyrostatic
activity, due to the inhibition of iodine transport
and the release of preformed thyroid hormones, can
be useful for tachycardia in patients with even
slight hyperfunction of the thyroid gland [13, 39].
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1.19 Nattokinase (Fermented
Soybeans)

Nattokinase is an enzyme produced when the
bacterium Bacillus subtilis natto is added to
boiled soybeans of the Fabaceae family. The
fermentation of soybeans is common in tradi-
tional Asian culinary practice and natto is a tra-
ditional Japanese food that has been consumed
for at least 1,000 years as breakfast with rice, on
toast, or as sushi. It has traditionally been used to
treat heart conditions.

This enzyme catalyzes the cleavage of protein
to polypeptides and is inactivated in acid
conditions, and tablets of nattokinase must be
have an enteric coating. It increases the activity
of tissue plasminogen activator and promotes the
conversion of plasminogen to plasmin, with a
resultant increase in clot and thrombolysis. This
enzyme has also been reported to degrade amy-
loid fibrils. Dietary supplements with nattokinase
suppress intimal thickening, modulate the
lysis of mural thrombi, and improve arterial
blood flow. In dogs, its oral administration
completely dissolves induced clots from major
leg veins within 5 h. Nattokinase, in combination
with pycnogenol, taken 2 h before a long flight,
and every 2 h during the flight can reduce throm-
botic events and edema [40-42].

1.20 Plectranthus barbatus
(Forskolin)

This plant, also named forskolin or Indian coleus, is
a perennial herb native to East Africa and the tropi-
cal regions of India and belongs to the Lamiaceae
(mints) family. The main constituents are essential
oils (mono and sesquiterpenes) and diterpenoids
(at least 70), the most active compounds. The prin-
cipal mechanism by which this plant exerts its
activity is by stimulating adenylate cyclase (AC),
thereby increasing cellular cAMP, which is
involved in glycogen and lipid metabolism and in
the relaxation of smooth muscles.

Positive inotropic action (related to the
activation of AC), augments coronary blood
flow, increases the heart rate, decreases
blood pressure, and has been demonstrated in
animal and human tests [43]. A concentration-
dependent inhibition of vascular contractility
and a vasodilatory action was shown in rats and
rabbits. Owing to poor water solubility and low
oral bioavailability, the clinical use of this plant
is limited. A derived water-soluble molecule
(colforsin) has been developed and is currently
used in Japan (Adehl).

In addition to smooth muscle relaxation,
forskolin exerts strong activity on inflamma-
tory mediators and is often used to treat asthma
due to histamine, inflammatory interleukins, and
leukotrienes.

1.21 Rauvolfia serpentina (Indian

Snakeroot)

Rauvolfia is a flowering plant native to the
Indian Subcontinent and East Asia of the
Apocynaceae family. It was mentioned in San-
skrit writings from around 200 B.C. There are
reports of its use in a wide variety of diseases,
but it was primarily used as a universal seda-
tive. The drug is derived from the root
containing more than 50 different alkaloids
belonging to the monoterpenoid indole family.
It exerts sympatholytic action via depletion
of norepinephrine uptake into the vesicles of
the noradrenergic nerve endings. As a result,
reserpine has antihypertensive and sedative
properties. Ajmaline, another constituent of
the root, is known to have anti-arrhythmic
action for membrane stabilization. Rauvolfia
also has antimicrobial, antifungal, anti-
inflammatory, anticholinergic, and antiproli-
ferative actions. It is one of the 50 fundamental
herbs of traditional Chinese medicine.
Contraindications are related to vagotonic
stimulation, which can result in depression,
ulcers, and impotence [7, 8, 13, 44, 45].



1 Herbal Medicine in Cardiology

1.22 Ruscus aculeatus (Butcher’s
Broom)

Ruscus is a low-growing common evergreen
shrub that is widely distributed in Mediterranean
regions and belongs to the Liliaceae family. It has
a long history of use as a laxative, diuretic, and
phlebotherapeutic agent. Early investigations
during the 1950s indicated that extracts of the
rhizomes of butcher’s broom could induce
vasoconstriction and therefore may be of use in
the treatment of circulatory diseases. Ruscus is
used to treat orthostatic hypotension and does
not cause supine hypertension like other related
drug therapies [46—48].

Astragalus

1.23 Salvia miltiorrhiza (Danshen)

Danshen is a perennial herb native to China’s
hills and belongs to the Lamiaceae (mints) fam-
ily. It is considered one of the most important
traditional Chinese medicines and has wide-
spread use in Asian countries. It was the first
traditional Chinese medicine to pass phase 2 clin-
ical trials for cardiovascular indications in the
USA. More than 50 compounds have been
identified in danshen, mainly of two classes:

1. Lipophilic diterpenes, named tanshinones,
with antibacterial, antioxidant, and antineo-
plastic effects.

Berberine

Hypertension
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2. Polar phenolic compounds, mostly caffeic
acid derivates with antioxidant and anticoag-
ulant effects.

Many studies report the extensive use of this
plant as a standard treatment for acute ischemic
stroke in China. The injury to the vasculature
following ischemia and reperfusion may be
ameliorated by treatment with this plant. In vitro
data suggest that this type of Salvia inhibits vas-
cular smooth muscle cell proliferation and
reduces intimal hyperplasia. Animal experiments
demonstrated increased cerebral microcircula-
tion. After ischemic stroke, the use of danshen
improved neurological deficits. Animal data
showed the cardioprotective activity of danshen
with regard to infarct size and mortality. A meta-
analysis of trials among patients with angina
demonstrated an improvement in symptoms and
electrocardiogram parameters compared with
nitrates. Efficacy in the treatment of myocardial
infarction may be due to sedative, antioxidant,
and antiplatelet effects in addition to improved
coronary microcirculation. Various studies
demonstrated a reduction in cholesterol,
triglycerides, and LDL levels with the use of the
plant. Danshen is used for the management of
hypertension in China, Korea, and Japan, and is
thought to act via inhibition of angiotensin
converting enzymes (ACE inhibitors) [39, 49,
50].

1.24 Scilla maritima

Scilla or Urginea maritima is a perennial herb
native to the Mediterranean region of Liliaceae
family. The bulbs of this plant contain a large
number of cardioactive glycosides and Scilla is a
cardiotonic similar to Digitalis. Herbalists used
to claim that Scilla had a specific effect on right-
sided heart failure. This bulb is indicated in all
types of mild to moderate heart failure, espe-
cially when diuretic action is desired. Cor
pulmonale associated with emphysema is a spe-
cial indication for the use of the plant. Like
Digitalis, Scilla causes dose-dependent effects

such as nausea, vomiting, and cardiac
arrhythmias, which are quickly reversible.

1.25 Strophantus kombe

This is a climbing plant found in the jungles of
tropical Africa from the Apocynaceae family.
The drug is made from the seeds and the tincture
has a mild cardiotonic effect in patients with
mild myocardial or coronary impairment of a
primarily functional nature. It combines very
well with other antispasmodic tinctures of
herbs, such as Convallaria, Valeriana, and Bel-
ladonna. Administration should last for several
months. In vagotonic patients, it can determine
meteorism, which can be avoided by adding car-
minative herbs and belladonna [7, 8].

1.26 Terminalia arjuna

Terminalia is an evergreen tree that reaches 30 m in
height and is native to northern India and Tibet. It
belongs to the Combretaceae family. The bark has
been used in Indian medicine for at least 3,000
years as a remedy, mostly for heart ailments.
Experiments with rats demonstrated antiplatelet
and anticoagulant actions similar to those of
acetylsalicylic acid. Clinical studies have revealed
that the use of this bark significantly reduces
episodes of angina and improves diastolic function
in patients with ischemic mitral regurgitation.

Terminalia also exerts antioxidant,
hypocholesterolemic, and hepatoprotective
actions, activities very useful in cardiac patients
[51].

1.27 Viscum album (Mistletoe)

Viscum is a spherical evergreen shrub, which is
hemiparasitic, growing on a wide variety of host
trees (pine, oak, birch, and apple). It belongs to
the Loranthaceae family. Viscum preparations
have been used medicinally in Europe for
centuries to treat epilepsy, infertility, hyperten-
sion, and arthritis. The most distinctive
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constituents are viscotoxins, lectins, flavonoids,
biogenic amines, phenylpropane derivates, and
lignans. None of these compounds is specifically
responsible for the antihypertensive properties
of the plant. Its effect on blood pressure is mild
compared with Rauvolfia, but the patients report
beneficial effects on subjective symptoms of
hypertension such as headache, dizziness, and
irritability. Viscum does not have any unpleas-
ant side effects and is the long-term therapy of
choice for hypertensive patients [9, 19, 52, 53].
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Homeopathy and Cardiovascular Disease 2

Ivo Bianchi

2.1 Historical Background

and Basic Concepts

Homoeopathy is the name given by Samuel
Hahnemann in the first years of the eighteenth
century to a new therapeutic approach that was
indeed as ancient as medicine. Hahnemann was
not a revolutionary, but a restorer of traditional
values related to a comprehensive view of medi-
cine originating from Hippocrates, the founder of
Western medicine, who recognized two different
and somewhat opposing approaches to the prob-
lem of illness that were both useful for healing
suffering people. The still current dichotomy of
medicine is descended from these concepts:

— Official rationalist Galenic medicine, based
on the immediacy of its conclusions and on
the linearity of its concepts. This approach
gave rise to the tendency to face illnesses
directly, with poison to kill the germ and the
bistoury to remove it. This tendency is
directly connected with the modern, official
form of medicine, which is quick, safe, and
technically perfect.

— Alternative empiristic Celsus medicine,
based on a global concept of man and nature,
giving much importance to spiritual and
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psychic factors and giving rise to the tendency
to face illness by far, trying to stimulate an
organic reaction against the disease and often
ignoring the ultimate cause of the disease
itself. This approach is very important
because it is directed toward the comprehen-
sion of natural laws, with an effort to find a
therapy strictly related to them. This ten-
dency, which also gave rise to alchemical
research, was not and is still not immediately
comprehensible. Homeopathy is within this
range: it can be slow and empirical, based
mostly on the intuition of the doctor, but is
often successful, providing long-lasting
results without side effects and at a low cost.

Homoeopathy proposes to use a wide variety
of substances, both to fight the disease directly
and to stimulate the physiological reactivity of
the organism. This was possible by studying very
carefully the toxicological reports of various
activities from the plant, mineral, and animal
kingdoms. There is experimental evidence that
even very diluted substances are still effective if
they are well prescribed. The basic principle is
that the symptom or the damage caused by a
toxic substance in the healthy body can be healed
if present in the illness, using this same very
diluted and activated substance. The skill of the
doctor is to look for the specific symptoms and
signs in the patient, not focussing his attention
only on the pathognomonic known expressions
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of the disease. Of course, the doctor must know a
large number of substances and their specific
effects, also using reference books or even
aided by computer. The more diluted the remedy
used, the more specific and precise must be the
symptoms found on which to prescribe. The most
active homeopathic remedies, in cardiological
practice as well, are derived from the most poi-
sonous substances and their activity is best when
used with accuracy in a very diluted form. Their
clinical effect is indeed bound to the precision of
the prescription; if given without solid homeo-
pathic knowledge they have no activity and can
even be dangerous, inducing a disequilibrium in
body reactivity. Aconitum napellus is a practical
example of this type of remedy. Even 1 g of the
root of this plant can be fatal within 2—6 h. It
causes hypotension, sinus bradycardia, and fatal
ventricular arrhythmias. Diluted a thousand
times, this substance has been proven to be ther-
apeutic for ventricular arrhythmias [1-3].

Some other homeopathic remedies are never-
theless not coming from toxicological studies,
but from speculations on experiences of tradi-
tional herbal therapy. A great number of plants
that are clinically effective, but not fully safe
when used concentrated, are valid remedies
when employed at low doses, though not infini-
tesimal, even according to traditional indications.
Homeopathy gave to pharmacology many active
principles used before the recent development of
biochemistry that are still very interesting. Ado-
nis vernalis is a practical example of this. Tradi-
tionally, this plant was used for heart conditions,
including mild heart failure, irregular heartbeat,
and nervous heart complaints. The use of this
interesting plant was stopped same decades ago
because of its toxicity. When the extract of Ado-
nis is slightly diluted, the toxicity is no longer
present, and it can be used for many cardiac
indications; the best results can be seen in old,
obese people with low vitality.

The author’s opinion is that today,
homoeopathy still represents an extraordinary
therapeutic method. There is no contradiction
between homeopathy and  conventional
remedies, and the two methods of cure could
both be used by an open-minded and passionate

doctor. The value of substitution therapy is unde-
niable (hypothyroidism, diabetes, chronic pan-
creatitis); nobody can deny the successes of
chemotherapy and surgery and the importance
to patients of the modern drugs for inflammation,
acute diseases, and pain. Nevertheless, some
conventional remedies are merely symptomatic,
prescribed without taking into account the spe-
cific and unpredictable reactivity of the patient
and the complementary homeopathic approach
could help to fill this gap. As a matter of fact,
there are few reasons to justify the contrast
between conventional and homeopathic doctors,
if both are conscious of their limitations, impar-
tial, and always careful with regard to scientific
progress. In any case, to reach the above-
mentioned integration, a terminological update
of homeopathy, often still using the typical lan-
guage of nineteenth century medicine, is abso-
lutely necessary. Homeopathic doctors must also
know conventional medicine very well. At the
same time, homeopathic remedies cannot be used
in the same way as the conventional ones. The
official doctor that wants to prescribe homeopa-
thy must study homeopathic principles and
materia medica in great depth.

For the homeopathic doctor, in particular, the
physical and psychic constitution of the patient is
crucial because it is implicated in the determina-
tion of the reactive modalities of the patient to
toxins, viruses, and to various events. The most
effective homeopathic remedies are prescribed
after an accurate evaluation of the symptoms.
For homeopathy, the disease always originates
in the disequilibrium psychic, endocrine, immu-
nological, and finally, organic. Every single and
even intercurrent disease should be treated
according to a global strategy aimed at gradually
restoring the various levels of equilibrium.

2.2 Regional Homeopathic

Remedies for the Heart

In the author’s experience well-selected homeo-
pathic remedies, can be very useful even in acute
cardiological conditions. The following is a list
of some of the most significant remedies based
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on 200 years of experience and hundreds of
reported clinical cases.

. Aconitum napellus

. Adonis vernalis

. Apocinum cannabinum
. Arnica montana

. Arsenicum album

. Aurum metallicum

. Baryta carbonica

. Cactus grandiflorus

. Carbo vegetabilis

10. Chininum arsenicosum
11. Coffea cruda

12. Digitalis purpurea

13. Lachesis mutus

14. Latrodectus mactans
15. Gelsemium sempervirens
16. Glonoin

17. Grindelia robusta

18. Kali carbonicum

19. Kalmia latifolia

20. Iberis amara

21. Naja tripudians

22. Prunus spinosa

23. Spigelia marilandica
24. Sumbul

25. Tabacum

26. Veratrum album

O 00 1 Ot A W

2.2.1 Aconitum napellus

Aconitum is a basic homeopathic heart remedy
that is useful in acute conditions and not to be
continued after pathological changes. It is
indicated when there is a state of fear, anxiety,
and anguish of mind and body. There is tachy-
cardia, pain in the left shoulder, a stitch pain in
the chest, but overall, anxiety and fainting.
Aconitum is the emergency cardiac remedy that
everybody should carry. Even in acute cases the
most effective dilution is high (200CH-MK-
XMK) and should be repeated according to the
symptoms [4—6].

2.2.2 Adonis vernalis

A remedy specifically for rheumatic endocarditis
with precordial pain, palpitation, and dyspnea. The
pulse is rapid and irregular. Mitral and aortic valves
are mostly affected. Adonis vernalis is a remedy for
chronic cases and should be used for long periods at
alow dilution (5-7CH, three granules morning and
evening) [7-12].

2.2.3 Apocinum cannabinum Injeel

Remedies for the treatment of bradycardia and
decompensation at an advanced stage with
congestion, widespread edemas, ascites, oliguria,
and anasarca. It should be used at a low dilution
(5—7CH, three granules morning and evening) [7,
8,10, 11, 13-15].

2.2.4 Arnica montana

A good remedy for angina pectoris with severe
pain in the elbow of the left arm and stiches in the
heart area. The pulse is feeble and irregular.
Arnica is the remedy for heart insufficiency
with distressing dyspnea, dropsy, and cardiac
hypertrophy. This remedy can be used both in
acute (high dilutions, 200CH-MK, every 12 h
until amelioration) or in chronic conditions (low
dilution, 5-7CH, three granules morning and
evening for long periods [8, 10-22].

2.2.5 Arsenicum album

A remedy that acts deeply for every organ and
tissue. Arsenicum is indicated when the patient is
exhausted, restlessness, irritable, aggravated dur-
ing the first part of the night, with burning pains.
The heart is suffering because of smoke or alco-
hol and the symptoms could include:
palpitations, pain, dyspnea, faintness, tachycar-
dia, and cyanosis. The remedy is indicated in
hypertension and angina pectoris with pains in
the neck and occiput, especially when the left
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ventricle is dilated. It can be used in acute
situations, but also as a basic constitutional rem-
edy to prevent heart problems. Patients taking
Arsenicum album are cold and they feel the
cold, although they may complain of some burn-
ing pains in the chest. They look extremely anx-
ious. Their lips are pale and sometime cyanotic.
The best dilution to employ is 200CH, normally
as a weekly dose, but in acute conditions, it could
be administered every 3—4 h [7-11, 13, 17, 19,
21].

2.2.6 Aurum metallicum

The specific homeopathic remedy for arterial
hypertension and for its consequences for the left
ventricle. Normally, a 200CH dose is used weekly
in hypertensive patients until pressure normaliza-
tion. The patient feels palpitations and a variable
pulse beat. The author never prescribes a remedy
without a global evaluation of the patient; thus, in
the case of Aurum, the psychological enquiry is
fundamental. This remedy, especially at a high
dilution, is indicated in depressed patients. They
show utter worthless, profound despondency, dis-
gust for life with thoughts of suicide. Hyperten-
sion in these patients worsens when there is cold
weather and after overindulgence, loss of money,
and loss of social position [7, 8, 10-13, 15, 17, 18,
20, 21].

2.2.7 Baryta carbonica

The remedy for cardiocirculatory problems of the
elderly: the blood pressure is increased, arteries
indurated, there are palpitations, and aneurysm of
the aorta. This remedy for a chronic condition
should be used at low dilutions (5-7CH, three
granules morning and evening) for very long
periods [7-11, 15, 17, 20, 21].

2.2.8 Cactus grandiflorus

Cactus is one of the most important homeopathic
heart remedies, especially indicated in angina

pectoris  with  suffocation, cold sweat,
palpitations, vertigo, and dyspnea. The key
symptom is the sense of constriction in the
chest and left arm. The sensation is of an iron
band around the chest. It is indicated in endocar-
ditis with mitral insufficiency and rapid and vio-
lent pulse action. The patient may have
endocardial murmurs, precordial dullness,
enlarged ventricle, and low blood pressure. This
remedy originates directly from phytotherapic
experience and should be used at low dilutions
(6-6D, 5—-7CH) with frequent administration dur-
ing acute phases and only morning and night
when treating a chronic coronary condition [7—
9,11, 14, 17, 21].

2.2.9 Carbo vegetabilis Injeel

The remedy for obese patients with cardiac insuf-
ficiency, edemas, and peripheral cyanosis with
cold limbs and a tendency toward heart failure.
It could be used in acute cases of decompensa-
tion and in the most severe chronic cases. This is
a remedy for chronic conditions to be used at low
dilution (5-7CH, three granules three times a
day) [7, 8, 10, 11, 13, 15, 18, 20, 21].

2.2.10 Chininum arsenicosum

A specific remedy for paroxysmal tachycardia
with suffocative symptoms to improve air.
Heart problems can occur after an acute infection
and is associated with Astragalus (ponderal dose)
when viral myocarditis is suspected or for pre-
vention. Even in acute conditions, this remedy is
better used at low dilutions (5-7CH, three
granules three times a day) [7, 8, 20].

2.2.11 Coffea cruda

A very specific remedy, similar to aconite, that is
useful for acute high pressure, violent irregular
palpitations, and urinary suppression after exces-
sive joy or surprise. High dilutions work the best
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(200CH-MK), administered in relation to the
symptoms [7, 8, 10, 17, 20].

2.2.12 Digitalis purpurea

The homeopathic and therefore harmless form
of digitalis, which often causes direct or
accumulated toxicity. It is homeopathically
indicated in the case of weak, slow or irregular
pulse with a tendency toward signs of cardiac
decompensation and disorders of the electrocar-
diogram. This remedy can be used for long
periods at low dilutions (5—-7CH, three granules
2-3 times a day) [7, 8, 10, 13, 14, 17, 18, 21].

2.2.13 Gelsemium sempervirens

The centre of action of this remedy, a plant
belonging to the Loganiaceae family, is the ner-
vous system. There is a tendency toward motor
paralysis, dizziness, drowsiness, dullness, trem-
bling, and fear. The pulse is slow, soft, and weak
and the patient feels that it is necessary to keep in
motion or else the heart would stop working.
Gelsemium at 200CH dilution is indicated in
patients with anticipatory anxiety, once a week.
The heart symptoms are not organic, but
neurovegetative [7, 8, 10, 11, 13, 14, 17, 18, 21,
23, 24].

2.2.14 Glonoine

Glonoine is the homeopathic term for nitroglyc-
erine, an explosive substance; therefore, its
action is fast and violent, expressing upon the
circulation where it causes violent pulsations,
irregular congestions, and the blood rushes
upward. It is indicated in vascular climacteric
disturbances, suspected apoplexy, and eclamp-
sia. Palpitations are violent, there is a throbbing
of the carotids, the heart seems to be full, and
cardiac pains radiate to all parts. The most

frequently indicated dilutions are high (200CH-
MK) and the dosage must be adapted to the
specific situation [7, 8, 10, 11, 17, 18, 20].

2.2.15 Grindelia robusta

The remedy for the treatment of cardiac decom-
pensation in patients suffering from chronic
bronchitis. It should be used for long periods at
a low dilution (5—7CH, three granules, 2-3 times
aday) [7, 8, 14, 22].

2.2.16 Kali carbonicum

An important tissue remedy for the heart that
is better indicated for elderly people with heart
insufficiency, conditioning difficult breathing,
and awaking from 2 to 4 a.m. Palpitations
are common, with a small, soft, variable or
dicrotic pulse. This is a typical chronic remedy
to be used at a very low dilution (4-6D,
four tablets morning and evening) [7-11, 17,
20, 21].

2.2.17 Kalmia Iatifolia

Rheumatic remedy of homeopathic materia
medica that should be used as a precaution dur-
ing bacterial tonsillitis. It is useful in tachycardia
caused by tobacco or coffee abuse and by hyper-
thyroidism. Sharp pains in the epigastrium take
the breath away. The action of the heart can be
tumultuous with cardiac anguish. The best acting
dilutions are low (5-7CH) and should be used
twice a day periodically or on demand when
there are symptoms [7, 8§, 11, 14].

2.2.18 Iberis amara

A remedy with a marked action on the heart,
very useful in cardiac problems such as heart
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hypertrophy, dyspnea, dropsy, and cardiac debil-
ity after influenza. The patient feels palpitations
with vertigo and choking in the throat in addition
to stitch-like pains and a sensation of weight in
the cardiac region. The pulse is full, tachycardic,
irregular, and violent palpitation are induced by
the slightest exertion, by laughing or coughing.
The best acting dilutions are low (5-7CH) and
should be used 3—4 times a day when this clinical
picture occurs [7, 10, 11, 14, 18].

2.2.19 Lachesis mutus

Lachesis is a remedy for emerging cardiovascu-
lar symptoms related to climacteric years and the
menopause. Patients are very loquacious, but
jealous and suspicious. They are restless and
uneasy, generally aggravated on waking in the
morning and when wearing anything tight. The
remedy is often used in climacteric hypertension,
is especially indicated when the patient has
palpitations, anxiety, a feeling of constriction,
and irregular beats. Lachesis cannot be pre-
scribed without the typical cohort of mental
symptoms; in that case, the dilution most often
used is the 200CH, once a week [7-12, 17, 18,
20, 21].

2.2.20 Latrodectus mactans

This is the specific homeopathic remedy for
severe attacks of angina pectoris. The patient
has violent precordial pains radiating to the
shoulders and back. The pulse is feeble and
rapid, there may be cramping pains from the
chest to the abdomen, and numbness of
extremities. This is not a constitutional remedy
like Lachesis or Aurum;, thus, the best dilutions to
use are low (7CH-9CH), and it is often
administered until amelioration of the symptoms,
and of course together with allopathic remedies
and intensive care unit intervention [7, 8, 10, 17,
18, 201].

2.2.21 Naja tripudians

Naja is one of the most interesting homeopathic
remedies for heart valve troubles. The patient
manifests dragging and heaviness in the
precordia with angina pains extending to the
nape and neck, the left shoulder, and arm, with
great anxiety and fear of death. There is marked
hypotension and evidence of a damaged heart,
often after an infectious disease. The heart’s aus-
cultation will reveal a condition of acute or
chronic endocarditis. In acute crisis, if symptoms
are typical, a high dilution of 200CH is indicated.
For repairing damaged heart tissue, often when
waiting for specific surgery or when surgery is
not possible, a low dilution twice a day (8D,
5-7CH) is indicated [7, 8, 17-20].

2.2.22 Prunus spinosa Injeel

A remedy that is indicated in the treatment of
congestive cardiac insufficiency with edemas in
the limbs and a tendency toward anasarca and
scarce urine. Almost a herbal remedy, it should
be used at very low dilutions (4-6D), 3—4 times
a day [7, 8].

2.2.23 Spigelia marilandica

Spigelia is a specific remedy for pericarditis
with stitch-like pains, palpitations, dyspnea, and
neuralgic pain extending from the precordia to
both arms. Patients are the symptoms of the
patient is aggravated by movement and need to
lie on right side with head high. The hearts is
often rheumatically affected by Spigelia, with
episodes of angina pectoris and violent
palpitations relieved by hot water. This remedy
is works better at low dilutions (4—-6D, 5-7CH),
frequently administered according to the specific
symptoms. In chronic pericarditis or endocardi-
tis, it makes sense to prescribe Spigelia (7TCH
or D8), morning and evening for long periods
[7-11, 17, 18, 20, 21].
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2.2.24 Sumbul

Musk root, or sumbul, is the remedy for hysteri-
cal and nervous conditions. The patient is ner-
vous, irritable, and sleepless, and has a tendency
to faint for the slightest reason. It is an important
remedy for nervous palpitations, high blood pres-
sure, and cardiac asthma related to climaxis, but
also to arteriosclerosis [7, 11].

2.2.25 Tabacum

Tabacum is a leading remedy for angina pectoris
with coronary sclerosis and hypertension. The
patient has violent palpitations, which are wors-
ened by lying on the left side. The pulse is hard
and intermittent and angina symptoms are often
accompanied with nausea, cold sweat and col-
lapse [7, 12-14, 18, 19].

2.2.26 Veratrum album

Perfect collapse, fainting remedy. This patient
faints with strong emotions, at the least exertion,
slight injury or surgery, at injections, after stools,
and after vomiting. The patient has palpitations
with anxiety and rapid respiration; the pulse is
irregular and feeble. Veratrum album is a remedy
for acute conditions with hypotension and is best
used in a single MK dose (Tables 2.1 and 2.2)
[7-9, 12, 14, 17, 18, 20].

Table 2.1 Tissue specificity of cardiological homeo-
pathic remedies

Remedy Tissue
Spigelia Heart valves, endocardium
Arnica Coronary arteries

Kali carbonicum Right ventricle

Aurum metallicum Left ventricle

Aconitum Nerve tissue of the heart

Table 2.2 Functional classification of homeopathic
remedies

Anti-arhythmics

— Aconitum

— Sulfur
Anti-atheriosclerotics
— Aurum jodatum

— Carbo vegetalis

— Plumbum jodatum
Anti-degeneratives

— Acidum formicicum
— Arnica

— Arsenicum album
— Phosphorus
Anti-neuralgics

— Asclepias tuberosa
— Ranunculus bulbosus
Anti-hypertensives

— Arnica

— Aurum metallicum
— Glonoine

— Iberis

— Lachesis

— Melilotus

— Plumbum jodatum
— Spartium

— Spigelia

— Stigmata

— Sulfur

— Veratrum viride
Anti-spasmodics

— Aethusa

— Asa foetida

— Cactus
Sympathicomimetics
— Scilla

— Tabacum
Vagotonics

— Spigelia
Cardiokinetics

— Adonis

— Convallaria maialis
— Crataegus

— Digitalis

— Kali carbonicum

— Laurocerasus

— Scilla

— Spartium

— Stigmata

— Strophantus

(continued)



26

I. Bianchi

Table 2.2 (continued)

Sedatives

— Aconitum

— Argentum nitricum
— Arsenicum album
— Asa foetida

— Cactus

— Castoreum

— Crataegus

— Gelsemium
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Low-Dose Therapy for the Treatment
of Low-Grade Chronic Inflammation

Massimo Fioranelli, Marco Del Prete, Jahaira Carolina Aracena,
Maria Grazia Roccia, Carlo Dal Lin, and Claudio Tomella

3.1 Introduction

From a macroscopic point of view, the inflam-
matory process is considered to be an event for
which it is possible to identify a beginning and an
end, typically represented by the appearance and
subsequent disappearance of the classical signs
and symptoms (rubor, tumor, calor, dolor, and
functio laesa) respectively [1, 2].

However, there is a subacute form of inflam-
mation not characterized by the classic symp-
toms; it may be secondary to an acute
inflammatory event or exist per se as a result of
a slow and progressive alteration of physio-
logical homeostasis.

It should never be forgotten that inflammation
is a defense mechanism of the physiological

M. Fioranelli (0<])

Department of Nuclear Physics, Sub-nuclear and
Radiation, Guglielmo Marconi University, Rome, Italy
e-mail: massimo.fioranelli@ gmail.com

M. Del Prete
Comitato Scientifico Amiot, Guglielmo Marconi
University, Rome, Italy

J.C. Aracena ¢ C. Tomella
Guglielmo Marconi University, Rome, Italy

M.G. Roccia
University B.L.S. Group of Institutions, Punjab Technical
University, Punjab, India

C. Dal Lin
Department of Cardiological, Thoracic and Vascular
Sciences, Padua University Medical School, Padova, Italy

© Springer International Publishing Switzerland 2017

organism, and is activated whenever it proves
necessary, to eliminate a pathogen, for example,
or in a psycho-neuro-endocrine-immunology
(PNEI) vision, the elimination of homotoxins
not expelled through the excretory organs.

Dr HH Reckeweg, in the 1940s, pictured the
inflammatory phenomena as “the sacred fire by
which the body burns toxins”; the impossibility
of the resolution of the physiological inflam-
matory process inevitably leads the body to
search for a new homeostatic (but pathological)
balance characterized by the activation of a
low-intensity chronic inflammatory response:
low-grade chronic inflammation (LGCI).

From the point of view of inflammatory and
immune homeostasis, LGCI can be described as
the gradual and slow move toward a state of equi-
librium in a pro-inflammatory one, marked by an
increase in plasma levels of Thl/Thl7-derived
cytokines such as interleukins (ILs)-6; -1B; -17
(autoimmunity), and tumor necrosis factor-alpha
(TNF-a). The increasing concentration of these
factors leads to the progressive reduction of
organ function, to the reduction of the efficiency
of the clearing systems (difficulty in maintaining
PNEI homeostasis), and to a higher incidence of
inflammation-related  pathological conditions
[3,4].

One physiological process is closely remi-
niscent of LGCI: the aging phenomenon
[5, 6]. The parameters cited are also typical
markers of aging; in particular, the time course
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of the IL-6 plasma level is a key factor for fol-
lowing the performance of both the physiological
aging is of LGCI, as further proof of the close
connection between the two biological events.

Under conditions of healthy aging, IL-6
increases, following a nonlinear fashion, starting
a slow climb near 50 years of age and reaching,
in an exponential fashion, high values in cente-
narians; the maintenance of this physiological
progression curve depicts “‘physiological
aging” [7].

The main effect of LGCI is to anticipate the
exponential phase of IL-6 growth. This results in
premature aging, which accelerates the progres-
sive impairment of organ function.

3.2 Gastrointestinal Homeostasis,
Microbiota Composition
and Low-Grade Chronic

Inflammation

Looking at the impressive list of stressors
responsible for LGCI [8-15] onset, it is
clear that any organ, system, or apparatus is
“immune” from the effects of chronic inflam-
mation; however, the gastrointestinal tract is the
most “sensitive” to alterations of homeostasis
induced by proinflammatory triggers.

Diet, lifestyle, stress, and drugs have signifi-
cant effects on the gastrointestinal tract.

At the level of the intestinal mucosa, eukaryotic
and prokaryotic cells (microbiota) live closely and
interact. Today, it is no longer possible to think of
the human body without neglecting the relationship
between it and the microbiota; thus, it is a super-
organism [16, 17]. This microcosm, a real eco-
system, is able to maintain a homeostatic
physiological condition through cellular and mole-
cular interactions, finely regulated by the nervous
and endocrine systems and in the maintenance of an
adequate immune response, rapid, efficient, and
intense so as to lead to the resolution of perturbing
events without affecting the morphological and
functional integrity of the structure in which it
takes place. The gastrointestinal tract is charac-
terized as a PNEI system and plays the role of
homeostatic controller, not only of its own relevant
compartment, but of the whole organism [18, 19].

The intestinal mucosa is able to secrete neuro-
peptides, neurohormones, hormones, and cyto-
kines, carrying out nervous, endocrine, and
immune functions and it is closely connected
to other organs, systems, and apparatuses
[20, 21]. As a result of these interactions, it is
evident that the presence of a state of physiologi-
cal inflammation is a normal phenomenon in the
intestine, a real “function” inserted inside the
mechanisms of PNEI homeostasis. The intestinal
mucosa is constantly exposed to a massive anti-
gen load represented by the commensal bacterial
flora, also named microbiota. The tolerance of
the microbiota is central to the maintenance of
physiological inflammation in the intestine [20].

Quantitative and qualitative alterations of the
microbiota may be a trigger for the onset of
diseases characterized by local changes in perme-
ability of the mucosa, such as inflammatory bowel
disease (IBD), irritable bowel syndrome (IBS),
gluten sensitivity, and leaky gut syndrome, but
also extraintestinal diseases, such as autism spec-
trum disorders, the anxious—depressive syn-
dromes, Alzheimer’s disease, type II diabetes,
obesity, psoriasis, rheumatoid arthritis, chronic
obstructive pulmonary diseases (COPDs), or
recurrent respiratory infections (IRRs).

The least common denominator of all the
diseases cited is the presence of inflammation,
and in particular, low-grade chronic inflam-
mation [22-31].

3.3 Cardiovascular Risk Factors
and Low-Grade Chronic

Inflammation

High levels of circulating lipids (specifically,
high low-density lipoprotein (LDL) and low high-
density lipoprotein levels) and triglycerides, obe-
sity, hypertension, and hyperglycemia/diabetes are
generally considered the best predictive parameters
for the calculation of cardiovascular risk [32-34].

The combination of the above-mentioned risk
factors with some anthropometric parameters
(gender, age, etc.) is mathematically interpreted
and creates a numerical score used to determine
the position of the subject being analyzed on the
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risk scale. But what are the biological mecha-
nisms underlying the events mechanically
interpreted by mathematical functions? The
mechanism of LGCI is the joining link between
all the cardiovascular risk factors representing
the biological response to the perturbation of
continuous homeostasis triggered by multiple
Stressors.

There are many pro-inflammatory triggers
involved in LGCI onset, affecting virtually
every aspect of an individual’s life: Western
diet; chronic stress; overweight and obesity;
genetically modified organisms; environmental
pollutants; drug abuse or misuse; and an inappro-
priate lifestyle [8—15].

The cardiovascular system, like every other
tissue, organ, or system, is subject to alterations
of its physiological functions due to the loss of
the conditions needed for homeostasis.

Acute and especially chronic inflammatory
(LGCI) conditions are potent triggers of homeo-
static alterations and have an effect on cardio-
vascular function; every cell population, from
myocardiocytes to the endothelial cells of the
vessels, is therefore influenced by inflammatory
mediators [35, 36].

Heart failure, heart attacks, atherosclerosis,
and other cardiovascular diseases have an inflam-
matory component of considerable importance.
In fact, among the etiological factors that cause
the onset is inflammation of the myocardium.

Myocardial inflammation is secondary to a
large number of triggers including infections (bac-
terial myocarditis), trauma mechanics, hemo-
dynamic stress, hypertension, and not least, high
levels of pro-inflammatory cytokines.

A deeper understanding of the inflammatory
mechanism and the role of the specific markers
C-reactive protein (CRP), IL-1, IL-6, and TNF-a
[37-39] underlying the pathogenesis of chronic
cardiac diseases is fundamental to the correct
management of cardiovascular disease (CVD).

C-reactive protein is a key element of the
inflammatory response; it is indispensable for
the activation of the complement and as a phago-
cytosis-stimulating factor.

However, it is also one of the main events
triggering inflammation that affects the blood
vessel wall; CRP levels >2.4 mg/L are at high
risk of CVD.

C-reactive protein is a typical acute phase
reactant. It reaches a peak concentration at 48 h
after inflammation onset (50,000 times higher
than baseline). Its presence at a vascular level
is indicative of great endothelial chronic inflam-
mation, a fundamental factor for the triggering of
atherogenic phenomena.

The importance of CRP as a marker of the
individual risk of CVD has recently been
highlighted by evidence that statins are able to
reduce fatality rates in individuals who have a
normal LDL cholesterol concentration, but
increased CRP concentration, as statins directly
decrease the CRP concentration.

Under IL-6 stimulation CRP is produced in the
liver; macrophages are supposed to produce more
IL-6 after different types of injury (infection,
injury, etc.), but, interestingly, elevated levels of
CRP are also detected in depressive individuals.
CRP levels are completely independent of other
factors linked to CRP concentration, leading to the
hypothesis that a depressive mood is independent
of an increase in inflammatory mediators, and,
consequently, it is probably the key reason for
the increased risk of CVD in depressive
individuals. This interaction between a psycholog-
ical disease and an increased inflammatory status
clearly proves that both physiological and patho-
logical inflammation constitute PNEI events,
highlighting that alteration of the homeostatic bal-
ance (independently of the nature of the perturbing
agent) has profound effects on the whole body.

Patients with chronic inflammatory diseases
(e.g., theumatoid arthritis or IBDs) are at a higher
risk of CVD and related mortality. Cardio-
vascular risk factors are obviously a key trigger
for CVD onset, but LGCI, which is also inde-
pendently involved, accelerates atherosclerosis,
myocardial infarction, cerebrovascular disease,
and heart failure (HF). TNF-a and IL-1 could
be major actors in this pathophysiology [40].

The inflammatory cytokines, IL-1o and IL-1f,
are the master mediators of both local and sys-
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temic inflammatory responses underlying a broad
spectrum of diseases that clearly includes CVD.

Atherosclerosis and the other CVDs have a
significant inflammatory component in their etio-
logy, and hyperlipidemia is also one of the main risk
factors for hypertension and diabetes. Macrophages
generate pro-inflammatory cytokines such as IL-1
and TNF-a and are deeply involved in atheroscle-
rosis, in addition to mast cells, which generate
several other cytokines (IL-6 and IFN-y) and
chemokines (MCP-1 and RANTES) [41] involved
in monocyte recruitment and differentiation in the
arterial endothelium.

3.4 The Prognostic Role of IL-6
in LGCI and Related
Cardiovascular and Kidney

Diseases

As mentioned above, IL-6 levels correlate with
some of the traditional CVD risk factors
[42]. Normally, IL-6 increases with age and its
levels are directly associated with high blood
pressure, smoking, and insulin resistance [43].

The synthesis of IL-6 increases in parallel
with increasing levels of adiposity in healthy
men and women. Indeed, about one-third of the
total IL-6 circulating level originates from adi-
pose tissue and this is a clear example of the
direct correlation between obesity and LGCI.

Anticipating the onset of age-related diseases,
IL-6 is a trigger for cardiovascular disease per se
[44], but, consistent with its role in inflammatory
diseases, it is also one of the best markers for risk
assessment by virtue of its dependence on or
independence from classic risk factors.

High levels of IL-6, independent of the
source, are predictive of increased CVD risk
[44-46].

Analysis of variance between the normal
increasing rate of IL-6 and an altered rate can be
predictive of LGCI status, even in apparently
healthy subjects, intensifying the screening for
CVD risk and unlinking it from classical risk
factors.

Inflammation also represents the link between
CVDs and chronic kidney diseases (CKD).
CVDs are common in patients affected by CKD

and also end-stage renal disease (ESRD)
[47]. Cardiovascular mortality and total mortal-
ity are 10- to 100-fold higher in ESRD patients
than in age-matched controls [48, 49]. Indeed,
the risk of death after a cardiovascular fatal event
in a 30-year-old ESRD subject is comparable to
that of a healthy 80-year-old subject. IL-6 is one
of the best inflammation markers because of its
high predictive value for outcome evaluation in
ESRD [49].

3.5 LGCI, Gut-Liver Axis and PNEI

Homeostasis Breakdown

The LGCI constitutes the point of contact
between all the pathological manifestations of
the loss of PNEI homeostasis. The gastrointesti-
nal system participates in a decisive way in the
establishment and the functioning of the PNEI
network; it is the key in two axes to the mainte-
nance of the gut—brain axis and the gut-liver axis
[50, 51].

Any disturbance in the intestine (alterations of
the structure, function, and microbiota) affects
P.N.E.I. homeostasis with alterations of immune,
endocrine, neuroendocrine, and hormone
responses.

As already mentioned, the loss of intestinal
functional balance has as the primary result the
alteration of immunological tolerance against
both the microbiota and the food antigens. This
results in the shift from physiological to patho-
logical inflammation. Continuous exposure to
proinflammatory triggers reduces intestinal
homeostasis recovery and the continuation of
this condition leads to the appearance of LGCI.

There is ample evidence for the close correl-
ation between the alteration of the microbiota
and the intestinal function and chronic liver, kid-
ney, and cardiovascular diseases [52, 53].

Actually, the metabolic syndrome (MS) is
increasingly seen as a fundamental causative
agent for liver function abnormalities [54]; in
particular, there is a direct link between MS and
that set of liver diseases (not related to viral
infections or alcohol consumption) that are
referred to as non-alcoholic fatty liver disease
(NFLD) [55]. Faced with this evidence,
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numerous studies have shown that NFLD and
CVD are closely linked by common patho-
physiological aspects [56]: high oxidative stress,
LGCI, and atherogenic dyslipidemia [57, 58]. A
further etiogenetic component of NFLD is appar-
ently not related to those cited: the alteration of
the intestinal microbiota [59, 60]. In fact, we
have already seen how quantitative changes in
the intestinal bacterial population constitute a
powerful pro-inflammatory trigger; the resulting
LGCI returns this factor into the set of common
factors in NFLD and CVD.

In summary, all phenomena of altered intes-
tinal homeostasis are potential triggers able to
change the whole endocrinological, immunolog-
ical, and hormonal organism. The LGCI is the
unsuccessful attempt by the body to recover a
homeostatic balance, and its major mediators
IL-1, TNF-a, IL-6, and CRP are involved, in
various ways, in the development and mainte-
nance of all the inflammation-based diseases.

3.6 The Cellular Target of LGCI:
Impaired Mitochondrial
Activity and Reflexes

in Cardiovascular Dysfunction

The mitochondria are a natural source of reactive
oxygen species (ROS) [61], which are physiolog-
ically generated during the processes of mito-
chondrial respiration. Low levels of ROS are
therefore physiological and fundamental for the
correct operation of the electron transport chain
[62, 63]; redox homeostasis is achieved through
protection mechanisms managed by suitable rad-
ical scavengers, such as superoxide dismutase
(SOD) and coenzyme Q10 (ubiquinone), which
operates both as a carrier of electrons and as an
antioxidant by exploiting the possibility of pass-
ing through partially reduced and reduced forms
by accepting electrons.

An excessive presence of free radical species
is universally known to be a major cause of CVD.
Induced changes in the environment at a cardio-
vascular level by free radicals have long been
studied; in particular, it has become apparent
that the cytotoxic properties and atherogenic

LDL cholesterol, in both native and oxidized
form, are mediated by events of oxidative stress
[64—67].

Low-grade chronic inflammation is a consi-
derable source of oxidative stress caused by the
subclinical elevation of proinflammatory medi-
ators and consequent generalized alteration of
cellular metabolic homeostasis. As is well
known, oxidative stress, in its most typical
expression is represented by an excess of ROS,
and attacks the membranous structures of the cell
and its genetic material. Mitochondria appear to
be most sensitive to ROS subcellular organelles
and numerous studies have shown that mito-
chondria are also particularly sensitive to the
reactive nitrogen species (RNS) [68].

Mitochondrial oxidative phosphorylation is
impaired by an excess of free radicals that act
as inhibitors of electron transport at a mitochon-
drial inner membrane level. In particular, NO
radicals block the reduction of molecular oxygen
(O,) to form H,O at complex IV level [69] (a part
of the electron transport chain formed by a series
of multisubunit protein complexes). Physiologi-
cally, 2-4 % of electrons escape the oxidative
chain forming ROS; the presence of free radicals
increases this percentage, inducing excessive
oxidative stress and the biological result consists
in increased levels of cellular damage, dysfunc-
tion, and consequently apoptosis. Hence, fluctu-
ations of ROS/RNS levels heavily influence
organelle functions, targeting membranes and
mitochondrial DNA (mtDNA) [70]. Mitochon-
drial damage primarily impairs the ability of
cells to produce energy and also alters many cel-
lular functions based on redox signaling
pathways.

At the cardiovascular level, oxidative stress-
induced mitochondrial damage is a crucial event
in the onset of CVD [71, 72]. CVD patients show
a high level of mtDNA degradation [73]
(both deletions and sequence abnormalities) in
both the heart and aorta compared with healthy
subjects. It is clear that myocardiocytes and vas-
cular endothelial cells are key targets for oxi-
dative stress and the impaired mitochondrial
functions in these cells take part in disease
onset [66, 74].
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Redox balance is fundamental to the mainte-
nance of cardiovascular homeostasis. Impaired
ROS scavenger synthesis at the cardiac level is
linked to reduced resistance to ischemia/reper-
fusion damage; decreased expression of the spe-
cific superoxide dismutase 2 (SOD2) in vascular
endothelium is directly linked to an increased
risk of CVD [75, 76].

All main CVD risk factors share one feature:
increased oxidative stress, which is the concomi-
tant result and trigger for LGCI present in athero-
sclerosis, hypercholesterolemia, and diabetes;
tobacco smoke-related cardiomyopathy is related
to mitochondrial dysfunction and mtDNA dam-
age at the aortic endothelium level.

The connection among oxidative stress,
inflammation, and CVD risk is increasingly evi-
dent and the example of diabetes is typical.
Hyperglycemia is a powerful trigger for ROS
generation and, on the contrary, mitochondrial
SOD2 is able to prevent hyperglycemia-
associated ROS production and block NF-kB
activation.

Loss of glucose homeostasis in diabetes
results in increased ROS and reduced SOD2 pro-
duction; loss of NF-kB translocation control
results in a 2-/3-fold increase in its activation
and consequently in the overexpression of
pro-inflammatory mediators such as IL-1p,
TNF-a, and IFN-y. A vicious circle is established
among altered homeostasis, inflammation, and
oxidative stress; this results in LGCI and a pro-
gressively increasing risk of CVD.

At the mitochondrial level, a chronic inflam-
matory state and high oxidative stress reduce the
production of energy. Coenzymatic systems are
particularly susceptible to damage from ROS and
inflammation. Mitochondrial coenzyme Q10 is
essential for the management of the phases of
aerobic ATP production [77, 78] (95% of the
ATP product comes from the aerobic phase) as a
basic component of the electron transport chain.
The high transport capacity of electrons makes
Q10 of one of the main scavengers of radical
species, thus performing a fundamental anti-
oxidant action capable of maintaining the redox
equilibrium at the mitochondrial level [79].

The increased levels of oxidative stress by
LGCI eventually lead to the exhaustion of buff-
ering antioxidant systems [64]. It is significant to
note that in the presence of metabolic syndrome
levels of Q10, higher than the average values of a
healthy subject are detected. This phenomenon
describes the attempt by the body to increase its
capacity to buffer the redox imbalance, but also
highlights the failure of this protective mecha-
nism: at a cardiovascular level, the loss of the
ability of redox regulation results in a decline in
mitochondrial function, which translates into
progressive congestive heart failure (CHF).

Low-grade chronic inflammation also affects
vascular endothelial functions [64, 80]. Physio-
logical aging and pathological LGCI exert a
detrimental action on endothelial cells, increas-
ing mitochondrial oxidative stress and mitochon-
drial DNA damage [81]. LGCI generates an
overproduction of ROS, which impairs the vaso-
dilatory activity of nitric oxide (NO) and
increases the formation of the peroxynitrite
ONOO, a dangerous free radical [64].

In addition, a reduced antioxidant response
mediated by erythroid-2-related factor-2 (Nrf2)
and downregulation of SOD2 contribute to the
induction of a chronic pro-oxidative micro-
environment in chronically inflamed vessels
[64].

NF-kB is sensitive to redox imbalance and it
is upregulated in endothelial cells from LGCI-
affected subjects. NF-kB drives a proinflam-
matory shift that positively feedbacks oxidative
stress and its chronic activation is due to upregu-
lated angiotensin-II signaling and impaired sir-
tuin expression; these events reduce the cellular
protective response against acute ROS gener-
ation. A major source of damage comes from
the imbalanced production of ROS. Mitochon-
drial ROS (mtROS) prejudice both mitochon-
drial structures and biogenesis through redox
alteration of macromolecules, such as mitochon-
drial DNA (mtDNA). Structural and functional
deterioration of mitochondria plays a funda-
mental role in cardiovascular diseases, driving
both cardiac failure and vascular atherosclerotic
events.
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MtROS homeostasis is fundamental for the
maintenance of the physiological function of
mitochondria and an optimal level of oxidative
stress is required [82, 83]. ROS exert a biphasic
action on mitochondria metabolism: excessive
production of ROS (as previously stated) impairs
mitochondrial activity, but extremely low levels
of oxidative stress also have negative effects on
mitochondrial homeostasis.

Pharmacological or nutritional (supplementa-
tion) intervention with massive doses of antioxi-
dant agents may impair mitochondrial
functionality by blocking the respiratory electron
chain and, consequently, energy production.

In the presence of cardiovascular risk with
reduced cardiac and vascular functions and
impaired hemodynamic homeostasis, the suste-
nance and/or recovery of mitochondrial redox
homeostasis is important within a correct anti-
inflammatory strategy.

The redox imbalance could lead to increased
lipid peroxidation (including oxLDL), boosting
LGClI-induced atherosclerosis; the approach to
reducing this imbalance is based on the adminis-
tration of antioxidants such as vitamins C and E
and beta-carotene and coenzyme Q; the latter is
considered the more active against lipid peroxi-
dation [84, 85].

It is important to note that high-dose treatment
with statins, one of the most important classes of
anti-hyperlipidemic drugs used for primary and
secondary CVD prevention, decreases plasma
coenzyme Q10 concentrations with deleterious
effects on cardiac function owing to muscular
damage induced by the impaired mitochondrial
activity.

3.7 Low-Dose Therapy

for the Treatment of LGCI

Actually, there are no protocols for the treatment
of chronic inflammation (including LGCI) based
on the use of specific synthetic drugs, but the
chronic use of anti-inflammatory drugs designed
for use in acute (e.g., NSAIDs) is frequent, with
dramatic consequences in terms of side effects,
especially on the cardiovascular [86, 87]

(increased risk of nonfatal and fatal cardio-
vascular events, both in heart patients and in
healthy individuals) and immune systems [88]
(risk of immune deficiency and the consequent
high susceptibility to bacterial/viral infections).

Recently, a new pharmacology has developed
and contributed to the understanding of the
mechanisms of inflammation, clarifying how to
act on them in respect of the biology of the
inflammatory process.

It is a new paradigm that refers to pharmaco-
logical low-dose medicine: the therapeutic use of
low dosages, particularly natural principles and
biological molecules, such as cytokines, neuro-
peptides, hormones, and growth factors [89, 90].

In recent years, basic research has helped to
clarify the mechanism of biological action of low
doses and, at the same time, clinical research,
through controlled studies, has highlighted the
efficacy and safety of this innovative pharmaco-
logical approach [91-101].

Of fundamental importance in understanding
the mechanisms regulating inflammation is the
immune balance model; namely, the relationship
of reciprocity between some lymphocyte subsets,
particularly Th1/Th17 and Treg/Th2 and, as
noted above, the chronobiology of cytokines
involved in the inflammatory process.

Chronobiology of the inflammatory pheno-
menon is essential to fully appreciate the com-
pleteness of action of the milestone of low-dose
anti-inflammatory drugs: Arnica comp.-Heel®
(Biologische Heilmittel Heel GmbH, Baden
Baden, Germany), whose formulation contains
remedies with anti-inflammatory properties
[102, 103].

In summary, Arnica comp.-Heel®™ induces the
resolution of inflammation by acting on its first
phase, modulating and normalizing the action of
pro-inflammatory cytokines IL-1, TNF-a, and
IL-6, with a mechanism of downregulation. It
also acts on the second phase of inflammation
by increasing the synthesis of IL-10, which, in
the chronobiology of inflammation, drives the
resolution phase of the inflammatory
phenomenon.

Also, the possibility of acting through the use
of “opponent” low-dose cytokines (that
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counteract the upregulation of pathological
pro-inflammatory cytokines) and the use of
“enhancer” low-dose cytokines (that stimulate
pathologically downregulated cellular pathways)
is an extraordinary opportunity for therapeutic
action targeting homeostatic imbalances typical
of the inflammatory phenomenon (both acute and
chronic, even in the presence of an auto-immune
component) and in particular LGCIL.

This therapeutic hypothesis is realized by the
availability of medicines containing cytokines
and the anti-IL-1 antibodies low-dose activated
technology sequential kinetic activation (SKA —
a pharmaceutical production technique codified
and standardized by GUNA Spa Milan, Italy)
such as:

» Anti IL-1: suitable for the modulation of the
acute inflammatory response by restoring the
correct levels of circulating IL-1.

 Interleukin-10: fundamental for the manage-
ment of chronic inflammatory phenomena as
boosters of the resolution phase.

* Interleukin-4: suitable for the control of the
triggers of autoimmune diseases; in fact, IL-4
is the main mediator of the Th2 lymphocyte
response, which is depressed in the presence
of auto-immune disease.

The combination of Arnica comp.-Heel® with
specific antibodies anti IL-1 and interleukins
allows the physician to set a strategy for the
management  of  specific inflammatory
conditions:

+ Acute inflammation (Arnica comp.-Heel®
+ anti-IL-1)

« Chronic inflammation (Arnica comp.-Heel®
+ interleukin 10)

+ Inflammation-based diseases with auto-
immune component (Arnica comp.-Heel®
+ interleukin-4)

The use of the combination of Arnica comp.
-Heel® + interleukin-10 is essential, especially
for the specific management of LGCI within a
more complex and comprehensive strategy of pre-
vention and treatment of cardiovascular diseases.

3.8 Low-Dose Therapy
for the Enhancement

of Mitochondrial Functions

Pharmacological interventions, to recover mito-
chondrial endogenous antioxidant capacity
rather than exogenous antioxidant adminis-
tration, could reverse the vicious cycle of oxi-

dative stress—inflammation, which triggers
cardiovascular risk.
The so-called mitochondrial medicine

represents a fundamental complement to LGCI
management therapies and shows effective ways
to improve antioxidant response, lowering vas-
cular endothelial stress and myocardial func-
tional decline, and consequently, decreasing the
risk for cardiovascular disease.

Low-dose mitochondrial medicine is based on
the stimulation and reactivation of the mitochon-
drial respiratory chain and citric acid cycle
(Krebs’s cycle) respectively, by the adminis-
tration of Ubichinon compositum and Coenzyme
compositum  (Biologische Heilmittel Heel
GmbH, Baden-Baden, Germany) as intermediate
catalysts to stimulate/modulate disturbed meta-
bolic processes.

The aim of intermediate catalyst adminis-
tration is to support energy processes that are
necessary for cell turnover (antidegenerative
and antioxidant effects).

The Krebs’ cycle and mitochondrial oxidative
phosphorylation are the major cellular energy
supply mechanisms. The rate of reaction in bio-
chemistry is determined by the concentration of
substrate and by the maximum saturation of the
enzyme that catalyzes the reaction, according to
the Michaelis—Menten law. According to this
law, by administering low doses of the substrate
of the various intermediates of the Krebs cycle, it
is possible to obtain optimization of the reaction
rate, preventing the enzymatic saturation of the
reagent, namely favoring its transformation into
the reaction’s product.

Coenzyme compositum and Ubichinon
compositum offer a simple and effective adju-
vant therapy to stimulate blocked enzyme
systems (the mitochondrial respiratory chain
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and citric acid cycle) and to restore redox homeo-
stasis (detoxification mechanisms).
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Acupuncture in Cardiovascular Diseases

Giuseppe Lupi and Manuela Cormio

4.1 Historical Background,
the Beginning

and the Diffusion

Acupuncture is one of the traditional Chinese
medicine (TCM) techniques, with at least a
3,000-years history. It originated in China and
the Chinese name is Zhenjiu, meaning needle and
moxa, the two methods used to stimulate the
acupoint. The occidental word ‘“acupuncture”
comes from the Latin words acu (needle) and
punctura. Acupuncture is the treatment of illness
by sticking needles in the skin at particular points
on the body’s surface, called acupoints. These
points, described for the first time in a book in
the second century BC, the Huang-di Nei-jing
(the Emperor Huangdi’s Canon of Medicine),
are the same as those used today for medical
treatments [1].

The West had already encountered acupunc-
ture and TCM in ancient times, since the third
century AD, even if, in the Middle Ages, the
exchange of knowledge was limited because of
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the impossibility of meeting and comparing ideas.
Only with the discovery of the Indies did direct
trade with China favor closer relations, bringing
to Europe the echoes of some of the TCM
doctrines, such as the theory of the canals/
meridians and the acupuncture points, along
with other TCM techniques such as phytotherapy,
diet therapy, and gymnastics. There were two
reasons for this limited initial knowledge: first,
the difficulties in translating a doctrine that was
widely different from ours and in addition written
in Chinese ideographs; the second reason was the
scarce scientific and medical preparation of the
diplomats and priests, above all Jesuits, who car-
ried out these first translations. Later, during the
seventeenth century, European doctors, particu-
larly Dutch and German, who had had direct
contact with China through the Dutch East Indies
Company, translated Chinese medical texts. In
the eighteenth century, more information reached
Europe, mostly from French doctors and
diplomats who had lived in the Far East. In the
USA, news of this medicine arrived later: the first
English translation of a French text on acupunc-
ture was only published in 1826. All these
contacts, although fascinating from a cultural
point of view, did not, however, lead to a real
comparison between the Western medical and
academic world and the cultural and scientific
heritage of acupuncture and TCM, which, in
fact, tended to create ethnographical and anthro-
pological rather than medical and scientific
interest.
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It was only in the twentieth century, after the
First World War, that western countries began to
show a serious interest in acupuncture: the first
real treatise on acupuncture in the West was the
Précis de la Vrai Acupuncture Chinoise by
George Soulié de Morant, the first volume of
which was published in 1939. Interest grew
after World War II and increased in the 1970s,
at the end of the Cultural Revolution and the
renewal of closer relations between China and
the West.

In the USA, the beginning of greater aware-
ness is usually considered to date from 1973, the
year of Richard Nixon’s visit to China, when one
of the accompanying journalists underwent acu-
puncture treatment. As the news spread, it
aroused a good deal of interest. In Europe, this
process had already begun some years earlier,
although its diffusion was slower and more grad-
val than in North America. However, the real
spread of acupuncture in the West only began
in the 1970s. At first acupuncture grew in popu-
larity, but during the 1980s, this gradually
extended to all the disciplines of TCM: massage
and  physiokinesiotherapy, dietetics and
pharmacology, and psycho-corporal and medical
gymnastics. In Italy, acupuncture was introduced
slightly later than in other western countries; it
began to spread from the 1960s/1970s,
consolidating its expansion in the 1980s and
becoming a deep-rooted medical practice by the
1990s. This diffusion began within small
restricted groups of pioneers and interested
persons linked mainly to the French Schools of
Acupuncture. France, as we have already seen,
thanks to its colonies, had scientific and cultural
channels open with Vietnam and was certainly a
leading nation in the early spread of acupuncture
in continental Western Europe [2].

4.2  Acupuncture in Cardiovascular
Diseases
4.2.1 Introduction

In the TCM, the heart is the most important organ
and is described as the “Emperor” of all the

internal organs. It is the seat of the mind, the
ruler of blood circulation, and the source of the
vascular system. Covered by the pericardium for
protection, it is regarded as the “monarch organ”
and the “supreme ruler of the Zang-Fu organs,”
which in TCM is the collective name for all
internal organs. There are five Zang organs
(heart, lung, spleen, liver, and kidney) and six
Fu organs (gallbladder, stomach, small intestine,
large intestine, bladder, and triple energizer).
The Zang organs are mostly solid organs,
characterized functionally as transforming, pro-
ducing, and storing essential substances, but not
discharging them; the Fu organs are
characterized functionally by transforming and
digesting food and drink and discharging
metabolites.

The five Zang organs are regarded as the core
structure and functions of the human body. Each
organ is related to certain sense organs and
tissues and is named based on the anatomy, but
is not confined to anatomical entities; in fact,
each can be regarded as a functional system.

The heart is described in The Canon of Medi-
cine and the Classic of Difficulties (first or
second century B.C.) as an organ “situated in
the thorax” with its “apex contacting the dia-
phragm and the lung and its beat can be seen or
felt under the left nipple, serving as the source of
the pulse beat.” In the Yi Xue Ru Men or The ABC
of Medicine (1575), the authors wrote: “the Heart
looks like a lotus in bud, below the Lungs and
above the Liver.” From this description, made
many years ago, the heart in Chinese Medicine
apparently refers to the same organ as in Western
medicine [3, 4].

4.2.2 Physiology and Pathology

In TCM, the main physiological functions of the
heart are to rule the blood and vessels and house
the mind (Shen). The heartbeats drive blood to
circulate through vessels to nourish the body,
and this concept is similar to that of Western
Medicine. To make this physiological function
possible, two basic factors are necessary: a nor-
mal quantity of blood in the heart and vessels and
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a dynamic force that drives blood to circulate
(Heart Qi). This is a very important aspect
because normal heartbeats depend on adequate
Heart Qi; only when Heart Qi is abundant can the
Heart beat at a normal rate, thythm, and strength,
maintaining a normal blood circulation. On the
other hand, a normal blood circulation also
depends on the appropriate volume of heart
blood. Thus, in the TCM, heart pathology, if
Heart Qi is insufficient, there will be cardiac
palpitations, shortness of breath, and a weak
pulse. In severe cases, the patient can show
precordial pain and a rapid and irregular or hesi-
tant pulse. All these symptoms can be treated
with acupuncture in a plan of integrative medi-
cine: when the acupuncturist is a medical doctor,
he uses western drugs along with all the tools
of TCM.

In TCM, the heart is the “house of the mind”;
it governs mental activities including conscious-
ness, thinking, expression, and behavior.
According to this function, the “heart,” in
Chinese medicine, refers to a part of the central
nervous system, particularly the cerebral cortex.
This concept seems to be entirely different from
that of modern Western medicine. As previously
mentioned, in TCM, different organs are not
confined to anatomical entities; thus, not only
the heart but also all the Zang organs take charge
of mental activities and emotions. This is one of
the holistic views of Chinese medicine, that all
mental activities are reflections of the physiolog-
ical functions of the organs.

Among the Zang-Fu organs, the heart is the
supreme ruler; thus, as it is the commander of all
Zang-Fu organs, the heart controls all the mental
activities pertaining to the other organs. It can
therefore be concluded that the Heart plays the
most important role in higher nervous activity.
The heart is the house of “Shen’’; Shen means the
comprehensive manifestation of life activities
especially the spirit, consciousness, and thinking.
This explains why in TCM the correct function-
ing of all the Zang-Fu organs is so important for
preventing and curing cardiovascular diseases,
and why it is fundamental to control different
etiological factors such as joy, sadness, anger,
the correct diet, the quality of life, etc. [3].

The same is the case in Western medicine:
heart diseases constitute an essential problem of
contemporary, developed societies. Despite con-
tinual progress being made in pharmacotherapy
and in invasive cardiology, the number of heart
disease cases has been systematically increasing
and heart disease remains the world’s number
one killer [5]. The reason could be the complex
etiology of these diseases; thus, to try to reduce
the incidence of pathological heart conditions we
must use different treatments. This is possible
with integrative medicine, such as acupuncture;
conventional medical treatment including life-
style changes (stopping smoking, modifying
diet, and increasing exercise); western drugs
such as statins, nitrates, angiotensin-converting-
enzyme (ACE) inhibitors, angiotensin II receptor
blockers, calcium channel blockers, beta
blockers, and antiplatelet drugs; and surgery
such as coronary artery bypass grafts [6].

4.2.3 Cardiovascular Pathological
Conditions: Evidence

As one of the oldest healing practices in the
world, acupuncture has been used for several
thousand years to treat many illnesses. In 2003,
the World Health Organization (WHO)
published a list of evidence-based conditions
for which acupuncture could be used [7]. Specific
to cardiology, angina pectoris, hypotension, and
hypertension were listed. In recent years, how-
ever, the effectiveness of acupuncture in the
treatment of these and other manifestations of
cardiovascular diseases, such as ischemia,
arrhythmias, and heart failure, and its effect on
heart rate variability (HRV), have been studied
and a large number of randomized controlled
trials (RCTs) have been published [8].

4.3 Hypertension

Since the 1980s, various authors have
demonstrated that several types of experimental
hypertension, arrhythmias, and the defense
reaction-induced pressure responses can be
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inhibited by electroacupuncture (EA), whereas
hypotension and bradycardia can be alleviated
by EA. Several experimental studies have been
performed on this subject, from the vast epide-
miological impact, above all to clarify the
mechanisms of action of acupuncture on the con-
trol of the whole cardiovascular function and the
possibility of influencing the autonomous ner-
vous system.

Since 1984, numerous works provided by the
Russian school have been published and even if
planned otherwise, show the effectiveness of
acupuncture in the control of light and modest
hypertension, underlining at the same time the
immediate effect of acupuncture on the pressure
values and on the normalization of other
parameters inherent to the neurovegetative and
psychic functions [2].

A work in which the authors used real acu-
puncture versus sham acupuncture in ten patients
suffering from hypertension revealed, in the
group treated with real acupuncture, an immedi-
ate reduction of the diastolic pressure values. The
acupoints used were Taichong LR3, Zusanli
ST36, Quchi LI11, and the auricular point of
hypertension [9].

In a controlled study, published in 1997, the
authors have documented the increase in the sys-
tolic and diastolic pressure values in 50 patients
not undergoing drug treatment. The authors also
reported a significant decrease in renin activity,
whereas the values of vasopressin and cortisol
remained unchanged [10].

Thanks to the large number of studies
published, in 2002, the WHO reported that acu-
puncture is suitable for treating primary hypoten-
sion and early essential hypertension. It has been
reported that the influence of acupuncture on
hypertension may be related to its regulatory
effect on the level of serum nitrogen monoxide.
For primary hypotension, acupuncture seems to
be more effective than general tonics. For mild
and moderate essential hypertension, the hypo-
tensive effect of acupuncture is much more
potent than that of placebos and is comparable
with that of certain conventional hypotensive
agents [11]. The importance of the integrative
treatment has been shown in a recent meta-
analysis; in fact, the authors’s results were

consistent with the notion that acupuncture sig-
nificantly lowers blood pressure in patients tak-
ing antihypertesive medications [12]. In addition,
acupuncture is often effective for relieving sub-
jective symptoms, and it has no side effects. The
long history of clinical practice has proven that
acupuncture has curative effects, but the physio-
logical basis requires more scientific study. In a
recent systematic review, the authors explored
the clinical evidence for or against acupuncture
as a treatment of various types of cardiac
arrhythmias, concluding that several studies
demonstrated that acupuncture may be an effec-
tive treatment [13].

We know that overactivity of the sympathetic
nervous system commonly initiates and sustains
blood pressure (BP) elevation in patients with
essential hypertension [14], but also the overac-
tivity of the renin—angiotensin—aldosterone sys-
tem can cause BP elevation [15]. From the
beginning, the pharmacological approach to
hypertension has been the regulation of one or
both of these systems that are responsible for
regulating BP and fluid balance in the body;
however, from the clinic, we know that unfortu-
nately, many patients require two or more drugs
for optimal control [16]. Another problem due to
the Western medicine is the difficulty of
providing a safe therapy with fewer adverse
side effects [17]. Yin et al. [18] examined the
use of individualized manual acupuncture (dif-
ferent acupoints in different patients after syn-
drome differentiation) versus noninvasive sham
as an add-on therapy for hypertensive patients
concurrently treated with various antihyperten-
sive medications. A significant reduction in both
systolic and diastolic BP was observed in the
acupuncture compared with the sham group. A
preliminary study examining point-specific
responses such as hypertension control found
that applying EA at Jianshi PC5-Neiguan PC6
and Zusanli ST36—Shangjuxu ST37 once weekly
for 8 weeks reduced peak and average systolic
and peak diastolic BP by 5 mmHg or more in
70% of patients, whereas EA at Pianli LI6—
Wenliu LI7 and Guangming GB37-Xuanzhong
GB39 did not consistently lower BP [19]. EA
reinforcement treatment at Jianshi PC5—-Neiguan
PC6 and Zusanli ST36—Shangjuxu ST37 once a
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month maintained the reduction in BP over the
6-month period. In a meta-analysis published in
2014, examining RCTs using real versus sham
acupuncture for the treatment of hypertension,
four trials qualified for the analysis. This meta-
analysis suggested that acupuncture might signif-
icantly lower systolic BP and diastolic BP in
patients taking antihypertensive medications,
but only lower diastolic BP in unmedicated
patients. Most of these patients received
individualized manual acupuncture treatment
using TCM principles to guide the selection of
acupoints [12].

4.3.1 Hypertension in TCM

Acupuncture generally works by harmonizing
the body’s energy balance: in parts of the body
where there is too much energy, the needles help
to remove the excess and bring the body back
into balance. From the TCM perspective, hyper-
tension is a disorder of the yin—yang balance,
and the treatment is aimed at restoring this bal-
ance. It is usually caused by emotional factors,
diet, and constitutional defects that lead to an
imbalance of yin and yang in the liver, spleen,
and kidneys. Since balance restoration takes a
considerable period of time, from the beginning
an integrative therapy is needed, but once there
is a therapeutic effect, this can often last for a
long period. In addition, during Chinese medical
treatment, the patient’s general condition
improves first and the blood pressure lowers
later [3, 20].

1. Hyperactivity of liver yang and up-flaming of
liver fire. The liver is closely related to
psychic and emotional activities: mental
stress or anger may cause hyperactivity of
the liver yang, resulting in irritability, head-
ache, dizziness, flushing face and red eyes,
bitterness in the mouth, tinnitus, aversion to
heat, insomnia, and constipation.

2. Yin deficiency of the liver and kidneys and a
deficiency of yin with exuberant yang. The
kidneys use their essence to produce marrow,

and the brain is the “sea of marrow.” In kidney
yin deficiency, nourishment of the brain is
often impaired and dizziness occurs. There
may be other symptoms, such as a hot sensa-
tion in the palms and pain in the heels, tinni-
tus, and insomnia. Kidney yin deficiency is
usually accompanied by deficiency of all the
body’s yin, in particular, liver yin, with the
consequent exuberant liver yang. In this case,
the relative excessiveness of yang may still
lead to irritability, headache, and aggravate
dizziness.

3. Deficiency of both yin and yang. Protracted
yin deficiency may involve yang; besides diz-
ziness, there may be symptoms such as cool
limbs and an aversion to coldness,
palpitations, nocturia, and edema.

4. Internal retention of phlegm-damp. Improper
diet, overwork, and stress may damage the
transporting and transforming functions of
the spleen, resulting in the production of
damp and phlegm. Retained phlegm-damp
gives rise not only to dizziness, but sometimes
numbness of the limbs, headache with the
sensation of pressure in the head, a sensation
of oppression in the chest, and hypertension
[3, 20].

4.3.2 Acupuncture

Common points are [3, 20]:

Baihui (GV20), Fengchi (GB20), Zusanli
(ST36), Quchi (LI11), Taichong (LR3), auricular
point of hypertension

Additional points are:

1. Hyperactivity of liver yang and up-flaming of
liver fire: Xingjian (LR2)

2. Yin deficiency of liver and kidneys and defi-
ciency of yin with exuberant yang: Sanyinjiao
(SP6), Taixi (KI 3)

3. Deficiency of both yin and yang: Zhaohai
(KI6), Qihai (CV6), Guanyuan (CV4)

4. Interior retention of phlegm-damp: Jianshi
PC5, Neiguan (PC6), Shangjuxu (ST37),
Fenglong (ST40)
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44  Myocardial Infarction

and Coronary Heart Disease

We know that the autonomic nervous system
plays an important role in the modulation of
cardiac electrophysiology and arrhythmogenesis
[21]. In general, acupuncture is believed to stim-
ulate the nervous system and cause the release of
neurochemical messenger molecules; the
resulting biochemical changes influence the
body’s homeostatic mechanisms, thus promoting
physical and emotional well-being.

Acupuncture therapy has been confirmed to
be effective in treating cardiovascular diseases in
clinical practice, and the acupuncture-induced
balance of the autonomic nervous system
activities is one of its key mechanisms [22]. Sev-
eral randomized controlled trials show evidence
for acupuncture in the treatment of coronary
heart disease, including angina pectoris and
myocardial infarction.

Myocardial ischemia and the consequent car-
diac damage resulting from a lack of blood flow
to the heart muscle can lead to cell death or
infarction [23]. The severity and duration of
post-ischemic changes depend on the length and
intensity of the ischemia and can ultimately lead
to heart failure [24]. Norepinephrine, a neuro-
transmitter released by the sympathetic nervous
system, can increase the extent of ischemia by
increasing demand for myocardial oxygen and
causing coronary vasoconstriction [25], and the
increases in sympathetic activation during
myocardial ischemia can also lead to arrhythmias
and increase infarct size [26].

Since the 1980s, various studies have been
published to evaluate the effects of acupuncture
on myocardial ischemia. Chen et al. [27] showed
that the stimulation of the acupoint Neiguan PC6
increases myocardial contractility in congestive
cardiomyopathy; the stimulation of the acupoint
Shaofu HT8 instead decreases the contractive
force of the myocardium and turns out to be
positive in  patients with  hypertrophic
cardiomyopathy. Li et al. [28] described the
positive effects of acupuncture on cardiovascular
function in patients with acute myocardial

infarction. In this study, the authors compared
the clinical and instrumental data of a group of
patients treated only using drug therapy with
those obtained in another group subjected to acu-
puncture and drug therapy combined.

Liu et al. [29] studied the effects of acupunc-
ture on 100 patients suffering from coronary
heart disease in a blinded controlled study. The
authors used an acupuncture group and two con-
trol groups, one composed of healthy volunteers
treated as patients, the other of subjects suffering
from coronary heart disease treated with sham
acupuncture at non-acupuncture points. In the
subjects treated with true acupuncture, a signifi-
cant increase in the contractility of the rear ven-
tricular wall and an increase in the volume of the
cardiac output, in contrast to the trend of the
control group. It is interesting to note that in
healthy subjects, significant variations in the
cardio-circulatory function have not been
highlighted.

In a study performed by Ballegaard et al. [30]
on 49 patients with angina (two groups: real
acupuncture vs sham acupuncture), the authors
showed a reduction of 50% in the angina attacks
and in the use of nitro-derivative medicines in
both groups, the patients who underwent the real
acupuncture also showed significant changes in
resistance to stress (+9%) and timing of onset of
angina pain (+10%) compared with the sham
group.

In human trials, Ballegaard et al. [31]
demonstrated that 3 weeks of manual acupunc-
ture (seven treatments) at Neiguan PC6, Zusanli
ST36, and Jueyinshu BL14 in normotensive
patients with >50% coronary stenosis, positive
stress tests, and severe refractory angina signifi-
cantly increased cardiac working capacity,
compared with sham (points in outside
meridians, same dermatome). Ballegaard et al.
[32] also conducted a 2-year prospective,
nonrandomized trial (on a group of 105 angina
patients) to explore the cost savings potential of
acupuncture followed by acupressure as part of a
lifestyle program. Among the most interesting
data, we note the improvement in the New York
Heart Association (NYHA) index (evaluating the
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general conditions of the cardiac patient and their
quality of life): the patients with a grade of
NYHA 0-1, without any limitation in their day-
to-day life, comprised only 8% at the beginning
of the study; they proportion increased to 53% by
the end of the first year and to 63% after 5 years.
The economic benefit of $32,000 (USA) per
patient was also evaluated, resulting from a
reduction of 90% in the hospitalization time and
70% for surgical services [33]. An investigation
by Richter et al. demonstrated that manual acu-
puncture (manipulated only once upon insertion)
at Neiguan PC6, Tongli HT5, Xinshu BL15,
Pishu BL20, and Zusanli ST36, administered
three times for 30 min each week for 4 weeks
reduced the number of angina attacks, the inten-
sity of pain, and ST segment depression com-
pared with placebo [34].

The WHO states that encouraging results have
been reported for a number of controlled studies
on the treatment of heart disease with acupunc-
ture, particularly in psychosomatic heart
disorders, such as cardiac neurosis [11]. In coro-
nary heart disease, acupuncture has been shown
by various authors to be effective in relieving
angina pectoris [35]; its beneficial influence has
been demonstrated during coronary arteriogra-
phy. Cardiological, neurophysiological, and psy-
chological observations, made in mutually
independent studies, indicated that acupuncture
improved the working capacity of the heart in
patients with angina pectoris and activated auto-
regulatory cardiovascular mechanisms in healthy
persons [11]. A systematic review of
16 randomized controlled trials (RCTs) found
that acupuncture added to conventional drugs
reduced the occurrence of acute myocardial
infarction. Compared with drugs alone, both
acupuncture alone and acupuncture plus conven-
tional drugs proved more effective at relieving
angina symptoms and improving electrocardiog-
raphy. However, compared with conventional
treatment, acupuncture alone showed a longer
delay before its onset of action, probably
indicating that it is not suitable for the emergency
treatment of myocardial infarction [36].

A laboratory trial by Zhou et al. examined the
response to EA in a model of myocardial

ischemia-reperfusion (MIR) injury in six differ-
ent groups of rabbits. The authors have studied
the responses with EA Jianshi PC5-Neiguan PC6
(2 Hz for 30 min) at different times and with
different association. The authors concluded
that EA reduces ischemia—reperfusion injury
through both opioid and protein kinase C-depen-
dent mechanisms and has the potential to play an
important role in the clinical treatment of cardiac
ischemia [37].

From the literature, we notice that clinical
improvement and cardiovascular benefits were
gained with manual acupuncture using EA at
Jianshi PC5-Neiguan PC6 and Zusanli ST36—
Shangjuxu ST37 in non-ischemic patients. We
hypothesize that we might obtain good results
in ischemic patients too, but further studies are
needed to confirm.

4.4.1 Coronary Heart Disease in TCM
The common feature of angina pectoris is
impaired blood flow in the vessels of the heart.
Coronary heart disease is usually related to
aging, weakness, improper diet, and emotional
factors that often lead to inactivation of chest
yang, stagnation of cold and phlegm in the
collaterals, in addition to Qi stagnation and
blood stasis. Excessive rich food may impair
the spleen and stomach, producing endogenous
phlegm-damp or leading to Qi deficiency. When
phlegm-damp invades the heart, it impedes the
flow of Qi and blood, resulting in angina pectoris,
but in angina pectoris, the heart, spleen, kidneys,
and liver may be involved; deficiency of Qi, yin,
and yang are the fundamental pathological
changes; and blood stasis, Qi stagnation,
phlegm-damp accumulation, and cold are the
precipitating factors [3, 20].

4.4.2 Acupuncture

Common points are [3, 20]:

Xinshu (BL15), Juque (CV14), Tanzhong
(CV17), Neiguan (PC6), Tongli (HTS), Shaofu
HTS
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Additional points are:

1. Obstruction by phlegm: Fenglong (ST40),
Taiyuan (LU9), Jianshi PC5

2. Retention of blood stasis in the collaterals:
Geshu (BL17), Xuehai (BL10)

3. Deficit of the Spleen: Pishu (BL20),
Sanyinjiao (SP6), Zusanli (ST36), Shangjuxu
(ST37)

4.5 Rhythm Disorders

Arrhythmia refers to the abnormal frequency and
rhythm of the heart beating. We know that
cardiac arrhythmias constitute one of the most
significant risk factors for heart disease [38];
ischemia and increases in sympathetic activity
are causal factors for both supraventricular and
ventricular arrhythmias [39].

Given that acupuncture reduces ischemia and
inhibits sympathetic outflow, it could also be
used as a modality in the treatment of cardiac
arrhythmias that are related to augmented sym-
pathetic outflow and sympathetic/parasympa-
thetic imbalance [40]. A study conducted by
Liptak et al. in 1980 on 33 patients with extra
systoles shows that both acupuncture and EA can
considerably reduce the number of extra systoles
during needle stimulation, whereas the heart rate
remains unchanged; to explain these clinical
data, the author suggests an effect at the level
of the vegetative and neuroendocrine system
[41]. Another survey conducted in subjects with
normal sino-atrial conduction has also shown
that EA stimulation of the acupoints Neiguan
PC6 and Jianshi PC5 significantly shortens the
sino-atrial contraction time compared with the
control group not subjected to any
stimulation [42].

Shi et al. in 1995 studied changes in heart
rhythm components at low and high frequency
in coronaropathic patients treated in acupoint
Neiguan PC6. The results show a significant
improvement only as far as the low frequency
is concerned, also emphasizing that manual

acupuncture reached maximum impact within
10 min from the beginning of the treatment; the
values returned to standard 20-30 min later,
without any rebound effect [43]. In experimental
models, it was demonstrated that EA at Neiguan
PC6 and Zusanli ST36 reduced premature ven-
tricular contractions and ventricular tachycardia
[44]. A meta-analysis by Kim et al. [13] was
published, examining the effectiveness of acu-
puncture in the treatment of cardiac arrhythmias.
This chapter evaluated the response of paroxys-
mal supraventricular tachycardia, premature
ventricular contractions (PVCs), and atrial
fibrillation to acupuncture. Given that the
majority of studies were of low methodological
quality and included small sample sizes, Kim
et al. cautiously concluded that acupuncture
may be an effective treatment for arrhythmias.

4.5.1 Arrhythmias in TCM

Arrhythmias are attributed to the yin—yang
imbalance of the heart, disorders in nourishing
the heart, or disturbances of the heart by phlegm-
fire or blood stasis. This disease is usually caused
by a weak constitution, emotional stimulation,
excessive anxiety, and invasion of pathogenic
factors that lead to heart malnutrition due to Qi
deficiency, blood, yin and yang, or by phlegm-
fire attacking the heart, and stagnation of the
heart’s blood [3, 20]. These causes can be
summarized as follows:

1. Deficiency of Qi and blood: palpitation and
shortness of breath aggravated by dizziness,
insomnia, and lassitude.

2. Deficiency of yin with exuberant yang:
palpitations and restlessness accompanied by
dizziness, tinnitus, bitterness in the mouth,
and insomnia.

3. Phlegm-fire: restlessness and oppression in
the chest, palpitations, insomnia and disturbed
sleep, expectoration with sticky sputum, and
dry mouth.
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4. Qi stagnation and blood stasis: palpitation and
oppression in the chest, sometimes with pec-
toral pain, amnesia, and insomnia [3, 20].

4.5.2 Acupuncture

Common points are [3, 20]:

Xinshu (BL15), Jueyinshu (BL14), Neiguan
(PC6), Shenzhu (GV12), Shendao (GVI11),
Shenmen (HT7)

Additional points are:

1. Deficiency of Qi and blood: Danzhong
(CV17), Guanyuan (CV4), Zusanli (ST36),
Sanyinjiao (SP6), Pishu (BL20), Geshu
(BL17)

2. Deficiency of Qi and yin: Qihai (CV6),
Yinlingquan (SP9), Zusanli (ST36), Taixi
(KI3)

3. Phlegm-fire: Chize (LUS), Feishu (BL13),
Fenglong (ST40), Jianshi PC5

4. Qi stagnation and blood stasis: Qihai (CV6),
Xuehai (SP10), Danzhong (CV17), Ximen
(PC4)

4.6 Conclusion

Heart diseases constitute the essential problem of
contemporary developed societies. Despite the
continual progress in pharmacotherapy and in
invasive cardiology, the number of heart disease
cases has been systematically increasing, and
heart disease remains the number one killer in
the world. Much effort is made to try to reduce
the incidence of pathological heart conditions, but
we know that to reach this goal we must use
different treatments: integrative medicine, such
as acupuncture and integrative conventional med-
ical treatment including lifestyle changes such as
stopping smoking, modifying diet, and increasing
exercise. The number of studies to evaluate the
efficacy of manual acupuncture or EA to treat
symptoms of heart disease is large, and even if
the quality is low, it appears that this ancient

therapy may be beneficial in several cardiovascu-
lar disease conditions. EA appears to be useful in
patients with mild to moderate hypertension,
whether antihypertensive drugs are used or not.
Acupuncture can also be used in all those patients
who elect to remain unmedicated because of
unwanted side effects. Certainly, it can provide a
treatment alternative for patients with myocardial
ischemia, it may help to treat arrhythmias, and can
reduce angina and the need for nitroglycerin. The
last but not least, when integrated into a holistic
program, may produce cost savings. Thus, thanks
to all these positive therapeutic effects, the lack of
side effects [45], and the relatively low cost, the
use of acupuncture and more specifically EA may
be warranted, although a large number of high-
quality studies is needed.

From the different studies published, it
appears that the most common acupoint used in
the treatment of cardiovascular diseases is
Neiguan PC6. Point stimulation may be manual
or electrical, but, to reduce the difference
between clinicians and lead to more consistent
clinical outcomes, it is better to administer EA at
Jianshi PC5—Neiguan PC6 at 2 Hz for 30 min. In
various published meta-analyses it appears that
one of the most important biases in acupuncture
research is the protocol: for the same
pathologyical condition different clinicians use
different numbers and acupoints, without the
correct TCM differentiation. Therefore, more
research is needed to determine the correct selec-
tion of acupoints and which other points may or
may not provide an added benefit. At this time, it
appears that employing EA at Zusanli ST36—
Shangjuxu ST37 in conjunction with Jianshi
PC5—Neiguan PC6 might provide optimal clini-
cal cardiovascular responses. In conclusion, acu-
puncture is a save and safety therapy with no side
effects that can be used as integrative medicine to
treat some cardiovascular diseases.

4,7 Cardiology and Myofascial

Trigger Points

During the past few decades, myofascial trigger
points (MTrPs) and myofascial pain syndrome
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(MPS) have received much attention in the scien-
tific and clinical literature. Researchers worldwide
are investigating various aspects of MTrPs, includ-
ing their specific etiology, pathophysiology, histol-
ogy, referred pain patterns, and clinical
applications [46, 47].

Although Dr. Janet Travell (US President JF
Kennedy’s MD) (1901-1997) is generally
credited for bringing MTrPs to the attention of
healthcare providers, MTrPs have been described
and rediscovered for several centuries by various
clinicians and researchers. In the late 1930s,
Travell, who at that time was a cardiologist and
medical researcher, became particularly inter-
ested in muscle pain [48].

Chronic myofascial pain can mimic or accom-
pany cardiovascular disease [49]. The reader
needs to be familiar with the MTrPs.

4.7.1 Clinical Aspects of Myofascial

Trigger Points

An MTTP is described as “a hyperirritable spot in
skeletal muscle that is associated with a hyper-
sensitive palpable nodule in a taut band.”

The classical and most commonly used descrip-
tion of trigger points is that by Travell and Simons
[48]. They defined trigger points as the presence of
exquisite tenderness at a nodule in a palpable taut
band (of muscle). Trigger points can produce
referred pain, either spontaneously or on digital
compression. The clinical definition came to be
that trigger points are localized areas of deep ten-
derness within a taut band of muscle. They exhibit
a local twitch response (muscle fasciculation) or
jump sign (whole body movement) in response to
digital pressure or dry needling. In their text,
Simons et al. [48] also produced body maps of
common trigger point locations and their referral
zones. These locations have been noted to have
significant similarities to acupuncture points used
in traditional Chinese medicine for the relief of
pain [50].

Myofascial trigger points are the hallmark
characteristics of MPS and feature motor, sen-
sory, and autonomic components. Motor aspects
of MTrPs may include disturbed motor function,

muscle weakness as a result of motor inhibition,
muscle stiffness, and restricted range of motion.
Sensory aspects may include local tenderness,
referral of pain to a distant site, and peripheral
and central sensitization. Peripheral sensitization
can be described as a reduction in threshold and
an increase in responsiveness of the peripheral
ends of nociceptors, whereas central sensitization
is an increase in the excitability of neurons
within the central nervous system. Signs of
peripheral and central sensitization are allodynia
(pain due to a stimulus that does not normally
provoke pain) and hyperalgesia (an increased
response to a stimulus that is normally painful).
MTrPs are painful on compression. A detailed
clinical history, examination of movement
patterns, and consideration of muscle referred-
pain patterns assist clinicians in determining
which muscles may harbor clinically relevant
MTrPs. Muscle pain is perceived as aching and
poorly localized. There are no laboratory or
imaging tests available that can confirm the pres-
ence of MTrPs, which are identified through the
palpation technique. The presence of a so-called
local twitch response (LTR), referred pain, or
reproduction of the person’s symptomatic pain
increases the certainty and specificity of the diag-
nosis of MTrPs.

Myofascial pain syndromes can be primary or
secondary conditions. When they are secondary,
they occur as a manifestation of another disorder.
A regional pain referral from a visceral disorder
can induce secondary MPS. Visceral disorders
induce central sensitization with hypersensitivity
and expansion in the number and size of
receptive fields. Central sensitization is topo-
graphically organized in the spinal cord, being
segmentally predominant at the level of the
affected viscera. The associated MPS tend to
be regional, but are related to the segmental
innervation of the affected viscera. Regional
MPS in turn can mimic visceral disease or be
the diagnostic sign of visceral disease. Cardiac
disease, gastrointestinal disorders, hepatic and
biliary disorders, irritable bowel syndrome, and
interstitial cystitis are some of the conditions in
which MPS can occur secondarily or that they
mimic.
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The most common etiological mechanisms
include: low-level muscle contractions, uneven
intramuscular  pressure distribution, direct
trauma, unaccustomed eccentric contractions,
eccentric contractions in unconditioned muscle,
and maximal or submaximal concentric
contractions [51].

4.7.2 MTrPs in Cardiology

Chest pain is a common presenting symptom in
primary care. The foremost concern among most
patients is that the underlying cause of the pain
may be related to their heart. However, once
patients have been referred to secondary care for
investigations, as many as half of them are
diagnosed with noncardiac chest pain. As an
example, the trigger points in the pectoralis major
and minor muscles can produce symptoms that are
nearly identical to the pain associated with having
a heart attack or angina pectoris. Referred pain
from these trigger points is experienced in the
chest, front of the shoulder, down the inside of
the arm, and along the inside of the elbow [49].
First and foremost, everything described
below assumes that a cardiac source of chest
pain has been ruled out by a cardiologist. Only
after being cleared by a cardiologist should this
myofascial source of chest pain be investigated.

4.7.3 Which Muscles May Be Involved
in Cardiology?

There may be a TrP on the right-side pectoralis
major between the fifth and sixth ribs about mid-
way between the nipple and the outer edge of the
sternum that may be involved with cardiac
arrhythmias. Treating the TrP may eliminate the
arrhythmia. Pectoralis major MTrPs cause pain
under the sternum. They also transmit pain to the
front of the chest and breast, extending down to
the little finger side of the arm to the fourth and
fifth fingers. MTrPs on the left side often mimic
heart-attack pain.

Pectoralis MTrPs can occur in any of the
muscle layers, in any place, but they are most

common in certain areas. At the collarbone, they
cause local pain and refer pain over the front of
the shoulder. In the breastbone area, MTrPs can
broadcast intermittent, intense pain to the front
of the chest and down the inner aspect of the
arm. This can include a feeling of chest tightness,
often mistaken for angina. These MTrPs can
radiate pain to the inside top of the forearm,
and to the little finger side of the hand, including
the last two or more fingers. If there are
arrhythmias and no other signs of heart problems,
check for MTrPs. Chest pain that persists after
a heart attack is frequently caused by these
MTrPs.

Pectoralis minor MTrPs are most often
located in an area about midway between the
clavicle and nipple, and about midway between
the edge of the breastbone and the outer edge of
the upper arm. These MTrPs send pain over the
front of the chest and shoulder. Pain may run
down the inner side of the arm and include the
last three fingers. Pain from a left side pectoralis
minor MTrP can mimic angina. These MTrPs
can also entrap the axillary artery and the bra-
chial plexus nerve. The radial pulse may disap-
pear as your patient moves the arm to different
positions [48]. When you relieve the TrP, the
pulse is restored.

Shortness of breath is often due to MTrPs in
the serratus anterior muscle and is commonly
associated with a “stitch in the side.” There is
referred pain to the side and to the back of the
chest. This includes the lower interior border of
the shoulder blade and sometimes the pain runs
down the inner area of the arm, hand, and the last
two fingers. There may be air hunger, with
panting or mouth breathing. In severe cases,
there is chest pain, even at rest. The nerve
going to the serratus anterior muscle may be
entrapped because of scalene muscle MTrPs.
These MTrPs may also contribute substantially
to the pain of a heart attack [48]. It can also cause
a catch in the lower inner side of the shoulder
blade. Serratus posterior inferior MTrPs produce
an unusual ache radiating over and around the
muscle. Iliocostalis thoracis MTrPs at mid-chest
level send pain upward toward the shoulder and
sideways toward the chest wall. Trigger points on
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the left side in this area cause pain that is often
mistaken for angina.

All major scalene muscles can refer pain to
the front and back of the body in a widespread
pattern. At the front, they cause persistent aching
pain over the chest and down the front and back
of the arm to the forearm. The patient may report
that the chest feels tight. On the left side, this
pain may be mistaken for angina. There may be
numbness, tingling, and odd sensations in the
fourth and fifth fingers and in the little finger
side of the hand and forearm.

Intercostal MTrPs cause primarily local
aching pain. Palpate for these MTrPs around the
ribs. They are most often located on the front of
the body, close to the side. The patient may not be
able to endure pressure on these MTrPs. The pain
increases when s/he takes a deep breath, coughs,
or sneezes. In the area near the breastbone, these
MTrPs may cause cardiac arrhythmia [48].

Diaphragm MTrPs refer pain in two different
directions, using two different neural pathways.
One sends pain to the upper border of the shoul-
der on the same side as the MTrP, from MTrPs in
the diaphragm dome. MTrPs along the edges
send pain to the edges of the ribs close
by. Diaphragm MTrPs can cause the “stitch in
the side,” chest pain, or inability to draw a full
breath. The pain will be most intense on exhala-
tion after a deep breath. These MTrPs cause
restricted rotation of the spine upon twisting to
look behind. Chronic cough and paradoxical
breathing perpetuate these MTrPs, as will head-
forward, slumped-shouldered posture. Local
impact trauma, chest surgery (chest retractors
are likely to leave clusters of MTrPs in their
wake), herpes zoster, and rib fractures are also
possible initiating and perpetuating factors, as
are tumors, and some repetitive exercises.

Many cases of Raynaud’s phenomenon have a
TrP component. Numbness and odd sensations of
the fourth and fifth fingers are common with
these MTrPs. There may be peculiar sensations
over some parts of the forearm and over the
palmar side of the first three and a half fingers.
Paradoxical breathing perpetuates this TrP, as
does poor posture. Check standing and sitting
movements and ask about sleep positions.

Blood vessel entrapment by these MTrPs does
not produce the hand puffiness associated with
scalene entrapment. Connective tissue MTrPs in
scar tissue of the attachment area in some rotator
cuff tissues may cause referred tenderness, hot
prickling pain, and lightning-like jabs to the
pectoralis area.

Chest tightness may also be due to MTrPs in
the sternalis muscle. Sternalis MTrPs cause a
deep ache under the breastbone, extending over
the entire region of the breastbone and below.
This can cover the upper chest and front of the
shoulder on the same side, including the under-
arm and upper arm on the little finger side up to
the elbow, and produces an ache that feels like a
heart attack or angina and is independent of body
movement. Trigger points can occur anywhere
within the sternalis, but they are often found in
the upper two-thirds and to the left of center at
mid-sternal level.

Myofascial trigger points in the jaw and
neck can contribute to referred chest pain.
Overburdening these muscles can cause MTrPs,
which can be formed during a heart attack or
other visceral disease. When a coronary artery
disease occurs, if the patient has angina or has
had a heart attack, s/he probably has MTrPs, as
these events can be initiating factors. Treating
the MTrPs may reduce the symptom level.

If these or any MTrPs keep recurring, in spite
of proper treatment, the perpetuating factor must
be found. There could be a visceral problem, for
example. Such organic disease can cause MTrPs.
Relieving the MTrPs may relieve the symptoms
for a short period, but the underlying problem is
still there.

4.7.4 Trigger Point Therapy

Trigger point therapy is essentially divided into
invasive and non-invasive techniques. Non-inva-
sive techniques are those that have been tradi-
tionally employed by physical and manual
therapists. In recent years, there has been a
marked increase in the use of invasive therapies,
in particular, acupuncture (needle therapy), to
manage trigger points.
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Needling involves multiple advances of an
acupuncture-type needle into the muscle in the
region of a trigger point, aiming to reproduce the
patient’s symptoms, visualize local twitch
responses, and achieve relief of muscle tension
and pain. In an early study, dry needling was
found to be equivalent to local anesthetic, corti-
costeroid, and coolant spray in the treatment of
lower back pain.

The major drawback to the use of dry needling
over local anesthetic injection is the higher inci-
dence of post-treatment soreness. This would
appear to be maximal in the 24 h after therapy
and is usually manageable with heat packs and
stretching, but may be intolerable to some
patients, and therefore care with patient selection
is important.
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The heart consumes more energy than any other
organ, pumping approximately 5 L of blood per
minute at rest and up to 24 L/min during vigor-
ous exercise. It needs about 6 kg of adenosine
triphosphate (ATP) every day, which is 20-30
times its own weight. The main contributors to
ATP synthesis are fatty acids (70%), through
B-oxidation, and glucose (30-40%), through aer-
obic glycolysis. Because of this dependence on
oxidative energy production, increases in cardiac
activity are dependent on instantaneous parallel
increases in oxygen availability and ATP
production [1].
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Almost all the energy (about 90% of ATP) is
produced in the mitochondrial respiratory chain,
through oxidative phosphorylation. Recent stud-
ies [2] showed that resting cardiac energy meta-
bolism is inversely associated with heart rate.
These data may explain the prognostic role of
the heart rate as demonstrated by epidemiologi-
cal studies. Therefore, maintaining adequate
mitochondrial metabolism is essential to ensure
adequate heart contractility.

5.1 Mitochondria Dysfunction

and Heart Failure

Damage to the mitochondria in endothelial cells
is the initial process of atherosclerosis [3, 4]. Tra-
ditional risk factors for cardiovascular disease,
such as smoking, obesity, high blood sugar, high
cholesterol, and high triglycerides, are all linked
to dysfunctional mitochondria [5—14]. Nutrients
that enhance mitochondrial function (such as
coenzyme Q10 and L-carnitine) improve clinical
and symptomatic indicators of congestive heart
failure (CHF) [15—17]. The mitochondria in cells
of elderly people are mostly dysfunctional,
whereas young individuals have virtually no
mitochondrial damage [18, 19].

Many natural compounds can be useful in the
treatment of cardiovascular diseases. This chap-
ter analyzes the molecules that we think more
useful in producing energy in the heart.
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5.1.1 -Carnitine

The amino acid L-carnitine is required to transport
fatty acids into the mitochondria to be burned
for energy production. It is mostly highly
concentrated in organs in which there is a high
energy requirement, such as the heart and skeletal
muscle. Levels of L-carnitine decline in patients
with heart failure. Many studies have shown that
patients with heart failure who take L-carnitines
show an improvement in the ejection fraction
[20-22]. The recommended dose is 1-3 g/day.

5.1.2 Coenzyme Q10 (CoQ10)

Many nutrients and supplements have shown an
effect on heart contraction; coenzyme Q10 is the
most powerful supplement in heart failure.

Coenzyme Q10 plays a key role in cell bioen-
ergetics both mitochondrial (respiratory chain)
and at the level of ATP-producing oxidative
phosphorylation chain, located in the inner mito-
chondrial membrane, and plays an antioxidant
role in relation to low-density lipoprotein
(LDL), in particular, in its reduced form,
ubiquinol, which represents 80% of the total
coenzyme Q10 in human plasma and protects
biological membranes and lipoproteins. The nor-
mal value range of CoQ10 in human plasma is
0.8-1.2 mg/L. Being a lipophilic substance in the
gastrointestinal tract, it is incorporated into
chylomicrons, then passes into the lymphatic
vessels, and ends in the bloodstream. The degree
of absorption when ingested orally is very poor,
because of its insolubility in water and the high
molecular weight, and it is very important to the
choice of the pharmaceutical formulation, which
allows high solubility [23].

CoQ10 levels decrease with age and may be
low in people with cancer, certain genetic
disorders, diabetes, heart conditions, HIV/AIDS,
muscular dystrophies, and Parkinson’s disease.
Oxidative modification of LDLs in arterial
walls is thought to be an initial event for

atherosclerosis development. Reduced coenzyme
Q10 (CoQ10H?2) inhibits LDL oxidation in vitro.
Co-supplementation in a-tocopherol and coen-
zyme Q10 in apolipoprotein E-deficient mice is
effective at inhibiting atherosclerosis
[24]. (Although coenzyme Q10 supplementation
promises a decrease in atherosclerosis, additional
research is needed to determine whether this
supplementation can inhibit the development or
progression of atherosclerosis in humans.) In
heart failure, too, small intervention trials of
therapy with coenzyme Q10 (100-300 mg/day
of coenzyme Q10 for 1-3 months) in patients
with congestive heart failure, in conjunction

with conventional medical therapy, have
demonstrated improvements in some cardiac
function measures, but previously other

researchers have found that supplementing the
diet with 100-200 mg/day of coenzyme Q10
did not significantly improve left ventricular
ejection fraction or exercise performance in
heart failure patients [25, 26]. A 2006 meta-
analysis of ten randomized controlled trials
found that coenzyme Q10 supplementation
(99-200 mg/day for 1-6 months) in heart failure
patients resulted in a significant improvement in
left ventricular ejection fraction [27].

The coenzyme Q10 has been shown to reduce
the remodeling mechanism that adversely
modifies the heart geometry, leading to dilatation
and contractility dysfunction [28, 29].

We recommend a dose 100-600 mg/day,
according to the severity of heart disease.

5.1.3 Creatine

Cardiac creatine levels are reduced in chronic
heart failure and supplementation should be use-
ful in chronic heart failure. When patients with
heart failure were given 20 g of creatine per day,
an increase in the contractile force was observed
[30]. Creatine supplements improve skeletal
muscle force and restore a normal muscle metab-
olism in heart failure. We usually use a loading
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phase with 15-20 g per day, followed by a week
with a dose of 2-5 g/day.

5.1.4 p-Ribose

An insufficient supply of ATP may play a role in
ischemic CHF. Ribose is a pentose sugar and is
the core of the ATP molecule. Ribose enhances
the recovery of depressed myocardial ATP levels
and provides improvement in myocardial dia-
stolic compliance in a setting of myocardial
ischemia [31, 32].

D-Ribose enhances cardiac metabolism in
entering the pentose phosphate pathway to form
ribose-5-phosphate  counteracting the rate-
limiting enzymes of glucose-6-phosphate dehy-
drogenase and 6-phosphogluconate
dehydrogenase.

Several studies have shown that D-ribose
shortens the time needed to regenerate deficient
myocardial ATP levels following ischemia.
Decreased availability of myocardial ATP may
allow calcium to remain fixed to troponin longer
in diastole, leading to diastolic dysfunction. This
supplement is strategic in the treatment of heart
failure. We recommend a dose between 10 and
15 g per day; after a week the dose may be
reduced to 5 g twice daily [33].

5.1.5 Hawthorn

Hawthorn extract improves symptoms of heart
failure. It contains flavonoids and oligomeric
proanthocyanidins. ~ Cardiovascular  effects
include a positive inotropic effect. Hawthorn
possesses vasodilatation properties, reduces
blood pressure, inhibiting the angiotensin-
converting enzyme, and exerts a heart control
rate in a manner similar to digoxin, reducing
chronotropic properties [34, 35].

This herb should be a useful treatment in mild
forms of heart failure. Hawthorn is usually well
tolerated; the most common side effects are diz-
ziness, vertigo, and nausea. This herbal remedy
has the potential to cause hypotension and should
be wused with caution with conventional

medications used in the treatment of hyperten-
sion. Gastrointestinal complaints, fatigue, sweat-
ing, rash, palpitations, headache, sleeplessness,
agitation, and circulatory disturbances have been
reported. Potential adverse drug-herb
interactions may exist between hawthorn and
some drugs, such as anticoagulants and cardiac
glycosides. The dosage varies between 600 and
1,800 mg/day.

5.1.6 Lipoic Acid

Alpha-lipoic acid, a compound rich in sulfur,
plays an essential role in the metabolic processes
involved in energy production. It exerts an effect
mainly on the mitochondria; it is a cofactor of
several enzymes that participate in the glucose
conversion process, the fatty acids, and other
energy ATP sources. Alpha-lipoic acid is also
active in the regeneration of reduced glutathione
and vitamin C (ascorbic acid). Lipoic acid is a
powerful antioxidant, similar to glutathione.
Because oxidative stress is associated with a
decrease in cardiac function, the lipoic acid
may be an aid in the treatment of heart failure
[36, 37].

5.1.7 Pyrroloquinoline Quinone

Pyrroloquinoline quinone (PQQ) is a quinone
disodium salt that is produced through a fermen-
tation process. It was initially classified as a
vitamin B complex after being identified by Jap-
anese researchers in 1979. Although it is
distributed within the body, this molecule is par-
ticularly concentrated in specific locations, such
as the heart, brain, and red blood cells. The PQQ
can be obtained through certain foods (beans,
potatoes, parsley, green tea, and kiwi) or dietary
supplements. This molecule interferes with many
metabolic processes and influences a number of
enzymes and  proteins, the  so-called
quinoprotein, which adjusts and modulates the
activity. The PQQ has significant antiaging
properties and has antioxidant activity
100 times more potent than vitamin
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C. Although CoQ10 optimizes mitochondrial
function, PQQ activates genes that govern mito-
chondrial reproduction, protection, and repair.
Mitochondrial DNA decreases by 40% in failing
hearts [38, 39]. We recommend a dosage of
10-20 mg/day. Although it has been clinically
shown that 20 mg of PQQ is necessary to effec-
tively support cognitive function, 10 mg of PQQ
or even less has been clinically shown to induce
mitochondrial biogenesis.

5.1.8 Taurine

Taurine is a so-called “conditional amino acid,”
an amino acid that can be produced by the body.
Instead an “essential amino acid” should be
provided by the diet because it cannot be pro-
duced by the organism. Supplementation of tau-
rine is necessary in infants who are not breastfed
because their ability to produce the amino acids
is not yet fully developed and cow’s milk does
not provide enough taurine. Also, in enteral and
parenteral feeding it is added to nutritional
products. This amino acid exerts a potent antiox-
idant effect.

Taurine is one of the main intracellular
osmolytes and therefore provides an important
contribution to the regulation of cell volume. It
has the effect of an ACE inhibitor. The mecha-
nism of action appears to be that of the modula-
tion of hyperactivity of the sympathetic nervous
system, particularly activated in the case of
stress [40].

Taurine is a supplement useful in the treat-
ment of CHF, hypertension, and
hypercholesterolemia.

5.1.9 Vitamin D

The deficiency of vitamin D is related to a reduc-
tion of the contractile function of the heart. Many
scholars believe that the increase in plasma
pro-inflammatory cytokines may contribute to
heart failure. Vitamin D has a cardioprotective
effect as an anti-inflammatory molecule.

The many actions attributed to vitamin D
reflect the wide tissue distribution of its

receptors, the vascular smooth muscle cells,
endothelium, immune cells, and cardiomyocytes,
tissue for which the total vitamin D modulates
the immune and inflammatory conditions.

Clinical studies have reported associations
between low plasma levels of vitamin D and
other aspects of the cardiovascular system
(CV), such as hyperactivity of the renin—
angiotensin—aldosterone system, high blood
pressure, coronary calcification, glucose metabo-
lism disorders, and cardiovascular disease.

Vitamin D has a potent immunomodulatory
effect: laboratory studies show that it inhibits the
production of prostaglandins and cyclo-oxygenase-
2, modulates the synthesis of matrix metallopro-
teinases and many of the pro-inflammatory
cytokines, and increases the synthesis of
interleukin-10, leading to the modulation of inflam-
mation [41-44].

5.2 Low-Dose Therapy

Low-dose medicine represents an innovative
medical paradigm for the treatment of cardiovas-
cular diseases. It has emerged from the latest
knowledge in the field of molecular biology, the
psycho-neuro-endocrine immunology (PNEI)
vision, and research into nano-concentration
pharmacology.

In recent years, research in the field of
low-dose medicine has had a huge impact and
several studies, both preclinical and clinical,
have been published with the evidence for the
theoretical bases of this innovative branch of
medicine [45-55].

Low-dose therapy is characterized by the
administration of remedies, such as natural
substances (plants, minerals, animal derivatives)
at various ultralow doses and, in particular,
biological molecules (neuropetides, cytokines,
hormones, and growth factors) at the physiologi-
cal low dose that is within the range of picomoles
or femtomoles/ml concentration. All these
substances only have biological activity if they
have undergone a process of sequential kinetic
activation (SKA). SKA is a technique patented
by GUNA Laboratories (GUNA, Milan, Italy),
using a standardized method. The remedies
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undergo to a shaking process (vertical shaking;
10 cm motion range; shaking speed
corresponding to 100 oscillations over 10 s),
sequentially diluted in saline solution (serial
dilution 1:100), and kinetically energized by a
mechanically applied force [45].

According to the physiological regulating
medicine (PRM) theory, all the diseases are due
to a lack of communication among the three main
homeostatic control systems (central nervous
system, neurovegetative system and endocrine
system, immune system).

Neuro-endocrine immunological regulation is
a complex system in which one can only inter-
vene therapeutically by using delicate elements
such as low-dose cytokines, neuropeptides, and
hormones, at the precise concentrations men-
tioned above, that is, the concentration that is
sufficient to restore the physiological function
of the membrane receptors.

The action mechanism of activated low-dose
cytokines, neuropeptides, and hormones involves
sensitizing or activating some cell or plasmatic
receptor units through an upregulation mechanism
(a result of their extreme dilution, which is the
same physiological dilution as these substances:
from micrograms 10~° to fentograms 10~ '°). This
sensitization of receptors enables chain reactions
(complex systems) to be triggered with the
subsequent recovery of the biological function of
the entire neuro-immune-endocrine network.

The opportunity to use homeopathically
activated cytokines, hormones, and
neuropeptides  for  therapeutic  purposes
originated primarily from the discovery that
their physiological concentration, both in plasma
and tissues, was very close to that of the
low—medium dilutions used in homeopathy.
Nowadays, we use, more correctly, the term
“low doses.” Each cytokine and hormone has a
precise range of physiological concentrations at
which it has a regulatory (physiological)
effect [56].

For the support of mitochondrial metabolism
and the Krebs cycle, we use the following multi-
component low-dose medications:

Heel Coenzyme Compositum:

+ Stimulates the enzymatic systems.
+ Stimulates the energy metabolism.
+ Stimulates intracellular detoxification.

Composition:

Krebs cycle intermediates:

Vitamin C D6-vitamin Bl D6, vitamin B2
D6—vitamin B6 D6, Nikotinsaureamid D6,
Ac. cis-aconitum D8, A. citricum DS,
Ac. fumaricum D8, Ac. alfa-chetoglut. DS,
Ac. DL-malicum D8, Ac. succinicum DS,
baryum oxalsuccinicum D10, natrium
oxalaceticum D6, natrium pyruvicum D8.

Cystein D6, ATP D10, NAD D8-coenzyme A
D8, cerium oxalicum D8, alfa-liponsaure
D6, pulsatilla D6, hepar sulfuris D10, sul-
fur D10, beta vulgaris rubra D4,
manganum phosphoricum D6, magnesium
oroticum D6.

Heel Ubichinon Compositum

It is extremely useful for stimulating the function-
ing of mitochondrial quinone. The quinones
are contained in low-dose concentrations to
prevent excessive stimulation induced by
overdoses that can lead to a surplus of free
radicals. Their use in low doses speeds up the
reaction of the quinones and the resumption of
oxidative  phosphorylation and energy
production.

Composition:

Anthrachinon D10, naphtochinon D10, para-
benzochinon D10, ubichinon D10, hydrochinon
D8, trichinoyl D10, ATP D10, istamin D10,
NAD D10, manganum phosphoricum D8, mag-
nesium gluconicum D10, natrium oxalaceticum
D8, coenzima A D10, Ac. lipoico D8, adicum
L (+) — lacticum D6, vitamin C D6, vitamin B1
D6, vitamin B2 D6, vitamin B6 D6, myrtillus
D4, colchicum D4, podophyllum D4, conium
D4, hydrastis D4, galium aparine D6, sulfur D8

These remedies are useful in heart failure and
in the aging heart in general.
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Medicinal Mushrooms

Ivo Bianchi

The use of mushrooms in medicine dates back to
the ancient Egyptians and Chinese cultures that
used them to promote general health and
longevity.

Overall, there are 100,000 types of mushrooms
and of these, at least 270 species are considered to
possess therapeutic properties, including antican-
cer activity. The terms “medicinal mushrooms” or
“mycotherapy” are now gaining worldwide recog-
nition. Many mushrooms suitable for feeding used
in traditional folk medicine, including Lentinus
edodes, Grifola frondosa, Hericium erinaceus,
Flammulina velutipes, Pleurotus ostreatus, and
Tremella mesenterica; these are also a source of
relatively pure bioactive compounds for medical
usage, whereas other, non-edible species, such as
Ganoderma lucidum, Schizophyllum commune,
and Trametes versicolor, are used only for their
medicinal properties. Ganoderma species have the
longest history of medicinal usage, dating back at
least four millennia. In Japan, this mushroom is
known as Reishi or manetake (10,000-year mush-
room), and in China, as /ing zhi (mushroom of
immortality). It is the mushroom that is most
frequently depicted in ancient Japanese, Korean,
and Chinese art, and has been extensively utilized
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in Chinese royal tapestries. Reishi is also the
most interesting mushroom with regard to cardiol-
ogy [11.

Recent advances in biochemical techniques
have allowed the partial isolation and purifica-
tion of compounds from medicinal mushrooms,
especially polysaccharides, exhibiting anticancer
activities. Several mushroom polysaccharides
have proceeded into clinical trials in cancer
patients almost exclusively in the Far East,
although some have begun in the United States.
Lentinan, Schizophyllum, and Coriolus have
been the most intensively studied of the medici-
nal mushroom. In animal models, lentinan has
been shown to possess anti-neoplastic activity, to
prevent metastasis, and to inhibit cancer growth.
Most medicinal mushrooms seem to act as non-
specific immuno-stimulants, though some have
direct cytotoxic effects. They activate many
kinds of immune cells that are important for the
maintenance of immune homeostasis [2]. Some
medicinal mushroom polysaccharides have been
shown to be multi-cytokine inducers, capable of
modulating gene expression of various cytokines
via cell membrane receptors [3]. These studies
will be given specific importance with regard to
the effects of medicinal mushrooms on
cytokines, because some of the most important
heart problems are related to inflammatory cyto-
kine activation [3-5].

Apart  from  their  immune-activating
properties related to their content of f-glucans
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Fig. 6.1 General chemical
composition of mushrooms

« Proteins 10-40%
» Carbohydrates 3-21%

« Lipids (free fatty acids) 2-8%

+ Insoluble fibers 3-35%

» Minerals specifics and of substrate

« Vitamins

— B1, B2, Niacin, Biotin

- Vit.C

— Vit D2 (Ergosterols )

« Low caloric content

and other polysaccharides, almost all medical
mushrooms exert a favorable effect on cardiovas-
cular pathological conditions working on meta-
bolic syndrome, often the basic underlying
factor [6]. Medical mushrooms and their extracts,
polysaccharide  fractions, and  isolated
compounds possess hypoglycemic, cholesterol-
and triglyceride-lowering ability, hypotensive
effects, and weight-managing activity by
influencing satiety [7]. In particular, the mush-
room mycelium, made by an indigestible fiber
called “chitin,” is very active in inhibiting
absorption of fats and sugars from the bowel.
The most important medicinal mushrooms
for cardiovascular problems are reviewed
(Fig. 6.1).

6.1  Auricularia auricula (Jew's Ear)
This is a jelly-type fungus that grows mostly
on wood (either alive or dead) with a semi-
translucent fruiting body. It is an immune tonic
because it stimulates DNA and RNA synthesis
by human lymphocytes in vitro. It is anticoag-
ulant and antidiabetic with a cytoprotective
effect on pancreatic islets demonstrated in
mice. Auricularia lowers total cholesterol, tri-
glyceride, and lipid levels in general [8]. It
decreases lipofuscin content of the heart mus-
cle and consequently has an anti-aging effect
[9-15].

6.2  Cordyceps sinsensis (Caterpillar

Fungus)

It is a fungus of the genus Ascomycetes found in
the high altitude of the Tibetan plateau that
parasitizes mostly caterpillars. The wild form of
the fungus is rare and expensive, but a strain
isolated from the wild form is cultivated indus-
trially and extensively used worldwide for its
properties. Its activity is similar to ginseng and
is said to be more potent. The first documented
use was in 620 Ap, during the Tang Dynasty. It is
currently used for strengthening of the body after
exhaustion or a long-term illness, impotence,
backaches and is an antidote for opium poison-
ing. In traditional Chinese medicine, Cordyceps
has also been used to treat respiratory and car-
diovascular diseases. It is also useful in immune
disorder and has been employed in association
with cancer chemotherapy treatments and sur-
gery. It is also believed to be a remedy for weak-
ness and fatigue and is often prescribed as a
“rejuvenator” to increase energy. This fungus is
very rich in nucleosides: adenine, adenosine, ura-
cil, uridine, guanidine, guanosine, hypoxanthine,
inosine, thymine, thymidine and deoxyuridine. It
also contains: all essential amino acids,
immunoglycans, polyamine, sterols, fatty acids,
vitamins (B1, B2, B12, E, and K). Some specific
compounds are: cordycepin and other adenosine
derivates such as ergosterol (provitamin D),
mannitol, cordyheptapeptide A. Cordyceps has
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a long history of traditional medical use in heart
disease. Adenosine and other contained
nucleosides are thought to be responsible for
the effect seen in animal studies. A vasodilatory
action has also been reported in the hypotensive
and vasorelaxant effects. Reduced heart rate and
restoration from arrhythmias have also been
shown in animals. Long-term studies in cardiac
failure have described the effect of Cordyceps in
improving cardiac function, arrhythmias, and
overall quality of life. Fibrinolytic action of a
Cordyceps extract has been shown in vitro on
bovine and human serum. Platelet aggregation
has been inhibited in rabbits and in human
platelets in vitro. Extracts of the fungus showed
a positive effect on hyperlipidemias.

Cordyceps mushrooms improve aerobic
capacity, endurance, and post-workout recovery.
It works at a mitochondrial level, increasing ATP
synthesis. It also stimulates antioxidant synthe-
sis, explaining the benefits in athletes who can
train more effectively for longer periods of time,
and can recover more quickly [16, 17].

The effect of Cordyceps sinensis on the
Th1/Th 2 cytokines was investigated and after
treatment with this mushroom, the serum levels
of IL-2 and IL-10 significantly increased and
decreased respectively. Thus, this mushroom
has no anti-inflammatory effect at a cardiovascu-
lar level, but stimulates heart strength, and is thus
useful in cardiac insufficiency, complementary to
CoQ10 [1, 3].

6.3  Gandoderma lucidum (Reishi)

Ganoderma lucidum, also named Reishi, is a
purplish brown fungus with a long stalk, brown
spores, and a fan-shaped cap with a shiny,
varnish-coated appearance. It grows on decaying
wood, especially on oak or Japanese plum.
Reishi has been used in traditional medicine for
more than 4000 years for treating fatigue,
asthma, cough and liver ailments. It has the rep-
utation of promoting longevity. The Chinese
name, [ling zhi, means “herb of spiritual

potency.” The Japanese name for this fungus is
mannentake, meaning “10,000-year-old mush-
room [3].”

Ganoderma lucidum is high in polysaccharide
content, with at least 36 different compounds
identified, including immunostimulating p-D-
glucans and triterpene antioxidants. Minerals
such as calcium, magnesium, potassium, and
germanium have been reported from Reishi.
Lanostane, coumarins, ergosterol, and choles-
terol are also components of this fungus.

Ganoderic acids triterpene constituents of
Reishi decrease high blood pressure through
inhibition of angiotensin-converting enzyme.
Decreased biosynthesis of cholesterol, enhanced
anti-oxidase activity, decreased platelet aggrega-
tion, and reduced lipid peroxidation have been
demonstrated in animal and in vitro experiments.
The polysaccharide content of Ganoderma is
responsible  for possible anticancer and
immunostimulatory effects. Contraindications
have not been identified [18-23].

The well-known immunomodulatory effect of
Ganoderma lucidum is mediated through
increased levels of IL-1f, IL-12 expression, and
is thus also useful in heart conditions [24].

6.4 Lentinus edodes (Shiitake)

This is a light amber fungus found on fallen
broadleaf trees, especially oak, maple, walnut,
beech, and chestnut, and is indigenous to Japan
and China. Eritadenine, an active compound
isolated from Shiitake, has been shown to lower
blood levels of cholesterol and lipids [25]. The
fungus also stimulates tyrosinase activity, which
lowers blood pressure. The administration of
Lentinus edodes, increases, in experimental ani-
mal and human peripheral blood mononuclear
cells, the expression levels of IL-2 and TNF o.
Laboratory and clinical results suggest that
Lentinus edodes might induce Thl immune
responses, which are extremely useful for
preventing and treating infectious diseases,
often also affecting the heart [7, 26].
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Fig. 6.2 Medicinal
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Microbiome and Cardiac Health

Enrico Biffi

7.1 Gut Microbiota
and Microbiome
7.1.1 The “Complexity”

in the Relationship Between the
Human Host and Its Microbiome:
The Superorganism

“All diseases begin in the gut.” This is a state-
ment from Hippocrates, who lived in Greece
from 460 to 370 B.C. His statement became
reality, secondary to innovative relevant studies.
Indeed, there is a close relationship between gut
microbiota and the host in that they share the
same environment during the phylogenetic
development of humans [1]. This intimate
coevolution resulted in an interlocking symbi-
otic relationship in which the microbiota plays a
regulatory role at various levels: immune, met-
abolic, neuroendocrine, and even behavioral;
thus today a microbiota—gut—brain axis can be
defined [2].

Studies using 16S ribosomal RNA surveys
and direct sequencing of genetic material showed
that the human gut microbiota is a complex com-
munity of 100 trillion archaeal and bacterial
cells, including more than one thousand species.
Each compartment of the gastrointestinal tract
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(mouth, esophagus, stomach, small and large
intestines, rectum, and anus) represents a differ-
ent chemical environment, and consequently
habitable microorganisms (the quantity and qual-
ity of the species) differ notably in each compart-
ment. The microbial genome (microbiome) of
the human intestine was recently studied by
important projects such as the FEuropean
MetaHIT Consortium [3] and the Human
Microbiota Project [4]. These allow more than
3.3 million genes in the gut of 124 Europeans
subjects to be sequenced, an number 150 times
larger than that of the human host.

This huge number of genes includes those
encoding for regulatory functions of the host
organism. For example, the microbiome provides
very important biosynthetic pathways that extend
the host’s metabolic capacity.

To understand the importance of the relation-
ship between microflora and the host, the human
body should be considered a “dynamic system,”
or thermodynamically, as an “open system” that
exchanges information with the environment to
increase its level of organization. Some of this
information is exchanged with the microbiota,
which is, in turn, another dynamic system. In
this type of system, the responses are sensitive to
the current conditions. This means that a certain
factor may have an effect on the dynamics of the
organism based on the overall conditions of the
system at that time. Therefore, the answer is based
on the input mode: “if ... then...”

67

M. Fioranelli (ed.), Integrative Cardiology, DOI 10.1007/978-3-319-40010-5_7


mailto:biffienrico@alice.it

68

E. Biffi

The effects of the relationships among the
elements constituting a dynamic system go
beyond the mere addition of the interactions
leading to the emergence of new system
configurations that can result in the evolution or
involution of parts or of the whole system. Fur-
thermore, the coexistence of stable and unstable
parts of the system does not allow the true
response to each input to be predicted. Today,
everything leads us to consider the bodies of
mammals as “superorganisms,” considering the
complexity of the interactions among all their
subcomponents and the environment, finally
defining it as a “functional field.” This research
on the relationship existing between microbiota
and host gives variable and nonrepeatable
results, differing according to standard and
acquired scientific criteria [5]. The environment
is very important for the composition of gut
microbiota and it can be preponderant to the
genetic predisposition. The composition of bacte-
rial flora of the gut is highly sensitive to changes
in the environment secondary to food and drugs,
especially antibiotics. Several research works
showed that this correlates with major alterations
in the gut microbiota [6], resulting in the
dysregulation of host immune homeostasis and
an increased susceptibility to diseases [7].

New culture-independent techniques based
on polymerase chain reaction (PCR) amplifica-
tion, cloning, and sequencing of the 16S ribo-
somal RNA gene [8] and microbial DNA
sequencing revolutionized the characterization of
microbial communities and demonstrated that
the mammalian gut microbiota is dominated
by four bacterial phyla: Bacteroidetes and
Proteobacteria, which are gram-negative, and the
gram-positive Actinobacteria and Firmicutes,
with relatively lower numbers, and one Archaea
(Euryarchaeota) belonging to Verrucomicrobia,
Fusobacteria, Cyanobacteria, Lentisphaerae,
Spirochaetes, and TM7. Firmicutes is the largest
bacterial phylum and includes 200 genera:
Ruminococcus, Bacillus, Lactobacillus, Myco-
plasma, Clostridium, and the butyrate producers
Eubacterium, Faecalibacterium, Roseburia.
Bacteroidetes includes Bacteroides, Prevotella,
and Xylanibacter.  Actinobacteria  phylum

includes Collinsella and  Bifidobacterium;
Escherichia and Desulfovibrio are Proteobacteria.
Verrucomicrobia include Akkermansia, and
Euryarchaeota includes Methanobrevibacter
which is involved in intestinal methanogenesis.

Firmicutes and Bacteroidetes are the most
important components of microbiota in metabo-
lism regulation of the host.

Different studies and statistical analysis [9]
recently identified three human ‘“enterotypes”
characterized by an enrichment of members of
the Bacteroides (enterotype 1), Prevotella
(enterotype 2), and Ruminococcus (enterotype
3) clades, not dictated by age, gender,
body weight, or ethnicity. Arumugam et al. [9]
hypothesize the potential diagnostic use of
microbial markers. Indeed, although individual
biological characteristics of the host, such as
gender, age, and body mass index (BMI), cannot
explain the listed enterotypes, data-driven
marker genes or functional modules can be
identified for each of these host properties.

In contrast, Arumugam et al. [9], in a follow-
up study, concluded that only the first two
enterotypes (Bacteroides and Prevotella) were
supported by new data, whereas evidence for
the enterotype 3 (Ruminococcus) was lacking.
According to Wu et al., the first two enterotypes
in particular are strongly influenced by diet. This
means that one enterotype will dominate over the
other depending on the diet: Prevotella prevails
in the gut microbiota of people who prefer eating
vegetables typical of agrarian societies;
Bacteroides predominate in people who eat ani-
mal proteins and saturated fats, components
characteristic of a Western diet. According to
the study by Wu et al., microbiome composition
modifies detectably within 24 h after a high-fat/
low-fiber or low-fat/high-fiber diet starts, but
enterotype identity changes after 10 days. There-
fore, alternative enterotype states are associated
with a long-term diet.

The identification of three enterotypes is cur-
rently an issue under discussion. Several research
works do not seem to support the main concept of
independence by location, gender, age, BMI, and
health status argued by Arumugam et al. [9],
leaving the debate still open.
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7.2 The Role of Gut Microbiome
in the Metabolism of the Host

and Cardiac Health

An increasing number of studies demonstrate the
role of the microbiome in health and cardiovas-
cular diseases (CVDs). The pathogenetic
mechanisms by which the microbiota of
mammals influence the onset of cardiovascular
diseases are multiple and complex, but all seem
to result in a fundamental mechanism: low-grade
inflammation. This can occur due to the bacteria
themselves [11] or bacterial endotoxins [12] or to
metabolic products of bacterial lipids. An alter-
native pathogenetic mechanism is the bacteria’s
ability to modify the host metabolism, causing
metabolic diseases such as metabolic syndrome
(MS), which is strictly correlated with CVDs.
The gut microbiome can play an important path-
ogenetic role in vascular disease through two
modes: direct and indirect interference with the
host metabolism can cause vascular system
inflammation.

7.2.1 Functional Relationship
Between the Gut Microbiome
and the Host Metabolism

in Health and Disease

Development of MS is secondary to a complex
process involving genetic and environmental
factors. Several findings demonstrate microbial
influences on lipid and glucose metabolism,
sense of satiety, and chronic low-grade inflam-
mation, which are known to be involved in MS.

Therefore, microflora and diet play a key role
in the pathogenesis of MS; these elements are
mutually connected. The gut microbiome
interacts with the host metabolism to indirectly
influence and control energy expenditure and fat
storage [1, 13, 14]. This seems to be influenced
by the composition of the bacterial flora, which
depends on the type of diet. Therefore, all the
factors modifying microbial composition and
intestinal microbiota function (diet, antibiotics
and other drugs, stress, infections, etc.) cause

bacterial variability decrease [6], which leads to
altered guest metabolism. The alteration of the
intestinal barrier, caused by many factors
(dysbiosis, local low-grade inflammation, drugs,
stress, diet, alcohol, etc.), thus increasing continu-
ous passage in the portal and systemic circulation
of endotoxins in low doses, induces a low-grade
systemic chronic inflammation (LGSCI) via trans-
location of TLR ligands (Fig. 7.1) [15-17].

7.2.2 Gut Microbiota Composition,
Metabolic Phenotype,
and Disease Risk

Several studies on animals (rats and mice) and
humans demonstrate that obese and lean
phenotypes are associated with different gut
microbial compositions with a different
Firmicutes—Bacteroidetes ratio and low levels
of Methanobrevibacter smithii, the leading rep-
resentative of the gut microbiota archaea
[18]. Many studies showed an increase in
Firmicutes and Actinobacteria in obese pheno-
type in animals [19] and humans [14]. These data
support the Firmicutes—Bacteroidetes ratio as
one of the important key factors in obesity that
seems to be modulated by a weight-
reduction diet.

Moreover, several research works emphasize
the correlation between the concentration of cer-
tain Lactobacillus species and obesity in both
humans [20] and animals [21]. Million
et al. [21] observed increasing levels of Lactoba-
cillus reuteri and depletion of Bifidobacterium
animalis species in microbiota of obese test
animals. Genetically, obese ob/ob mice encoding
the hormone leptin promoting satiety have higher
levels of Firmicutes and lower levels of
Bacteroidetes at their cecal microbiota than
their wild-type littermates. This condition
remains unchanged when they are fed with a
low-fat, polysaccharide-rich diet.

Various bacterial species were associated with
obesity: Staphylococcus aureus, Escherichia
coli, Faecalibacterium prausnitzii. However,
other research works did not confirm the “typical
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Fig. 7.1 Genetic and

environmental factors in
the pathogenesis of
metabolic syndrome (MS)
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change” detected by the above mentioned
investigators. For example, Schwiertz et al. [18]
showed an even lower Firmicutes—Bacteroidetes
ratio in obese human adults compared with lean
controls. They observed no differences between
obese and lean subjects in the numbers of
Bacteroidetes dosed in the fecal sample.

These different findings would suggest that
the connection among diet, microbiota composi-
tion, and host metabolic regulation is a complex
process in obesogenesis. The behavior of the
microbiota—host metabolic regulation interactive
axis varies in any individual according to devel-
opment stages and environmental conditions
such as diet, use of antibiotics and other drugs,
and other factors that substantially reduce bacte-
rial diversity [6], the contribution of the genetic
background of the host being understood. Indeed,
within an individual the same microbial products
may achieve either a beneficial or an adverse
effect. The “metacommunity theory” [22] could
be used to explain the dynamics of the human
microbiome, and in particular, compositional
variability within and between the hosts. The
“metacommunity” concept is an important way

o Infections
etc

of thinking about linkages between different spa-
tial scales in ecology. According to this theory,
the diversity of the microbiome changes at dif-
ferent body sites, between people, with age and
with diet. This leads to the realization of different
environments within and between different
individuals who are exposed to temporal varia-
tion and between populations. Most likely, the
metagenomic-based functional aspects are more
important than the difference at the phylum level
of the microbiota.

7.2.3 Diet, Microbiota, and Host
Metabolism

The impact of diet on microbiota composition
appears to be more relevant than obesity
[23]. Gut microbiota composition depends on
different eating habits. In Burkina Faso children
with a predominantly vegetarian diet, microbiota
showed specific abundance in Bacteroidetes
than Firmicutes, and bacterial augmentation of
bacteria with enzymes enables hydrolysis of cel-
lulose and xylan, and also of members of the
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genera Prevotella and Xylanibacter. However,
Enterobacteriaceae (Shigella and Escherichia)
were significantly under-represented. Otherwise,
Firmicutes and Proteobacteria were more
abundant in European children with a Western
diet [24]. We can speculate that gut microbiota
might have co-evolved with the polysaccharide-
rich diet of African children, allowing them
to maximize energy intake from fibers and
protecting them from inflammation and non-
infectious colonic diseases by modulating gut-
associated lymphatic tissue (GALT). This study
on microbiota composition of European and
African children seems to confirm the evidence
of Arumugam et al. [9] concerning three
enterotypes dominated by a different genus—
Bacteroides, Prevotella, or Ruminococcus.

A dietary intervention for a few days is
not sufficient to change individual enterotype.
A controlled feeding study of ten subjects
showed that microbiome composition changed
within 24 h of initiating a high-fat/low-fiber
or low-fat/high-fiber diet, but that enterotype
identity remained stable during the 10-day
study [25].

Cani et al. [26] demonstrated in mice that a
very high-fat (HF) diet induced change in gut
microbiota composition associated with an
increase in weight gain, adiposity, insulin resis-
tance, and other symptoms of MS. The same
authors only detected a reduction of
Bifidobacterium spp. [27, 28] and Bacteroides-
related bacteria, Eubacterium rectale-Blautia
coccoides group, Lactobacillus spp., and
Roseburia spp. content [26]. Several other stud-
ies confirmed the altered Firmicutes—
Bacteroidetes ratio in mice fed with an HF diet
[19, 23].

The increase in circulating bacterial
endotoxins such as lipopolysaccharides (LPS)
emphasizes the relationship among diet,
microbiota, host metabolism, and low-grade
inflammation. An HF diet induces changes in
the microbiota composition accompanied by
an increase in circulating Gram-negative
Proteobacteria responsible, to avoid the induc-
tion of inflammatory local response and an
increase in the passage of LPS from the gut

lumen to the gut interstitium, where it can acti-
vate TLR4 on afferent nerve terminals [29].

Intestinal microflora change could precede
the establishment of the obese phenotype and
could contribute to its development. Several
findings in obesity mouse models demonstrated
that at a higher fat diet increases the production
of Resistin-like molecule beta (RELM) in the
stools and in the serum [30]. Furthermore, the
same mechanism plays a role in humans too
[30]. RELM is one of three isoforms of the
RELM gene family [31] and it is produced by
goblet cells secondary to microbial intestinal
colonization [30]. The genetic activation of
RELMS is started via interleukin 4 by antigenic
stimulation of the Th2 immunity response [32].
On the contrary it is inhibited by interferon y
through a Thl-mediated immunity response.
RELMS regulates the gut microbiota composi-
tion both by stimulating production of defensins,
and regulating functions of the intestinal barrier
at innate mucosal immunity [33], which results
in macrophages activation. Moreover, a recent
study proved the metabolic effects of RELMf
on intestinal homeostasis of glucose and induc-
tion of insulin resistance. RELMp regulates
intracellular transport mechanism of glucose by
an increase in glucose transporter (GLUT2)
expression, a passive low affinity transporter.
This allows the output of glucose through the
basal membranes of the enterocytes.

RELMp expression is augmented both in
genetic (ob/db mice) and nongenetic obesity
murine models [34] induced by an HF diet.
Indeed, an in vitro study showed how saturated
fatty acids directly induce the expression of
RELMSp [34].

A direct relationship has been demonstrated
between expression levels of RELMf and
microbiota composition in RELMf knockout
mice; those showed an increase in Firmicutes
rather than Bacteroidetes [23]. In cohort study,
Hildebrandt et al. [23] demonstrated that RELMf
knockout mice remained comparatively lean
when subjected to the HF diet. They found that
consistent changes in microbial communities
could be seen upon switching to the HF diet for
both wild-type and RELMp knockout mice. It
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was established that the HF diet itself, and not
the obese state, was responsible for the altered
microbiota. The action carried out by RELMf on
both the intestinal microbiota and the glucose
homeostasis may explain the link between diet
and modification of the intestinal microbiota.
This could be related to the direct action carried
out by RELMp on the secretion of intestinal
antimicrobial peptides. The reduced secretion of
p-defensin I (and/or other members of the
defensin family), induced by RELM, could be
responsible for impaired composition of the
microbiota induced by HF diets (Fig. 7.2).

7.3  From Leaky Gut Syndrome
and Chronic Low-Grade
Inflammation
to Cardiometabolic Syndrome

7.3.1 The Gut Microbiota and Innate

Immunity Regulation of the Host

The mammalian immune system uses two lines
of defense. Innate immunity is the first line and
responds to numerous nonspecific numerous
exogenous and endogenous pathogenetic factors;
adaptive immunity is the second line, which

Fig. 7.2 RELM§ is produced by goblet cells in the gut in
response to microbial intestinal colonization. Saturated
fatty acids in a high-fat diet directly induced expression
of RELMp. The action carried out by RELMf on both

N .
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the intestinal microbiota and the glucose homeostasis
may explain the link between diet and modification
of the intestinal microbiota in obesity and metabolic
syndrome
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gives a specific response (humoral and cell-
mediated immunity) with the activation of the
immune response regulated by Thl, Th2, Th17,
and Th1/Th17 cells. Innate immunity represents
a defensive system with an important barrier
function via several mechanisms: epithelial bar-
rier, tight junctions, antimicrobial peptides such
as cathelicidins and defensins. It includes various
cells: neutrophils, basophils, eosinophils, mast
cells, monocytes, macrophages, dendritic cells
(DCs), NK and NK-T cells, B1 cells and yo T
cells with the pathogen recognition receptors
(PRRs). PRRs can be expressed on the cell
surface or intracellularly. They recognize highly
conserved antigens from bacteria, microbial-
associated molecular patterns (MAMPs), and
other pathogens, pathogen-associated molecular
patterns (PAMPs). PRR activation by MAMPs,
causing recruitment of down-stream signaling
molecules, results in activation of NFkB tran-
scription factor leading to increased production
of pro-inflammatory cytokines [35].

Several families of innate receptors are
involved in the recognition of PAMPs. They
include toll-like receptors (TLRs), staying on
the surface of the cellular membrane and intra-
cellularly on a range of different cell types [36];
nucleotide oligomerization domains (NODs);
inflammasomes, large intracellular cytoplasmic
multi-protein complexes composed of one of
several NOD-like receptors (NLRs) and pyrin
and HIN domain-containing protein family
(PYHIN: including NLRP1, NLRP3, NLRC4,
and AIM2) playing a central role in innate immu-
nity; C-type lectin receptors (CLRs) such as
dectin-1, and RNA-sensing RIG-like helicases
such as RLRs; RIG-I and MDAS; and cytosolic
dsDNA sensors (CDSs). They are cytoplasmic
receptors critical for host antiviral responses
[37, 38] and for diverse MAMPs or death-
associated molecular protein ligands released in
response to cell necrosis or tissue injury: dam-
age-associated molecular patterns (DAMPs) or
alarmins.

The DAMPs contribute to “sterile inflamma-
tion” [39] via activation of TLR. Most DAMPs
are substances that are normally sequestered
within cells but released in response to injury.

Degradation products of extracellular matrix or
glycocalyx are heat shock proteins (HSP) (10),
IgG chromatin complex (11), versican (12), high-
mobility group box 1 (HMGB1), heparan sulfate
(14), hyaluronan, uric acid, and others.

The two best characterized families of
PRRs are TLRs and nucleotide oligomerization
domains (NODs)-leucine-rich repeat (LRR)
family (CATERPILLER family), which are
intracellular receptors [37, 38]. The ligands
identified for TLRs include PAMPs and DAMPs.

In the gut, TLRs and NODs are involved
in maintaining mucosal and commensal homeo-
stasis. The functional activity of the TLRs
and NOD2 is very important for a healthy gut,
as they are involved in host defense and tissue
repair responses. Correction functioning of TLRs
and NOD2 enhances barrier protection and
antimicrobial activity, reduces bacterial inva-
sion, confers tolerance, and promotes healing.
When homeostasis between commensal and
mucosal immunity is perturbed, TLRs and
NOD2 signaling can result in an exaggerated
proinflammatory responses through cytokine
and chemokine production. Altered expression
of TLRs induces intestinal barrier destruction,
an increase in the passage of endotoxins, loss
of tolerance, and antimicrobial activity with
enhanced bacterial invasion [40].

Gram-negative bacteria present the LPS
that binds TLR4, whereas Gram-positive bacteria
have proteoglycans (PGN) and lipoteichoic acids
that bind TLR2.

7.3.1.1 Gut Microbiota, Gut Barrier
Integrity, and Chronic Low-Grade
Inflammation

The gut barrier consists of an epithelial mono-

layer and its intercellular junctional system,

mucus, and mucosal immune system.

Intestinal epithelial barrier integrity is an
important factor in innate immunity function.
It is essentially controlled by a complex system
of junction proteins (tight junctions, zonula
adherens, gap junctions, and desmosomes). The
apical junction system is represented by tight
junctions (TJs) and the zonula adherens.
Together, the TJs and zonula adherens form the
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“apical junction complex” (AJC). In addition to
providing a barrier to noxious molecules, TJs can
also operate as pores for the permeation of ions,
solutes, and water, as appropriate. The interplay
among the tetra-span proteins (occludin, claudin,
and tricellulin) [41] and specific claudin isoforms
(claudin-2, 7, 12, and 15) determines selective
barrier permeability. Single-span transmembrane
proteins, on the other hand, are mostly junctional
adhesion molecules. Belonging to the immuno-
globulin  superfamily, junctional adhesion
molecules participate in the regulation and main-
tenance of the TJ barrier in an active way. These
proteins are associated with peripheral mem-
brane (plaque) proteins such as zonula occludens
(ZO) proteins 1, 2, and 3 (Fig. 7.3) [42].

On the intracellular side of the plasma
membrane, these proteins contribute to anchor-
ing the junctional protein complex to the actin
component of the cytoskeleton, making it sensi-
tive to all factors acting both on the latter and on
mitochondrial oxidative phosphorylation, such
as FANS and propionic pump inhibitors [43].

The AJC complex is regularly remodeled by
interactions with external stimuli: food, patho-
genic bacteria, and microbiota components.

The mucosal integrity is guaranteed by the
continuity of the epithelial cells and the junc-
tional structure. Additionally, Paneth cells are a
specialized type of secretory epithelial cells that
inhabit the mucosal surface of the small intes-
tine and produce high quantities of defensins,
and other antimicrobial and antibiotic peptides
that are very important for correct and ambient
intestinal homeostasis [44]. With Paneth cell
secretion, the goblet cells are also important
for the production of the mucus consisting of
a set of glycosylated molecules and enzymes.
The mucus comprises two stratified layers: the
external layer creates an ideal culture medium
for microbial colonization, the inner layer, a
denser layer, contains relatively few bacteria
and exerts a protective function for the
host [44].

The augmented paracellular permeability of
the small intestine allowed the passage (leakage)
of small quantities of microbes, and endotoxins
in the circulation, such as LPS [45]) and peptido-
glycan [46], with a secondary activation of
the inflammatory response in target tissues such
as liver, adipose tissue, coronary vessels, and
articulations by triggering PRRs. It follows the
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Fig. 7.3 The apical junction complex. A simplified diagram of the molecular composition of tight junctions and
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onset of various diseases that together develop
the framework of the MS.

The increased intestinal permeability promotes
LPS absorption, which leads to a state of
low-grade metabolic endotoxemia characterized
by serum LPS concentration 10-50 times lower
than the typical values for septicemia. This
induces a state of chronic low-grade inflammation
(CLGI) known as leaky gut syndrome (LGS).

Several studies suggest that the host—
microbiota relationship might lead to the modu-
lation of the gut barrier function [15, 47, 48].

The gut microbiota may modulate the intesti-
nal barrier integrity via several mechanisms.
The intestinal microbiome, by its metabolism of
vegetable polysaccharides and short-chain fatty
acids (SCFAs) production can regulate the
GLP-2 production, improving mucosal barrier
function. In effect, administration in mice of
prebiotics increases the production of GLP2 in
the jejunum and colon via both autocrine and
paracrine regulatory loops, reducing metabolic
endotoxemia, hepatic inflammation, and oxida-
tive stress markers [47].

The role of microbiota in the modulation
of gut permeability could also be mediated by
the action of SCFAs on fatty acid synthase
(FAS), an essential enzyme for de novo lipogen-
esis of the intestinal epithelial cells. FAS helps to
maintain the mucus barrier by regulating mucin
2, the dominant mucin in the colon and an impor-
tant component of the mucus. Indeed, specific
modulation of gut microbiota composition with
prebiotics, as inulin, improves gut barrier integ-
rity, reduces metabolic endotoxemia, and lowers
inflammation [49].

Diabetes, hyperlipidemia, obesity, insulin
resistance, hypertension, cardiovascular disease,
and arteriosclerosis are metabolic illnesses
configuring the metabolic syndrome characterized
by systemic CLGI [50]. Several findings correlate
the altered intestinal permeability with the state
of metabolic endotoxemia and consequent sys-
temic low-grade inflammation [51] linked with
a gradual deterioration of the organs involved in
the inflammatory process.

The HF diet caused an increment of intestinal
permeability by microbiota as demonstrated
by the use of antibiotic treatment that abolished

diet-induced gut permeability [13, 15]. Indeed, it
is now well accepted that HF diet-induced meta-
bolic diseases are associated with low-grade
inflammation occurring, among other tissues,
in adipose depots. This inflammatory process
can cause an increase in inflammatory cytokine
production and it is also characterized by
increased macrophage infiltration [52].

Several research works demonstrate that an
HF diet and consequent microbiota composition
changes can contribute to the disruption of the
TJ proteins (zonula occludens-1 and occludin)
involved in the gut barrier function [51]. More-
over, some studies have demonstrated that intes-
tinal luminal exposure to oleic acid can cause
intestinal epithelial damage [53]. These effects
induced by an HF diet could be mediated through
the microbiota and TLR-2.

This condition plays an important regulatory
role in tight junctions associated with intestinal
epithelial barrier integrity. TLR-2 deficiency
predisposes to alterations of TJ-modulated
barrier function leading to the perpetuation of
mucosal inflammation [40, 54]. Caricilli et al.
[55] demonstrated that TLR2 knockout mice
present an increase in LPS absorption secondary
to decreased expression of TJ protein zonula
occludens (ZO)-1 in the ileum with consequent
disorder of gut barrier functions. This could be
determined by a decrease in Bifidobacterium spp.
The authors observed TLR2 knockout mice with
a decrease in Bifidobacterium spp., supporting
the lower expression of zonula occludens 1
(ZO-1). After gut microbiota transplantation
from  TLR2  knockout to  Bacillus-
monoassociated  wild-type mice, Caricilli
et al. [55] observed a reduction in the expression
of ZO-1 in the ileum of the recipients, suggesting
that the expression of this protein might be
regulated by the particular microbiota present in
the gastrointestinal tract of TLR2 knockout mice.

An HF diet promotes intestinal absorption
of bacterial endotoxins by different mechanisms
demonstrated in several findings. LPS can
cross the intestinal barrier by transcellular trans-
port through intestinal epithelial cells and/or
intestinal-epithelial microfold cells (M-cells).
These specialized epithelial cells are present in
the intestinal epithelium; they are also permeable
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to bacteria and macromolecules, and able to
express gut antigens via the underlying lymphoid
tissue.

Amar et al. [56] demonstrated that an HF diet
induces a “low-grade bacteremia” by an aug-
mented bacterial translocation from the intestinal
mucosal barrier. The authors showed that both
the adipose tissue and the blood from diabetic
mice fed with an HF diet contain living bacteria.
They originated from the intestine and were
linked to low-grade inflammation. Furthermore,
intestinal mucosa from HF-fed mice exhibits
properties that are different from the mucosa
of normal chow-fed mice and which facilitate
bacterial adherence. Using a labeled E. coli bac-
terial strain with a fluorophore and an ampicillin
reporter gene, Amar et al. [56] believed that
an HF diet led to an increase in the E. coli
co-localization with dendritic cells (DCs) in
the intestinal lamina propria. The bacteria, prob-
ably remaining inside the DCs, then rapidly
disseminated into mesenteric adipose tissue
(MAT) and corresponding mesenteric lymph
nodes (MLN). However, the presence of various
bacteria in MAT and corresponding MLN
represents a physiological mechanism that is
exacerbated during HF diet-induced metabolic
diseases. It is noteworthy that an HF diet
increases the accumulation of Gram-negative
bacteria that produce LPS, which are highly
inflammatogenic molecules, by triggering TLR4
in different tissue.

Toll-like receptors are expressed on the apical
surface of enterocytes, where they recognize
the MAMPs and active binding and internalizing
of these endotoxins [57]. Indeed, the enterocytes
can internalize Gram-negative bacteria through
TLR4, which mediates phagocytosis and translo-
cation of Gram-negative bacteria in vivo
[58]. Furthermore, LPS may be internalized by
enterocytes via a myeloid differentiation protein-
2 (MD-2)-dependent mechanism [58]. In fact,
MD-2 has been recognized as a key molecule
for LPS signaling [59].

An HF diet seems to favor absorption of
LPS because these have a great affinity for
chylomicrons. There is a possibility that LPS
could be associated with chylomicrons within
the enterocyte and then secreted from cell-

associated pools in a chylomicron-dependent
manner. This condition could induce continuous
postprandial low-grade endotoxemia finally
resulting in low-grade inflammation [60] Indeed,
TLR4 binding LPS could pass through the intesti-
nal barrier assembled in chylomicrons [61].
Additionally, LPS is internalized in enterocytes
through a TLR4 and is transported to the Golgi
compartment and finally secreted from the
basolateral surface into chylomicrons (Fig. 7.4)
[62].

7.3.2 The Extraintestinal Causes
of Increased Gut Permeability

7.3.2.1 Stress Impairs Gut Permeability
Numerous environmental factors are able to
impair the gut permeability. Many of those act
both through stress and activation of the
hypothalamic—pituitary—adrenal (HPA) axis.
Indeed, both cognitive and noncognitive stressors
activate HPA axis inducing many important
effects on gut. Noncognitive stressors, similar to
pathogens, activate stress by IL-1p, IL-6, and
TNFa secretion throughout inflammatory cells
induction. These cytokines directly stimulate
hypothalamus  corticotropin-releasing  factor
(CRF) secretion, activating the HPA axis. In this
way LGCI induces stress and increases LGS
levels. Also, prolonged cognitive (psychological)
stressors, such as chronic work stress, are linked
to higher levels of cytokines IL-6 and TNFa [63].
Stressed mice demonstrate enhanced splenic
macrophage microbicidal activity, a sign of
increased innate immunity activity [64]. Exposure
to cognitive stressors also increases cytokine pro-
duction via LPS-stimulated splenic macrophages
through the effects of stress on gut permeability to
MAMPs [64].

The role of microbiota in this phenomena is
demonstrated by the absence of this effect in
germ-free mice. Furthermore, antibiotic treat-
ment attenuating the stressor-induced splenic
macrophage reactivity and preventing the
increased circulating levels of bacterial peptido-
glycan (PGN), suggest that translocation of
microbiota-derived PGN might promotes innate
immune system activation.
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mesenteric adipose tissue

mesenteric lymph nodes

Fig. 7.4 The relationship between a high-fat (HF)
diet and augmented gut permeability to bacteria
and microbial-associated molecular patterns (MAMPs):
(a) A reduced number of Bifidobacterium could induce
TLR2 expression and then a reduction in the expression
of zonula occludens 1 (ZO-1) would result in alterations
of tight junction (TJ)-modulated barrier function,
leading to the perpetuation of mucosal inflammation.
(b) Lipopolysaccharides (LPS) can cross the intestinal
barrier via transcellular transport through the intestinal
epithelial cells. (¢) LPS can also cross the intestinal
barrier via transcellular transport through microfold
cells. (d) An HF diet led to an increase in the E. coli

Several indications have demonstrated
increased sympathetic nervous system (SNS)
activity as being responsible for enhanced innate
immune activity [65].

Exposure to stress results in alteration of the
MGBA inducing important alteration in gut
physiology: (1) alteration in gastrointestinal
motility; (2) increase in visceral perception;
(3) changes in gastrointestinal secretion;

co-localization with dendritic cells (DCs) in the intestinal
lamina propria. The bacteria, probably remaining inside
the DCs, are then rapidly disseminated into mesenteric
adipose tissue and corresponding mesenteric lymph
nodes. (e) The TLR is expressed on the apical surface
of enterocytes and mainly recognize the MAMPs, where
it is capable of binding and internalizing purified endo-
toxin and bacteria. Furthermore LPS may be internalized
by enterocytes through a myeloid differentiation protein-
2 (MD-2)-dependent mechanism. (f) LPS have a great
affinity for chylomicrons and thus could be associated
with them within the enterocytes and then secreted from
cell-associated pools in a chylomicron-dependent manner

(4) increase in intestinal permeability; (5) nega-
tive effects on regenerative capacity of gastroin-
testinal mucosa and mucosal blood flow;
(6) alteration of interactions between the immune
system of the host and microbiota, inducing
dysbiosis [66].

The brain interacts with the gut through mul-
tiple pathways, including the vagal and splanch-
nic pathways, HPA axis, and other connections.
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All of these comprised the gut—brain axis (GBA)
and for its important interplay with microbiota:
the microbiota—gut—brain axis (MGBA). Indeed,
as stress modifies the bacterial flora of the gut,
inducing an immunological alteration of the
GALT, at the same time, microbiota may have
an important effect on the GBAm acting on
modulation of the motility.

The involvement of the MGBA in the stress is
particularly induced by corticotrophin releasing
factor (CRF). The CRF family peptides are
expressed both in the CNS and within the gut.
Here, CRF plays an important role in many
biological actions: inflammation modulation,
visceral hypersensitivity (increasing pain percep-
tion), augmentation of gut permeability, and
motility modulation.

An important pathogenetic role in induction
of the gut alteration in stress is played by the
mast cells. These cells, which have receptors
for CRF on their surface, translate many signals
of stress to the intestine [67]. Several studies
demonstrate that CRF induces mast cell activa-
tion, causing the release of many pro-inflamma-
tory mediators, including de novo synthesized
mediators such as  prostaglandins  and
leukotrienes, or preformed granule-housed
mediators, including histamine, serine proteases,
tryptase, chymase, and finally cytokines such as
TNFa [68]. By the release of these mediators,
mast cells induce increased intestinal permeabil-
ity [68, 69]. In an animal model, Overman et al.
[70] demonstrated that the gut barrier damage
induced by mast cell activation via CRF is
mediated by TNFa and proteases. Furthermore,
CRF-mast cell signaling pathways and increased
intestinal permeability require critical input from
the enteric nervous system. In an animal model
CRF could inhibit NLRP6 inflammasome signal-
ing, which, with NLRP3, is important in the
maintenance of healthy microbiota through the
secretion of IL-18 [71]. The consequent alter-
ation of microbiota composition stimulates
CCLS5 expression in intestinal epithelial cells,
resulting in augmented permeability and adsorp-
tion of bacterial products and microorganism
passage through the paracellular space. Adminis-
tration of probiotics prevents stress-induced

mucosal damage, demonstrating the pathoge-
netic role of dysbiosis caused by inhibition of
NLRP6 via CRF (Fig. 7.5).

Stress induces a very important change in
microbiota composition, in neurotransmitter and
proinflammatory cytokine levels with direct and
indirect effects on the same microbiota. Bailey
et al. [65] demonstrated that stressor exposure
has an impact on the stability of the microbiota
and leads to bacterial translocation across the gut
barrier. Mice subjected to chronic stress, which
increases circulating cytokines and primes the
innate immune system for enhanced reactivity,
showed significant changes in the community
structure of the microbiota with a decrease in
Bacteroides and an increase in Clostridium. The
stressed mice also showed increased circulating
levels of IL-6 and MCP-1, which correlated
significantly with stressor-induced changes to
three bacterial genera (Coprococcus, Pseudobu-
tyrivibrio, and Dorea). Mice treated with
antibiotics did not show increased IL-6 and
MCP-1 levels; dysbiosis is the primary cause of
increased circulating cytokine levels.

The evidence suggests a paradigm in which
stressor exposure alters homeostatic interactions
among the intestinal microbiota, the mucosal
immune system and balance in the MGBA. This
leads to gut barrier damage and to translocation
of MAMPs and pathogenic and/or commensal
microbes from the lumen of the intestines to the
interior of the host, where they trigger systemic
inflammatory responses, inducing LGCI and
anxiety-like behavior.

7.3.2.2 latrogenic Damage of Intestinal
Permeability

Several therapeutic treatments may impair gut
permeability. These include radiotherapy and
many pharmacological therapies using antibiotic,
chemotherapeutic, immunosuppressive drugs
and nonsteroidal anti-inflammatory  drugs
(NSAIDs). These play a fundamental pathoge-
netic role in damage of the gut barrier. Indeed,
these are over-the-counter drugs that are also
widely used by heart patients. According to
AIFA (Italian agency for drugs) statistics, the
defined daily dose (DDD) of prescribed NSAIDs
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Fig. 7.5 Possible effects of cognitive and noncognitive
stressors on gut permeability. Important effects altering
intestinal permeability are mediated by corticotropin-
releasing hormone (CRH), which is directly stimulated
by cognitive stress and indirectly by noncognitive
stressors through the mediation of proinflammatory
cytokines IL-6 and IL1B. In the gut, CRH activates

per 1,000 inhabitants per day in 2014 in Italy was
22.8." This indicates that 2.28% of the Italian
population (about 1,360,000 people) receive a
daily prescription of NSAIDs from physicians.
Recent studies demonstrate that damage of the
mucosal barrier induced by NSAIDs is
exacerbated by the use of proton pump inhibitors
(PPIs).

It is generally accepted that the use of
NSAIDs is frequently prone to side effects on
the gastrointestinal system. Early pathogenetic

!'Source: Agenzia Italia del Farmaco: L’uso dei farmaci in
Italia—Rapporto nazionale anno 2014.

secretion of proteases and TNFo in mast cells. These
substances damage the intestinal barrier, inducing
increased permeability. The passage of pathogen-
associated molecular patterns (PAMPs) and bacteria in
the blood circulation increases the stress, favoring the
development of systemic low-grade inflammation.
ACTH adrenocorticotropic hormone

events include a “topical” phase in addition to
the inhibition of cyclooxygenase, followed by a
multistage pathogenetic event in which intestinal
permeability is impaired until awareness of gas-
tric ulcers and intestinal erosions [72, 73].
NSAIDs can determine significant damage to
the intestinal mucosa causing both increased
intestinal permeability and erosive lesions
through pathogenetic mechanisms acting at topi-
cal and systemic levels. Somasundaram et al.
[73] demonstrated that within 1 h after adminis-
tration of indomethacin rat intestine is damaged
at the brush border of intestinal cells and their
mitochondria are vacuolated. NSAIDs act at two
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levels: (1) systemic, inhibiting cyclooxygenase
and reducing the modulatory effects of PGs on
intestinal homeostasis; (2) local, independent of
the effect on cyclooxygenase and induced by the
acidity of NSAIDs and its ability to uncouple
oxidative phosphorylation and inhibit electron
transportation into the mitochondria. NSAID
administration results in a slowing down of mito-
chondrial respiration via uncoupling oxidative
phosphorylation, as shown by the reversal of
effect depending on the concentration. Indeed,
NSAIDs stimulate mitochondrial respiration
(uncoupled oxidative phosphorylation) at
concentrations between 30 and 1,500 pM,
depending on the particular NSAID studied, and
inhibit respiration at higher concentrations [73].

Side effects of NSAIDs on the gut barrier are
increased when they are associated with a low
dose of aspirin, as in heart patients with chronic
articular pain. In these cases, the intestinal dam-
age score is higher than using NSAIDs alone.
Surprisingly, the intestinal damage score rises
when NSAIDs are associated with PPI and
much higher if administered with PPIs and low-
dose aspirin [74].

7.3.2.3 Gluten and Gut Permeability
During the past few years there has been a
remarkable increase in the popularity of a glu-
ten-free diet. Many people believe that it
improves their health and leads to the disappear-
ance of symptoms related to different diseases
that share an inflammatory state. This attracted
the interest of researchers to a disorder related
to the ingestion of gluten or gluten-containing
cereals, namely nonceliac gluten sensitivity
(NCGS). This disorder was originally described
in the 1980s [75] and is characterized by intesti-
nal and extra-intestinal symptoms related to the
ingestion of gluten-containing food in subjects
who are not affected by either celiac disease
(CD) or wheat allergy (WA). Thus, NCGS is a
de facto gluten-related disorder. Indeed, to
enable a consensus on new nomenclature and
the classification of gluten-related disorders, a
panel of experts first met in London in February
2011. The meeting resulted in a series of
definitions and developed a diagnostic algorithm
that has recently been published [76].

The most important pathogenetic mechanism
induced by gluten is related to its capacity to
increase gut barrier permeability. Although a
recent study conducted by Sapone et al. [77]
demonstrated in NCGS patients the absence of
increased gut permeability, gluten is one of the
more powerful factors able to trigger zonulin
release and innate immune response.

Zonulin system (ZS) is an immunologically
related, endogenous modulator of epithelial TJs
[78]. Tripathi et al. [79] characterized zonulin
as pre-haptoglobin2 (pre-HP2); to date, only
regarded as an inactive precursor for HP2, one
of two genetic variants of human haptoglobins
(HP1 and HP2). The physiological role of this
pathway is not completely clear. It appears to be
involved in several functions, including TJ reg-
ulation responsible for the movement of fluid,
macromolecules, and leukocytes between the
bloodstream and the intestinal lumen, and vice
versa [80]. Another potential physiological role
is in innate immunity protecting against micro-
organism colonization of the proximal intestine
[81]. The structure of zonulin is similar to sev-
eral growth factors, which like zonulin, affect
TJ integrity [82]. Indeed, zonulin activates epi-
dermal growth factor receptor (EGFR), causing
TJ disassembly, and then augments gut perme-
ability [79]. Zonulin as pre-HP2, in its intact
configuration, could activate EGFR through
direct binding and/or through protease activated
receptor 2 (PAR2), a transmembrane receptor
that modulates inflammatory responses and
acts as a sensor for proteolytic enzymes
generated during infection. Intestinal tryptase
IV induces structural changes in the molecule,
altering its ability to bind to EGFR, but
enabling its function as a hemoglobin scaven-
ger. Meanwhile, it becomes an inflammatory
marker [83]. Barone et al. [84] demonstrated
that gliadin acts like EGF on actin cytoskeleton,
with effects very similar to those induced by
zonulin. Therefore, gliadin induces zonulin
release by intestinal cells and whole intestinal
tissues through CXCR3 binding (Fig. 7.6)
[27, 28, 81].

Gluten is a complex macromolecule consist-
ing of a globular protein, gliadin, and a fibrous
protein, glutenin.
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Fig. 7.6 The pathogenetic effects of gliadin on gut per-
meability are mediated by zonulin. The fragments 11-130
and 151-170 of gluten binding to CXCR3 activates
zonulin secretion via MyD88, enabling paracellular

There are at least 50 toxic epitopes in
gluten peptides with cytotoxic (peptide fragment
31-43), immunomodulatory (33-mer gliadin
fragment — 57-89 peptide and ILS-releasing
peptide — fragment 261-277), and gut-permeat-
ing activities (CXCR3-binding zonulin-releasing
peptide fragments 11-130 and 151-170) [85].

The permeabilizing effects of gliadin
peptides in vivo was confirmed in patients with
active celiac disease (CD) and non-CD control
patients, when analyzing their intestinal tissue
after gliadin challenge [86]. The Fasano group
studies suggests that gluten induces changes in
gut permeability and activation of innate immu-
nity response comes before that of adaptive
immunity [87].

According Fasano, gliadin ingestion through-
out [LS8-releasing peptide induces [88] IL-8
release and recruitment of neutrophils in the intes-
tinal lamina propria in CD patients. Together,
CXCR3-binding zonulin-releasing fragments
activates zonulin secretion through MyD88 path-
way enabling paracellular translocation of gliadin.
Consequently, 33-mer gliadin and other immuno-
modulatory peptides of gliadin interact with
macrophages of gut submucosa [89]. This

translocation of gliadin through the effects of zonulin on
the TJ, increasing paracellular permeability. EGFR epi-
dermal growth factor receptor

interaction via MyD88 induces Th1-type cytokine
secretion, resulting in mononuclear cell infiltra-
tion of intestinal submucosa. The presence of
IFNy and TNFa augments epithelial and endothe-
lial gut permeability [90].

In genetically predisposed subjects (DQ2+
and DQOS8+) gliadin antigen presentation by den-
dritic cells to Th cells in intestinal lamina propria
induces the loss of oral tolerance and switch to
Thl/Thl7 response. The migration of gliadin-
loaded DCs in mesenteric lymph nodes leads to
migration of CD4~ CD8™ ¥, and CD4~ CD8”*
aff T cells to the gut, where they cause inflam-
mation in patients with CD.

7.3.3 CLGI in Cardiovascular Disease

The role of CLGI in the pathogenesis of arterio-
sclerosis and other CVDs is now clear and
accepted. Currently, the main challenge in ath-
erosclerosis research is the identification of dis-
ease-specific PAMPs or DAMPs able to give
innate immune responses in the arterial wall,
and finally to promote plaque development
[91]. In 1999, Wiedermann demonstrated how
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subclinical endotoxemia constitutes a strong risk
factor for the development of carotid atheroscle-
rosis, particularly among smokers [92]. The same
study revealed that plasma from individuals with
prevalent atherosclerosis of the carotid arteries
could activate endothelium, promoting leukocyte
transmigration; this suggested the role of sys-
temic pro-inflammatory mediators. Furthermore,
plasma collected from patients without athero-
sclerosis at the time of enrollment in the study
was tested for its capacity to induce endothelial
cell activation and transmigration of leukocytes.
Increased plasma-induced endothelial cell acti-
vation was associated with an increased risk
for the development of atherosclerotic lesions
such as revealed by subsequent follow-up data
on new lesion formation after 5 years. These
data indicated that plasma-mediated endo-
thelium activation by interaction with leukocytes
promotes the development of atherosclerotic
lesions. Plasma collected from patients without
atherosclerosis at the time of enrollment in the
study resulted in being able to induce endothelial
cell activation and transmigration of leukocytes
in those subjects who had subsequently devel-
oped atherosclerotic lesions [93].

It has long been recognized that in sepsis
caused by Gram-negative bacteria, plasma endo-
toxins are elevated and able to evoke inflamma-
tory cells, such as monocytes and macrophages,
and in endothelial and smooth muscle cells
numerous proinflammatory responses, including
up-regulation of adhesion molecule expression,
increased production of cyfokines, reactive
oxygen species (ROS), and reactive nitrogen
species, prostaglandins, and tissue factor, loss
of monolayer integrity and barrier function, and
apoptosis. However, endotoxin levels observed
during sepsis are far greater than the low-level
endotoxemia that has been associated with ath-
erosclerosis. The Bruneck study demonstrated
that subjects with levels of 50 pg/mL or greater
were recognized as being at an increased risk
for the development of atherosclerosis. This
level of endotoxin can induce inflammatory
responses in human monocytes and macrophages
and intact human blood vessels exhibit profound
responsiveness to endotoxins (cytokine release,

superoxide production, and monocyte adhesion).
Low oxidative stress modulates endothelial gene
expression, which induces atherogenic factors,
forming early atherosclerotic plaque [94].

Serum lipoproteins, especially high-density
lipoprotein (HDL), play a major role in the
clearance of circulating endo- toxin [95]. HDL
binds LPS and transports them to the liver
hepatocytes and hepatic macrophages provide
LPS clearance and its final biliary excretion
[95]. Low-density lipoprotein (LDL) is gener-
ally believed to be much less effective than HDL
at removing endotoxin from the blood. More-
over, in a study conducted in human volunteers,
infusion of HDL was associated with reduced
LPS-mediated release of TNF-a, IL-6, and
IL-8 [96].

Innate immunity throughout its receptor sys-
tem plays an important role. Endotoxins are able,
via TLR activation, to promote different types of
proinflammatory responses strictly connected to
the pathogenesis of atherosclerosis. In phago-
cytic cells, endotoxins potently induce ROS pro-
duction by stimulating NADPH oxidase activity.
This enzyme is present in other vascular cells,
too, such as endothelial cells, smooth cells,
fibroblasts, and may participate in the induction
of cytokine expression, smooth muscle cell
growth and apoptosis. It can play an important
role in the pathogenesis of hypertension and ath-
erosclerosis [97]. The oxidant process induced by
ROS induces a vicious circle via lipid peroxida-
tion with formation of lipoperoxides that behave
like ROS, amplifying oxidative damage. The
oxLDL acts as a TLR4 agonist on macrophages.
Indeed, the formation of the plaque is initiated
through the uptake of LDL from blood by endo-
thelial cells, and the oxidation of LDL by reac-
tive oxygen species within the vessel wall.
Subsequently, the oxLDL is phagocytized by
macrophages through scavenger receptors (such
as CD36 and macrophage scavenger receptor
class A (SR-A) leading to macrophage transfor-
mation into lipid-laden activated foam cells.
Foam cells produce proinflammatory cytokines
and matrix metalloproteinases and express
costimulatory molecules for T-cell activation
(such as CD40). The recruitment of lymphocytes
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at the inflammatory site of the vessel induces the
production of IgM-specific antibodies for oxLDL
during atherogenesis. The formation of immune
complexes could have protective effects on foam
cell formation. Indeed, these antibodies may be
able to cross the endothelial monolayer to reach
the atherosclerotic plaques. There, they bind to
antigens on the surface of oxLDL, form immune
complexes, and block the uptake of oxLDL by
macrophages.

The stimulation of TLR4 on vascular smooth
cells induces an increased LDL and extracellular
matrix deposition in the plaque. IFN-a enhances
TLR4 signaling and thereby the consequent
production of TNF-a, IL-12, and matrix
metalloproteinase 9 (MMP9) with amplification
of the inflammatory process [98].

Induction of proinflammatory cytokines and
chemokines by PRR stimulation is associated
with plaque pathogenesis. LPS binding protein,
CDI4, toll-like receptor-4 (TLR-4), and MD-
2 at the cell membrane initiate the inflammatory
cascade that throughout NF-kB recruits
proinflammatory cytokines and chemokines at
the inflammatory site [99—101]. Of the earliest
cytokine discoveries among those implicated
in the pathogenesis of arteriosclerosis, there is
macrophage migration inhibitory factor (MIF),
which has since been shown to be expressed by
monocytes/macrophages, T cells, B cells, and by
endocrine and epithelial cells [102]. MIF exerts
both autocrine and paracrine effects on TLR-4
expression. In addition to the induction of MIF,
endotoxins can contribute either directly or indi-
rectly to increased release of other cytokines
including IFNy, IL-1, IL-6, IL-8, TNFa, and
granulocyte-macrophage colony- stimulating
factor (GMCSF), along with platelet-activating
factor (PGF) [103]. Tt is very important that
endotoxin also contributes to the increased
expression of the TNF receptor [104].

Of the chemokines induced by triggering
PRRs via endotoxins, MCP-1 and IL-8 appear
to play critical roles in atherosclerosis. The first
is highly expressed in human atherosclerotic
plaques and plays a crucial role in monocyte
recruitment into subendothelial lesions of vessels
[105]. MCP-1 induction is sensitive to very

low levels of endotoxin (1 ng/mL) [106, 107].
IL-8 is known to be chemotactic for neutrophils.
IL8 activates NADPH oxidase in these cells and
increases production of ROS, initiating the oxi-
dative process [108]. This cytokine also plays a
role as a chemotactic factor, recruiting at the site
of the lesion monocytes and T-lymphocytes that
are prevalent in the fibrous cap of atherosclerotic
lesions, where they may be involved in the path-
ogenesis of acute coronary syndromes. Low
levels of endotoxin induce /L8 release and con-
firm the role of low-grade endotoxemia in the
pathogenesis of CLGI in CVD.

The release of chemokines attracts inflamma-
tory cells to inflammatory sites of the vessel wall
where  monocytes, neutrophils, and T
lymphocytes arrive. The “rolling” of leukocytes
on the endothelial surface is mediated by
selectins (P and E selectins) [109] (that are not
normally expressed on endothelial cells, but their
expression can be transcriptionally induced by
cytokines, bacterial endotoxins, and other
mediators [110]). Next, “firm adhesion” of
leukocytes is permitted by the binding of /-
integrins expressed on leukocytes to cellular
adhesion molecules (CAMs), such as intercellu-
lar adhesion molecule-1 (ICAM-1), vascular cell
adhesion molecule (VCAM-1), which are
expressed on the apical surface of the endothe-
lium [109]. After adhesion, leukocytes cross the
endothelium via interactions between PECAM-1
molecules, which are expressed by both cell
types [111]. The process of transmigration of
the inflammatory cells is modulated by
endotoxins at multiple steps. They activate f,-
integrins, upregulate E-selectin and CAMs, in
addition to increasing phosphorylation of platelet
endothelial cell adhesion molecule-1 (PECAM-
1), the release platelet adhesion factor (PAF),
and the expression of its receptor on endothelial
cells [109, 112].

A central role in plaque formation is played by
macrophages in which there is excessive accu-
mulation of lipids, resulting in foam cell forma-
tion. TLR4 stimulation by LPS and/or FFA has
been shown to contribute to early-stage intimal
foam cell accumulation. Intimal smooth muscle
cells surround and penetrate early lesions, where
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TLR4 signaling, enhanced by hypercholesterol-
emia, promotes lesion progression by stimulation
of acyl-coenzyme A, cholesterol acyltransferase-
1 mRNA expression, cytoplasmic cholesterol
ester accumulation, and MCP-I mRNA and pro-
tein expression in a TLR4-dependent manner
[113]. The modulation of endotoxin-induced cel-
lular activation could be one mechanism for the
antiatherogenic effects of high HDL levels.
Indeed, a recent study in humans has shown
that HDL reduces plasma levels of TNF-a and
expression of CD11b on monocytes [114].

T lymphocytes seep through the intima vessels
by binding to VCAM-I and secondary to inter-
feron gamma-induced protein—10 (IP-10),
monokine induced by gamma interferon (MIG),
and  interferon-inducible T cell alpha
chemoattractant (I-TAC) induced by CLGI
[115-118]. Activated lymphocytes in intima pro-
duce inflammatory cytokines, including the
CD40 ligand (CDI154), member of the TNF
superfamily of molecules. Ligation of CD40 by
CD154 on endothelial cells induces ROS produc-
tion and expression of adhesion molecules such
as E-selectin, ICAM-1, and VCAM-1, amplifying
chemotactic processes. This also induces produc-
tion of extracellular matrix-degrading MMPs,
and the potent procoagulant tissue factor (TF)
(also known as platelet tissue factor, factor Ill,
thromboplastin, or CDI142), which initiates the
coagulation cascade, enhancing the
thrombogenicity of the lipid core present in the
plaque (Fig. 7.7) [119, 120].

7.4 Integrated Treatment of LGS
and CLGI in Cardiometabolic

Syndrome

The fundamental roles of the microbiome and gut
in the pathogenesis of LGCI and cardiovascular
diseases correlated with cardiometabolic syn-
drome (CMS) justify the necessity of an
integrated treatment targeting the complexity of
the problem. The evidence for the interactions
between microbiota epigenetic regulation and its
immunoregulatory effects on the host, induced to
hypothesize the use of probiotics and prebiotics

or symbiotics for the treatment of metabolic and
immunological alterations, altered gut perme-
ability, both responsible for CMS pathogenesis.
Gut microbiota can be considered an important
target in the management of diseases induced by
LGCI, such as CMS.

The microbiota can be manipulated by
prebiotics, probiotics, and antibiotics. Probiotics
affect the microbiota directly by modulating its
bacterial content, and indirectly through
bacteriocins produced by the probiotic bacteria.
Both prebiotics and probiotics induce health-
promoting effects through their ability to antago-
nize pathogenic bacteria and to modulate

immune and metabolic responses of the
host [121].
7.4.1 Prebiotics

Dietary interventions influencing microbial com-
position may therefore be considered an option in
the engagement against metabolic syndrome
[122]. Indeed, several studies showed that in
humans, the addition of nondigestible
carbohydrates (fructo-oligo-saccharides: FOS)
to the diet also protects against body weight
gain, adipose mass increase, and plasmatic
triacylglycerol accumulation induced by a high-
fat diet [123]. Furthermore, FOS has been shown
to promote satiety in healthy humans [123] and a
recent study reported that FOS increased gut
permeability [124]. FOS should be administered
in nutraceutical treatment in association with
substances that improve the intestinal barrier as
colostrum and glutamine, which have important
prebiotic effects.

Prebiotics are nondigestible/fermentable
carbohydrates and fibers, such as galacto-
oligosaccharides and inulin-type fructans or
arabinoxylans, and fructo-oligosaccharides
(FOS). They act as selective stimulators of meta-
bolic activities and the growth of limited number
of bacteria, such as probiotics. In several experi-
mental models of obesity, dietary supplementa-
tion with prebiotics showed beneficial effects:
reducing adiposity and improving the gut
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Fig. 7.7 The pathogenetic mechanism of plaque forma-
tion. Today the role of CGLI in plaque formation is com-
monly accepted by the scientific community. The activation
of innate immunity by PAMPs, inlow-grade endotoxemia,
fires the inflammation response through PRR stimulation.
This triggers the oxidative metabolism in endothelial and
smooth cells, leading to ROS formation. These oxidize

LDL, causing the formation of oxLDLs that are
phagocytized by macrophages transforming them into
foam cells. These cells produce metalloproteinases,
chemokines, cytokines, and chemotactic factors, expanding
the inflammatory process and favoring plaque formation.
TLR4 stimulation by LPS and/or FFA has been shown to
contribute to early-stage intimal foam cell accumulation,
confirming the role played by low-grade endotoxemia

permeability, low-grade inflammation, and
glycemic levels in the host [47, 125].

The different patterns of intestinal fermenta-
tion determine the type and amount of SCFA
production. These patterns are determined by
carbohydrate intake and by microbiota composi-
tion that, in turn, is influenced the by type of
diet. Indeed, long-term ingestion of fermentable
dietary fibers increases luminal concentrations of
SCFAs [124]. These modify the neuroendocrine

"“-»ﬁghamounf

favored by increased intestinal permeability in the patho-
genesis of atherosclerosis. LDL low density lipoprotein,
oxLDL oxidized LDL, NADPH nitrate reductases, TLR
toll like receptor, /P-10 interferon y-induced protein-10,
MIG monokine induced by y-interferon, /-TAC interferon-
inducible T cell a-chemoattractant, SRA macrophage scav-
enger receptor class A, [FN-y interferon vy, IL-12 interleukin
12, IL-1 interleukin 1, [L-6 interleukin 12, GCSF
granulocyte—macrophage colony stimulating factor, PGF
platelet-activating factor, TNF-a tumor necrosis factor o,
MMPs matrix metalloproteinases, PAMPs pathogen
associated molecular patterns, /Cs immune complexes,
MIF macrophage migration inhibitory factor, MCP-/
monocyte chemotactic  protein-1, MMP-9 matrix
metalloproteinase, /FN-a interferon o

profile of the gut, influencing gene expression.
In the rat proximal colon dietary supplementa-
tion with FOS for 4 weeks increases the density
of L cells expressing FFA2 and GLP-1, but
did not affect the fecal content or the density
of enterochromaffin (EC) cells producing
5-HT. Furthermore, several studies demonstrate
that supplementation with FOS upregulates
the expression of neurogenin 3 and NeuroD,
factors able to promote the differentiation of
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enteroendocrine cells. Otherwise, dietary supple-
mentation with cellulose, an insoluble dietary
fiber, increases fecal content and augments the
density of EC cells in the rat colon compared
with those in rats fed a fiber-free diet.

Everard et al. [49] demonstrated that gut
microbiota controls leptin action and prebiotics
treatment can improve leptin sensitivity in diet-
induced obese and type 2 diabetic mice and is
probably responsible for an increase in plasma
GLP-1 levels. The effects of prebiotics on
humans have been partially confirmed. Prebiotic
supplementation (5-20 g per day) changes the
composition of the gut microbiota and increases
plasma GLP-1 levels [126]. This effect has been
associated with other clinical modifications:
lower postprandial glycemia [13, 127]; an
increased sense of satiety and a decreased feeling
of hunger and energy intake [13, 123, 126, 127];
and a reduction in visceral fat mass [13, 123, 126,
127].

A recent clinical trial demonstrated beneficial
effects of the prebiotics on the host metabolism.
In the Parnell and Reimer study, during dietetic
supplementation for 3 months (21 g/day), with a
short chain inulin-type fructan, they found a
reduction of food intake, gain in body weight,
and development of fat mass in obese subjects.
This supports the evidence that prebiotics pro-
mote weight maintenance. The authors found
higher plasma PYY levels after meal, and a
decrease in ghrelin over a 6-h meal tolerance
test [127]. In healthy individuals, fructan-type
prebiotics in dietetic supplementation (16 g/day
for 2 weeks) also demonstrated the ability to
stimulate the release of anorexigenic peptides,
GLP-1, PYY, and GIP, with a secondary reduc-
tion of glycemic response and energy intake [13].

The same effects on GLP-I and PYY were
associated with a decrease in orexigenic neuro-
peptide ghrelin, occurring in obese animals
treated with inulin-type fructans [128]. The acti-
vation of intestinal GLP-1 producing cells drives
the improvement of glycemic and insulin
response in rats and mice receiving diet supple-
mentation. These results suggest an increase in L
cells in the jejunum and in the colon mucosa and
demonstrate that the metabolic effects of diet

supplementation with inulin fructans-type are
mediated through the modulation of the neuroen-
docrine function of the MGBA. Furthermore, the
over-secretion of GLP-2 by L cells, induced in
obese animals fed with inulin-type fructans,
correlates with improvement of LGI, as
demonstrated by decreased circulating levels
of LPS and proinflammatory cytokines in obese
mice. The positive effects observed in prebiotics-
treated animals can also depend on the activation
of the endocannabinoid system in the gut and
adipose tissue. These effects seems to interfere
with intestinal permeability, increasing the
absorption of LPS, the expression and the activ-
ity of ZO-1 and occludin, two fundamental
proteins in the constitution of TJs.

An HF diet causes dysbiosis in animal models
secondary to a decrease in the number of
bifidobacteria in the intestinal microbiota
[27, 28]. Modification of the composition of
intestinal microbiota with changes in the meta-
bolic and immunological state of the host can
induce a CLGI state and the development of
MS. Several studies demonstrate positive effects
of treatment with prebiotics on host health in
animal models and in clinic trials, but the rele-
vance of specific intestinal microbial species/
phyla ameliorating MS in prebiotic treatment
with inulin fructans-type remains unrecognized.
Thus, we can hypothesize that the improving
effects of prebiotic treatment on MS might be
mediated by positive effects on bifidobacteria
species.

The effects enacted by prebiotics on the
metabolism of the host could also be induced
through an adaptive process of the host to energy
sparing, owing to the production of SCFAs via
the increased fermentative activity of the intesti-
nal microbiota, which has been supplanted by
other biochemical events occurring in the gut
subsequent to changes in the microbiota. Indeed,
fermentation end products, especially SCFAs, are
believed to engage the epigenetic regulation of
inflammatory reactions via free fatty acid recep-
tor (FFARs) and other short chain fatty acid
receptors. Furthermore, in a recent work, Remely
et al. [122] claimed that a different composition
of gut microbiota in obesity and type 2 diabetes
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patients can affect the epigenetic regulation of
genes. The interactions between the microbiota
and epigenetic regulation of the host may involve
not only short chain fatty acids binding to
FFARs. Remely et al. [122] observed in some
patients a lower methylation in the promoter
region of FFAR3, associated with a lower abun-
dance of Faecalibacterium prausnitzii.

7.4.2 Probiotics

The modification of the gut microbiota can also
achieved by the administration of probiotics.
These are: “live microbial feed supplements
which beneficially affect the host animal by
improving its intestinal microbial balance”
[129]. The most common probiotics are:
Bifidobacterium, Lactobacillus, Saccharomyces,
Streptococcus,  and  Enterococcus.  The
mechanisms whereby probiotic bacteria may
have an impact on the microbiota include: com-
petition for dietary ingredients as growth
substrates; bioconversion of carbohydrates into
fermentation products with inhibitory properties;
production of growth substrates, such as EPS or
vitamins, for other bacteria; direct antagonism by
bacteriocins; competitive exclusion of patho-
genic microorganisms for binding  sites;
improved barrier function; reduction of inflam-
mation, thus altering intestinal properties for col-
onization and persistence within; stimulation of
innate immune response [130].

Probiotics such as Lactobacillus casei,
paracasei, and acidophilus with Bifidobacterium
animalis can survive and grow in the gastrointes-
tinal tract at a 20—40 % rate of survival after oral
administration, as they are able to increase their
development in the gut [131].

Probiotics demonstrated anti-inflammatory
effects: Lactobacillus negatively
associated with NF-xkB p50/p65 activation,
which is induced by LPS through TLR4 activa-
tion and positively associated with PPARy
activation [132].

These effects are also indirectly induced by
probiotics improving the gut permeability and
consequently reducing bacterial translocation
and LPS passage across the intestinal barrier.

casei 18

Indeed, certain members of the gut microbiota,
including strains of Lactobacillus plantarum
[133], Escherichia coli [134], and
Bifidobacterium lactis [135], are capable of
directly improving the expression of the TJ
proteins occludin and ZO-1, increasing intestinal
barrier functions. Furthermore, some studies
demonstrate that metabolic bacteremia is
modified by a treatment using the probiotic strain
Bifidobacterium animalis ssp. lactis 420, which
reduced the mucosal adherence and bacterial
translocation of Gram-negative bacteria from
the Enterobacteriaceae group [56]. Several
lactobacilli have been reported to enhance barrier
function and/or protect against barrier disruption
by pathogens in vitro [136]. Different strains of
Lactobacillus plantarum (DSM 2648, MB452,
299v) have been reported to prevent the reduc-
tion in gut barrier function caused by the patho-
genetic role of E. coli when cocultured with the
pathogen [133]. This could be due to inhibition
of the pathogen or enhancement of the barrier
function by modulating TJ composition, such as
demonstrated by Well et al. perfusing
L. plantarum into the duodenum in human
volunteers. After perfusion, the authors showed
increased localization of occludin and ZO-/ in
the epithelial 7Js of tissue biopsies.

Probiotics can antagonize LPS and bacterial
endotoxin products by extracellular
polysaccharides (EPS) of pathogenic bacteria.
These consist of sugar residues bound to the
cell surface of Gram-positive/-negative bacteria,
or secreted as soluble/insoluble polymers.
Probiotic-derived EPS are counterparts of LPS,
ets. They are heat-resistant; thus the degradation
temperature is 260 °C [137].

Wu et al. [25] demonstrated that the supple-
mentation of EPS isolated from Bifidobacterium
longum results in immunomodulatory effects
(5 g/mL of EPS) in macrophages by inducing
IL-10 and suppressing LPS-induced macrophage
growth inhibition and release of TNF-a secretion,
furthering the antimicrobial effects on patho-
genic bacteria (80 g/mL of EPS). Vinderola
et al. [138] showed that oral administration of
EPS (100 mg/kg body weight/day of Lactobacil-
lus kefiranofaciens for 2—7 days) induced modu-
lation of systemic immunity by stimulating the
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release of /gA and cytokines such as IL-6, IL-10,
and /L-12 into gut lamina propria and into the
circulating blood of BALB/c mice. EPS from
Lactobacillus paracasei exercises immunomod-
ulatory, anti-inflammatory, and dose-dependent
antioxidant effects. Lactobacillus species-
derived EPS (kefiran), able to prevent in
hypercholesterolemic rabbits fed a diet with
1 % w/w kefiran, demonstrated the same effects.

Probiotics such as Bifidobacterium bifidum,
Lactobacillus acidophilus, and Streptococcus
faecalis also have the capacity to reduce the
severity of stress-induced gut pathological
conditions and reverse fecal microbiota
alterations. The same effect was not observed if
probiotics were dispensed at the start of the stress
condition [139].

Many studies have demonstrated the role of
probiotics in metabolic alterations in typical
diseases of CMS. Some of these effects are
mediated by the production of conjugated
linoleic acid (CLA), a group of octadecadienoic
acids that are naturally present in foods derived
from ruminant animals such as meat and dairy
products. The group includes some unsaturated
fatty acids isomers of linoleic acid (w-6, C18:2).
A few of these, with a trans double bond, have
biological effects [140]. Some Lactobacillus
(lactic acid bacteria—LAB) species such as
Lactococcus lactis, Lactobacillus acidophilus,
L. plantarum, and Bifidobacterium animalis pro-
duced CLA in vitro and in vivo in mice
[141]. CLA producing Lactobacillus species
such as L. casei and L. plantarum demonstrated
anti-inflammatory effects along with increased
PPARY expression [141]. Indeed, CLA is a possi-
ble PPARy agonist and has been demonstrated to
have antioxidant, anti-inflammatory, anti-athero-
genic, and anti-obesity effects [142]. This
showed a dose-dependent effect associated with
redox-sensitive transcription factors PPARy and
NFk-B in human endothelial cells
[142, 143]. These transcription factors seem to
modulate oxidative stress and inflammation in a
coordinated fashion, depending on microenviron-
mental  factors  [144].  Bassaganya-Riera
et al. demonstrated that CLA produced by
probiotics in vivo should remain within the

intestinal lumen acting as a PPARy agonist
locally, whereas orally supplemented CLA seems
to be absorbed and has a systemic effect [145].

The metabolic anti-obesity effects of CLA
seem to be induced by: a reduction of energy
intake through appetite suppression; induction
of energy expenditure in white adipose tissue,
muscles, and liver tissue; reduction of lipogene-
sis or adipogenesis; induction of lipolysis; induc-
tion of adipocyte apoptosis [146]. The effects of
CLA in humans affected by obesity are supported
by two meta-analyses by Whigham et al. [147].

In a recent study, Lactobacillus paracasei,
was shown to be able to increase the gene expres-
sion for angiopoietin-like 4 (ANGPTL 4), the
circulating  lipoprotein  lipase  inhibitor
influencing lipid metabolism.

Probiotics promote gut barrier functions. Lac-
tobacillus  paracasei  and  Lactobacillus
plantarum normalize intestinal paracellular per-
meability via thier bacterial products [133].
L. plantarum increases the expression levels of
intestinal epithelial cell genes involved in the
whole TJ signaling pathway. Then, probiotics
counteract the effects of stress on intestinal
permeability.

7.4.3 Treatment of Gut Permeability

Augmented gut permeability is one of the most
important pathogenetic mechanisms of LGCI.
The treatment of altered intestinal mucosal per-
meability should be made a priority in the patient
affected by CVD and MS.

7.4.3.1 Colostrum in the Treatment
of Altered Intestinal Mucosal
Permeability
Colostrum is first secretion produced by the
mammary glands of mammals (including
humans) in late pregnancy or just before giving
birth. Colostrum can be considered to be the most
important natural prebiotic. It prepares the intes-
tinal environment for bacterial colonization of
the gut by nursing.
The composition of colostrum is different
from that of normal maternal milk. It is high in
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antibodies specific to many human pathogens,
including E. coli, Cryptosporidium parvum, Shi-
gella flexneri, Salmonella species, and Staphylo-
species. It also  consists of
immunomodulatory components and defensive
factors such as  lysozyme,  defensins,
cathelicidins, lactoperoxidase, lactoferrin, and
hemopexin [148], which also have important
antioxidant effects binding free heme in the cir-
culation [149]. The antioxidant capacity is
guaranteed by the presence of retinol, tocoph-
erol, and f-carotene vitamins.

The concentrations of cytokines (/L-1f, IL-6,
TNF-a and IFN-y) in colostrum are significantly
higher than those in mature milk and have signif-
icant immunomodulatory activity [150] and
effects also in patients with immunodeficiency.
Case reports and clinical trials suggest that
antibodies extracted by bovine colostrum
might be of use for the treatment of chronic
diarrthea in people with immune deficiency
syndromes [151].

Furthermore, bovine colostrum is an available
source of growth factors such as the epidermal
growth factor receptor ligand family (EGFRLF),
TGFa, the TGFp family IGF1 and their binding
proteins, growth hormone (GH) and its releasing
factor (GHRF), and platelet-derived growth fac-
tor (PDGF) [152], helping to reduce gastrointes-
tinal injury such as that demonstrated in studies
conducted in rats and mice [153, 154] and con-
firmed in human research [154].

The EGFRLF includes a group of
polypeptides, with the common property of bind-
ing to the EGF receptor (also known as the
c-erbl receptor): EGF itself, TGF-a, mammary-
derived growth factor Il (MDGF-II). EGF
stimulates cell proliferation and migration and
also influences crypt fission, an identified mech-
anism by which new crypts are produced. The
EGF in colostrum may therefore play a role in
preventing  bacterial  translocation  and
stimulating gut growth in suckling neonates.

Tumor growth factor (TGF)-a plays a com-
plementary role to TGF-f, controlling the bal-
ance between proliferation and differentiation in
the intestinal epithelium. Although TGF-a acts
as a mucosal-integrity peptide, maintaining nor-
mal epithelial function in the nondamaged

coccus

mucosa [155], TGF-f in colostrum demonstrated
the ability to prevent indomethacin-induced gas-
tric injury in rats [156], suggesting that it might
play a key role in maintaining gastrointestinal
integrity.

IGF-1 promotes cell proliferation and differen-
tiation, and its concentration in bovine colostrum
is very high. It is relatively stable to both heat and
acidic conditions, surviving in ambient gastric
acidity and maintaining its biological activity.
IGF-I promotes protein enhancement, acting as
an anabolic agent mediating the growth-promoting
activity of growth hormone (GH). Bovine colos-
trum also consists of IGF-II at a lower concentra-
tion than IGF-I. Also, IGF-II has the same
anabolic activity. /GF-I and -II in colostrum are
present in both free and bound forms.

Platelet-derived growth factor (PDGF) is an
acid-stable molecule synthesized by platelets and
macrophages. Administration of exogenous
PDGF has been shown to facilitate ulcer healing
when administered orally to animals although, to
date, it is believed that most of the PDGF-like
mitogenic activity in colostrum milk is derived
from bovine colostral growth factor, which has
structural homology of amino-acid sequences
with PGDF [157].

Growth hormone (GH) and GHRF are present
in bovine colostrum. GH receptors have been
reported to be present throughout the human
gastrointestinal tract.

Recent findings demonstrate that peptides in
colostrum act on the Fas/Fas ligand (FasL) sig-
naling system. Fas is a member of the tumor
necrosis factor and nerve growth factor receptor
family expressed in various cells, including the
gastrointestinal mucosa. Colostrum peptides may
influence the rate of programmed cell death (apo-
ptosis) within the gut, acting via FasL. Indeed,
the presence of soluble Fas in milk acts as an
alternative receptor site for any FasL produced
within the mucosa by activated immune cells,
thereby reducing the rate of mucosal
apoptosis [158].

A recent work demonstrated the effects of the
administration of bovine colostrum, associated
with Morinda citrifolia (Noni) extract, on epithe-
lial cell turn-over, inflammatory events, and
intestinal junctional systems management in an
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in vitro model of intestinal epithelium, based on
the Caco-2 cell line. The association between
colostrum and noni stimulated cell turn-over
and activate the gene expression of /L-8, which
are two important mechanisms for repairing the
gut barrier [159].

7.4.3.2 Glutamine in the Treatment
of Altered Mucosal Intestinal
Permeability

Glutamine (GLN) is the preferential substrate for
enterocytes, and it works in concert with other
amino acids, such as leucine and arginine, to
maintain gut barrier integrity and function
[160]. It is an important target of MGBA imbal-
ance. Indeed, gut permeability augmentation
induces bacterial translocation, increased pas-
sage of PAMPs, and cytokine release.
Subsequent HPA activation, induced by
cytokines such as ILIf and IL-6, leads to the
increased secretion of cortisol, which stimulates
release of glutamine from skeletal muscle and
lungs into the circulating glutamine pool. Then,
GLN is taken up from the circulation to repair
damage to the intestinal barrier. Indeed, cortisol
increases glutaminase activity in enterocytes,
leading to increased breakdown and utilization
of GLN in the small intestine [161].

Glutamine plays an important role in the main-
tenance of intestinal barrier function in various
animal models and critically in human bodies.
Studies conducted in vitro by intestinal cell
monolayers indicated that GLN can maintain
transepithelial resistance and decrease gut perme-
ability. GLN may act to attenuate gut injury and
potential subsequent gut-derived systemic inflam-
matory response. A very likely activity could be
induced by an EGF receptor-dependent mecha-
nism with important effects on proteins involved
in the intracellular junctional complex [162]. The
role of GLN in the maintenance of gut barrier
function is demonstrated by the effects of
nutritional depletion on increased intestinal perme-
ability [163]. Particularly, GLN has the ability to
protect stomach and gut mucosa from damage

induced by NSAIDs [164].
Glutamine influences a variety of different
molecular pathways, although the major

proportion of glutamine energy is generated
through the tricarboxylic cycle and thus depends
on oxidative phosphorylation. The first two steps
in the metabolism of GLN, i.e., the conversion of
GLN to glutamate and further deamination to
a-ketoglutarate, yields one molecule, NADPH.
In contrast to NADH, which generates ATP
through oxidative phosphorylation, blocked by
NSAID, NADPH is not converted to ATP in oxi-
dative phosphorylation, but is used directly in
many endergonic reactions, producing alterna-
tive fuel. In addition to its role as a fuel, the
beneficial effect of glutamine in NSA/D-induced
damage may result from the fact that it provides
amide nitrogen for nucleotide biosynthesis [165].
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Endocrine System and Cardiovascular

Disease

Carlo Maria Rotella, llaria Dicembrini, and Laura Pala

Endocrine dysfunction may have a significant
impact on the cardiovascular system. Restoration
of normal endocrine function often results in a
reversal of adverse cardiovascular changes.

Pineal Gland and the
Cardiovascular System

8.1

The hormones of the pituitary gland send signals
to other endocrine glands to stimulate or inhibit
their own hormone production. Under the control
of the hypothalamus, the pituitary gland ensures
that all the body’s functions express at the best
their interactions. Considering hormones secreted
by the anterior pituitary, disorders of prolactin,
growth hormone (GH), and adrenocorticotropic
hormone (ACTH) may be associated with cardiac
diseases. Although hyperprolactinemia itself does
not have a clear effect on the cardiovascular
system, there is a possible association between
long-term treatment with dopamine agonists and
cardiac valve abnormalities [1]. An excess of GH
causes a specific derangement of cardiomyocytes,
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leading to abnormalities in cardiac muscle struc-
ture and function that induce a specific cardio-
myopathy. In the early phase of acromegaly, the
excess of GH and IGF-I induces a hyperkinetic
syndrome characterized by increased heart rate
and increased systolic output. Concentric hyper-
trophy is the most common feature of cardiac
involvement in acromegaly. This abnormality is
currently associated with diastolic dysfunction
and impaired systolic function, ending in chronic
heart failure. In addition, abnormalities of cardiac
rhythm and valves have also been described in
acromegaly. Successful control of acromegaly
induces a decrease in the left ventricular mass
and an improvement in diastolic function, whereas
the effects of GH/IGF-I suppression on systolic
function are more variable. An early diagnosis and
prompt effective treatment are important for
reversing acromegalic cardiomyopathy [2]. On
the other hand, GH deficiency is associated
with increased body fat and central adiposity,
dyslipidemia, endothelial dysfunction, and insulin
resistance. GH replacement therapy can result in
increased lean body mass and decreased visceral
adipose tissue and total and low-density lipoprotein
cholesterol (LDL-C) levels [3]. The excess of
ACTH secretion induces in hypercortisolism or
Cushing’s syndrome a clinical condition leading
to hypertension, central obesity, diabetes, and
insulin resistance; these conditions produce an
increased cardiovascular risk [4].
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8.2 Thyroid and the

Cardiovascular System

All organs and tissues are influenced by thyroid
hormones. Actions of thyroid hormone result in
cardiovascular hemodynamic changes in overt
hyperthyroidism that include decreased systemic
vascular resistance, increased heart rate, increased
cardiac preload, and increased cardiac output
[5]. In hyperthyroidism, systemic vascular resis-
tance is reduced because of the thyroid hormone—
mediated relaxation of vascular smooth muscle
cells and increased endothelial nitric oxide (NO)
production. Moreover, this reduction stimulates
the renin—angiotensin—aldosterone system, lead-
ing to increased plasma volume and increased
cardiac preload. Thyroid hormone also promotes
an increase in blood volume via upregulation of
erythropoietin secretion, enhancing cardiac pre-
load. Enhancement in contractility and in resting
heart rate further contributes to the increase in
cardiac output. Treatment of hyperthyroidism
reverses these hemodynamic changes [6].

Extensive evidence indicates that the cardio-
vascular system responds to minimal, but
persistent changes in circulating thyroid hor-
mone levels, which are typical of individuals
with subclinical thyroid dysfunction. Subclinical
hyperthyroidism is associated with increased
heart rate, atrial arrhythmias, increased left ven-
tricular mass, impaired ventricular relaxation,
reduced exercise performance, and increased
risk of cardiovascular mortality. Sinus tachycar-
dia occurs in approximately 40% of cases of
overt hyperthyroidism and resolves after restora-
tion of euthyroidism. Subclinical hyperthyroid-
ism is also associated with an increased heart
rate.

Atrial fibrillation is the second most common
arrhythmia in overt hyperthyroidism, its preva-
lence increasing with age [7]. Hypothyroidism
is associated with accelerated atherosclerosis
and coronary artery disease that may be ascribed
to diastolic hypertension, impaired endothelial
function, and hypercholesterolemia. This
increase in diastolic pressure is the result of
increased systemic vascular resistance and

increased arterial stiffness. It resolves with T4
replacement therapy [8].

Subclinical hypothyroidism is associated
with impaired left ventricular diastolic function
and systolic dysfunction. Preliminary clinical
investigations suggest that administration of
thyroid hormone greatly ameliorates these
patients’ clinical condition, highlighting the
potential role of thyroid hormone treatment in
patients with acute and chronic cardiovascular
disease [9]. Moreover, -electrocardiography
(ECG) changes in hypothyroidism include sinus
bradycardia and low-voltage complexes that
justify the ventricular conduction abnormalities
reported in hypothyroidism [6]. An interesting
review discusses the appropriate thyroid function
tests to establish a suspected diagnosis, and the
treatment modalities necessary to restore patients
to a euthyroid state, and also reviews the
alterations in thyroid hormone metabolism that
accompany chronic congestive heart failure and
the approach to the management of patients with
amiodarone-induced alterations in thyroid func-
tion tests [10]. There is increasing evidence that
the endocrine system may be dysfunctional
in patients with heart failure. T3 and T4
concentrations in the patients were significantly
lower with respect to normal values in patients
with idiopathic dilated cardiomyopathy [11].
No significant variance was observed among
patients with cardiac catheterization, ST-elevation
myocardial infarction (STEMI), non-STEMI,
unstable angina, and atrial fibrillation with
respect to FT4, FT3, and thyroid-stimulating
hormone (TSH) levels during coronary care unit
hospitalization based on their profile data
(Fig. 8.1) [12].

Amiodarone, a benzofuranic iodine-rich anti-
arrhythmic drug, causes thyroid dysfunction in
15-20% of treated patients, including both hypo-
thyroidism and thyrotoxicosis. Amiodarone-
induced hypothyroidism results from persistent
iodine-induced inhibition of thyroid gland
function and is more prevalent in patients with
preexisting thyroid autoimmunity. Amiodarone
could also induce thyrotoxicosis of two forms:
iodine-induced hyperthyroidism or destructive
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Fig. 8.1 The effect of thyroid hormones on the heart

thyroiditis. Type 1 results in the synthesis and
release of excess thyroid hormone, whereas
type 2 results in the release of preformed thyroid
hormone from the inflamed thyroid gland [13].

8.3  Parathyroid and the

Cardiovascular System

Parathyroid hormone regulates the body’s
calcium levels. Hypercalcemia induces cardiac
effects including syncope from arrhythmias,
whereas hypoglycemia may result in refractory
hypotension or arrhythmias. Calcium plays a key
role in heart muscle contraction and relaxation.
Hypocalcemic heart failure is a rare and poten-
tially reversible disturbance, which reflects its
intrinsic relationship. In this clinical condition,
the ECG shows severe global left ventricular
dysfunction, normal coronary arteries at cardiac
catheterization, severe hypocalcemia, and
new-onset hypoparathyroidism. This condition
completely normalizes after metabolic stabiliza-
tion considering hypocalcemia as a cause of
reversible myocardial dysfunction. Hypercalcemia,

N

Hypocalcemia causes a long QT

PN

Hypercalcemia induces a
shortening of the QT interval

Fig. 8.2 Electrocardiographic alterations induced by
hypocalcemia and hypercalcemia

acute and chronic, is known to have effects on
the heart and the vascular system that are poten-
tially life-threatening. Some of these effects
include accelerated atherosclerosis, uncontrolled
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hypertension, structural effects, and progressive
cardiac dysfunction. Figure 8.2 shows the
ECG modifications induced by hypocalcemia
and hypercalcemia. Hypocalcemia causes a
long QT, whereas hypercalcemia induces a
shortening of the QT interval.

Adrenal Gland and the
Cardiovascular System

8.4

Of all the hormones secreted by the adrenal
glands, those involved in cardiovascular regula-
tion are glucocorticoids, mineralocorticoids,
and adrenomedullary hormones. Glucocorticoids
released by the adrenal cortex include hydrocor-
tisone, commonly known as cortisol, which
regulates mechanisms inducing the conversion
of fats, proteins, and carbohydrates to energy. It
also helps in the regulation of blood pressure and
cardiovascular function. The principal mineral
corticoid is aldosterone, which maintains the bal-
ance of salt and water and helps to control blood
pressure. The hormones of the adrenal medulla
are released after the sympathetic nervous system
is stimulated, which occurs during stress, and
stimulate the heart rate. Epinephrine, well-known
as adrenaline rapidly responds to stress by
increasing the heart rate and rushing blood to
the muscles and brain. Norepinephrine works
with epinephrine in response to stress, causing
vasoconstriction, increasing blood pressure.
Hypercortisolism is associated with hyperten-
sion, central obesity, insulin resistance,
dyslipidemia, and alterations in the clotting and
platelet functions. Patients with hypercortisolism
may have impaired fasting glucose, impaired
glucose tolerance, hyperinsulinemia, insulin
resistance, and/or diabetes mellitus. Cushing’s
syndrome has been associated with increased
lipoprotein(a), decreased HDLc, and increased
triglycerides. The duration of cortisol excess
correlates with the degree of dyslipidemia seen.
Cortisol also increases the synthesis of several
coagulation factors, stimulating endothelial pro-
duction of von Willebrand factor and concomi-
tantly increasing factor VIII. Hypercortisolism

may also enhance platelet aggregation and reduce
plasma fibrinolytic capacity [4]. Moreover,
hyperaldosteronism causes maladaptive cardiac
remodeling and has been associated with heart
failure, cardiac fibrosis, and diastolic dysfunction
[14]. Aldosterone has also been shown to pro-
mote collagen deposition, activate inflammatory
cells, and stimulate fibroblast proliferation [15].
Surgical and medical treatments may be effective
in reducing left ventricular mass, with decreases
in blood pressure and plasma aldosterone levels
predictive of response to therapy. At the very
least, excess catecholamine action in pheochro-
mocytoma can lead to cardiomyopathy, ischemic
heart disease, myocardial stunning, and cardio-
genic shock. Echocardiogram may reveal left
ventricular dilatation with a diffuse decrease in
contractility, left atrial dilatation with increased
end-diastolic pressure, reduced ejection fraction,
and septal hypertrophy. In the setting of intravas-
cular volume depletion and impaired diastolic
filling, patients may present with an outflow
obstruction that mimics hypertrophic obstructive
cardiomyopathy [16].

8.5 Diabetes Mellitus and the

Cardiovascular System

In patients affected by diabetes, atherosclerotic
cardiovascular disease is the leading cause of
morbidity and mortality and represents the
major determinant of direct and indirect costs
related to the disease. Diabetes is associated
with a two- to four-fold increased mortality risk
for heart disease together, with significantly
higher mortality after myocardial infarction and
a worse overall prognosis in coronary heart dis-
ease [17]. The common conditions coexisting
with  diabetes (e.g., hypertension and
dyslipidemia) are clear major risk factors for
atherosclerotic cardiovascular disease, and the
chronic hyperglycemia itself confers a further
independent risk [18]. However, the contribution
of glucose-lowering to the reduction of
macrovascular complications appears to be
controversial.
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In type 1 diabetes, follow-up results from a
large randomized clinical trial suggest that the
improvement of metabolic control, obtained
through intensive insulin treatment, might
prevent cardiovascular events in the long term
[19]. On the other hand, despite some encourag-
ing results, the large clinical trials designed to
test the efficacy of tight glycemic control in
patients affected by type 2 diabetes, with
near-normal glycemic control for a median of
3.5-5 years failed to show a significant reduction
of cardiovascular events within that period
[20]. The increase in iatrogenic hypoglycemia
incidence strictly related to antidiabetic therapies
at high hypoglycemic risk (e.g., sulfonylureas
and insulin) may represent a plausible explana-
tion by determining adrenergic activation, oxida-
tive stress, and cardiac repolarization, leading to
cardiac ischemia or fatal arrhythmia [21].

Moreover, concerns have been raised regard-
ing the fact that different glucose-lowering
drugs, irrespective of their action on glycemic
control, may exert different effects on the cardio-
vascular risk profile. Although available clinical
data ruled out any overall harmful cardiovascular
effect of metformin unless when it is added to
sulfonylureas, sulfonylureas themselves, insulin,
and thiazolidinediones have been suspected of
negative cardiovascular effects, although some
results were not confirmed by subsequent
investigations [22]. To date, the Food and Drug
Administration requires preapproval and post-
approval studies for all new antidiabetic drugs
to rule out excess cardiovascular risk. Despite
growing in vivo and in vitro evidence for the
cardiovascular benefits, only neutral effects on
cardiovascular risk have been demonstrated for
incretin-based therapy (e.g., GLP-1 receptor ago-
nist and dipeptidyl peptidase, DPP-44 inhibitors)
through large clinical trials with cardiovascular
endpoints [23, 24]. The diverging results regard-
ing the relationship between DPP-4 inhibitors
and heart failure require further investigation.

More recent data coming from the EMPA-
REG Outcome study [25] showed that therapy
with sodium-glucose cotransporter 2 inhibitors,
the newest antidiabetic drug class, significantly
reduced cardiovascular risk in type 2 diabetic

patients at  high  cardiovascular  risk.
Empagliflozin, then, is the first antidiabetic drug
associated with cardiovascular positive effects,
with a 38% reduction in cardiovascular death.
Further studies to investigate whether this treat-
ment will have similar effects in lower-risk
diabetic patients are required.

Recommendations for cardiovascular disease
and risk management from the American
Diabetes Association pointed out that large
benefits are seen only when multiple risk factors
are addressed simultaneously. As a consequence,
diabetes care implies a multifactorial manage-
ment of cardiovascular risk, which includes
multiple therapeutic goals beyond glycemic
control.

8.6  Obesity and the

Cardiovascular System

Obesity has been shown to have several negative
effects through thrombogenic, atherogenic,
oncogenic, hemodynamic, and neurohumoral
pathways and has been linked to several chronic
diseases, such as diabetes, hypertension,
dyslipidemia, and cardiovascular disease,
together with malignancies. Overweight and
obesity constitute the fifth leading risk for global
death according to the World Health Organiza-
tion. At least, 2.8 million subjects die each year
for complications related to overweight/obesity.
Moreover, the 44% of diabetes and 23% of ische-
mic heart disease burden can be attributed to an
excess of adipose tissue [26].

Obesity, according to the World Health
Organization, is defined by a body fat represen-
tation >25% in men and >35% in women at
bioelectrical impedance analysis. In clinical
practice, overweight and obesity are traditionally
diagnosed if body mass index (BMI) is >26 and
>30 kg/m? respectively. However, several studies
have shown a paradoxical relationship between
BMI and all-cause and/or cardiovascular
mortality, identifying a higher survival rate
in overweight in comparison with normal weight
or obesity [27-31].
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Thus, obesity cannot be adequately ruled out
by the BMI calculation, which showed a low
sensitivity, missing more than 50% of people
with excessive fat mass [32]. Further studies
demonstrated a significant association between
visceral adiposity, better than BMI, mortality,
and cardiovascular disease. Waist circumference
as a surrogate measure of abdominal adipose
tissue has been placed as one of the main
contributors to the metabolic syndrome by the
National Cholesterol Education Program Adult
Treatment Panel III in 2001 [33] and then as the
core feature of the diagnostic criteria proposed
by the International Diabetes Federation in 2005.

A possible mechanism linking obesity with
cardiovascular disease is subclinical low-grade
inflammation. The adipose tissue is recognized
as an endocrine organ, capable of synthesizing a
large number of biologically active cytokines
that regulate metabolic homeostasis. Obesity,
and in particular, excess visceral adiposity,
results in many qualitative changes in the cellular
composition of the tissue itself, including
alterations in the number and phenotype of the
adipocytes, infiltration by immune, vascular, and
structural cells, thus determining a relevant
dysregulation of the secretion of those cytokines
referred to as adipokines. The overexpression of
the pro-inflammatory adipokines (leptin, TNF,
IL-6, resistin, retinol-binding protein 4 [RbP4],
lipocalin 2, IL-18, angiopoietin-like protein
2 [ANGPTL?2], CC-chemokine ligand
2 [CCL2], CXC-chemokine ligand 5 [CXCLS5],
and nicotinamide phosphoribosyltransferase
[NAmPT]), together with impairment of the
anti-inflammatory  ones  (adiponectin  and
secreted frizzled-related protein 5 [SFRPS]),
leads to the development of a chronic inflamma-
tory state [34]. This condition contributes to met-
abolic dysfunction, which has a deleterious effect
on the cardiovascular system, leading to the
development of endothelial dysfunction,
myocardial ischemia, and cardiomyopathy.

Moreover, recent data have pointed to the
important role of a multi-organ cross talk also
involving cytokines and other peptides secreted
from skeletal muscles in response to exercise
with local effects within the muscle or by

targeting distant organs. Such proteins are
recognized as myokines (e.g., IL-6 and irisin)
and represent important contributors of the bene-
ficial metabolic effects of exercise [35]. Skeletal
muscle plays a critical role in the glucose metab-
olism and peripheral insulin sensitivity, and its
impairment is commonly related to the increase
in adipose tissue, leading to a condition defined
as sarcopenic obesity. Adipose tissue excess
could underlie the development of sarcopenia.
A possible role of vitamin D in sarcopenia has
been postulated in two studies, demonstrating
that serum 25-hydroxy vitamin D was negatively
correlated with appendicular (legs and arms) fat
mass and positively associated with appendicular
muscle mass, both evaluated through DEXA
analysis [36].

Thus, the use of traditional anthropometric
measures and lifestyle modifications to charac-
terize and adequately manage patients affected
by obesity could be misleading.

8.7 Gonads and the Cardiovascular
System
8.7.1 Male

In the cardiovascular system, androgens display
predominantly genomic effects, but there is also
evidence for nongenomic effects. Genomic
effects involve the transcription of specific
segments of DNA through the binding of testos-
terone or dihydrotestosterone to the androgen
receptor, which is widely expressed in the
cardiovascular system, particularly in vascular
smooth muscle, endothelial cells, myocardial
fibers, and macrophages. The nongenomic
effects of androgens are rapid compared with
the genomic effects and include the activation
of kinase signaling cascades and the modulation
of intracellular calcium levels. Moreover,
testosterone also exerts indirect effects through
the activation of estrogen receptors, after aroma-
tization into estradiol by the aromatase (P450a)
enzyme [37].

A decreased testosterone level in men during
aging is a condition defined as hypogonadism.
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Observational studies have suggested an associa-
tion between low endogenous testosterone levels
and a high cardiometabolic risk (increased blood
pressure, dyslipidemia, insulin resistance, athero-
sclerosis, thrombosis), in addition to a modest
increase in total and cardiovascular mortality.
All the evidence currently available shows no
unequivocal relationship between low testosterone
and atherosclerosis [37]. Potential confounding
factors cannot be excluded; moreover, low testos-
terone could be related to a poor state of health.

Testosterone  replacement  therapy  is
associated with many improvements regarding
sexual function, bone mineral density, body fat
mass, and muscle mass and strength, together
with possible positive effects on lipid and glu-
cose metabolism. Two studies have recently been
published analyzing the effect of hormonal
replacement therapy in men affected by
hypogonadism. The first found that hormonal
replacement therapy significantly reduced
mortality during a mean follow-up period of
40.5 months (10.3 vs 20.7% in controls;
p < 0.0001) [38]. Even after multivariate adjust-
ment, testosterone treatment was associated with
a decreased risk of death. The second study
examined retrospectively the effect on all-cause
mortality in men with type 2 diabetes and found
significant survival benefits [39].

Systematic meta-analyses confirmed no
adverse effects of testosterone replacement on
cardiovascular mortality and morbidity [40].

8.7.2 Female

Sexual female hormones are important for
maintaining the health and normal functions of
several organs, such as the brain, bone, and
cardiovascular system.

Cardiovascular diseases are the leading cause
of mortality and morbidity in both men and
women. It should be pointed out that women of
reproductive age show a three- to five-fold lower
rate of mortality for myocardial infarction than
men, but this difference disappears with aging
[41]. Cardiovascular diseases are generally
infrequent in young women, and this has been

explained, at least in part, by the protective vas-
cular effects of endogenous estrogen. Estrogens
exert protective effects on the cardiovascular
system through beneficial effects on the lipid
metabolism, and more direct actions on arterial
vessels via inhibition of atherosclerotic plaque
formation. Moreover, positive effects on
endothelium, vascular smooth muscle, auto-
nomic nervous function, nitric oxide, and the
renin—angiotensin system have been described.
At menopause, the protective effects of estrogen
are lost and cardiovascular risk significantly
increases. In symptomatic perimenopausal
women aged 60 years and younger, hormonal
replacement therapy has been shown to provide
significant benefits (a reduction in menopausal
symptoms and urogenital symptoms) and it has
also been shown to reduce the cardiovascular
risk [42].

Hormone replacement therapy can be
administered orally or most commonly by use
of a transdermal patch. At equivalent dosages,
the oral route of administration via first-induced
hepatic metabolism seems to have more benefi-
cial effects on cholesterol metabolism than trans-
dermal administration in terms of lowering
LDL-C and increasing high-density lipoprotein
cholesterol (HDL-C). However, transdermal
administration is related to a significant reduc-
tion of triglycerides, in comparison with oral
estrogen [43]. However, in women treated with
oral estrogen compared with transdermal
formulations, no significant differences in car-
diovascular mortality and morbidity outcomes
have been determined [42]. Overall, with regard
to the cardiovascular risk profile, the route of
administration of estrogen probably has less
impact than the dose administered.
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Cardiovascular Aging

Leda Galiuto and Gabriella Locorotondo

9.1 Introduction

Cardiovascular disease (CVD) is the leading
cause of death worldwide and its prevalence
increases with age. Increasing life expectancy
and improved health care have progressively
led to an expanding proportion of elderly patients
requiring cardiovascular treatment. It has been
estimated that the number of cardiac surgical
patients >80 years old has increased up to
24-fold over the past two decades [1, 2]; thus,
CVD currently represents a major financial bur-
den to the healthcare system.

The notion that age itself is a major risk factor
for developing CVD is by now well established
and widely acknowledged. This is not only
because the prevalence of atherosclerosis, valvu-
lar dysfunction, and their consequences increases
dramatically with age, but also because cardio-
vascular risk factors tend to develop and worsen
over time in both sexes. Most advancements
in the knowledge of pathophysiological
mechanisms determining CVD in the past
decades have contributed to shifting the concept
of atherosclerosis from a “degenerative” to an
“inflammatory” disease. Inflammation and
aging are nowadays considered two sides of the
same coin: according to the “inflammaging”
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paradigm, survival of human beings would be
an effective balance between oxidative stress
and reparative structural and molecular pro-
cesses. In light of this view, it is conceivable
that the relationship between the cardiovascular
system and aging is deeper than is commonly
known: indeed, as recently demonstrated at his-
tological and molecular levels, the cardiovascu-
lar system itself modifies over time and gets
older. Arterial rigidity, the hallmark of cardio-
vascular aging, is an independent cardiovascular
risk factor caused by diverse pathological clinical
variables: hyperlipidemia, diabetes mellitus,
arterial systemic hypertension, and smoking,
and by some physiological factors (aging, female
sex, and black race). Underlying mechanisms
that contribute to the decline in cell and tissue
functions with age are nowadays almost entirely
known; they include increased levels of reactive
oxygen species, DNA damage, accumulation of
dysfunctional organelles, and oxidized proteins
and lipids. These all contribute to a progressive
decline in the normal physiological function of
the cell and to the onset of age-related conditions.
Cardiac homeostasis and the ability to adapt to
stress are subordinated to the continuous control
of cell quality. Autophagy is an important quality
control pathway, and its reduction is a major
contributor to the aging process, although its
enhanced activity delays aging by counteracting
age-associated  accumulation of  protein
aggregates and damaged organelles in cells.
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Over the past 30 years, research on aging has
emphasized the distinction between the amount
of time spent alive, the amount of time being
healthy, and the amount of time able to perform
activities of daily living without difficulty. These
characterize different dimensions of the aging
process, as individuals may vary in their health
or ability status even if living the same number of
years. Inequalities in the able state and healthy
life expectancy among sexes, races, and geo-
graphical areas have been described: white
women spend the longest time alive, the longest
time healthy, and the longest time able to per-
form activities of daily living, followed by white
men, nonwhite women, and nonwhite men. How-
ever, regardless of starting age, individuals of the
same race and sex groups spent similar amounts
of time in an unhealthy or unable state [3]. The
cellular processes that contribute to aging are
attractive targets for therapeutic interventions
that can delay or prevent the development of
age-related diseases. The possibility of delaying
aging of the cardiovascular system, thus poten-
tially reducing the incidence of CVD, is a
fascinating goal of current scientific research. If
such a goal were achieved, it would have a great
impact on people economically and with regard
to survival. Novel prevention and treatment
strategies are under investigation, and progress
in the knowledge of pathophysiological
mechanisms on the basis of age-related changes
in the cardiovascular system has been made.

9.2 Changes of Cardiovascular

System Related to Age

With increasing age, cardiovascular system
develops structural and functional changes at
the level of both the heart and vessels, which
finally lead to reduced physiological reserves.
In such a condition, patients typically do not
show signs of impaired hemodynamic perfor-
mance at rest, but manifest reduced resistance
in response to physical stresses. Age-related
changes of cardiovascular system may manifest
at different levels (Table 9.1):

1. Structural level. Aging may involve systemic
arterial vessels, coronary arteries, and myo-
cardium with different pathophysiological
mechanisms and related consequences:

a) Systemic arterial vessels. Morphology
and function of arterial vessels change
with aging. Some changes have a genetic
basis, others occur as a result of intrinsic
cellular or systemic stimuli. Genetic pre-
disposition determines racial differences,
with accelerated arterial aging among
African—Caribbean individuals. Moreover,
age-related artery change is more pro-
nounced in women, reflecting intrinsic
differences in arterial properties between
sexes: although men have more prominent,
accelerated aging over time compared with
women, there are complex effects of hor-
mone deficiency and replacement therapy
on CVD. Postmenopausal women exhibit
higher aortic rigidity and lower vascular
compliance in relation to men, which has
a significant impact on their mortality and
is probably caused by estrogen depriva-
tion. Even though the smaller diameter of
the aortic root has been considered respon-
sible for women’s increased pulse pres-
sure, there is strong evidence that the
vascular wall composition is the most
important ~ factor  responsible  for
it. Overall, with increasing age, large
arteries are known to dilate and thicken
their walls, particularly because of wall
matrix changes and an increase in
elastolytic and collagenolytic activity and
in smooth muscle tone. In particular, vessel
aging leads to intimal and medial
thickening (vascular remodeling), and to
the gradual loss of arterial -elasticity:
reduced medial smooth muscle cell num-
ber, increased collagen deposition, and
fracture of the elastin lamellae are com-
mon characteristics of aging vessels. Over-
all, these changes may lead to vessel
dilation and increased Ilumen size.
Increased collagen and decreased elastin
content are promoted, at least in part by
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Table 9.1 Summary of the most important changes in the cardiovascular system related to age and their functional

consequences

Level Changes

Structural

Systemic Intimal and medial thickening of large artery walls

arterial vessels

Myocardium

Coronary
arteries

Cellular

Ultrastructural

Changes in wall matrix (increase in elastolytic and collagenolytic
activity, increased collagen deposition, fracture of the elastin lamellae,
with gradual loss of arterial elasticity)

Reduced medial smooth muscle cell number and changes in their tone
Increased secretion of proinflammatory cytokines and increased uptake of
plasma lipoproteins by endothelial and smooth muscle cells

Alterations of intracellular molecular and biochemical pathways
Stiffening of myocardial cells, mural connective tissue and valves,
decreased number of myocytes, increased myocyte size, increased rate of
myocyte apoptosis, and blunted adrenoceptor-mediated contractile and
inotropic response Fibrotic remodeling (reactive fibrosis and
replacement/reparative fibrosis, perivascular fibrosis)

Endothelium-dependent dilation of large epicardial and resistance
coronary vessels becomes blunted

Basal and stimulated release of nitric oxide by the coronary endothelium
decreases. Coronary vasoconstrictor effect of endothelin-1 increases

Stiffening of vascular smooth muscle cells

Differential expression of proteins involved in the mechanical regulation
of vascular function

Changes in cell proliferative potential, increased propensity to undergo
cell death, elevated DNA damage, and extensive telomere shortening and
dysfunction, oxidative stress-related damage

Accumulation of dysfunctional organelles, DNA mutations, oxidized
proteins and lipids into endothelial and smooth muscle cells,
cardiomyocytes and fibroblasts owing to impaired autophagy

Consequences

Elevated systolic
arterial pressure and
pulse-wave velocity,
augmentation of aortic
impedance and cardiac
mechanical afterload.
Atherosclerosis

Decreased mechanical
and contractile
efficiency. Increased
left ventricular
stiffness

Decreased coronary
blood flow

Impaired relaxation
and diastolic
dysfunction

Coronary flow reserve
gradually impairs as
result of both
abnormal vasodilatory
capacity and elevated
cardiac work at
baseline

Arterial rigidity

Cell senescence

Cell senescence

the age-associated increase in glycated
proteins, matrix metalloproteinase enzyme
activity, and trophic stimuli such as angio-
tensin II signaling. As a final result, vascu-
lar stiffness increases with advancing age
[4-6], and is in turn the main cause of
subsequent elevated systolic arterial pres-
sure and pulse-wave velocity: pulse pres-
sure waves reflect early and peak systolic
pressure appears late. Hypertension can fur-
ther stimulate collagen production with
increased vessel stiffness and endothelial
cell dysfunction. The final step is the aug-
mentation of aortic impedance and cardiac
mechanical afterload. Thus, arterial stiffen-
ing triggers a variety of cardiac adjustments,

b

~

which are additional and similar to the
age-related intrinsic changes in cardiac
morphology and may, therefore, be
expected to worsen cardiac performance.
Moreover, aging endothelial and smooth
muscle cells also show increased secretion
of proinflammatory cytokines and increased
uptake of plasma lipoproteins, which ulti-
mately constitute the substratum of athero-
sclerosis (see below).

Myocardium. At the heart level, aging is
known to determine numerous ionic,
molecular, and biochemical changes [7]
that affect protein function, mitochondrial
oxidative phosphorylation, excitation—
contraction coupling, calcium Kinetics,
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myofilament activation, matrix composi-
tion and regeneration, cell growth and
size, and the apoptosis process.
Alterations of the intracellular molecular
and biochemical pathways produce
modifications in cardiac morphology,
which ultimately have an impact on car-
diac function. Decreased mechanical and
contractile efficiency, stiffening of
myocardial cells, mural connective tissue
and valves, a decreased number of
myocytes, increased myocyte size, an
increased rate of myocyte apoptosis, and
blunted-adrenoceptor-mediated contractile
and inotropic response are all distinctive
signs of cardiac aging [8]. Pathological
fibrosis in the aging mouse heart is
associated with dysregulated resident mes-
enchymal stem cells arising from reduced
stemness and aberrant differentiation into
dysfunctional inflammatory fibroblasts.
Fibroblasts derived from aging mesenchy-
mal stem cells secrete higher levels of col-
lagen type 1, which directly contributes to
fibrosis, monocyte chemoattractant
protein-1, which attracts leukocytes from
the blood, and interleukin-6, which
facilitates the transition of monocytes into
myeloid fibroblasts. The intrinsic change in
the mesenchymal stem cell phenotype
acquired by advanced age is specific to
the heart, as mesenchymal stem cells
originating from the bone wall or
fibroblasts derived from them are free of
these alterations [9]. Two types of fibrotic
remodeling can potentially occur in the
myocardium: reactive fibrosis (also known
as diffuse fibrosis), which describes the
expansion of existing collagen fibers with-
out a significant loss of myocytes, and
replacement/reparative fibrosis, or scar for-
mation (focal fibrosis), which occurs when
collagen is newly deposited in the place of
necrotic/apoptotic myocytes. Diffuse, reac-
tive fibrosis is a typical feature of the aging
heart. However, some amount of replace-
ment fibrosis may also occur; myocyte apo-
ptosis and necrosis increase with age.

)

Conversely, neither reactive nor reparative
fibrosis correlates with age in patients with
idiopathic dilated cardiomyopathy. The
significance of these fibrotic patterns is
likely diverse, as the nature or quality of
the collagen network may have a differen-
tial impact on myocardial stiffness or sig-
nal propagation. It is known that reactive
fibrosis increases left ventricular stiffness.
Accumulation of collagen surrounding
blood vessels in the heart is named
perivascular fibrosis and may precede or
act as an extension of reactive fibrosis.
Perivascular fibrosis increases in the aging
heart. In patients with non-ischemic heart
failure, perivascular fibrosis is associated
with decreased coronary flow of the left
anterior descending artery, and such
impaired coronary blood flow has been
demonstrated to correlate with elevated
left ventricular wall stress in patients with
heart failure. Perivascular fibrosis occur-
ring during aging may have local or para-
crine effects on the surrounding
myocardium, which in turn could contrib-
ute to cardiac dysfunction in elderly
subjects. In particular, myocardial fibrosis
may be a contributing factor for impaired
relaxation and diastolic dysfunction. From
this point of view, excess collagen, rather
than myocyte hypertrophy, causes
myocardial stiffness. Indeed, in experimen-
tal models of hypertension-induced dia-
stolic heart failure, collagen deposition,
hypertrophic remodeling, and myocardial
stiffness are abrogated by an angiotensin
II receptor antagonist. In a clinical human
setting, contradictory findings have been
shown: in some studies of hypertensive
patients, those presenting with diastolic
heart failure were older and had higher
levels of serum markers of collagen turn-
over; in others, no correlation has been
found between diastolic dysfunction and
collagen content in the aging heart [10].

Coronary arteries. Pathophysiological
modifications related to aging have also
been shown to involve also structure and
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function of coronary vasculature, which
could affect myocardial perfusion. Coro-
nary flow reserve is gradually impaired
and such a reduction may be the result of
abnormal vasodilator capacity, elevated
cardiac work, and myocardial blood flow
at baseline [11]. In particular, the
endothelium-dependent dilation of large
epicardial and resistance coronary vessels
becomes blunted [12], basal and stimulated
release of nitric oxide by the coronary
endothelium decreases [13], and the coro-
nary vasoconstrictor effect of endothelin-1
[14], whose plasma concentrations are
raised in the elderly [15], increases, thus
finally determining a reduction of the cor-
onary vasodilatory reserve.

2. Cellular level. Contrary to the traditional

paradigm, which associated vascular com-
pliance only with extracellular matrix com-
position, vascular smooth muscle cells have
been recently demonstrated to contribute, by
visco-elasticity, to the vessels’ overall
mechanics. Under physiological conditions,
the mechanical behavior of vascular smooth
muscle cells varies according to the position
in the arterial tree and intensity of regional
mechanical forces, whereas, in the patholog-
ical scenario, their cytoplasm stiffening is
associated with aging and arterial hyperten-
sion, causing arterial rigidity in the absence
of extracellular matrix modifications. Thus,
almost one-third of the differences found
between stiff and distensible vessels are
due to the differential expression of proteins
involved in the mechanical regulation of
vascular function, especially the
components of the vascular smooth muscle
cell cytoskeleton and extracellular matrix.
Aging determines marked changes in vascu-
lar smooth muscle cells and inflammatory
cells. First, the ability of cells to divide is
lost with aging. Such an irreversible change
depicts so-called cell senescence. Two types
of cell senescence have been described:
“replicative” senescence refers to exhaus-
tion of the proliferative lifespan over time,

a characteristic of aging, associated with
critically shortened telomeres at the chro-
mosomal ends, which then induce a DNA
damage response. “Stress-induced prema-
ture” senescence is triggered by external
stimuli, including oxidizing agents and radi-
ation, which activate the intracellular senes-
cence cascade prematurely. Prematurely and
naturally aging cells share several
characteristics: changes in cell proliferative
potential, increased propensity to undergo
cell death, elevated DNA damage, and
extensive telomere shortening and dysfunc-
tion. In aging vessels, vascular smooth mus-
cle cells undergo reduced proliferation and
prolonged population doubling times.
Although most of these cells are presumed
to be derived from the vessel wall itself, a
proportion of cells expressing smooth mus-
cle or endothelial cell markers may be pro-
cured from bone marrow-derived progenitor
cells and endothelial progenitor cells that
migrate and integrate into the vessel wall.
They may also be affected by aging, which
determines impaired migration and adhe-
sion, owing to the reduced expression of
cell surface markers and cytokines for che-
motaxis and increased oxidative stress and
inflammation. Oxidative stress plays a major
role in age-related damage of the cardiovas-
cular system at the cellular level.

. Ultrastructural level. Aging is depicted by the

accumulation of dysfunctional organelles,
DNA mutations, and oxidized proteins and
lipids into endothelial and smooth muscle
cells, cardiomyocytes, and fibroblasts: this
phenomenon contributes to alteration of the
normal physiological function of the cells.
Under homeostatic conditions, abnormal
constituents and organelles are eliminated
through sequestration into double membrane
vesicles, which subsequently deliver the con-
tent to a lysosome for degradation. This
tightly regulated control of cell quality is
ensured by the so-called autophagy, an intra-
cellular pathway responsible for removing
senescent and  dysfunctional  cellular
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components. Its activation involves the coor-
dination of multiple protein complexes at sev-
eral different stages: activation, formation,
and elongation of the phagophore, engulfment
of the cargo, and delivery to the lysosome for
degradation. Such a complex activity is
regulated by both extra- and intracellular
signals, which are centrally inhibited by the
mammalian target of rapamycin (mTOR) and
activated by 5" AMP-activated protein Kinase
(AMPK). When activated, mTOR inhibits
autophagy, throughout the PI3K/Akt signal-
ing pathway [16]. Studies have shown that
under nutrient-rich conditions, autophagy is
depressed. In contrast, during nutrient-
limiting conditions, autophagy is activated
by the energy sensor AMPK. Once started,
autophagy proceeds with the formation and
elongation of a small vesicular sac (named
phagophore), through lipid acquisition. Lipid
sources for phagosomes may derive from the
membrane of mitochondria, endoplasmic
reticulum, and Golgi, or may be composed
of membranes from multiple sources to
avoid affecting the homeostasis of a specific
subcellular compartment [17]. Probably, dif-
ferent types of autophagy induction lead to the
formation of different types of phagosomes.
The biogenesis and elongation of the
phagosome is regulated by a number of
conserved autophagy-related proteins and
involves two ubiquitin-like conjugation
systems. The growing phagophore elongates
until it closes on itself, engulfing the cargo to
be degraded. Then, the newly formed struc-
ture fuses with a lysosome to form the
autolysosome, in which cargo and inner mem-
brane of the autophagosome are subsequently
degraded by the Ilysosomal hydrolases.
Although few studies have directly assessed
autophagic activity in aging tissues, it is
widely accepted that autophagy declines
with age and that this impairment is a major
contributor to aging. Mice with impaired
autophagic capability have an accelerated
aging phenotype, including the development
of left ventricular hypertrophy, decreased
fractional shortening, and premature death

[18]. This finding confirms that clearance of
damaged proteins is an important cellular
quality control mechanism that prevents pre-
mature aging, and autophagy may conceiv-
ably have an anti-aging effect on the
cardiovascular system. There are many poten-
tial causes underlying the alterations in car-
diovascular function with age, but the
accumulation of cytotoxic proteins and dys-
functional organelles contributes to the devel-
opment of  age-related  pathological
conditions, such as skeletal muscle atrophy,
neurodegeneration, and cardiac dysfunction.
The underlying mechanisms for the reduction
in autophagy in aging tissues are not well
understood and probably involve numerous
proteins. The most reliable hypothesis is
that changes in metabolism and hormonal
responses with age might be associated with
transcriptional downregulation of autophagy,
which could contribute to the age-dependent
development of CVD observed. For instance,
in rats, long-term excessive fat intake inhibits
autophagic flux in the heart and is associated
with myocyte apoptosis and cardiac dysfunc-
tion [19]. Under such conditions, reactive
oxygen species (ROS), which are usually
generated in the cell at low levels as a by-
product of mitochondrial respiration and have
signaling functions, are increased. Excessive
ROS negatively affects cellular processes by
modifying proteins and lipids and inducing
DNA damage. When mitochondria become
dysfunctional in aging cells, excessive ROS
production contributes to impaired autophagy.
If autophagic activity is reduced with age,
dysfunctional mitochondria tend to be less fre-
quently removed and to accumulate in aging
myocytes.

More recent evidence has shown that
microRNAs (miRNAs), which are small noncod-
ing RNAs, post-transcriptionally controlling
gene expression by inhibiting translation or
inducing degradation of targeted mRNAs, can
contribute in the regulation of longevity and
senescence. In humans, comparisons of miRNA
expression between peripheral blood
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mononuclear cells of young versus old
individuals reveal the downregulation of various
miRNAs. Several studies have addressed the reg-
ulation of miRNAs during culture-induced senes-
cence of vascular cells. In human cell culture
studies, miRNAs were detected in senescent
endothelial cells: some miRNAs are up-
regulated, others are down-regulated, whereas
in the entire vessel wall miRNAs are generally
up-regulated. These differences between the
profiles of cultured endothelial cells and entire
vessels likely reflect the different cellular
compositions as, in whole vessels, smooth mus-
cle cells and invaded inflammatory cells, but not
endothelial cells, are the predominant cell types.
Some specific miRNAs are well known to repress
matrix proteins in the heart, and the increased
expression of such miRNAs in the aorta of aged
mice is associated with a decline in matrix pro-
tein expression, such as collagens and elastin,
which is considered to contribute to aneurysm
formation, a vascular disease typically associated
with age. Potential development of therapeutic
miRNA targeting strategies is currently further
limited by the need to understand whether the
deregulated miRNAs during aging are causes or
effectors of the age-associated disease or if they
may even act as compensatory feedback loops.
The knowledge that miRNAs are involved in
more complex regulatory pathways in competi-
tion with other competitive endogenous RNAs
makes the scenario challenging. Given that such
interactions likely depend on the number of
molecules of each interacting species, new
models that take into account quantitative biol-
ogy are required to understand network modula-

tion and finally develop therapeutic
interventions [20].
9.3  Atherosclerosis

and Cardiovascular Aging
Enhance Each Other

A very strict link has been demonstrated between
atherosclerosis and aging: cellular senescence is
usually observed in patients with atherosclerosis
and, in turn, cardiovascular risk factors may

promote premature or accelerated vascular
aging. Increasing evidence indicates a potential
causative role of inflammation and oxidative
stress at the basis of the association; thus, in the
last few decades, atherosclerosis has been no
longer considered merely a degenerative disease,
but also an inflammatory disease. This assump-
tion is derived from histological findings of aug-
mented inflammatory milieu and senescent cells
within atherosclerotic arterial walls. Atheroscle-
rotic plaques are usually formed by accumulation
of inflammatory cells (macrophages, T
lymphocytes, dendritic cells, and mast cells),
and both intracellular and extracellular lipids
and debris, together with vascular smooth muscle
cells, collagen, and elastin. Oxidized lipids are
often concentrated in a necrotic core surrounded
by a fibrous cap, composed predominantly of
smooth muscle cells. Aged and atherosclerotic
smooth muscle cells contain high levels of oxi-
dative stress-induced damage, probably because
of the combination of higher reactive oxygen
species (ROS) generation and impaired antioxi-
dant defense. Increased oxidized LDL (oxLDL)
during atherogenesis also provokes a gradual loss
of mitochondrial function. Mitochondrial DNA
damage and dysfunction can increase ROS gen-
eration, creating a positive feedback loop. More-
over, ROS production can be regulated through
mechanical stress, as endothelial cells under lam-
inar shear stress up-regulate anti-oxidant
enzymes. Turbulent flow at sites of plaque for-
mation would thus reduce anti-oxidant capacity.
In addition to directly promoting DNA damage,
ROS can modulate atherosclerosis progression
via other mechanisms: they can downregulate
telomerase activity, thus directly promoting apo-
ptosis; they can reduce the expression of survival
signals, and can increase the expression of cell
surface receptors required for the uptake of
oxLDL. Direct experimental evidence shows
that aging promotes proinflammatory changes
in monocyte/macrophages that are relevant to
atherosclerosis: both migration and activation of
macrophages within plaques increase with age.
Indeed, expression of leukocyte adhesion
molecules on endothelial cells of atherosclerotic
vessels is increased: such a feature promotes
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migration of monocytes from the blood stream to
the arterial wall and is followed by the increased
uptake of atherogenic lipoproteins with
subsequent inflammation. Autopsies performed
in patients who died owing to an acute coronary
syndrome have shown that ruptured plaques are
characterized by a thin cap, necrotic smooth
muscle cells, and disrupted collagen and extra-
cellular matrix. Thus, it has become conceivable
that stability of the atherosclerotic plaque might
depends on the thickness of the fibrous cap and
the degree of cap inflammation. Rupture of ath-
erosclerotic plaques is frequently subclinical, as
smooth muscle cells repair the rupture and reor-
ganize associated thrombus, by proliferating and
synthesizing matrix. The final result is a progres-
sive narrowing of the vessel lumen. Reparative
processes may be altered by cellular senescence:
shortened telomeres are evident in atherosclero-
sis, observed in plaque smooth muscle cells and
endothelial cells, relative to the normal vessel
wall, and in circulating endothelial progenitor
cells. Additionally, leukocytes in patients with
atherosclerosis show shorter telomeres compared
with control subjects: this feature correlates
inversely with cardiovascular disease risk in
patients with subclinical diseases. Vascular
smooth muscle cells, endothelial cells,
macrophages, and circulating cells from the
elderly and patients with atherosclerosis also
share an increased amount of damaged DNA in
both nuclei and mitochondria, compared with
younger subjects and those without vascular dis-
ease. The accumulation of DNA damage may
reflect both ongoing damage-inducing stimuli
and defects in the repair process. When DNA
damage is too diffuse to be repaired or when
the repairing cascades are impaired, cell senes-
cence and apoptosis occur. An increased rate of
apoptosis can be found in vascular smooth mus-
cle cells and other cells within atherosclerotic
plaques. Notably, most cell death in atheromas
takes place within the macrophage-rich necrotic
core of the plaque.

On the other hand, acquired cardiovascular
risk factors themselves contribute to premature
vascular aging and cellular senescence. Smoking
increases arterial stiffness and pulse pressure.

Chronic high alcohol intake also increases arte-
rial stiffness, whereas low to moderate and/or
acute alcohol intake produces the opposite effect.
Moreover, age- and diet-associated elevation of
serum glucose is associated with both premature
vascular stiffness and vascular cell senescence.
Glucose participates in a spontaneous, non-
enzymatic reaction known as glycation, which
adds sugars to proteins and lipids to form reactive
advanced glycation end products. This phenom-
enon is enhanced by aging, particularly in
patients with atherosclerosis and metabolic
disorders. Hyperglycemia and glycation products
promote vascular stiffness through collagen sta-
bilization and attenuated nitric oxide production
in endothelial cells and by increasing vascular
permeability and cell adhesion, enhancing
smooth muscle cell migration, augmenting
circulating lipoproteins for oxidation and their
subsequent uptake by macrophages, and increas-
ing inflammation and oxidative stress.

9.4 Can Cardiovascular Aging Be

Delayed?

Interventions that target the underlying aging
process can potentially delay or interrupt the
development of age-related CVD [21]. Some
anti-aging interventions are currently under
investigation, which may involve different
factors of the aging process.

1. Inhibition of autophagy. Evidence from exper-
imental studies suggest the hypothesis that
enhancing autophagy should counteract
age-associated accumulations of protein
aggregates and damaged organelles in cells
[22]. Pharmacological activation of autophagy
using the mTOR inhibitor rapamycin or
spermidine has been demonstrated to signifi-
cantly extend the life span of mice
[23, 24]. Mice with reduced mTOR expres-
sion and enhanced autophagic flux in all
tissues, including heart, lungs, skeletal mus-
cle, and brain, have extended survival and
exhibit anti-aging phenotypes, such as
increased insulin sensitivity, leanness, and
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improved motor function [25]. Experimental
stimulation of autophagy may have an impact
on cardiovascular function and health. Unfor-
tunately, there are no current pharmacologi-
cal interventions known to selectively
increase autophagy.

. Cell-based therapy. Implantation of autolo-
gous bone marrow-derived stem and progeni-
tor cells is a potential treatment for
age-related impairment of neovascularization
in response to ischemia [26]. Cell-based
therapies have been safely conducted and
demonstrated beneficial effects in augmenting
neovascularization in preclinical animal stud-
ies. The isolated stem cells are highly regen-
erative and may contain low amounts of
cumulative ROS-related damage. On the con-
trary, human clinical trials involving adminis-
tration of autologous bone marrow cells or
progenitor cells from bone marrow or periph-
eral blood have provided conflicting results. It
may be at least in part because patients who
would undergo cell-based therapy are elderly,
with increased ROS levels and reduced num-
bers of stem and progenitor cells with
impaired regenerative potential. Studies have
investigated different approaches to enhanc-
ing the therapeutic potential of stem and pro-
genitor cells by modulating their redox
regulation. The first strategy involved
suppressing excessive oxidative stress by pro-
moting the anti-oxidative potential: mesen-
chymal stem cell engraftment in the
infarcted heart is enhanced by the
co-injection of anti-oxidants, which mitigates
ROS-induced inhibition of cell-matrix adhe-
sion. Preconditioning stem cells, with either a
brief period of ischemia/anoxia or repeated
cycles of intermittent hypoxia/reoxygenation,
increase post-engraftment cell survival or
neovascular potential through the oxidative
stress  resistance  mechanism.  Another
approach involved stimulating stem cells
with a low dose of pro-oxidants: in vitro treat-
ment of adipose-derived stroma cells with
pharmacological inhibitors to generate mito-
chondrial ROS increases the secretion of pro-

angiogenic factors and protects such cells
against ROS-induced apoptosis. Although
most of these enhancements are demonstrated
in cells from young donors and recipients,
some have been shown to be effective in
aged cells and old recipients: hypoxic
preconditioning of human adipose-derived
stroma cells from donors over 50 years of
age increases redox metabolism and promotes
paracrine secretion. On the other hand, despite
promising results, it has to be considered that,
in the clinical scenario, elderly patients often
suffer from comorbidities that affect
neovascularization, such as diabetes, hyper-
cholesterolemia, and advanced atherosclero-
sis. Therefore, it may be beneficial to
develop cell-based therapies targeting com-
bined pathophysiological conditions such as
aging, metabolic disorders, and inflammatory
diseases.

3. Anti-oxidants. Expression of natural anti-

oxidants, such as ferritin and glutathione, is
reduced by age and atherosclerosis. However,
although antioxidants have been
demonstrated to have significant anti-athero-
sclerosis effects in vitro and in animal models,
their efficacy in humans is questionable. Vita-
min E can reduce the uptake of oxLDL by
macrophages and inhibit the subsequent
inflammatory responses that stimulate athero-
sclerosis development, but there is now exten-
sive evidence indicating that supplementing
dietary?? with antioxidants has no significant
effect on reducing cardiovascular risk. Statins
primarily reduce the cholesterol level, but
have been demonstrated to exert multiple
effects, including improved endothelial func-
tion and reduced inflammation responses. In
particular, statins target mechanisms involved
into premature aging, thus leading to
enhanced telomere protection, decreased
DNA damage, and suppressed oxidative
stress. Moreover, statins can delay replicative
senescence of vascular smooth muscle cells
in vivo in atherosclerosis. Angiotensin II
increases ROS and promotes oxidative DNA
damage. ACE inhibitors/ARBs, then, can
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The anti-aging effect of life-style modification

Physical activity
Caloric restriction

Smoking avoidance

I Increased autophagy
Preservation of matrix
components within the vessel
wall

Smoking cessation
incompletely reverse the
established vascular
mechanical modifications
(abnormal vascular
contractility, injury of
endothelial cells due to
oxidative and inflammatory
stress, intrinsic stiffening of
vascular smooth muscle cells)

Higher level of serum IGF-1

Smaller intima-media thickness
Improved endothelial function
Reduced atherosclerotic

plagues Reduced oxidative stress

Inhibited inflammation

CARDIOVASCULAR SYSTEM YOUTH

Fig. 9.1 Schema illustrating the most important lifestyle
modifications, which have been demonstrated to signifi-
cantly reduce entity and progression of cardiovascular

aging. Pathophysiological bases are explained in lower
boxes. For details, see text

reduce oxidative stress and subsequent DNA
damage. Bradykinin, a hormone that mediates
some of the vasoprotective effects of ACE
inhibitors, protects endothelial cells from
superoxide-induced senescence. However, at
present, it is not known whether these drugs
reduce premature aging in vivo.

4. Lifestyle modifications. Despite limited data in

a human setting, many lifestyle modifications
have been demonstrated that delay the aging
process (Fig. 9.1). Exercise is known to have
beneficial effects against cardiovascular
diseases and aging [27, 28]. It can be partly
or entirely attributed to increased autophagy in
the heart [29]. In a recent large population
study, higher exercise capacity remained a
powerful predictor of survival, despite lower
average exercise capacity at older ages,
reinforcing its importance in patients of all
ages. Fitness-associated biological age was a

stronger predictor of survival than chronologi-
cal age [30]. Soluble insulin-like growth
factor-1 (IGF-1) has been found to be
associated with coronary and carotid athero-
sclerotic burden and physical fitness in the
oldest old: individuals with a higher level of
serum IGF-1 had smaller right and left intima-
media thickness, reduced atherosclerotic
plaques, and greater walking speed compared
with those with lower levels of circulating
IGF-1 [31]. Nutritional status and diet are
associated with age-related vascular changes
and with atherosclerosis. Caloric restriction is
a potent inducer of autophagy in the heart [32]
and, when used as long-term treatment in aged
mice, leads to preserved contractile function
[33] and improved left ventricular diastolic
function. In vivo beneficial effects of caloric
restriction include preservation of matrix
components within the vessel wall, improved
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endothelial function by augmenting nitric
oxide generation, reduced sensitivity to
oxLDL, reduced oxidative stress by
upregulating anti-oxidants and protecting mito-
chondrial function, and inhibited inflammation.
Drugs and dietary supplements that mimic
caloric restriction effects without affecting
nutritional balance may be appropriate in
most patients to delay the aging process. Now-
adays, the plant polyphenol resveratrol, an acti-
vator of autophagy, is being explored as a
potential therapeutic strategy. Studies have
reported that resveratrol is cardioprotective
and slows the progression of heart failure
after myocardial infarction [34], pressure
overload, [35] and chemotherapy-induced
cardiotoxicity [36]. However, the beneficial
effects of resveratrol on cardiac cells are
dose-dependent. At lower doses, resveratrol
enhances autophagy and has anti-apoptotic
properties, whereas high doses attenuate
autophagy and promote apoptosis [37].

Finally, it is known that smoking and
female sex are independent predictors of vas-
cular smooth muscle cell stiffness [38]. The
exposure to tobacco is an independent risk
factor for arterial rigidity. Unfortunately, expo-
sure removal is ineffective at completely
reversing the established vascular mechanical
modifications. The abnormal vascular contrac-
tility observed in smokers is associated not
only with the injury of endothelial cells due
to oxidative and inflammatory stress, but also
with intrinsic stiffening of vascular smooth
muscle cells, which, taken together, are
responsible for arterial rigidity. Indeed, vascu-
lar smooth muscle cells of smokers are stiffer
than those of nonsmokers, regardless of the
presence of the endothelium, suggesting that
smoking might have a direct action on smooth
muscle cells. There is evidence of increased
activity of the matrix metalloproteinases in
association with nicotine exposure and of
increased production of PDGF, leading to
chronic modifications in vascular smooth mus-
cle cell cytoskeleton, following tobacco
exposure.
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Who would think that a calculator could promote
cardiac health?

If we were to apply the principles of calcula-
ble efficiency and control used in fast-food
restaurants to health, it would be unsuccessful
in promoting healthy nutrition.

Mainstream nutrition is full of hoaxes, fads,
and clichés that should be reviewed.

The dietary choices that people make on a
daily basis are based on a complex combination
of preference for flavor and smell; their beliefs,
habits, culture, and relationships; in addition
to marketing and economics. Nutritional
approaches are numerous and differ from each
other, and it is important to be clear that standard
nutritional advice has limits.

The diet of most benefit to health will be one
that is specifically designed to meet the various
types of human constitution and individual bio-
chemical needs. It is important to have a func-
tional and tailored approach to nutrition in which
the focus is on the “whole person.”

Food is not only important for its calories or
nutrients. There is a “harmonious whole” in the
food we consume that interacts dynamically with
each individual.
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A modern approach to nutrition takes into
consideration the succession of various meals
that are consumed throughout the day. It takes
into account how to choose, cook, and combine
foods according to the functioning of organs and
the specific needs of the subject.

Combining foods in the right way and using
different methods of cooking to maximize their
properties for different effects can influence the
main functions of the body, such as the optimi-
zation of the liver, kidneys, and thyroid; insulin
regulation; and the balance of hormones.

In particular, the human digestive system
(liver, gut, pancreas, etc.) and the kidneys,
which are primarily involved in food processing
and in the elimination of waste products, are
those that need to be evaluated most carefully.
Regarding their diet, an individual should con-
sider the succession of various meals that are
consumed throughout the day, to support the
liver detoxification process and drainage of the
excretory organs and kidneys. The strength of the
effects that toxins have on our health is depen-
dent on our level of exposure and the level to
which our detoxification systems are functioning.
Nutrition is a matter of rhythm: just as the beat of
the heart keeps its rhythm, nutrients are also able
to influence the cellular processes, hormones,
and stages of life. Moreover, nutrition influences
key processes of the human body, such as inflam-
mation, glycation, methylation, oxidative stress,
and autophagy. It can also influence 5 AMP-
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activated protein kinase (AMPK), mammalian
target of rapamycin (mTOR), sirtuins, and mito-
chondrial function. A central role is played by
molecules, which are essential to effecting key
chemical reactions and are normally present in
the body or introduced through the diet
(micronutrients, vitamins, etc.). Presence at
their optimal levels is critical for the heart and
the prevention of cardiovascular disease.
Integrated medicine, which considers the per-
son as a whole, takes into account all these aspects.

10.1 Body Types and Vulnerability

Areas: More than Weight

Many people think that “body type” just
describes the way someone looks. But how is
“body type” perceived from a nutritionist’s
point of view? The body type can provide infor-
mation about your hormonal and sympathetic
nervous system characteristics and about how
you respond to food intake.

In some subjects more than in others, certain
foods cause an increase in bodily circumferences
or selective accumulation in specific parts of
the body.

Once someone establishes their body type,
they can then adjust nutrient intake to maximize
body composition and health-related goals. The
functional assessment decodes the symptoms
described by the patient based on their clinical
significance [1]. In this way, the menu is created
based on the characteristics of the subject and not
on those of the food.

The definition of the body type is less obvious
than it seems in the case of the human body. This
is proved by the large number of terms and
definitions that distinguish it.

Human constitution types have been studied
since the early days of medicine.

The focus of these studies is to find similar
characteristics among groups of people, as
defined by their psycho-morpho-neuro-immuno-
endocrine constitutions.

Hippocrates’s humoral theory was based on
the observation of natural phenomena to explain
the onset of disease and different types of human
temperament.

Physical and psychological characteristics
and temperaments can be understood through
the four humors. Ancient Chinese medicine has
created more detailed and nuanced classifications
of the human constitution types [2].

Each person has a constitution type that has
corresponding areas of vulnerability in addition
to physical and psychological features and
nutritional guidelines.

The constitution types presented here are in
five categories, allowing the reader to understand
a framework of the prevailing characteristics
connected with each element. In reality, many
people have mixed constitution types, in which
the characteristics of more than one element are
observed.

10.1.1 Human Constitution Type 1:
Liver

The liver constitution type manifests a particular
psycho-emotional sensitivity owing to the preva-
lence of the sympathetic nervous system. The
general shape of the body is gynoid and fat is
localized mainly in the lower body (hips, thighs,
and buttocks). The chest is tight, the breasts are
small, the abdomen is flat, and the waist very
evident (Fig. 10.1).

Those who have this liver constitution have a
special vitality in their eyes. Their prominent
physiological characteristic is rapidity and the
ability to adapt quickly.

These subjects usually have a weak liver
metabolism and biliary system.

They can develop spastic colitis, constipation,
or hemorrhoids. They have a tendency toward
muscle hypertonicity that lends itself to the phe-
nomenon of contracture in addition to cramps
and spasms. The rapidity in the reactions and
the tendency to spasm expose them to possible
heart attacks.

In this constitution type, it is suggested that
subjects avoid food rich in xenoestrogens and
cheese (their lipids worsen liver function), limit-
ing foods that are too rich in iodine or exces-
sively stimulating.

For optimal liver function, an adequate por-
tion of energy deriving from easily assimilated
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Fig. 10.1 Liver
constitution type
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carbohydrates and water content of fruits and
vegetables, citric acid, vitamin C, and food rich
in potassium can be very helpful.

10.1.2 Human Constitution Type 2:
Heart-Adrenal

The distinguishing feature of these individuals is
that they have very efficient adrenal gland activ-
ity. They can be compared with the blood—

Hippocratic type. Fat deposition takes place in
the areas most stressed by androgen hormones
and cortisol. This form predominantly localizes
fat in the upper area of the body (trunk,
shoulders, and back of neck area) with barely
evident waist line and remarkable development
of the muscular system (Fig. 10.2).

From the psychological point of view, they
are active and efficient, resolved, with good
adaptability and capable of assuming positions.
They are often persons of power. Areas of
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Fig. 10.2 Heart—adrenal
constitution type

vulnerability are represented by cardiovascular
disease, high blood pressure, dilated cardiomyop-
athy, hypercoagulable blood, headache, and facial
flushing linked to high blood pressure. This is the
constitution type that is most vulnerable to
consequences related to excess of salt and oxalate.

The greatest risks for this type are associated
with the kidneys and cardiac function, which are
subjected to a blood pressure consistently above
average, which produces frequent blood hyper-
coagulability, with the risk of thromboembolic
phenomena. Glycemic imbalance or diabetes
type II (related to hypercortisolemia) and imbibi-
tion tissues can be observed.

It is necessary to include in the diet foods that
improve the function of the kidneys and also
assist in the elimination of body fluids to coun-
teract the imbibitions caused by increased
cortisol.

Individuals with this constitution type must not
use foods that promote the synthesis of androgens
and the activities of the adrenal glands. They
should also avoid anything that impairs the kidney
function, such as red meat (which also stimulates
the synthesis of androgens) and sometimes gluten.
It may be useful to avoid excess minerals and
antidiuretic food associations and limit all foods
that stimulate anabolism.
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10.1.3 Human Constitution Type 3:
Pancreas

This type is comparable to the phlegmatic type of
Hippocrates. The prevalence of the parasympa-
thetic nervous system slows down overall metab-
olism easily with the accumulation of visceral fat
located mainly around the waist and hips. The
weak point is the metabolism of glucose and of
insulin and thus the key is to promote their
regulation.

The face is round, the mouth and lips are
carnose, and the subcutaneous tissue is soft.
Therefore, the keywords are: roundness and soft
tissues (Fig. 10.3).

The appearance of subjects with this con-
stitution type is calm and reassuring. They
have great difficulty with adaptation. They

Fig. 10.3 Pancreas
constitution type

show an increased risk for developing type II
diabetes or insulin resistance and sometimes
hypothyroidism.

As the endocrine and exocrine function of the
pancreas often go hand in hand, subjects who
belong to this constitution may suffer from diges-
tive disorders: gastralgia, gastritis, ulcers, pan-
creatitis, hiatal hernia, fatty liver, and colitis,
with a prevalence of diarrhea.

For this constitution type, it is more important
to choose foods with low glycemic and insulin
blood indexes, especially in the evening, and to
use protein and fat to slow the peak of postprandial
hyperglycemia. It is also recommended to boost
the thyroid with iodine-rich foods, limiting the use
of milk and derivatives and all foods that have
sedative properties. Snacks are to be avoided, and
are generally not required if the insulin is balanced.
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10.1.4 Human Constitution Type “melancholy” type, show individuals who are
4: Lung thin, pale, and with narrow shoulders.
Dryness and lack of elasticity that affect the
Classical pictures of the lung constitution type, skin and respiratory system are the main features
which is comparable with Hippocrates’s (Fig. 10.4).

Fig. 10.4 Lung
constitution type
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This type often has insufficient vital energy,
which is counterbalanced by considerable mental
capacity.

Psychologically, they tend to reflect more than
act. They tend to project their life experiences
into the future leading to high levels of
apprehension. They have a tendency to fall into
pessimism or sadness and seem cold, cynical,
and greedy.

They tend to have weak immune systems and
are easily affected by bronchitis, pneumonia, lar-
yngitis, chronic rhinitis, sinusitis, and in less
favorable cases, asthma, chronic bronchitis,

Fig. 10.5 Kidney
constitution type

emphysema, and chronic pulmonary heart. They
are at risk of thromboembolic events.

A curvature of the spine can be observed with
aging leading to a predisposition for osteoporosis
that is linked to vitamin D deficiency. In this
constitution, the anabolism must be supported.
It will be necessary to ensure adequate intake
and absorption of iron, calcium, vitamins C
and D, and protein of high biological value and
carbohydrates.

From a nutritional perspective, lipids are
essential in cases of dryness of the pulmonary
pleura. They are substantial for the energy




128

C. Tomella et al.

function as they compensate for the relative dry-
ness and atrophy of the skin, of mucous mem-
branes, and of all the structures of the respiratory
system.

10.1.5 Human Constitution Type 5:
Kidney

Not comparable to any Hippocratic type, the
kidney constitution type has hypoadrenalism,
which affects the body, psychology, and the
behavior of a patient. Key signs are physical
weakness and poor defenses (they easily get
sick). For very thin people, it tends to be more
embedded with a typical chillness that the patient
often refers to as “cold to the bone” (Fig. 10.5).

This type is vulnerable from all points of
view. They are continuously protecting them-
selves from attacks that originate outside and
are felt internally. Not surprisingly, the basic
emotion is fear. As it is a constitution that

needs yang, it is usually known to absorb a
great deal of energy from the doctor. From the
psychobehavioral point of view, the kidney consti-
tution type includes refined people, with a greater
mental capacity. They are creative and lovers of
beauty and of art in general. Individuals of this
constitution type are subject to urogenital
infections and kidney-related hypertension. As
the kidney carries the essential energy, this type
can develop chronic fatigue. Predominantly
elderly people have degenerative osteoarticular
systems. Nutritional guidelines for people with
these characteristics are among the most difficult,
because we must overload the kidney’s
metabolites, while at the same time managing the
trend of the body’s progressive decline of vital
energy. Managing bodily fluids should be favored
by avoiding antidiuretic foods and moderating the
use of meat so as not to create nitrogenous waste.
Excessive consumption of plant proteins, espe-
cially gluten, should be avoided. Eggs, milk, and
dairy products form the best proteins.

VHOAX FAD SECRET

If something tastes good it is harmful and what is not tasty is healthy, there are only two possibilities: a
limitation diet in which cravings cannot be satisfied, or satisfaction, which leads to the uncontrolled

use of food.

In reality, healthy food can and should be tasty.

HOAX

VFAD SECRET
Hydration is essential; therefore, one must drink a lot of water.

Drinking water is not always the best way. For effective hepatic detoxification water that comes from
vegetables and fruit is essential, as it is used for biochemical reactions without fluid overload

4

HOAX FAD Y SECRET

The importance of cooking methods can influence the functional effects of foods.
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10.2 Energy for the Heart

Choosing supplements and taking them can be an
act of love toward oneself.

Diet is the essential starting point, but the
correct number of nutrients cannot always be
consumed through food. Studies have shown
that several nutrients and functional foods play
an important role in the prevention and progres-
sion of cardiovascular disease.

10.2.1 The Magic Organelle:
The Mitochondria

There are many aspects to cardiovascular dis-
ease, with the central issues always being the
loss of energy efficiency in the heart muscle
and the coronary arteries that feed it (Fig. 10.6).

As the heart and blood vessels are rich with
mitochondria, their tissues require a highly effec-
tive and efficient use of energy. Natural
compounds can modulate  mitochondrial
functions by inhibiting organelle enzymes or
metabolic pathways [3]. They alter the produc-
tion of mitochondrial ROS and modulate the
activity of transcription factors that regulate the
expression of mitochondrial proteins. In the
future, the importance of supporting energy pro-
duction in the heart cells and preserving the
mitochondria within them will be the focus of
cardiovascular disease prevention.

The production of ATP requires coenzyme Q10
(CoQ10) as it is an essential component in the
transfer of electrons from chemical bonds in food
molecules to chemical bonds in the ATP molecules.

Fig. 10.6 Mitochondria

Coenzyme Q10 reduces inflammation, is a
potent anti-oxidant, and is the first line of defense
against low-density lipoprotein (LDL) oxidation.
Statin therapy may lower plasma CoQI10
concentrations [4]. New data have shown that
COQ10 as ubiquinol has a direct anti-aging
effect as it assists the actions of the SIRT family
of proteins that slow senescence through multiple
biochemical mechanisms [5]. Significantly
reduced cardiovascular mortality was observed
in a 10-year follow-up of a group of healthy
elderly participants, who were given 4 years of
treatment with coenzyme Q10 and selenium.

The protective action continued beyond the
intervention period into the follow-up period.

Carnosine has multi-targeted effects and is
most prominent in the heart. It improves energy
metabolism in the mitochondria, decreases ische-
mia, and enhances left ventricle function.

This protection derives from the anti-glycation,
anti-oxidant, and anti-inflammatory actions of
carnosine. It has the capacity to act on insulin
resistance, and remove the accumulation of heavy
metals and reduce damage to telomeres. A large
systematic review published by researchers from
the Mayo Clinic demonstrates strong evidence of
carnitine’s benefits for heart health [6].

Their publication shows that carnitine supple-
mentation has been associated with a 27% reduc-
tion in all-cause mortality, a 65% reduction in
ventricular arrhythmias, and a 40% reduction in
angina symptoms in patients who have had heart
attacks.

D-ribose, a naturally occurring pentose sugar
that is a key component in the energy molecule
ATP, may support energy generation and func-
tional recovery for patients with ischemic heart
disease and diastolic dysfunction [7]. Supplemen-
tal p-ribose is an excellent option for preventing
and treating cardiovascular disease.

Selenium is essential for the proper function-
ing of the enzyme systems and heart. A decrease
in selenium in the blood leads to decreased glu-
tathione peroxidase activity. This in turn makes
the heart tissue more vulnerable to damage,
which can weaken its functioning.

A study was published of over 600 coronary
artery disease patients in which it was found that
the increased risk of cardiovascular events was
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independently associated with low activity levels
of glutathione peroxidase in the red blood
cells [8].

Selenium can be used when statins have sig-
nificantly reduced the synthesis and activity of
glutathione peroxidase.

High intake of dietary flavanols and flavones
such as quercetin have been associated with a low-
ering of the risk of cardiovascular disease. In
numerous studies, quercetin has been examined
and found to be a powerful anti-oxidant and stimu-
lator of nitric oxide and prompts reverse cholesterol
transport. Intriguing new research on quercetin has
suggested that this protection might be a result of
the effects of quercetin on the preservation of
mitochondria in the heart and sirtuins [9].

It has been shown that quercetin curbs
oxLDL-induced endothelial oxidative injuries
through the activation of SIRT1 and regulating
the AMPK—NO synthase signaling pathway.

The benefits of resveratrol are well known. At
the same time, its clinical efficacy and supplemen-
tal benefits in humans are controversial. Trans
resveratrol offers various benefits to the cardio-
vascular system: it lowers the amount of inflam-
mation and oxidation of LDL, supports a decrease
in platelet aggregation, and promotes the relaxa-
tion of small blood vessels via nitrile oxide
[10]. Additionally, resveratrol restricts ROS pro-
duction in cardiomyocytes via SIRT1 and mito-
chondrial biogenesis signaling pathways [11].

Curcumin is well known for its anti-
inflammatory and  anti-oxidant  properties.
Curcumin has the ability to react directly with
ROS and also to induce the expression of
cytoprotective and anti-oxidant proteins through
the transcription factor Nrf2. Recently, it has
been suggested that mitochondrial function and
metabolism are associated with Nrf2 and that
curcumin  activity decreases mitochondrial
dysfunction [12].

Pomegranate also has multiple therapeutic
functions beyond its anti-oxidant and anti-
inflammatory properties, including improving
mitochondrial function and increasing nitrile
oxide.

Studies have demonstrated that pomegranate
and its extracts work to decrease the accumula-
tion of cellular cholesterol, protect LDL against

oxidation and have the potential to significantly
raise levels of activity of the enzyme
paraoxonase-1 (PON-1) in the body, which
protects high-density lipoprotein (HDL) from
oxidation. These changes take place with an
important decline in levels of vascular cell adhe-
sion molecule-1 (VCAM-1), an important
endothelial-produced inflammatory protein.

The active component in pomegranate, puni-
calagin, improves cardiac mitochondrial impair-
ment in an experimental model via AMPK
activation [13].

L-Arginine is known to serve as a precursor to
nitric oxide in the endothelium.

New insights have been gained through recent
data, which shows the role of L-arginine transport
in mitochondrial biology and cardiovascular
disease [14].

The increase in mitochondrial L-arginine is
emerging as a new therapeutic strategy for myo-
cardial disorders involving mitochondrial stress.

Lipoic acid is a unique anti-oxidant molecule
that serves as a coenzyme in the energy meta-
bolism of fats, carbohydrates, and proteins. It
works at its best when combined with anti-
oxidants, including vitamin E, CoQ10, carnitine,
and selenomethionine.

Green tea extracts are abundant in natural
anti-oxidant and antiplatelet agents and are com-
monly used in Asia to reduce high cholesterol
and lower blood pressure [15].

Published research has shown that green tea
could be beneficial as an anti-oxidant and to the
reduction of hyperlipidemia and the incidence of
atherosclerosis.

Vitamin C is a strong reducing agent that
gives cytoprotection by scavenging ROS and
therefore, defending DNA, protein, and lipids
against peroxidation.

Vitamin C may have an impact on the bio-
availability of nitrile oxide through the direct
stimulation of the enzyme responsible for the
synthesis of nitrile oxide synthase or tetrahydro-
biopterin, an essential cofactor in nitrile oxide
synthase activity [16].

Vitamin E is often known to work in conjunction
with vitamin C for its potent anti-oxidant powers.

It has also been shown to have many other
actions such as to lower lipid peroxidation and
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inhibit smooth muscle cell proliferation, platelet
aggregation, and oxidized LDL uptake.

It acts on cytokine production, reducing blood
levels of homocysteine and improving insulin
sensitivity [16]. Physiological doses of gamma
tocopherol are more effective than alpha tocoph-
erol at enhancing the activity of superoxide
dismutase and have more preventative effects
on cardiovascular disease.

Vitamin D has protective effects for cardio-
vascular health that are carried out via several
mechanisms. It affects systemic inflammation,
insulin resistance, vascular endothelial function,
and the hypertensive hormone angiotensin II, and
lowers the risk of cardiovascular mortality [17].

Vitamin K2 is now emerging as an exciting long-
acting vitamin in the prevention and potential
regression of coronary atherosclerotic plaque
because of its ability to lower vascular calcification
and to help to prevent vascular disease [ 18]. Vitamin
K2 can work together with vitamin D to slow arte-
rial calcification, whereas statins can reduce vitamin
K2, resulting in an increased risk for arterial
calcification.

Anemia is increasingly recognized as an
important factor in heart failure. In a recent
study that included the analysis of more than
1,500 heart failure patients, 50% of subjects
were found to have an iron deficiency [19].

Profound changes in how the heart, blood
vessels, and other tissues function can be effected
by moderate magnesium deficiency. It can be
used therapeutically for a range of cardiac factors
including arrhythmias, hypertension, athero-
sclerosis, and endothelial dysfunction.

This is a result of the vital role played by
magnesium in tissues that have electrical or
mechanical activity, such as nerves, muscles
(including the heart), and blood vessels. Magne-
sium is critical to the way our body manages its
energy and for maintaining normal metabolic
function. It is an essential “cofactor” for more
than 300 enzymes, and preliminary research has
shown it to be an absolute requirement for
maintaining and repairing telomeres [20].

Extra virgin olive oil is a kind of liquid gold. It
has been shown to improve many cardiovascular
risk factors, such as lipid profiles, blood pressure,
postprandial hyperlipidemia, endothelial

dysfunction, oxidative stress, and anti-thrombotic
profiles.

The olive tree is a very old plant that can be
traced back to Italy in the Neolithic Age
(7000-3000 BC). It has been described as “the
most genuine component of the Mediterranean
diet” and is becoming known as a critical com-
ponent of healthy nutrition. The beneficial effects
of olive oil are due in part to the synergistic
activity among various natural polyphenols,
including reducing inflammation and decreasing
oxidative stress. Investigators have concluded
that polyphenols as opposed to solely monoun-
saturated fats are responsible for the multiple
benefits of olive oil.

Extra virgin olive oil can be considered as a
nutraceutical in the prevention of cardiovascular
disease. Research also indicates that other
enhanced benefits can be obtained by combining
olive oil polyphenols with omega-3 fatty
acids [21].

Many studies have demonstrated that omega-
3 fatty acids reduce the risk of cardiovascular
disease and improve the outcome of
treatment [22].

It is currently unclear whether plant-derived
omega-3 fatty acids (i.e., a-linoleic acid) or
fish-derived omega-3 fatty acids (i.e., docosa-
hexaenoic acid and eicosapentaenoic acid) are
more important for the heart; thus, both can be
considered beneficial to health. The favorable
effects of omega-3 fatty acids on cardiovascular
health are the result of several mechanisms.
Omega-3 fatty acids increase HDL levels while
lowering triglyceride levels. They may also
reduce inflammatory stress in the body and
decrease platelet aggregation. Omega-3 fatty
acids are best consumed through food sources,
although they can also be consumed in the form
of capsules when the consumption of high-quality
omega-3 is not feasible.

Garlic extract has long been known for its
cardioprotective properties and ability to reduce
inflammation, oxidative stress, high blood pres-
sure and the damaging effects of cholesterol in
the endothelium. It has recently been shown in an
experimental animal model that garlic extract has
cardioprotective effects, as it acts on mito-
chondrial dysfunction [23].
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Pay attention to losses! There may be particu-
lar concern about micronutrient insufficiency
among patients on certain heart failure
medications. The use of diuretics is associated
with the depletion of electrolytes (potassium and
zinc) and may prevent the reabsorption of thia-
mine and increase its urinary excretion.

Magnesium, phosphate, and calcium excre-
tion from the kidneys is increased with the use
of loop diuretics.

It has been shown in numerous studies that
low levels of testosterone can contribute to car-
diovascular diseases. Glucose, insulin, and fat
regulation in addition to other features of metab-
olism are all affected by testosterone levels.
Additionally, testosterone is strongly involved
in the reverse cholesterol transport process,
which removes cholesterol from the arterial
wall and improves endothelial function.

The situation can be of particular concern in
men with chronic heart failure when in the pres-
ence of excess estradiol.

The careful replacement of testosterone
with bio-identical hormones and the possible
use of aromatase inhibitors are two new
approaches in the management of cardiovascu-
lar disease [24].

Some evidence suggests that women with a
history of heart failure might also benefit from
testosterone replacement, possibly independently
of other cardiovascular risk factors.

The level of free testosterone in men should
range from 20 to 25 pg/mL and their estradiol
levels between 20 and 30 pg/mL. For women, the
range should be 815 pg/mL. Three of the most
prominent risk factors for cardiovascular disease
are atherosclerosis, endothelial dysfunction, and
metabolic syndrome. New research has shown
that dehydroepiandrosterone (DHEA), which is
a precursor to testosterone and estrogen, directly
attacks against these factors and its supplementa-
tion has been shown to improve cardiovascular
health [25]. DHEA also modulates various
pathways through direct actions, which promote
the cell-signaling molecule nitric oxide through
the activation of nitric oxide synthase and also
restrains the inflammatory process in the
endothelium.

After menopause, the risk of cardiovascular
disease in women rises rapidly, showing the
impact of decreased DHEA sulfate (DHEA-S)
levels on the endothelial functions.

An ideal DHEA-S level for women is
280-400 and that for men is 350-500 pg/dL.

Many studies conducted on animals and
humans have shown that a strategy for
preventing cardiovascular disease in postmeno-
pausal women is the use of bio-identical proges-
terone, which can inhibit the process of
atherosclerosis [26].

New evidence suggests that other post-
menopausal benefits to the cardiovascular system
can also be gained via estriol [27].

It is necessary to carry out laboratory
tests (blood, saliva, 24-h urine tests) to
identify any specific deficiencies, and
genetic tests focused on highlighting any
areas of vulnerability.

CoQ10 as ubiquinol: 200400 mg daily

Propionyl-L-carnitine: 1,000-2,000 mg
daily

D-Ribose: 15-30 g in divided doses
throughout the day

Selenium (SeMSc): 200 mcg daily

Quercetin: 500-1,000 mg daily

Trans-resveratrol: 250-500 mg daily

Standardized pomegranate extract:
500-1,500 mg daily

L-Arginine: 6,000-12,000 mg daily

R lipoic acid: 150-300 mg daily

Green tea, standardized extract: 725 mg
daily

Curcumin: 400-800 mg daily

Vitamin C: 1,000-3,000 mg daily

Vitamin E: 400 IU daily (with 200 mg
gamma tocopherol)

Vitamin B6 (as pyridoxal 50 phos-
phate): 100-300 mg daily

Vitamin B12: 1,000-2,000 mcg daily

Folate (as methyltetrahydrofolate):
1,000 mcg daily

Niacin: 1,000-3,000 mg daily

Vitamin D: 2,000-10,000 IU daily
followed by vitamin D blood testing

(continued)
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VHOAX FAD SECRET
Carbohydrates at dinner make you fat.

Carbohydrates in the evening increase the levels of serotonin and melatonin and promote better sleep:
studies shows that sleep is essential for the balance of neuroendocrine structure and cardiovascular health
[28]. A low-calorie diet with carbohydrates eaten mostly at dinner changes diurnal hormone secretion and
improves metabolic status.

HOAX VFAD SECRET
To lose weight, eat only light food.

Eating light food is a gimmick. It does not satisfy the sense of hunger and only encourages you to eat more.

4

HOAX FAD vV SECRET

Nutrition is a matter of rhythm, just think about it: hormonal circadian rhythms, alternation between sleep
and wakefulness, phases of the menstrual cycle, activities of the sympathetic and parasympathetic nervous
systems, anabolism and catabolism, fasting and feeding are all matters of rhythm. Ancient traditional
Chinese medicine has attributed value to everything and sees the different stages of life through an

understanding of the theory of the five elements.

Vitamin K: 2,000 mcg daily; providing
K1, MK-4, MK-7

Magnesium citrate: 160 mg, 1-6 times
daily

Fish oil: 3,000-6,000 mg daily

Aged garlic extract: 1,200 mg daily

In addition, bio-identical hormone ther-
apy may be necessary, depending on blood
test results.

10.3 Tricks to Maintain Weight

Imagine you were in a situation where you knew
you were making a bad mistake at the table, but
you were not able to avoid it. Improving dysfunc-
tional attitudes to food and providing strategies
for changing behavior are essential for
maintaining body weight.

10.3.1 Monitoring Diet, Physical
Activity and Sleep

The food diary can have several advantages:

» Taking pictures helps to identify habits

o It creates a precise account of nutritional
intake

 Instructions on how to prepare and cook food

» Determine the taste of the patient and psycho-
logical value of certain foods for the patient

« Highlights any ailments and symptoms of the
patient

» Brings an awareness to the patient regarding
their overall daily intake and the results
obtained.

A diary of physical activity can provide infor-
mation on the number of daily steps, the type, the
strength, and duration of physical activity.
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A sleep diary can provide information on the
duration and quality of sleep.

10.3.2 If a Patient Needs to Lose Weight
It Is Important to Set and Share
Reasonable Weight Loss Goals
with the Patient

In general, a loss of 5-10% of a patient’s weight
is sufficient to reduce cardiovascular risk and
must be the primary objective. Once this has
been obtained, a further evaluation should be
completed regarding the need to decrease addi-
tional body weight.

It very important that the weight loss goal and
the nutritional program are explained clearly
because if there is a great cognitive dissonance
between the goal of the patient and the result, the
risk is that the patient could leave the new pro-
gram and return to previous habits.

10.3.3 Maintaining Body Weight

The majority of patients overlook the need for
active management of maintaining body weight
and return to old habits, resulting in regaining
weight lost [29].

Patients often tend to undervalue
improvements in health that are achieved.

The main obstacles to accepting the need for
continued dietary maintenance should be
addressed and clarified with patients:

the

» Having unrealistic goals for weight loss

e The tendency to maintain negative body
images despite losing weight

» Having primary goals that are different than
improving health (having better interpersonal
relationships, finding a partner, improved self-
esteem, etc.)

10.3.4 The Loss of Control over Food
Can Result from Internal or
External Stimuli

Internal stimuli that can lead to overeating are:

1. Negative emotions: boredom, loneliness, anx-
iety, depression, anger, etc.
2. Positive emotions: joy, celebrations, etc.

These emotions must be identified and a plan
created to balance their effects with alternative
activities. The patient may need the help of a
psychologist.

External stimuli that lead to excess eating may
occur:

a. Before eating
b. While eating
c. After eating (Tables 10.1, 10.2, and 10.3)

Table 10.1 Techniques for controlling external stimuli:
before eating

Problem Advice

Going 1. Go shopping with a full stomach

shopping 2. Do the shopping based on a list so as
not to buy food that is not needed
3. Buy foods that require preparation:
prepared foods are often the least healthy
4. Avoid the junk food aisle

Food 1. Do not leave food in sight

storage 2. Keep food stocks only in the kitchen
3. Place the tempting food in inaccessible
places

Prepare 1. Do not cook when you are hungry

food 2. Cook the exact amount of food that

will be consumed (according to
portion size).

3. Do not taste the food during
preparation

Table 10.2 Techniques for controlling external stimuli:
while eating

Problem Advice

1. Take small bites and
chew slowly for a long
time

2. Try to be the last person
to finish the meal

Eating quickly

Eating in different places
and standing

Eating while doing other

things (e.g., watching TV,
reading, etc.)

1. Eat at the dinner table
2. Do not eat standing

1. While eating, do not do
any other activity

2. Focus attention on what
is being eaten

3. Focus on the flavor and
taste of the food
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Table 10.3 Techniques for controlling external stimuli:
after having eaten

Advice

1. Clear the table
immediately after eating
2. If possible move from
the kitchen to another
room in the house when
the food is finished

1. Cook only a single
serving per person

Problem

Remaining at the table for
a long time after having
eaten

Storing leftovers

Techniques for Controlling External Stimuli:
Eating at Restaurants

* Try to choose a restaurant that has healthy
cuisine and a wide selection of dishes

« Do not arrive at the restaurant too hungry

» Decide in advance what you want to eat

* Order first

» Eat slowly

» Look out for alcohol

Planning ahead: prepare properly for the event
by increasing physical activity before the event
and consider what dishes will be desired as well
as the peer/social pressure of the occasion.

10.4 New Suggestions Behind
Integrative Medicine

Give importance to your own space, time, and
relationships regarding nutrition.

There are two important variables that are
related, but should not be confused: what to eat
and how to eat.

Nutritional pyramids have failed because they
entrap people into the strict lines of a triangle,
which does not allow any concessions for taste or
the freedom of personal choice.

As a result, they have not been able to gener-
ate positive emotions in most people.

Y HOAX FAD SECRET

Saturated fats are always associated with an increased CHD.

Recently, it was shown that saturated fats were not associated with total CHD, even if there is a strong
positive association between trans fats intake and CHD [30]. Fats in addition to having invaluable
nutritional functions contribute to a sense of satiety.

v FAD

HOAX SECRET

Eating lots of fruit is always healthy.

Fruit is a priceless treasure of nature, rich in water and colorful vegetation with micronutrient
anti-oxidants. Fructose has a lower glycemic index than glucose, but a high-fructose diet promotes
insulin resistance, visceral obesity, and elevated serum triglycerides. Fructose has elevated glycation
capacity [31] and elevates uric acid production.

7

HOAX FAD v SECRET

It is useless to subtract and multiply the calories or use indexes: it is better to understand what

happens when food meets the body and its metabolic pathways.
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Nutrition in integrative medicine treats the
“whole person” with a functional and tailored
approach specifically designed to meet human
constitution types and individual biochemical
needs.

We suggest structuring the diet, taking into
account these factors:

* The human constitution types should be
considered.

e A variety of whole, natural, unprocessed
foods should be eaten. This ensures a wide
range of nutrients and reduces the chance
of developing food addictions and
sensitivities.

+ Organic or wild foods should be eaten, where
possible, to minimize exposure to pesticides,
antibiotics, growth promoters, and other
drugs.

* Genetically modified foods and commercially
processed foods should be avoided as far as
possible. Lack of time to shop and prepare
food, stress, and the practice of eating com-
mercial food can lead one off the path of
healthy nutrition.

» A wide range of fruits, vegetables, herbs, and
spices should be consumed, for their impor-
tant phytochemicals.

* Protein and fat should be used to slow the
peak of postprandial hyperglycemia.

» Foods with a low glycemic and insulin blood
index should be chosen, particularly in the
evening meal.

+ Intake of sugars and refined carbohydrates
should be limited, to control insulin resistance
and glycation.

* Snacks are optional and should not be eaten
unless necessary. They are permitted for the
benefit of individuals who are doing more
physical activity, children, and/or those who
are vulnerable to hypoglycemic states between
meals.

» Extra virgin olive oil, both raw and cooked,
should be the main source of fats. Also, poly-
unsaturated fat from oily fish, nuts, seeds, and
a small amount of saturated fatty acids (e.g.,
butter) should be added.

 Gastrointestinal function can be optimized by
replacing dietary fiber and the factors neces-
sary to optimize digestive secretions (e.g.,
capsaicinoids and zinc), prebiotic foods, and
if necessary by supplementing probiotics.

» Cooking temperatures should be maintained
below 200° C/400° F. Meat should be pre-
cooked in the microwave before conventional
cooking and fibrous foods and fruit should be
eaten at the same meal.

» The succession of the various meals that are
consumed throughout the day should be taken
into account, supporting the liver detoxifica-
tion process and drainage of the excretory
organs and kidneys. Eventually, detoxifi-
cation should be optimized by the supply of
vitamins and cofactor nutrients.

To complete the work:

» Laboratory and genetic tests should be carried
out to identify any specific deficiencies and
highlight any areas of vulnerability.

* Micronutrients (vitamins, cofactor, etc.) and
functional foods should be introduced to meet
individual biochemical needs and to improve
mitochondrial function.

» Hoaxes and fads regarding nutrition should be
considered.

* The tricks of behavior to maintain weight
should be mastered.

» Importance should be attributed to stress man-
agement and regular sleep.

* An active lifestyle should be maintained every
day and regular physical activity should be
performed.

Centenarian diets (e.g., the Okinawa diet) are
low in calories, yet nutritionally dense, particu-
larly with regard to vitamins, minerals, and
phytonutrients, several of which have potential
nutraceutical properties.

Caloric restriction has been confirmed to pro-
vide a plethora of cardiovascular benefits includ-
ing improvement of endothelial function, arterial
stiffness, atherogenesis, myocardial interstitial
fibrosis, cardiac autophagy, oxidative stress,
inflammation, and ventricular diastolic function.
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The last SECRET: SPACE, TIME and ... WOMEN

concerning food and feeding.

There are three key factors behind food and nutritional choices.

SPACE is the element where all cooking and eating take place. It starts with the fire around which
people have gathered for years, looking for warmth, protection, and nourishment. Fire has developed
the language of humans, as the family and social life revolved around it in the kitchen, the
informal space of the house in which emotions, relationships, and food were formed.

TIME spent in the kitchen has led to the physical, mental, and social development of relationships
with food and people. Not devoting space and time in the kitchen in the right balance is equivalent
to not devoting space and time to the love of oneself and others.

WOMEN Multitasking and global vision are skills that women developed throughout the centuries;
this allows them to play a fundamental role in the transmission of information, abilities, and rituals

N\

Although caloric restriction as such cannot be
applied to humans, in the last few years scientists
have tried to transfer its beneficial effects
through caloric restriction mimetics and AMPK
activators [32, 33].

Recently, they also assessed the possible pos-
itive effects of intermittent fasting on the same
mechanisms and on the stimulation of the
autophagy machinery [34].
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We are living through the end of a great illusion
that has lasted more than 400 years: the illusion
of being able to take the complexity of life,
in health and disease, reduce it to simple
determinants, and then order it into a system of
incontrovertible knowledge [1, 2]. This illusion
established the mechanistic and reductionist
biomedical paradigm, which was nourished
by the “mechanical philosophy” advocated by
a vast movement of philosophers, physicists,
and physicians from the seventeenth century
onward [3].

The dominant paradigm, in its present state, no
longer seems capable of producing significant
advances in the knowledge and practice of care [4].

The paradigm of psycho-neuro-endocrino-
immunology (PNEI) may offer an important
answer to this crisis.

11.1  What Is Psycho-neuro-

endocrino-immunology?

The discipline of PNEI studies the bidirectional
relationships between the psyche and the
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biological systems [5-7]. After 1930, the
accumulated knowledge of endocrinology,
immunology, and the neurosciences converged
to form a single model.

Hans Selye [8] demonstrated that stress
response is independent of the nature of the
stimulus. Further studies reinforced this concept,
proving that stress can be activated by physical,
infectious, and psychological factors. Indepen-
dent of any type of stressor, a neuroendocrine
and neurovegetative response is then activated,
with the subsequent release of hormones and
neurotransmitters from the adrenal glands. In
the mid-1970s, the immunophysiologist Hugo
Besedovsky et al. [9] proved that the immuno-
suppressive effect is caused by an increase in
cortisol produced by the adrenal glands during a
stress response. Thus, the first biological connec-
tion among the brain, stress, and the immune
system was established. In the second half of
the 1980s, the American physiologist Edween
Blalock [10] showed how lymphocytes have
receptors for the hormones and neurotransmitters
produced by the brain, and at the same time
produce hormones and neurotransmitters similar
to the cerebral ones. Hence, the bidirectional
communication between the brain and the
immune system was proven (Figs. 11.1, 11.2,
and 11.3). More recently, it has been
demonstrated that the peripheral nerve fibers
innervating the entire body release substances
(neuropeptides) that activate or suppress the
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Fig. 11.1 The influence of the neuroendocrine system
on the immune system. The symbols + and — indicate
activation and inhibition, respectively. MT melatonin,
PRL prolactin, E estrogen, T testosterone, OT oxytocin,

immune response. This discovery, for the first
time, implies that inflammation may be of ner-
vous origin (neurogenic inflammation).

At the same time, it has by now become clear
how cytokines, which are released by the immune
cells, pass through the blood or the large cranial
nerves (such as the vagus nerve) and carry signals
to the brain, thus influencing both biological (e.g.,
fever, hunger, satiety) and psychological activities
(anxiety and depression) [11, 12].

During the 1990s, there was a significant boom
in studies of the neurobiology of emotions.
Emotions, traumas, and stressful events in
general cause a dysregulation in the stress
system that strongly alters the disposition and the
functioning of the immune system. In the short-
term, cortisol, epinephrine, and norepinephrine

MSH melanocyte stimulating hormone, GH/iGF-1 growth
hormone/insulin-like growth factor-1, MIF macrophage
inhibitory factor

(NE) (catecholamines) also have a tonifying effect
on the immune system. In the mid- to long-term,
these substances place the immune response in an
unsuitable position to fight viruses and tumors.
Similarly, the dysregulation of the stress axis can
favor the onset of different types of autoimmune
diseases [13].

By the end of the twentieth century, the works
of the American neuroscientist Robert Sapolsky
and those of other scholars have proven that
the alteration of the stress system and the
overproduction of cortisol can result in atrophy
of the hippocampus, the cerebral area responsible
for long-term memory formation.

Studies of the first decade of the twenty-
first century show that even diseases such as
atherosclerosis and heart disease are usually
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Fig. 11.2 Cytokines from immune cells activated
(i.e., macrophage) reach the brain via the blood and the
vagus nerve. Via the blood they reach the blood—brain
barrier-free circumventricular organs (CVO) and elicit a

strongly affected by mood. Depression, with the
overproduction of cortisol and catecholamines,
contributes to alterations in the inner vessel
walls, favoring the formation of atherosclerotic
lesions and worsening the prognosis of people
who have suffered a heart attack [14]. Thus,
the occurrence of some heart attacks or other
acute cardiac failures tied to mood disorders,
can be correlated with the presence of vascular
alterations caused by an imbalance in serotonin
levels, as suggested from animal research [15].
Serotonin has multiple physiological effects: in
the brain the humor is regulated; in the gut, it is
peristaltic activity; and in the blood it is coagula-
tion that is regulated. Its decrement in the brain
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second messenger (prostaglandins, nitric oxide) in blood—
brain barrier too; via the vagus nerve they reach the
nucleus tractus solitarius, the brain stem integration
centre

triggers depressive effects, whereas increment
in the blood produces increased coagulation
(prothrombotic effects).

To conclude, in the first decade of this
century, research conducted mainly by the
Belgian psychiatrist Michael Maes and the
French neurobiologist Robert Dantzer proved
that immune inflammatory dysregulation may
be responsible for symptoms that are normally
referred to as ‘“somatization disorders” and
“psychosomatic symptoms.” All of these
symptoms are tied to disorders that fall either
within the purview of psychology and psychiatry
(anxiety, depression, chronic fatigue syndrome)
or to disorders belonging more specifically to the
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Fig. 11.3 The discovery of the lymphatic vessel [16] shows a new bidirectional pathway from the brain to the immune

system

medical field (autoimmune diseases, cancer). For
a recent general review, it is possible to consult
the article by Irwin and Rothermund [17].

With PNEI, a model for research and
for interpreting both health and disease has
developed, one that considers the human body
to be a structured and interconnected entity
where the psychological and biological systems
have a reciprocal influence. This provides the
basis for new integrated approaches to the
prevention and therapy of most common diseases,
especially chronic ones. At the same time, it
affords us the prospect of going beyond the old
philosophical dichotomy between mind and body
and the scientific dichotomy between medicine
and psychology, by overcoming the respective
reductionism that assigns the body (without the
psyche) to the care of medicine, and the psyche
(without the body) to that of psychology.

11.2 The Science of Stress

Research into PNEI has evolved out of the
experimental pathological studies by Hungarian
scientist Hans Selye, rightly considered the
father of stress science.

From the 1930s until his death in 1982, Hans
Selye focused his research on the adaptation
of human and animal organisms in response

to different kinds of stressors (physical,
psychological, and toxic agents). Hence, the
subject of Selye’s investigations was the living
organism as a whole. This approach to the
unity of the organism was based on the
experimental observation that the axis of stress
in animals was activated independently of the
nature of the stressor. The adrenal axis of an
experimental mouse could be activated by a
virus, a bath in icy water, or the animal’s catch-
ing sight of a predator. This is now well
documented. When bacteria or a virus get into
the body, our immune system releases cytokines
that reach the brain and activate the stress
system. This same stress system can also be
activated by an emotion. Today we know that
this “nonspecificity” of stimuli is also present
at the cellular level. Indeed, an immune cell can
be activated by viral and bacterial products,
inflammatory cytokines, oxidative derivatives
in food, or by emotional stress: the cell
has receptors for epinephrine and NE, which
are the neurotransmitters of the stress response.
Therefore, even if it seems inappropriate
to presuppose a basic difference between
psychological and biological stressors, there is
undoubtedly a distinctiveness intrinsic to the
psychological stressors.

Here is the fundamental question: how does
the psyche work? What are the mechanisms by
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which an internal or external event activates the
stress system?

11.3 The Psyche as a Product
and Condition of the Life

of the Organism

The psyche is an integral part of the meta-
system. It is both the product of the biological
organization and a fundamental source of its
conditioning. It is necessary to fully understand
that the biological and psychological levels are
inextricably entwined. If we miss this point, we
will be faced with two diverging philosophical
trajectories: biologism and subjective idealism.
The former considers the psyche nothing more
than a synonym for the brain and the latter simply
recycles the old metaphysical concept of Soul or
Spirit. As a matter of fact, the psyche is an
integral and vital part of the body.

A recent review lists the identified correlations
between behaviors and brain plasticity (e.g.,
from navigation and hippocampus, from music
and motor and auditory areas) and subsequently
recalls humorously the famous conundrum:
“what came first, the chicken or the egg?” [18].

Hand in hand with these correlations between
brain structure and behaviors, a series of
experiments has also hypothesized about the
molecular paths that convert behaviors into a
new cerebral asset, showing the increase in
signals that are essential to the activation and
growth of nerves such as brain derived nervous
factor (BDNF), nervous growth factor (NGF),
n-methyl-p-aspartate (NMDA).

Perspective-based parallel studies have been
carried out. In these studies, researchers monitored
people in the process of acquiring new knowledge
and skills over a period of time.

In an experiment, they involved German
medical students. At the end of their third
academic year, students are required to pass an
extremely demanding state medical examination,
the so-called Physicum, a summary of all the
main subjects studied in the previous years.
This challenging examination requires on aver-
age a 2-month period of intense study. In this

case, as in the other, the participants’ brains were
imaged three times, first before the study period,
and then after, at the 2-month and 3-month
marks. Neuroimages showed significant growth
and an increase in grey matter in two crucial
learning areas: the posterior parietal cortex and
the hippocampus. Of particular relevance is the
fact that after 3 months the hippocampus, espe-
cially the right side, continued to grow as if it
were further processing the acquired information
[19]. One may conclude from this that mental
activity modifies brain morphology, regardless
of whether it involves acquisition of abstract
notions or acquisition of motor skills.

We can therefore make the following analogy:
the software running on the brain machine
modifies the machine itself.

For this reason, the psyche-brain system
cannot be compared with the program computer
system. In this latter case, if one changes the
software, the hardware does not follow suit,
whereas in the first case (the psyche—brain
system), the software modifies the hardware.

11.4 Psycho-neuro-endocrino-
immunology, the Science
of Stress, and the
Biopsychosocial Model

From the arguments and scientific data

reported thus far, it can be deduced that it
is now possible to unify the two great
traditions (the biological and the psychological)
of stress research, with the aim of reconstructing
the health/disease balance and the mechanisms
that concern the individual seen in his/her
entirety. What is needed is a new unified science
of stress.

Scholars of psychological sciences respond
to this assertion by arguing that for some time
there has been a systemic approach, called the
“biopsychosocial model.”

This proposal was published nearly 40 years
ago in Science [20], where the author of the
article, George Engel, did indeed present a very
effective criticism of the dominant biomedical
model by identifying its key elements: the
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reduction of complex phenomena to simple
determinants (reductionism), the separation of the
biological phenomena from the psychosocial ones
(mind-body dichotomy), and the interpretation
of vital phenomena in physical-chemical terms
(physicalism).

Unfortunately, the course of history has not
quite matched the vision set forth by Engel.
Admittedly, the biopsychosocial model has
trumpeted the idea, over the last few decades,
that another vision of medicine and psychology
is possible, but in all honesty, it has not
advanced any research that explores the
mechanisms contributing to the interdepen-
dence of the biological, the psychological, and
the social. Thanks to PNEI we now have all the
tools, as well as a rich and growing body of
documentation, necessary for explaining and
defining, in strictly scientific terms, the complex
interaction between the different levels that
determine human health and disease.

It is therefore no coincidence that distinguished
researchers in psychological sciences, such as
Shelley Taylor and Janice Kiecolt-Glaser, see
PNEI as the forward path of choice for
psychology. Kiecolt-Glaser writes that “Psycho-
neuroimmunology is psychology’s gateway to
the biomedical future.” Indeed, it represents
the principal contribution, she writes, that
psychology can make in the effort to change the
biomedical model and practice. It is her belief
that to achieve this goal, an interdisciplinary
framework for the training of health operators
and researchers is necessary [21].

11.5 PNEI and Cardiovascular
Diseases

Cardiovascular mortality and morbidity, and the
problem of gender differences in cardiovascular
diseases (CVDs) are relevant problems in
world-wide disease epidemiology.

In the USA, the 2010 overall rate of death
attributable to CVDs was 235.5 per 100,000.
The rates were 278.4 per 100,000 for white
males, 369.2 per 100,000 for black males, 192.2
per 100,000 for white females, and 260.5 per

100,000 for black females. From 2007 to 2010,
40.0% of men and 34.4% of women aged 40-59
suffered from CVD in the USA, and these
percentages rise to 70.2 and 70.9% for ages
60-79 and 83.0% and 87.1% for ages 80 and
above [22].

Working from a life-course perspective, Liu
and Waite [23] have formulated hypotheses
about age and gender differences in the link
between marital quality and cardiovascular risk.
They have tested these hypotheses using data
from the first two waves of the National Social
Life, Health, and Aging Project. The analysis
sample includes 459 married women and
739 married men (aged 57-85 in the first series)
who were interviewed in both periods. Results
suggest that changes in marital quality and
cardiovascular risk are more closely related
for older married people than for their younger
counterparts; and that the link between marital
quality and cardiovascular risk is more
pronounced among women than among men
of older age. These findings fit with the gendered
life-course perspective and the cumulative
disadvantage framework.

In this disadvantage framework, depression
and stress play an important role.

Recently, in the second wave of the Nord-
Trondelag Health Study in Norway (HUNT
2, 1995-1997), baseline data on symptoms of
anxiety and depression, along with health status
including cardiovascular risk factors, were
registered for 62,567 adults, men and women,
who were free for known indicators for heart
failure. This group was monitored for incident
heart failure (HF) from baseline throughout
2008. Symptoms of depression were associated
with an increased risk for heart failure (HF) in a
dose-response manner [24].

On 24 February 2014, the American Heart
Association, with a scientific statement, determined
that depression is a risk factor with a poor
prognosis among patients with acute coronary
syndrome [25]. With this report, we have for
the first time unequivocal testimony of the
negative influence that depression has on the
progression of CVD. What are the possible
biological mechanisms at work here?
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11.6 Biological Mechanisms 1:
Autonomic Cardiac System
Dysregulation

Several forebrain areas form an interconnected
network that initiates integrated autonomic,
endocrine, and behavioral changes in response
to emotionally relevant or homeostatically stress-
ful stimuli [26]. This central stress network,
including the insular cortex (IC), anterior cingu-
late cortex (ACC), amygdala (A), and several
hypothalamic nuclei, projects to medullary and
spinal nuclei controlling cardiac function by the
vagus and sympathetic nerves.

This circuit appears essential to the regulation
of autonomic responses to stressful stimuli.
An imbalance in autonomic regulation may be
linked to mental stress, resulting in a net
shift toward increased sympathetic tone and/or
withdrawal of parasympathetic tone. If chronic,
this imbalance can increase the risk for cardio-
vascular disease by promoting arrhythmias,
platelet aggregation, and vascular inflammation.

The sympathetic innervations of the heart orig-
inate in a group of neurons of the inter-
mediolateral column (IML) of the spinal cord,
which receives tonic excitatory glutamatergic
inputs from neurons in rostral ventrolateral
medulla (RVLM). The parasympathetic inner-
vations of the heart are provided by the vagus
nerve, by cardiovagal neurons primarily located
in the nucleus ambiguus (NAmb) and in the
minor extension in the dorsal motor nucleus of
the vagus (DMN).

The autonomic cardiac system influences
the intrinsic cardiac nervous system, a complex
neural network composed of ganglia embedded
in epicardial fat pads and the heart wall.

The sinoatrial (SA) node and atrioventricular
(AV) node are two internal pacemakers that are
responsible for initiating the heartbeat.

Sympathetic activation, via noradrenergic
neurons, elicits an increase in the automatism of
the SA node, with an increase in the heart rate
(HR), and in AV conduction; in contrast, the main
effects of the vagus, via cholinergic neurons, are
the inhibition of the pacemaker activity of the SA
node (decrease HR), and reduced AV conduction.

11.6.1 Arrhythmias and Autonomic
Nervous System

It is well recognized that sympathetic inputs
represent major neural triggers for both atrial
and ventricular arrhythmias [27].

Atrial arrhythmia (atrial fibrillation and
atrial flutter the most observed) is the most
common rhythm disorder: the prevalence is
increasing and accounts for nearly one quarter
of ischemic strokes in the elderly population.

Ventricular arrhythmia is the leading cause of
sudden death, a serious public health problem
with 200,000450,000 events in the USA
annually [28]. About 50% of deaths in patients
with heart failure are due to fatal arrhythmias.

Experimentally, sympathetic  stimulation
induces a change in ECG repolarization and
reduces the fibrillation threshold, facilitating
the initiation of ventricular fibrillation [29].
These effects are magnified in the presence of
ischemic damage to the myocardial and
conducting tissue.

Zhou et al. [30] demonstrated that ventricular
fibrillation and sudden cardiac death, in ambula-
tory dogs, are immediately preceded by sponta-
neous sympathetic nerve discharge, indicating
that sympathetic nerve discharge may serve as a
trigger for arrhythmia.

A non-invasive marker of vulnerability to life-
threatening arrhythmias in cardiovascular disease
patients is heart rate variability (HRV); in general,
reduced HRYV indicates excessive cardiac sympa-
thetic activity, reduced vagal modulation, and an
increased risk of arrhythmic events.

Stress, through its impact on the autonomic
cardiac system, can trigger both ventricular and
atrial arrhythmias, as demonstrated by epidemio-
logical, clinical, and laboratory studies.

Kop and collaborators [31] reported that men-
tal stress can induce changes in T wave alternans
(a sign of electrical instability) occurring at lower
heart rates than with exercise in patients with
implantable cardioverter defibrillators.

Other studies suggest that patients with heart
failure experience alterations in autonomic ner-
vous system function through increased sympa-
thetic outflow to the heart and the peripheral
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vasculature and decreased parasympathetic
activity, as documented by higher plasma NE
concentrations and decreased clearance of NE
from the circulation due to low cardiac output.
Furthermore, increased plasma NE concentrations
appear to predict negative outcomes in patients
with congestive heart failure (CHF) [32].

In recent years, myocardial infarction with
normal coronary arteries (MINCA) has been
increasingly  recognized and  diagnosed.
Recently, it was shown that MINCA occurs
more frequently than previously thought, and
data indicate that the prevalence ranges between
5 and 25% of all myocardial infarctions and
approximately one-third of MINCA consists of
Takotsubo stress cardiomyopathy.

Takotsubo  cardiomyopathy (TTC) is
characterized by transient systolic and diastolic
left ventricular dysfunction with a variety of
wall-motion abnormalities classified as apical,
midventricular, basal or focal, in patients without
coronary artery disease. It predominantly affects
elderly women (except for Japan, where TTC
is more prevalent among men) and is often
preceded by an emotional trigger, although
recent studies indicate that the disease may also
occur with physical triggers or even without any
evident preceding trigger.

Notably, 15.3% of patients with TTC have
evidence of coexisting coronary artery disease
on angiography.

The etiology of TTC is unknown, although
indications point toward a strong relationship
between TTC and acute physiological or mental
stress with catecholamine excess and vasospasm.

Takotsubo cardiomyopathy is not an entirely
benign and reversible condition. Data from the
International Takotsubo Registry, a consortium
of 26 centers in Europe and the USA, indicate
that rates of severe in-hospital complications
including shock and death are similar to acute
coronary syndrome and younger patients with
physical triggers and acute neurological or psy-
chiatric diseases have a higher incidence of acute
complications compared with elderly patients
with emotional triggers. Ten-year follow-up
combined end points of death and major adverse

cardiac and cerebrovascular events reveal a rate
of death from any cause of 5.6% per patient-year
and a rate of major adverse cardiac and cerebro-
vascular events of 9.9% per patient-year among
TTC patients. In both acute phase and long-term
follow-up, men were at a higher risk for major
adverse cardiac and cerebrovascular events than
women [33].

11.6.2 The Role of the Vagus Nerve

In all the disorders mentioned above, the
dysregulation of the autonomic cardiac system
is characterized by sympathetic—vagal imbalance
with parasympathetic withdrawal.

During the last decade, research has signifi-
cantly advanced our understanding of the role
of the vagus in the framework of neuroimmune
communications.

The vagus nerve plays a prominent modula-
tory role in sympathetic effects. Moreover,
the vagus nerve elicits a relevant cholinergic
anti-inflammatory pathway named the “inflam-
matory reflex” [34].

Central nervous system efferent activity
through the vagus nerve leads to acetylcholine
(ACh) release in the organs of the reticuloendo-
thelial system, including the liver, heart, spleen,
and gastrointestinal tract. ACh interacts with
nicotinic receptor (nAChr) on tissue macrophages,
inhibiting the release of TNF-a, IL-1, and other
pro-inflammatory cytokines. In 2000, Tracey
and coworkers demonstrated that vagus nerve
stimulation potently suppresses cytokine produc-
tion in a rodent model of sepsis [35].

The observed withdrawal of parasympathetic
activity during mental stress conversely results
in the release of inflammatory cytokines by
myocardial macrophages, leading to cardiac
dysfunction and cardiomyocyte death.

Neuronal pathways, including the vagus nerve-
based inflammatory reflex, are physiological
regulators of immune function and inflammation.
In parallel, neuronal function is altered in
conditions characterized by immune dysregulation
and inflammation [36].
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11.7 Biological Mechanisms 2:
Inflammation

The bidirectional association between
inflammation, and depression has
recognized for over two decades [37, 38].

Regarding inflammatory response triggered by
mental stress, Kop and colleagues [39] reported that
the mental arithmetic stress test causes transiently
increased levels of the inflammatory markers,
C-reactive protein (CRP), and interleukin-6 in
patients with coronary artery disease. They also
observed that patients with high catecholamine
responses to mental stress also had an exaggerated
increase in these inflammatory markers.

In depression, there are recorded elevations
in the blood level of inflammatory cytokines
(IL-1beta, IL-6, TNF-alpha) in addition to other
markers of inflammation (CRP, ICAM-1).

In turn, inflammation increases depressive
symptoms, as observed in a wide variety of clini-
cal conditions: social context-related inflamma-
tion (e.g., impaired social relationships and
loneliness), therapy-related inflammation (e.g.,
interferons (IFNs) for viral hepatic diseases, che-
motherapy for cancer), and autoimmune disease-
related inflammation (e.g., rheumatoid arthritis).

High rates of co-morbidity of depression and
inflammatory diseases, such as diabetes, have
been reported. The prevalence of depression,
in a recent systematic review, was found to be
more than three times higher in people with
type 1 diabetes, and nearly twice as high in
people with type 2 diabetes, compared with
those without these conditions [40].

Affective disorders, including depression and
anxiety, are common in patients with CHF.
Studies suggest that depression occurs in approx-
imately 40% and anxiety in 18-45% of patients
with CHF. Depressive disorder worsens
outcomes in patients with heart failure, reducing
the quality of life, increasing the severity of
cardiac symptoms, the rate of hospitalization,
and death.

Many studies investigated the link between
depression and cardiac disease, demonstrating
that patients with depression exhibit autonomic
nervous system changes comparable with those
observed in patients with heart failure, such as

stress,
been

increased circulating NO and decreased heart
rate variability, and elevated levels of inflamma-
tory markers (TNF-a and IL-1 cytokines, CRP,
platelet hyperactivity, etc.) [32].

11.7.1 The Cardiac Immune System

The heart is receptive to inflammation, because,
according to the most recent research, it is also an
immune organ [41].

Innate and adaptive immunity cells reside in
the heart: macrophages are the most abundant
type, but dendritic cells, mast cells (MCs), and
a small number of B cells and regulatory T cells
also are located in the heart (Fig. 11.4).

Cardiac immune system plays a relevant role
in myocardial infarction.

Resident cardiac immune cells are triggered
by two distinct orders of “alarmins” [42]:
pathogen-derived (PAMPs) and damage-derived
(DAMPs) molecules, which are released by
dying or injured myocardial cells and recognized
by specific pattern recognition receptors (PRRs),
such as toll-like receptors (TLRs). In mammals,
13 different TLRs have been identified. TLR2
and TLR4 are located on the surface of
cardiac cells and are important mediators of
inflammation following myocardial infarction
and ischemia/reperfusion damage.

Damage-derived molecules also activate the
complement system, another essential cascade
in triggering inflammation and leukocyte infiltra-
tion in injured myocardium, as has been demons-
trated with C3 cleavage in infarcted myocardial
tissue (Fig. 11.4).

Damage-derived molecules can also be
derived by mitochondria that are damaged
because of hemodynamic stress, with the release
of mitochondrial DNA and subsequent immune
activation [43].

In acute myocardial infarction, due to
prolonged ischemia, coagulative necrosis is
the main mechanism of cell death, followed by
cellular apoptosis.

Cellular death is characterized by oxidative
stress. Following myocardial infarction, the anti-
oxidant pool is overwhelmed, resulting in the net
generation of a large amount of reactive oxygen
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Fig. 11.4 Innate and
adaptive immunity cells
reside in the heart:
macrophages are the most
abundant type, but
dendritic cells, mast cells,
and a small number of B
cells and regulatory T cells
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species (ROS) that may suppress myocardial
function and activate leukocyte chemotaxis and
inflammatory injury, causing loss of further
cardiomyocytes through cell apoptosis and deg-
radation of the extracellular matrix [44].

Toll-like receptors, complement, and ROS-
related signal transduction activate the infla-
mmatory transcription factors, including nuclear
factor kB (NF-kB), which drives production
of cytokines, interferons, and chemokines in the
myocardial infarction zone.

As the prototypical pro-inflammatory cyto-
kine, interleukin (IL)-1 mediates synthesis of
chemotactic mediators and stimulates leukocyte
recruitment in the infarct area, and plays an
important role in inflammasome activation.

Tumor necrosis factor-alpha (TNF-a) is the
other main pro-inflammatory cytokine released
in the infarcted myocardium and may play a role
in stimulating further cytokine synthesis in a
vicious circle [45].

11.7.2 Mast Cells and Cardiac Events

Mast cells are important cells of the immune
system of hematopoietic lineage, originating

from pluripotent progenitor cells of the bone
marrow. MCs are present throughout the body,
mainly in mucosal and epithelial tissues.

Mast cells are also present in the heart
and play a critical role, contributing to the
development of the chemotactic gradient during
acute coronary syndrome. MCs especially accu-
mulate in the coronary artery during spasm, in
the arterial adventitia, and in the shoulder region
of the coronary atheromas and are involved in
mechanisms of plaque erosion, and rupture. Cor-
onary arteries of patients with ischemic heart
disease contain more mast cells and histamine
than normal vessels [46].

Oxidized low-density lipoprotein (LDL-0x),
complement fragment 5a (C5a), IL-1, and ROS
can activate MC degranulation. During hypoxic
stress, MCs store and release TNF-a, IL-6,
prostaglandins, and leukotrienes, metallopro-
teinases and renin, leading to increased local
inflammation, vasoconstriction and rupture of
the fibrous cap of the atherosclerotic plaque.
Local renin, through the renin—angiotensin
activation system, enhances the release of
norepinephrine from cardiac nerve endings,
triggering arrhythmias.
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Mast cell-derived histamine, tryptase, and
chymase are other proteases involved in plaque
destabilization through collagen degradation and
TLR-4 mediated smooth muscle cell apoptosis.

11.7.3 The Balance of the Inflammatory
Response

The recruitment of neutrophils and other
leukocytes from the blood into the area of
myocardial infarction has the aim of removing
dead cells, and releasing other cytokines and
growth factors that lead to the formation of
highly vascularized granulation tissue to main-
tain the integrity of the myocardial wall. The
final phase is characterized by reparative
myocardial fibrosis and angiogenesis.

Defects in the temporal and spatial regulation
of the post-infarction inflammatory response may
have catastrophic consequences. Excessive early
inflammation may augment matrix degradation,
leading to cardiac rupture. Prolongation of the
inflammatory reaction may impair collagen depo-
sition, producing a scar with reduced tensile
strength, thus dilating the cardiac chambers.

Enhanced expression of pro-inflammatory
mediators may activate pro-apoptotic pathways,
inducing further loss of cardiomyocytes. Finally,
defective containment of the inflammatory reac-
tion may lead to extension of the inflammatory
infiltrate into the non-infarcted myocardium,
enhancing fibrosis and worsening diastolic
function [45].

11.7.4 Mental Stress
and Cardiovascular Damage

Mental stress can activate the sympathetic—
adrenal-medullary (SAM) axis, eliciting the
release of catecholamines (NE and EPI) resulting
in the elevation of the heart rate (HR) and blood
pressure (BP) with hemodynamic stress and
DAMPs release. In turn, DAMPs can activate
innate immune responses, leading to sterile
inflammation, which in turn can result in
myocarditis and dilated cardiomyopathy [41].

In an apolipoprotein E-deficient (ApoE ™)
mice model, chronic intermittent mental stress
resulted in a significant increase in the number of
macrophages in atherosclerotic plaques of the
proximal ascending aorta, where fibrous cap thick-
ness was decreased. The coronary arteries showed
larger plaques, more stenosis, and an increased
degree of perivascular fibrosis. Moreover,
myocardial infarctions occurred more frequently
in the ApoE '~ mental stress group mice [47].

Acute mental or physical stress can activate
cardiac MCs. Regulation of acute stress response
activates neurohormonal pathways with hypotha-
lamic release of a variety of hormones and
neuropeptides, such as corticotropin-releasing
hormone (CRH), CRH family peptide urocortin
(Ucn), and neurotensin (NT), which act by
binding CRH and NT receptors located both
centrally and peripherally, including in the
heart. Within the cardiovascular system,
NT-containing neural fibers are found to be
closed to cardiac myocytes, the cardiac conduc-
tion system, and coronary vessels. Stress-induced
sympathetic hyperactivity also enhances neuro-
peptide synthesis outside the central nervous
system, both in cardiomyocytes and in cardiac
mast cells, leading to inflammatory cytokine
release and mastocyte degranulation [48].

Pharmacological interventions moderating the
inflammatory response to attenuate adverse
remodeling and improve tissue repair may hold
promise in patients with myocardial infarction [49].

Psychological stress has been shown to impair
wound healing. In a randomized trial, it has
been proven that a brief relaxation intervention,
before surgery, reduces stress and improves
surgical wound healing response. Patients in the
intervention group had higher hydroxyproline
deposition in the wound than did the control
group patients [50].

11.8 Conclusions

What is needed for the prevention of CVD is a
science that views the human organism as a whole.
We also need care based on that science, and that
focuses on increasing the self-adaptive capabilities
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of the individual, namely his or her ability to take
care of him/herself. This endeavor can be aided by
encouraging meditation and stress management
techniques, which have a documented efficacy
[51] and should be integrated into the mainstream
prevention and care of CVD. This involves
making important changes to the scientific and
healthcare structures [52].
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12.1 Introduction

There is growing evidence that psychosocial
stress can influence the natural history of coro-
nary heart disease (CHD). Established data from
both population studies and an experimental ani-
mal model confirmed that adverse early life
events, in particular during childhood and ado-
lescence, predispose the individual to a greater
rate of inflammatory-based diseases such as car-
diovascular disease (CVD) in adulthood through
epigenetic signature. Several epidemiological
studies report that psychosocial factors such as
acute and chronic stressors strongly increase the
risk for cardiac events, worsening the prognosis
in susceptible patients [1].

Since 1910, emotional triggers have been
included in the pathogenesis of acute myocardial
infarction by Obraztsov and Strazhesko [2]. Het-
erogeneous community-wide events, such as nat-
ural disasters, financial crashes, terrorist attacks,
and wars, are associated with an increase in
major cardiac events, in addition to positive emo-
tionally charged events, such as sports matches
and Christmas and New Year holidays [3].

Chronic stressors have also been linked to a
worse prognosis in patients with existing CVD.
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Meta-analyses of prospective observational stud-
ies found that social isolation and loneliness were
associated with a 50% increased risk of incident
CVD events (pooled relative risk [RR] = 1.5,
95% confidence interval [CI]: 1.2-1.9). The
increased risk associated with work-related stress
(high work load, low reward) was similar at 40%
(pooled RR = 1.4, 95% CI: 1.2-1.8) [4].

12.2 Emotions and CVD: Depression

Depression has been widely studied as an inde-
pendent risk factor in patients with coronary artery
disease (CAD) and heart failure, demonstrating a
close relationship between highly depressive
symptoms and a poor prognosis after an acute
cardiac event, as established in the 2014 American
Heart Association Scientific Statement [5].

Depression is also associated with incident CHD
[6], with a pooled adjusted RR of 1.90 (95% CI:
1.49-2.42), and stroke [7], with a pooled adjusted
hazard ratio (HR) of 1.45 (95% CI: 1.29-1.63).

A large number of epidemiological studies
regarding racial differences in the incidence
and mortality of CHD and racial disparities in
depressive symptoms could be explained by
biological (neuroendocrine stress pattern activa-
tion) and behavioral (smoking, physical inactiv-
ity, lower socioeconomic status) factors.

In REGARDS, 24,443 US blacks and whites
without CHD at baseline were followed up to
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assess whether depressive symptoms are related to
new cardiac events. Blacks who reported depres-
sive symptoms were at a greater risk for the com-
posite end point of CHD or revascularization (HR:
1.36; 95% CI: 1.01-1.81). Depressive symptoms
were also associated with incident acute CHD or
revascularization among blacks but not whites [8].
In another community-based cohort of blacks,
the Jackson Heart Study, 3,309 participants
showed, over a 10-year follow-up, that major
depressive symptoms were associated with greater
risks of incident stroke and CHD. Moreover, the
authors found that the association between depres-
sive symptoms and CHD risk was no longer sig-
nificant after adjustment for coping strategies,
demonstrating that coping strategies are particu-
larly important for mitigating the increased CHD
risk associated with depressive symptoms [9].

12.3 Emotions and CVD: Anxiety

The association between anxiety and onset of
CVD is less significant. In a 2010 meta-analysis,
great anxiety in healthy individuals is associated
with an increased incidence of coronary disease.
However, the meta-analytic estimate for the
association of anxiety with CHD was not
adjusted for depression, which is commonly
comorbid with anxiety [10].

Sex differences were found about anxiety
disorder and prevalence of CVD. Among 49,321
young military men, those who are diagnosed with
anxiety are at an increased risk for experiencing
CHD (adjusted HR: 2.17 [95% CI: 1.28-3.67])
and myocardial infarction (HR 2.51 [95% CIL:
1.38-4.55]) [11]. A Finnish cohort showed an
association between anxiety and an elevated risk
of incident CHD over 7 years of follow-up only in
women, with an HR of 1.24 (95% CI: 0.91-1.70)
[12]. No clear association was found between
anxiety and incidence of cardiac events and mor-
tality among CHD patients.

12.4 Emotions and CVD: Post-
Traumatic Stress Disorder

Evidence is better established for psychological
trauma and post-traumatic stress disorder

(PTSD) with incident CVD events and/or CVD
death. Multiple prospective cohort studies have
included general population subgroups and
veterans. In a Danish study, associations were
found between PTSD and CVD events, with
limited evidence for gender differences
[13]. The recently published Nurses’ Health
Study II investigated trauma exposure and
PTSD symptoms in 49,978 women, finding that
having elevated PTSD symptoms was associated
with increased CVD risk, after adjusting for age,
family history, and childhood factors (HR: 1.60;
95% CI: 1.20-2.13) [14].

A recently published analysis of active duty
US military service members and veterans
participating in the Millennium Cohort Study
reported that combat deployment is associated
with new-onset CHD by self-report or medical
record diagnoses, demonstrating that experiences
of recent combat exposure may increase the risk
for CHD over a relatively short period of time
(5.6-year follow-up) [15].

12.5 Positive Emotions and CVD

Some studies have focused on the importance of
positive thoughts and emotions, along with social
cohesion, on health outcome.

Prospective data from the Health and Retire-
ment Study of older US adults included 6,808
participants who were followed for 4 years. Mul-
tiple logistic regression models are used to assess
if optimism was independently associated with
incident heart failure. Greater optimism was
associated with a lower risk for incident heart
failure over the follow-up period, adjusted for
sociodemographic, behavioral, biological, and
psychological covariates, with an odds ratio
(OR) of 0.74 (95% CI: 0.63-0.85) [16].

Emerging ethnic differences between behav-
ioral factors and the prognosis of CAD are also
shown in a Japanese prospective study. Two
hundred and one men enrolled in the Eastern
Collaborative Group Study who have had CAD
and undergone diagnostic coronary angiography
were administered the Japanese Coronary-prone
Behavior Scale (JCBS), a questionnaire that
evaluates 10 psychological items. The authors
have found that lower levels of impatience were
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associated with a 1.4-fold higher multivariable-
adjusted risk of incidence of CHD and a 1.5-fold
higher multivariable-adjusted risk for the inci-
dence of myocardial infarction and nonfatal coro-
nary disease. The fourth item of JCBS concerns
the Japanese mentality, describing the Japanese
“Spirit of Wa,” transliterated as ‘“harmonious
groupism,” a traditional attitude used to keep
order in hierarchically organized social
relationships in communities and groups. “Wa”
represents a way of living that integrates a person
into his or her community or group. Japanese
Spirit of “Wa” was independently associated
with coronary events (HR: 0.21) at the 7-year
follow-up and thus is a preventive factor against
coronary events for Japanese men with CAD [17].
Higher perceived neighborhood social
cohesion may have a protective effect against
myocardial infarction, as demonstrated in a
cohort study of 5,276 American middle-aged
adults with no history of heart disease, in which
an increase in perceived neighborhood social
cohesion was associated with a reduced likeli-
hood of incident myocardial infarction
(OR = 0.78, 95% CI: 0.63-0.94) over 4 years,
even after further adjustments for behavioral,
biological, and psychosocial factors [18].

12.6 Quantify Myocardial Stress:
Mental Stress-Induced
Myocardial Ischemia

An important method of assessing the effects of
stress on cardiac function is Mental Stress-
Induced Myocardial Ischemia (MSIMI) [19], a
provocative test alternative to exercise and
pharmacological stress-induced ischemia, in
which the stimulus is psychological rather than
physical. A wide range of stimuli were regarded
as mental stressors, including mental arithmetic,
simulated public speaking tasks, problem-solving
tasks, cognitive tasks such as the Stroop color/
word interference task, psychomotor challenges
such as mirror tracing, and tasks involving the
recall of a negative emotion.

Ischemic alterations in MSIMI are induced
not by extreme emotional response to stress, but

by behavioral challenges similar to those that
might be experienced in everyday life. For this
reason, anger, both as an emotional state and as a
personality trait, is likewise associated with the
propensity to develop myocardial ischemia dur-
ing mental stress, but not during exercise/phar-
macological stress [20].

Many different instrumental techniques have
been used to assess reversible myocardial
ischemic damage induced by psychological test-
ing. Electrocardiogram (ECG) alone or in combi-
nation, echocardiography (ECHO), radionuclide
ventriculogram, nuclear scintigraphy, positron
emission tomography (PET), and quantitative cor-
onary angiography show different characteristics
of transient stress-induced ischemia: ST segment
depression on ECG, wall motion abnormality on
ECHO, left ventricular ejection fraction decrease
on ventriculography, segmental hypoperfusion on
scintigraphy, abnormal regional myocardial
perfusion and reduced coronary flow reserve on
PET, and finally coronary vasoconstriction on
angiography.

Basing on recent evidence, myocardial
perfusion imaging (e.g., with 99mTc-sestamibi
SPECT) seems to be more accurate for the
detection of MSIMI than methods based solely
on electric changes and/or changes in the left
ventricular function [21].

The main features of MSIMI are that it occurs
more frequently among patients with CAD
(about 50%) than in other groups, it is asymp-
tomatic, and it occurs at a lower workload and
oxygen demand than exercise-induced ischemia.
Recent meta-analysis confirms a strong associa-
tion between MSIMI and poor cardiovascular
prognosis in terms of adverse outcome events in
patients with CAD, with a pooled relative risk of
2.24 (95% CI: 1.59-3.15), although MSIMI is
not directly related to the severity of coronary
atherosclerosis [22].

In healthy controls, both mental and exercise/
dipyridamole stress tests induce increased
myocardial blood flow in normal coronary ves-
sel, as a result of coronary microvascular dila-
tion. In patients with CAD, coronary flow during
mental stress was lower in regions without
epicardial stenosis than in those with significant
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stenosis, suggesting microvascular constriction.
In contrast, physical stress-induced ischemia
occurred primarily by coronary steal when
restricted vasodilation in a stenosed epicardial
vessel causes selective hypoperfusion.

Moreover, subjects with exaggerated cardio-
vascular reactivity during mental stress have a
greater likelihood of positive exercise/pharmaco-
logic stress test [23].

Most  significant hemodynamic features
associated with MSIMI are the increase in systemic
vascular resistance, vasoconstriction of normal cor-
onary artery segments, impaired endothelial func-
tion, and increased heart rate and/or blood pressure,
thereby resulting in myocardial oxygen supply—
demand imbalance. Mental stress, through the acti-
vation of stress—response systems, increases levels
of circulating catecholamines, also inducing car-
diac electrical instability, as shown by ST segment
and T-wave abnormalities [22].

It has been well established that among young
post-myocardial infarction patients, higher levels
of cognitive and somatic depressive symptoms
are associated with a greater tendency to develop
ischemia with MSIMI, but not with physical
(exercise or pharmacologically)-induced stress.
This association remains robust even after multi-
variate adjustments for other risk factors and
disease severity, and applies to both somatic
and cognitive depressive symptoms [24].

Recent research has investigated the role of
baseline coping strategies and CVD outcomes,
once again in a Japanese population cohort.
Analyses of CVD incidence and mortality
included 57,017 subjects aged 50-79 years with-
out a history of CVD, who completed a coping
behaviors and strategies questionnaire and were
included in an approach-oriented behavior strat-
egy or in an avoidance-oriented behavior strategy.

The authors have found that an approach-
oriented coping strategy was associated with a
significantly reduced incidence of stroke and
reduced CVD mortality, in particular among
hypertensive individuals. The specific fantasizing
behavior avoidance-oriented strategy is only
associated with CVD incidence and with
increased CVD mortality among hypertensive
subjects, whereas a positive reappraisal behavior

approach-oriented strategy is associated with
reduced CVD mortality [25].

12.7 Pharmacological Treatment
of Depression in CVD

and the Impact

on Cardiovascular Outcomes:

Current Evidence

Physiological derangements related to depression
include autonomic and hypothalamic—pituitary—
adrenal axis dysregulation, altered central and
peripheral serotonin homeostasis, an increase in
inflammatory signals, stress-related platelet acti-
vation [26, 27], and endothelial dysfunction. The
results of these derangements may lead to cardiac
events and cardiovascular death [28].

Pharmacology-based approaches to depression
treatment have been shown to decrease platelet/
endothelial activation markers (e.g., platelet factor
4 and P-thromboglobulin), reduce inflammatory
markers (e.g., tumor necrosis factor-o and
C-reactive protein), improve heart rate variability,
and normalize brain serotonin turnover [29].

Among antidepressants, selective serotonin
re-uptake inhibitors (SSRIs) are recommended
as first-line therapy for the treatment of depres-
sion in CVD patients. TCA and IMAO use is
discouraged because of the adverse cardiovascu-
lar effects [30]. Some SSRIs seem to exert a
direct cardioprotective role during acute
myocardial infarction, inhibiting myocardial
apoptosis in a rat model [31].

The first randomized controlled trial of
pharmacological therapy for depression in cardio-
vascular patients was the Sertraline Antidepressant
Heart Attack Randomized Trial (SADHEART).
This trial demonstrated that sertraline was safe in
CAD npatients and resulted in improvements in
depressive symptoms and quality of life, without
significant effects on cardiovascular outcomes
[32]. Indeed, sertraline in depressed patients with
congestive heart failure showed no statistical dif-
ference in the reduction of depressive symptoms
and no difference in all-cause mortality [33].

The subsequent Myocardial Infarction and
Depression—Intervention ~ Trial (MIND-IT)
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involving depressed patients treated with
mirtazapine depressed patients with acute
myocardial infarction or with placebo, finding no
difference in cardiac events rate [34].

The Improving Mood-Promoting Access to
Collaborative  Treatment (IMPACT) trial
randomized 235 primary care patients with
depression to a 12-month collaborative care
program involving antidepressants and psycho-
therapy, finding a dramatic 48% lower risk of
a CVD event over a 5-year follow-up only
among patients without baseline cardiac disease,
underlining the importance of integrated stress
management in the primary prevention of CVD
[35]. A recent randomized controlled trial (RCT)
on 24-week escitalopram treatment in patients
with depression and recent coronary events, con-
firmed the antidepressant effect of SSRI drugs
without any harmful changes in cardiovascular
safety measures. However, the study did not ana-
lyze cardiovascular outcomes [36]. Another
recent randomized trial, named Responses of
Mental Stress Induced Myocardial Ischemia to
Escitalopram Treatment (REMIT), on the use of
6-week administration of escitalopram versus
placebo among 127 patients with stable
coronaropathy and evidence of MSIMI at base-
line, resulted in a significantly lower prevalence
of MSIMI in the treatment group, with no differ-
ence in exercise-induced ischemia [37].

12.8 Psychotherapy in CVD

The importance of managing stress to prevent
and improve CVD is challenging.

This is particularly true for women. Although
female coronary disease occurs later in life, those
women who have clinical events at a younger age
have a worse prognosis than men. Psychosocial
factors have been hypothesized as relevant
risk markers in this field. In the context of
the Stockholm Female Coronary Risk study,
237 middle-aged women, who had experienced
acute myocardial infarction and who underwent
coronary artery bypass grafting or percutaneous
coronary intervention, were randomized to a
group-based psychosocial stress intervention pro-
gram or usual care for 1 year. Over a mean period

of 7 years, women in usual care had a mortality
rate of 20%, whereas those in the psychosocial
intervention group had a mortality rate of 7% [38].

Behavioral intervention has also been tested
among patients with an implantable cardioverter
defibrillator (ICD). A comprehensive review of
cognitive-behavioral therapies coupled with relax-
ation strategies (e.g., diaphragmatic breathing,
breath counting meditation, progressive muscle
relaxation, visualization, self-hypnosis, and auto-
genic training) showed promising results with
respect to reductions in psychological distress,
whereas effects on cardiovascular endpoints (e.g.,
shocks and arrhythmias) remain elusive [39].

A cost-effectiveness analysis of the stress
management program in secondary prevention
in established CAD patients reveals lower medi-
cal costs than usual care in the first 2 years and
lower cumulative costs over 5 years for stress
management compared with usual care [40].

Psychotherapy also appears effective in
treating the psychological symptoms of coronary
disease patients, significantly improving quality
of life [41].

The largest intervention trial of a non-
pharmacology-based approach to depression in
CVD is the Enhancing Recovery in Coronary
Heart Disease Patients (ENRICHD) trial, in
which 2,481 patients with an acute myocardial
infarction and major depressive disorder, depres-
sive symptoms, or dysthymia were randomized
to cognitive-behavioral therapy (CBT) or usual
treatment. If the score of the Hamilton scale was
greater than 24, they also received an SSRI. CBT
was found to significantly improve depression,
social isolation, and the overall quality of life,
with no effect on cardiac outcomes [42].

The safety and efficacy of CBT were con-
firmed in a recently published trial involving
158 heart failure patients with a major depressive
disorder. At 6 months, depression and the anxiety
score were significantly reduced, as along with
the rate of hospitalization, but improvement of
physical functioning was not observed
[43]. Also, collaborative care interventions
improve depression and quality of life and in
some cases, relieve cardiac symptoms.

A dedicated Cochrane Review on psychologi-
cal intervention for coronary disease established
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that psychological treatments are effective in
treating the psychological symptoms of CHD
patients. Uncertainty remains regarding the
subgroups of patients who would benefit most
from treatment (there is most evidence for
“type A” behavior) and the characteristics of
successful interventions [41]. A 2011 compre-
hensive Cochrane systematic review concluded
that both pharmacological and psychological
intervention for depression in CVD patients
may have a small yet clinically meaningful effect
on depression outcomes, without beneficial
effects on the reduction of mortality rates and
cardiac events, owing to the low number of
high-quality trials [44].

12.9 Maeditation Programs: State
of the Art in Scientific Research

The physiology of meditation practices and their
role in health and disease have been widely
investigated in the last half century, with
increased attention given to the effect of medita-
tion on the cardiovascular system [45].

Meditation practice, by reducing the heart rate
and respiratory rate (approximately 6 breaths per
minute), positively affects autonomic balance,
enhancing parasympathetic activity and improving
heart rate variability and baroreflex sensitivity, in
addition to inducing the vagal anti-inflammatory
reflex [46]. Evidence from neurophysiological
studies confirms the impact of mindful meditation
on stress response in the brain through reduced
amygdala activation, increased prefrontal cortex
activation, and increased hippocampal gray matter
density [47].

A review of RCTs demonstrates that mind—
body practices produce encouraging results in
patients with cardiac disease; however, the qual-
ity of the studies in this field remains low [48].

12.10 Transcendental Meditation

Transcendental meditation, introduced into the
West in the second half of the nineteenth century
by Yogi Maharishi Mahesh, is a technique that

involves the use of a repeated sound (mantra) for
15-20 min twice per day to achieve a quiet state of
awareness. It is estimated that there have been
more than 600 studies published examining the
impact of transcendental meditation on CVD,
although, again, many studies have been criticized
for their low quality and possible researcher bias.

A 2013 American Heart Association State-
ment described TM as a safe and effective alter-
native treatment to lowering high blood pressure,
both in primary and in secondary prevention,
with mean blood pressure reduction between
477 and 3.2 mmHg among young and older
subjects [49]. It was found that a TM program
also reduces left ventricular mass on echography,
decreases the carotid intima-media thickness
in African—American hypertensive adults, and
reduces circulating levels of stress hormones
norepinephrine and cortisol [50]. However, there
are few trials with outcomes that are too limited to
draw conclusions about the effectiveness of TM
for the primary prevention of CVD [51].

A small group of 23 African—Americans with
heart failure randomized to TM and usual care
showed a significant increase in the 6-min walking
distance in addition to improvement in depression
scores and measures of quality of life in the TM
group [52]. A more recent, large study involved
201 black patients with stable CAD who
demonstrated a 48% risk reduction in
the composite of mortality, nonfatal myocardial
infarction, and nonfatal stroke, and a significant
reduction in blood pressure during an average
follow-up of 5.4 years and improvement in psy-
chosocial distress, confirming that the TM pro-
gram may be clinically useful in the secondary
prevention of CVD [53].

12.11 Acem Meditation

Acem meditation is a systematic, nondirected,
nonreligious approach to meditation theorized
by physicians and psychologists and founded in
Norway in 1966 by Are Holen. It subsequently
spread worldwide. Acem meditation is based on
the use of a simple combination of repeated
sounds and release of the spontaneous activities



12 The Role of Stress and Emotions in Cardiovascular Disease: Stress. . .

159

of the mind, providing deep relaxation and free
flow of thoughts and feelings. Also, Acem medi-
tation may contribute toward a reduction in car-
diovascular risk, as demonstrated in a study
conducted recently among 27 middle-aged
healthy participants of both genders practicing
Acem meditation for 20 min: heart rate
variability increased during meditation com-
pared with rest, without a change in respiration
and heart rates [54].

12.12 Mindfulness Meditation

Mindfulness is a modern Western movement,
derived from the ancient Buddhist Vipassana
meditation, founded by Jon Kabat-Zinn in
the late 1970s. It is a nonjudgmental practice
involving becoming aware moment to moment,
improving emotion regulation, and cultivating
the attention of mental events in the present
moment with openness and acceptance.
Mindfulness-based stress reduction (MBSR) is
the most popular and validated mindfulness
program, with a consistent number of scientific
studies. MBSR provides 8 weeks of systematic
training in formal mindfulness meditation
practices, including a physical session with
mindful yoga and a psychoeducational program.

The mindfulness stress reduction program
improves psychological well-being through a
reduction of distress, anxiety, and depression. In
patients with mild-to-moderate depression,
MBSR effect sizes for anxiety and depressive
symptoms are comparable with the use of an
antidepressant in a primary care population,
without the associated toxicities [55].

There is currently limited evidence for the
connection between mindfulness and CVD risk.
Some small observational and not all randomized
studies assess a global improvement in physical
activity, smoking cessation, reducing caloric
intake, and weight loss in high-risk and eating
behavior patients, and show mixed and
nonconclusive results in the reduction of blood
pressure and limited evidence for glucose regula-
tion in diabetic and nondiabetic subjects [56].
Meditation and mindfulness skills led to improved

sleep, greater relaxation, and more accepting
approaches to illness and illness experience
among 40 patients with diabetes and CHD
[57]. An interesting pilot study in a small sample
of experienced and inexperienced meditators
demonstrates an increased level of nitric oxide
(arterial vasodilator), with the higher rate in expe-
rienced subjects and a more significant reduction
of self-reported stress in the experienced group,
after 20 min of loving kindness meditation [58].

The SAFE-LIFE randomized trial assesses the
effects of a comprehensive lifestyle modification (to
a Mediterranean diet) and stress reduction interven-
tion on coronary stenosis progression, blood lipids,
heart rate, blood pressure, angina symptoms, and
quality of life. Stress reduction interventions
included MBSR, guided imagery, yoga breathing
techniques, and a body scan. Further elements
included CBT (cognitive restructuring) and
psychoeducational approaches (coping skills train-
ing). At 3 years, comprehensive lifestyle modifica-
tion has no impact on coronary stenosis progression,
but shows sustainable benefit for blood pressure,
heart rate, the need for anti-ischemic medication,
and overall quality of life [59].

12.13 Yoga

The practice of yoga began in India about
4,000 years ago, and has become increasingly com-
mon in Western countries since the beginning of
1960s. Ancient texts have described several types
of yogic practices, including Dhyana Yoga (which
emphasizes meditation), Mantra Yoga (which
emphasizes the repetition of sacred words), and
the most famous, Hatha Yoga (which emphasizes,
through harmonic movements, the energy of the
body). However, core components of Hatha yoga
include stretching exercises and physical postures
(asanas), breath control (pranayama), and con-
centration techniques (meditation).

Several controlled and uncontrolled studies
have shown the short- and long-term usefulness
of yoga in the treatment of hypertension [60].

Yoga-based programs also improve body
weight and lipid profiles in healthy adults and
in patients with diabetes, hypertension, and
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CHD, estimating the reduction of total choles-
terol to be between 5.8 and 25.2%, triglycerides
between 22.0 and 28.5%, and low-density lipo-
protein (LDL) cholesterol by 12.8-26% [61].

In a recent prospective study, short-term yoga-
based lifestyle intervention involving 237 normal
weight, overweight, and obese subjects signifi-
cantly increased high-density lipoprotein (HDL)
cholesterol levels. Moreover, there was a reduc-
tion in blood pressure, fasting blood glucose, and
an improvement in global lipid profile [62]. Results
of some small, nonrandomized studies provide
evidence that yoga may reduce oxidative stress
and circulating fibrinogen. Other trials have
shown that 1 year of regular practice of yoga/
meditation significantly reduced early atheroscle-
rosis, as quantified by carotid intima media thick-
ness, in individuals with metabolic syndrome [63].

12.14 Tai Chi Chuan

Tai Chi Chuan (TCC) is a mind-body intervention
that derives from ancient Chinese martial arts and
combines low- to moderate-intensity physical
activity through flowing circular movements and
balance and weight shifting, with meditation,
body awareness, and breathing techniques. A typ-
ical session lasts 20—30 min and is safe and acces-
sible for all types of patients. A recent meta-
analysis confirmed that the traditional Chinese
exercises, including TCC, significantly improves
the quality of life and depression of patients with
chronic diseases [64].

There are consistent findings for TCC and
cardiac rehabilitation, showing greater exercise
tolerance and an increase in functional capacity
measured as peak oxygen consumption (VO,
peak) in patients with recent myocardial
infarction [65].

Among patients with congestive heart failure
with preserved ejection fraction randomized to a
TCC program or aerobic exercise, 12 weeks of
TCC increases the 6-min walking distance
through lower oxygen uptake, and a low respira-
tory rate and heart rate, compared with usual
exercises [66].

In patients with severe heart failure (EF 29%),
no significant differences in the change in the
Six-Min Walk Test and peak oxygen uptake
were observed in comparison with the education
group, but patients in the tai chi group experi-
enced an increase in daily activities, reporting
improvements in their global quality of life [67].

12.15 Conclusion

The enormous amount of literature regarding the
influence of emotions and daily stress in the path-
ogenesis and prognosis of CVD is well
established. Emerging evidence for the beneficial
effects of psychotherapies, stress reduction
programs, and meditation techniques on symptom
relief and outcomes in CHD needs further
research and more rigorous experimental studies,
to promote the large-scale application of stress
management training in primary and secondary
cardiovascular prevention.
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13.1 The Therapeutic Effect

of Ozone

Ozone is a metastable gas, made up of three
oxygen atoms, is faintly blue, and owes its
name to the characteristic pungent odor (from
the Greek ozein: smell). It is known for the
layer existing 22 km from the Earth, which is
necessary to largely protect us from ultraviolet
radiation, and for its toxicity to the airways, as a
result of air pollution.

Soon the stigma of ozone toxicity was over-
come, thereby encouraging its use as a therapeu-
tic agent. Many other gaseous and nongaseous
molecules are harmful if used in excessive doses
and concentrations, but if they are used within
the correct range of values, and via appropriate
routes of administration, they have a useful and
important therapeutic effect in many fields of
medicine [1].

Ozone has been used for therapeutic purposes
since the end of the eighteenth century. The
history of the therapeutic use of ozone is shown
in the box.
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History of ozone as a therapeutic agent

1785: ozone was mentioned for the first time in the
scientific literature: it was described in an experiment
by Martin van Marum, a Dutch physicist

1840: Professor C.F. Schonbein perceived a distinctive
smell while studying the slow oxidation of white
phosphorus and water electrolysis. This smell was similar
to that smelled during a storm; thus he coined the term
“ozone” from the Greek ozein (smelling)

1850: first scientific publications in journals such as
The Lancet and the British Medical Journal

1896: first ozone generator was patented by Tesla
1897: Major G. Stoker established the Oxygen Hospital
in London, for the treatment of ulcers and wounds by
oxygen

1932: the Swiss dentist E.A. Fisch understood the
enormous advantages of using ozone in local therapies.
He treated the surgeon E. Payr for his gangrenous pulpitis
using gas injections and ozonated water

1957: H. Wolff and J. Hénsler began to use major
autohemotherapy

1980: The advent of ozone therapy in Italy is due to

C. Verga: he noticed that myalgic pain disappeared
after local injection, and in 1989 he published “New
therapeutic approach to lumbar herniations and
protrusions”

Recent years: many scientific works written by Cuban,
Spanish, German, Russian, Italian, American physicians
(and those from other many countries) have been
published

The current applications of ozone therapy
include many fields of medicine, such as ortho-
pedics (e.g., herniated discs, arthritis, spinal steno-
sis, tendinitis, peripheral neuropathy from
compression), internal medicine (hepatitis, diabe-
tes), cardiology (outcomes of ischemia and
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infarction, atherosclerosis), bronchopneumology
(chronic obstructive pulmonary disease, pulmo-
nary fibrosis, emphysema), rheumatology (rheu-
matoid arthritis, systemic lupus erythematosus,
Sjogren’s syndrome), neurology (vasomotor and
cluster headaches, multiple sclerosis, dementia of
various causes), gastroenterology (Crohn’s dis-
ease, ulcerative colitis), ophthalmology (retinal
arterial disease, dry eye syndrome), gynecology
(vaginitis, dysmenorrhea), surgery (vascular
ulcers, diabetic foot, infected wounds), aesthetic
medicine (cellulitis, visible capillaries, wrinkles,
dystrophic scars).

Biochemical

and Pathophysiological Basis
of the Therapeutical Effect
of Ozone

13.2

13.2.1 Biochemistry

Ozone is detectable at concentrations between
98.16 and 19.63 pg/m’ (0.002 ppm). It is com-
posed of three atoms of oxygen (allotropic form)
and is formed by an endothermic process:
30, + 68,400 cal — 20s3; it has a PM of 48 and
a rate of decomposition of 105-106 mol/s.

In water, ozone is 1.6 times denser and
10 times more soluble than oxygen (49 ml/
100 ml of water at 0 °C). Although it is not a
radical, it is the third largest oxidant, after fluo-
ride and persulfate.

Ozone is produced from three sources of
energy: chemical electrolysis, electric discharge
and UV radiation, through a reversible reaction.
Ozone half-life depends inversely proportional to
the ambient temperature and the salinity of the
water, and directly proportional to the pressure,
the capacity of the syringe and the concentration
of the mixture. For medical purposes, therefore,
it can’t be stored, but it must be prepared at the
moment of use.

Ozone has the ability to react with the
majority of organic and inorganic substances
until it reaches complete oxidation. It presents a
preferable selectivity for the double and triple
bonds present in the cells, fluids or tissues, such

as amino acids and unsaturated fatty acids, part
of lipoprotein complexes of the plasma and of the
double layer of cell membranes, DNA molecules
and cysteine residues of the protein. When the
gas mixture comes into contact with biological
fluids, it dissolve within a few seconds in water.
The effectiveness of administration is closely
linked to the reaction with phospholipid
membranes, determining, after partial initial con-
sumption, the formation of ozonides, aldehydes,
reactive oxygen species (ROS), including hydro-
gen peroxide (H,O,), and lipoperoxides (LOPs),
in controlled amounts.

Formation of ROS in plasma is very rapid (less
than 1 min), and it is accompanied by a transient
decrease in antioxidant capacity (5-25%),
returning it to a normal value within 15-20 min.
Hydrogen peroxide and other mediators spread
within the cells, triggering more pathways into
erythrocytes, leukocytes, and platelets.

Considering the small amount of ozone used
in the blood, compared with the various systemic
actions, a direct action of such products on all
the membranes is not possible, but there is a
mechanism of induction of the synthesis and
activation of various biologically active
components. The obtainable effects on the
organism determine an improvement in many
metabolic processes.

13.2.2 Effects on Oxygen Metabolism
and Rheology

Peroxides produced by the interaction of ozone
with the phospholipid bilayer enter into
erythrocytes, producing controlled oxidative
stress. Thus, glycolysis is stimulated in the red
blood cells, through the activation of the pentose
phosphate pathway, resulting in:

— Increased production of adenosine triphos-
phate (ATP), which stabilizes the membrane
potential and improves the mechanical
strength

— A slow decrease in intracellular pH (Bohr
effect)
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— Increased 2,3-DPG, a direct inhibitor of the
affinity of hemoglobin for oxygen

The newly generated red blood cells have
an increased G-6PD activity (super gifted
erythrocytes), and very gradually they replace
only those that have completed their life cycle,
without affecting the patient’s hematocrit.

There are also several rheological effects,
such as the activation of the nitric oxide (NO)
synthase, with subsequent NO production, induc-
tion of carbon monoxide (CO) production, and
the activity of enzymes such as trypsin, some
proteases, and elastase, in a controlled manner.
In addition, an increasing negative charge on the
membrane surface of red blood cells is induced,
improving the elasticity and deformability of
these cells. From these biochemical processes a
greater oxygen supply for the tissues, a con-
trolled anticoagulant effect, a reduced stacking
of erythrocytes, a reduced blood viscosity and
platelet aggregation, an increased oxygen partial
pressure in arterial blood, and a decrease in
oxygen pressure in venous blood, with a conse-
quent decrease in venous and capillary stasis, can
be achieved.

13.2.3 Modulation of Oxidative Stress

Ozone is consumed within minutes after admin-
istration, because of its high reactivity and solu-
bility. As previously mentioned, hydrogen
peroxide and LOPs are formed from it at doses
not exceeding the anti-oxidant capacity of the
organism. The oxidation products effectively
determine a transient increase in oxidative pro-
cesses, and they induce the activation of anti-
oxidant systems after a few minutes, such as
superoxide dismutase (SOD), catalase, and glu-
tathione peroxidase, leading to a rebalancing of
the redox components.

Hydrogen peroxide is rapidly converted into
water, LOP  4-hydroxynonenal (4-HNE)
enhances anti-oxidant enzymes, acting as a trig-
ger: it forms a compound with Cys 34 of albumin
and with glutathione, and it induces adaptive

responses through the increase in NO and biliru-
bin, acting as direct anti-oxidants.

4-HNE reacts with the cytosolic Nrf2-Keapl
system, forming a complex that releases Nrf-2, a
protein present in all body cells, activated by
controlled oxidative stress, and a key compound
in the defense against oxidative stress.

This repeated oxidative stress causes a
“preconditioning effect,” balancing the redox
system, altered by pathogenic stimuli. At ozone
concentrations usually employed in medicine,
these are transient and controlled processes,
compatible with the anti-oxidant capacity in
the blood. The redox imbalance is correlated
with many diseases, from inflammatory pro-
cesses to autoimmune diseases. All of these path-
ological conditions can be treated with ozone,
with remarkable results. However, it is very impor-
tant to know the correct ozone concentration and
doses that are effective against a specific patholog-
ical condition to be treated and do not exceed the
anti-oxidant capacity of the organism [2].

13.2.4 Reactivation of Innate Defense
System

After its release, Nrf2 translocates to the nucleus
and binds to DNA at the site of the antioxidant
response element anti-oxidant response element
(ARE; or hARE: human) regulator of the entire
antioxidant system.

The activation of Nrf2/ARE causes:

— An increase in anti-oxidant enzymes direct
(GSH, CO, and bilirubin) and detoxification

(catalase, SOD, GPx, GSTR, NADPH-
quinone oxidoreductase [NQOI1], HO-I,
HSP70)

— An increase in phase II enzymes (glutathione
S-transferase, UDP-glucuronosyltransferase,
N-acetyltransferase, and sulfotransferase)

— Inhibition of the production of inflammatory
cytokines, induction of leukotriene B4
reductase

— A reduction of serum iron, and the resulting
oxidative stress from high ferritin
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— Recognition, repair, and removal of damaged
proteins

— Protection from apoptosis due to oxidative
stress

— Increased activity of DNA repair

— Increase of adrenocorticotropic hormone,
cortisol, and corticotropin-releasing hormone

13.2.5 Immunomodulation

Ozone induces in balanced amounts the synthesis
of cytokines by monocytes, macrophages, and
lymphocytes, the release of cytokines and
immunosuppressive immunostimulants (TGF-p1,
IFNB, v, and &, TNF, IL-1B, 2, 4, 6, 8, 10), and
activation of nonspecific defense systems,
humoral and cellular immunity.

Therefore, considering the induced modula-
tion, ozone can be used both in autoimmune
diseases and in immune deficiencies.

13.2.6 Bactericidal, Virus Static,
and Antifungal Action

According to the literature data, ozone acts
against any Gram-positive and Gram-negative
bacterium known, including Pseudomonas
aeruginosa and Escherichia coli, all lipophilic
and hydrophilic viruses, and each fungal spore
and protozoa.

Ozone alters plasma membrane permeability
and homeostasis within the cell. During lipid
peroxidation, new bonds are formed between
proteins and lipids, causing ultrastructural dam-
age in the cytoplasm leading to the destruction of
the cellular organelles within 10-20 min.

These direct actions occur if the mixture is
used at high concentrations. Unlike most
antiseptics, ozone does not irritate or affect the
healthy tissue surrounding the area of
administration.

Furthermore, ozone can be generated in vivo
in activated neutrophils; for this reason, it is not
only a bactericidal agent, but also a component of
the physiological mechanisms of inflammation,

probably related to a reaction catalyzed by
antibodies. It acts on a nonspecific immune sys-
tem (activation of phagocytosis, increased syn-
thesis of cytokines and interferon, interleukins,
and TNF), and cellular and humoral immunity.
The use of ozone against infection can be sys-
temic, local, or combined, because it acts either
through the rupture of cell membranes by local
action or via the stimulation of the immune system,
increasing the defense capacity of the organism.

13.2.7 Metabolic Activation
of Carbohydrates and Lipids

Low doses of ozone promote the oxidation of
carbohydrates, lipids, and proteins, forming
ATP, and activating the Krebs cycle and the
beta-oxidation of fatty acids, determined by the
displacement of equilibrium toward the oxidized
form of NAD; the acetyl coenzyme A formed is
incorporated into the Krebs cycle.

Ozone enhances the use of glucose, and
decreases partially oxidized metabolites in the
blood and the respiratory rate.

13.2.8 Anti-Inflammatory
and Analgesic Action

Ozone has the ability to oxidize compounds in a
double layer, such as arachidonic acid and
prostaglandins, inducing and maintaining
inflammation.

Furthermore, ozone is capable of inactivating
metabolic mediators of pain. Therefore, it acts as a
painkiller and as an anti-inflammatory agent, and
induces an improvement in the microcirculation,
with an increase in the transport of oxygen to
tissues.

13.2.9 Action on the Endothelium

Hydrogen peroxide induces the synthesis of
NO and the trans-endothelial migration of
leukocytes, increasing the number of fibroblasts
and remodeling of endothelial cells.
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13.2.10 Detoxifying Action

In liver cells, ozone administration determines the
system of cytochrome p450 enzyme accumulation,
increasing the amount of glycogen and of
antioxidants, and inducing the production of ATP.

The detoxifying effect manifests as the opti-
mization of liver microsomes and filtering liver.
The use of glucose is increased at a systemic
level, in addition to enzymes such as lactate and
pyruvate, and gluconeogenesis.

13.2.11 Effect on Well-Being

Administered ozone induces a complex release
of hormones such as CRH, ACTH, cortisol,
DHEA, GH, and endorphins, with an increase
in serotonin and dopamine, resulting in the
patient reporting a feeling of well-being.

13.2.12 Action on the Intervertebral
Nucleus Pulposus

The action of ozone on the intervertebral disk
takes place on several levels:

— Inhibition of PLA2 and PGE2 and other
pro-inflammatory cytokines (IL-1, -2, -8,
-12, -15, and IFN)

— Increased release of immunosuppressive
cytokines (IL-10, factor B1), with analgesic
and anti-inflammatory effect

— An increase in local microcirculation, reduc-
ing venous stasis, with an analgesic effect as
the nerve root is very sensitive to hypoxia

— Direct effect on mucopolysaccharides and
proteoglycans in the nucleus pulposus, with
dehydration and production of chemical lysis

— Matrix degeneration, replaced by collagen
fibers, and the formation of new blood cells,
reducing the volume of the disk

There is therefore a combination of vascular
and biochemical effects of ozone on the disk and
nerve root compression, leading to an improve-
ment in the symptoms and, in many cases, to the
complete resolution of the syndrome.

13.3 Oxygen-Ozone Therapy
in Cardiovascular Disease

Literature data indicate that supportive treatment
with  ozone  administered by  major
autohemotherapy may be useful in patients
suffering from ischemic heart disease, in patients
with chronic heart failure due to cardiomyopathy
or cardiac valve defects, and in subjects with
peripheral arterial circulatory disorders.

13.3.1 Ischemic Heart Disease

As far as ischemic heart disease is concerned,
it has been demonstrated that oxygen radicals
play a role in the pathogenesis of myocardial
ischemia and that peroxidation of arachidonic
acid increases platelet aggregation. Moreover,
the in vivo activation of macrophages causes a
reduction of intracellular glutathione peroxidase
activity, which is associated with the increased
capacity of the cells to generate ROS, including
hydroperoxides. This macrophage activation
occurs both in inflammatory processes and in
atherosclerotic disease. Effectively, a decrease
in glutathione peroxidase and superoxide
dismutase activity has been observed in patients
with myocardial infarction. These data suggest
the usefulness of scavenger agents in the therapy
of infarction. Hernandez and colleagues reported
that ozone autohemotherapy induces a significant
increase in glutathione peroxidase activity,
whereas a reduction in blood cholesterol levels
has been reported by Rilling and co-workers.
Twenty-two patients who had myocardial
infarction between 3 months and 1 year before
the study were treated with ozone by
autohemotherapy carried out in 15 sessions in
the Ozone Research Center of Havana, Cuba, by
Hernandez and colleagues. The authors reported a
significant decrease in plasma total cholesterol
and low-density lipoprotein (LDL). Erythrocyte
glutathione peroxidase and glucose 6 phosphate
dehydrogenase activity increased significantly,
whereas no changes in plasma lipid peroxidation
were found. The results indicated a significant
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activation of the anti-oxidant protection system in
patients with myocardial infarction. These
observations suggest that complementary therapy
with ozone might play a relevant role in ischemic
cardiac patients; nonetheless, further controlled
clinical trials are necessary to evaluate the impact
of the treatment on long-term survival, quality of
life, and recurrence of acute episodes [3—7].

13.3.2 Chronic Cardio-Respiratory
Insufficiency

One of the most striking features of the intrave-
nous administration of ozone via
autohemotherapy concerns the changes in the
metabolic and rheological properties of the red
blood cells. As mentioned above, owing to the
specific intervention of ozone in the metabolism
of red blood cells, glycolysis and the pentose
phosphate shunt are activated to such an extent
that new 2,3-DPG is produced and the oxygen
affinity of the hemoglobin is reduced. This action
on the red blood cells causes a shift in the O,
bonding curve of hemoglobin to the right,
increasing oxygen delivery to the peripheral
tissues.

In healthy professional sportsmen, there was
as a rule a 2,3-DPG increase of approximately
10% after a series of systemic ozone
applications. In pathophysiological conditions,
such as chronic respiratory failure due to either
cardiac or pulmonary diseases, a similar effect
could be achieved by treatment with ozone [8, 9].

In our personal experience, 40 patients
suffering from chronic respiratory failure due to
chronic obstructive pulmonary disease and
30 patients with cardiac insufficiency due to ische-
mic coronary disease and/or valvular disorders
have been treated with complementary therapy
with ozone administered by major autohemo-
therapy according to a standard procedure in
12 sessions of treatment. A significant reduction
in the dyspnea score, measured by the Analogic
Scale, the Borg Scale and the MMRC scale, was
recorded in both groups. The Six-Minute Walk
Test improved in most patients in both groups.
We concluded that the observed improvement in

the exercise tolerance could be due to the
increased peripheral delivery of oxygen.

13.3.3 Peripheral Circulatory Disorders

Peculiar pathophysiological conditions may
result in reduced or high fluctuating 2,3-DPG
levels in diabetics, contributing to causing a
reduction in oxygen supply to peripheral tissues.

In a group of patients with stage III and IV
arterial circulatory disorders, according to
Fontaine, the effect of ozone therapy on
2,3-DPG levels was evaluated and compared
using Student’s ¢ test versus placebo. A signifi-
cant increase in 2,3-DPG was found in treated
patients who showed signs of improved periph-
eral oxygenation [10].

13.4 Guidelines

Vieban-Hansler and a group of members of the
International Ozone Association recently pro-
posed Guidelines for Ozone Therapy. In fact,
medical ozone produces the same therapeutic
effects in each specific disease and condition if
properly applied. Improper application for erratic
methods and doses is the most frequent cause of
ineffectiveness and adverse effects. The basis of
the guidelines for the medical use of ozone can
be summarized as follows:

1. The pharmacological effect of medical ozone
follows the principle of hormesis: low doses
show a high efficacy, which decreases with
increasing doses or concentrations, finally
reversing into a questionable or toxic effect.
On this basis, according to the literature
reports, the dose/effect or concentration/effect
relationship for the systemic use of ozone
(autohemotherapy or rectal insufflations) has
been standardized as follows:

a. Oxygen—ozone mixture of 10—40 pg ozone/
ml is physiologically effective and
recommended for systemic application.



13 Ozone Therapy as a Complementary Treatment in Cardiovascular Diseases 171

b. Within the high concentration range of
60-100 pg/ml the application of ozone
has an antibiotic effect with a wide range
of applications completely restricted to the
topical forms of application.

2. Ozone is applied complementary to a
corresponding basic therapy. Diabetes, car-
diovascular diseases, chronic inflammatory
diseases, diabetic angiopathy, and macular
disease represent the classical indications for
low-dose systemic ozone treatment.

In the field of cardiovascular disease, the com-
plementary treatment with ozone is carried out
exclusively by major autohemotherapy. The
indications as a complementary treatment are:

1. Peripheral arterial circulatory disorders

2. Cerebral and ocular circulatory disorders

3. Inner ear circulatory diseases (acute hearing
loss, tinnitus)

4. Diabetic angiopathy

. Cardio-respiratory insufficiency

6. Coronary disease

9,1

The treatment is contraindicated in glucose-
6-phosphate dehydrogenase deficiency, uncon-
trolled hyperthyroidism, pregnancy (first 3 months).

Treatment with ozone is not indicated in leu-
kemia [11-13].

13.5 Medical Ozone: Production,
Devices, and Methods

of Administration
13.5.1 Generation of Medical Ozone

Medical ozone is a mixture of ozone in oxygen,
under normal therapeutic indications it must be
used within a concentration range between 0.5
and 5% (7-50 pg ozone/ml of oxygen).

The total dose is equivalent to the volume of
gas (mL) multiplied by the ozone concentration
(mg/mL). The equipment generating ozone

induces the passage of an electrical discharge
through a flow of pure oxygen for medical use.
It must produce the mixture in a reliable manner,
i.e., at accurate and reproducible concentrations,
which must remain constant against the resis-
tance of the syringe (spectrophotometric con-
trol), and all the materials in contact with ozone
are inert to it.

In the European Union, ozone generators are
considered to be health products and are registered
with qualification II-b, and they will be reviewed in
due course. Cylinders containing pure oxygen must
be certified by a full license, and require a pressure
reducer, which allows an emission at 0.8 bar.

The gas in the syringe should be aspirated
through a bacterial filter that is resistant to
ozone and made of hydrophobic Teflon with a
pore size of 0.2 pm, to prevent contamination.

When a continuous flow of gas is required, for
example, in bagging, an adequate connection,

silicone, PVC, or polyethylene can be
incorporated, to the valve output of the ozone
generator.

Ozone must be prepared at the time of use,
because of its decay to oxygen in relatively short
times.

For various medical applications, physicians
must know the optimal ozone doses and
concentrations required to achieve a specific
therapeutic effect, avoiding any toxicity, and in
accordance with the guidelines.

13.5.2 Administration Modalities

Depending on the pathological condition to be
treated, in addition to the doses and appropriate
concentrations, the choice of the correct method
of administration is crucial. The route of admin-
istration can be local or systemic:

a. Local administration
— Injections: intramuscular, intra- and
periarticular, intraforaminal and
intradiscal, myofascial, perinervous and
peritendinous, subcutaneous, intralesional
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— Insufflation: nasal or vaginal

— Bagging: this method consists in using a
bag which raises the part to be treated; after
creating the vacuum, it fills the bag with
the ozone concentration required in order
(disinfection or regeneration), leaving
everything for 20 min

— Ozonated oil

— Ozonated water

. Systemic administration

— Major autohemotherapy: this procedure
consists in the withdrawal in a special con-
tainer (soft plastic bag or glass, inert to
ozone) of a specific amount of blood
(100-200 ml) from a peripheral vein; this
blood is then placed in contact with the
same amount of ozone (ratio = 1:1) inside
the kit employed, reinfusing all via the same
route (closed circuit).

— Minor autohemotherapy: cycle treatment
includes 10-12 sessions twice a week, and
subsequent references, at intervals to be
determined based on the patient and condi-
tion being treated. Changing the method of
administration and the concentration of the
mixture of oxygen and ozone we can obtain
different biological effects.

— Rectal insufflation: this procedure consists in
the administration of ozone at the concentra-
tion of 10-50 pg ozone/ml of oxygen. The
volume administered ranges between 150 and
300 ml. Administration is carried out using a
rectal catheter connected to a 50-ml silicon-
coated disposable syringe. This is one of the
earliest forms of application in ozone therapy
and is considered an alternative to major
autohemotherapy.
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14.1 Introduction

Life expectancy has lengthened in the
past century in Italy: the average age for men is
79.21 years and for women, 84.59 years. The
current aging population is affected by chronic
diseases. People can live longer and healthier if
they become aware of preventive medicine and if
they change their lifestyle and nutrition. Despite
the availability of numerous therapies for the
treatment of cardiovascular diseases, these are
still the leading cause of mortality and morbidity
in the industrialized world (Circulation, 2008).
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14.2 Nutrition

The relationship between diet and cardiovascular
risk is very complex and more detailed knowl-
edge on the subject has recently been developed.
It has become increasingly evident how impor-
tant are the quality and the amount of carbo-
hydrate ingested, and the quantity and quality
of fatty acids consumptions. The action of a
single nutrient is not decisive, nor is the effect
of a single risk factor, but comprehensive assess-
ment of the impact of all the risk factors involved
is needed, integrating information relating to the
direct effect of a nutrient or of “examined food”
on clinical events.

In the first half of 1900, Angel Keys, physio-
logist at the University of Minnesota, began
what is known as the Seven Countries Study of
Cardiovascular Diseases. In addition to being the
prototype of epidemiological studies concerning
cardiovascular diseases; it showed the benefits of
a high consumption of plant foods, with plenty of
unrefined grains, vegetables, fruits, legumes,
fish, olive oil, and moderate amounts of wine. A
reduction of 25% of foods of animal origin, and
an increase of 25% of foods of plant origin,
would be associated with a 32% reduction in
cardiovascular mortality to 25 years [1].

The Mediterranean diet has proven to be a
successful model in cardiovascular prevention,
based simply on the availability of raw material
that could be accessed, and it is not designed with
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Fig. 14.1 Trans-fatty
acids and atherosclerotic
effects

Trans fatty
acids

a role of cardioprotection. Therefore, it can be
improved based on current scientific knowledge.
One of the bases of the Mediterranean diet
is olive oil, whose beneficial properties
(improved lipid profile, improving the oxidation
of low-density lipoprotein [LDL], insulin resis-
tance, and inflammation) have been the subject
of numerous studies. These benefits were
initially attributed to the high concentration of
monounsaturated fatty acids, but other active
compounds exist, including polyphenols.

In fact, olive oil is made up of 99% fat, 85% of
which consists of unsaturated fatty acids
(70-80% monounsaturated oleic acid, 4-12%
linoleic acid, a polyunsaturated fatty acid) and
in smaller amounts from palmitic and stearic
acid, both saturated fatty acids. In addition to
fats, squalene and f-carotene, sterols
(B-sitosterol), colored pigments (chlorophyll
and carotenoid), fat-soluble vitamins (A and D),
and phenolic compounds (simple secoiridoids,
phenols, lignans, and flavonoids) are found. Just
the phenolic compounds bind to the LDLs by
increasing the resistance to oxidation of these
lipoproteins, which are highly atherogenic
[2]. In the Lyon Diet Heart Study of a post-
infarcted population, a Mediterranean diet with
the addition of 1 g linoleic acid was compared
with a “conservative” diet. In the 27-month

1111
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Endothelial cell function
Increase ICAM, VCAM, E-selectin
Decrease flow mediated
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follow-up, a 73% reduction of coronary events
was shown [3].

As already reported, the quality of fatty acids
seems to make a difference. The data agree
on excluding trans fatty acids from the diet
(Fig. 14.1). Moreover, the amount of saturated
fatty acids should be kept below 10%.

Increasing evidence in the literature shows
that adequate dietary intake (between 4 and 8%
of total calories) of omega 6, in particular,
linoleic acid, is useful in reducing cardio-
vascular risk. Increasing intake of omega 6 is
associated with decreased concentrations of
plasma LDLs and triglycerides and increased
concentrations of high-density lipoproteins
(HDLs) without unfavorable evidence for arte-
rial inflammation markers and arterial pressure
and hemostasis parameters. Simple replacement
of 5% of the calories from saturated fat with
omega 6 causes a reduction of serum cholesterol
greater than is obtained by drastically reducing
dietary cholesterol (Fig. 14.2). A recent study
[4] showed that the substitution of saturated fats
with polyunsaturated fats entails a reduction in
coronary risk; replacement with simple carbo-
hydrates is associated with an increased risk,
whereas with complex carbohydrates this risk
is reduced. We cannot merely rely on a single
risk marker because, if we consider the effect on
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Fig. 14.2 Reduction in serum cholesterol due to substi-
tution of saturated intake with polyunsaturated or mono-
unsaturated or intake of dietary cholesterol reduction.

HDL cholesterol, all fatty acids increase this
protective parameter, especially saturated fats.

Omega-3s have a known cardioprotective
effect. In 1975, Sinclair observed a low incidence
of heart attack and consumption of foods high in
omega 3 consumption in the population of
Greenland. The protective effect appears to be
due to reduced synthesis and secretion of VLDL
and increased clearance of plasma triglycerides and
an anti-arrhythmic effect. They also have a positive
effect on blood pressure, platelet aggregation,
endothelial dysfunction, and systemic inflamma-
tion [5]. Omega-3s have a dose-dependent effect
on the level of triglycerides, and the recommended
dose is 23 g/day. Studies have shown a 25-52%
reduction in plasma triglyceride levels.

14.2.1 Phythosterols

Phythosterols are substances naturally present in
many foods, including nuts, almonds, dried fruit,
cereals, vegetables (pulses), and olive oil.

Source: Clarke R, Frost C, Collins R et al. Dietary lipids
and blood cholesterol: quantitative meta-analysis of met-
abolic ward studies. BMJ 1997;314:112-117

Of the phytosterols identified (at least
40 types), those most frequently present in food
are beta-sitosterol (50%), campesterol (33%),
and stigmasterol (4%).

Phytosterols are structurally similar to human
cholesterol and present poor intestinal absorption.
They cannot be synthesized endogenously and are
derived exclusively from the diet or are added to
foods such as yogurt, margarine, sauces, and
cream cheeses. Two grams per day of phytosterols
have been shown to reduce LDL by about 7-10%.

Three grams per day should not be exceeded,
in combination with a diet rich in vegetables and
fruits, to balance the reduced blood levels of
beta-carotene.

Phythosterols should not be used in:

— Pregnant and lactating women
— Children under the age of 5 years

There are limited data about the effect on risk
factors for atherosclerosis and no major
randomized cardiovascular outcomes data [6].



178 M. Piccoli et al.
Fig. 14.3 Polyphenol
classification ( Fli:::ile?ﬁil =
Hesperetin
Phenolic acids Flavones
Vanillic acid Apigenin
Caffeic acid Luteolin
Stilbenes Fl I
POLYPHENOLS < Reteniel e
Quercetin
Lignans
= e ‘
: ,““‘I“m.. o Anthocyanins
_ e Flavan3ols
thers eno el
K. pOT Ypl 1 Procyanidin
CirCanimolds Epigallocatechin
Isoflavones
Genistein
Diadzein

14.2.2 Polyphenols and Flavonoids

The term polyphenols refers to many classes of
compounds with a common chemical structure,
derived from benzene with one or more hydroxyl
groups associated with the benzene ring. This
makes these materials excellent scavengers. The
high intake by diet of these compounds leads to
the high reduction (50%) in cardiovascular
mortality [7].

Figure 14.3 shows polyphenol classification.
The beneficial effects are principally linked to
the anti-oxidant capacity of these compounds and
their metabolites [8, 9].

14.3 Resveratrol

Resveratrol is a polyphenol that belongs to the
class of stilbenes present in small quantities in
blackberries, grapes, peanuts, and red wine. Its
mechanism of action seems to be the activation
of SIRT1 deacetylase (silent mating type infor-
mation regulation 2 homolog 1), a protein
involved in the modulation of glucose and lipid
metabolism and cell survival mechanisms. Stud-
ies are increasingly highlighting the power to
reduce the chronic inflammation that predisposes
to many diseases. Testing, whether with a low
dose (8 mg) or a high dose (5 g) did not reveal

any significant adverse events. Timmers et al.
[10], in a study of obese individuals showed an
improvement in the metabolic profile, the inflam-
matory status, blood pressure, and initial liver
damage. Benefits for secondary cardiovascular
prevention have also been shown [11].

144 Soy

From the botanical terms, the soy plant (Glycine
max L. Merr.) belongs to the legume family with
a high protein content (high biological value
proteins), and rich in lipids and minerals (potas-
sium calcium, phosphorus).

In the group of lipids, phosphatidylcholine is
known as soy lecithin, which is the raw material
of cell structures and contributes in part to reduc-
ing the levels of serum cholesterol to synergistic
action with all the other constituents of the
legume, such as protein, isoflavones (which
behave as phytoestrogens), fibers, and saponins
[12, 13].

Soybeans, because of the presence of phyto-
estrogens (genistein), interact with warfarin and
tamoxifen and should be contraindicated in
patients with estrogen-dependent tumors. Abso-
lute caution must be applied when in constant use
during childhood and adolescence because they
may lead to the disorders of sexual development
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and somatic interference in the hypothalamic—
pituitary—gonadal axis, with alterations to the
sexual cycle. Furthermore, genistein inhibits the
activity of cytochrome CYP3A4.

14.5 Bergamot and Bergamot
Polyphenolic Fraction

Bergamot is a citrus fruit of the genus Citrus
(Citrus bergamia Risso), belonging to the fam-
ily Rutaceae, with a high content of flavonoids
and flavonoid glycosides, especially naringenin
and hesperetin. These compounds are absorbed
by the small intestine and are hydrolyzed at the
level of colon microflora in aglycones and aro-
matic acids. The bergamot polyphenols can acti-
vate AMP kinase (a regulator of glucose
metabolism and fatty acids) or inhibit
hydroxymethyl-coenzyme A  (HMG-CoA)
reductase (statin-like action). In popular tradi-
tion, bergamot was used as a neuro-sedative,
antiseptic, and clinical bacteriostatic. Several
studies have shown that the polyphenol fraction
of bergamot (BPF) is effective at reducing total
cholesterol, LDL, triglycerides, and glucose [14]
and potentiates the effect of rosuvastatin in
improving the lipid profile [15].

14.6 Curcuma longa
L. (Zingiberaceae)

Turmeric is a herbaceous, rhizomatous, perennial
native to the Far East and Australia, and
Curcuma longa L. (also known by the name of
Curcuma domestica Val.) is the most common
species from which, after boiling and drying, the
spice obtained is used, especially in Indian
cooking. The rhizome, in addition to food use,
is prescribed for its choleretic and cholagogue
effects in functional disorders of the digestive
processes attributable to the liver.

The main elements are the curcuminoids
(which account for 3-5% of the drug), a mixture
among which curcumin is the most abundant.

The main biological effects attributed to tur-
meric and curcumin are anti-oxidant, anti-
inflammatory, anti-tumor, hepatoprotective, and
hypolipidemic [16]. These effects are enhanced
in combination with a substance of natural ori-
gin, piperine, which represents the main constit-
uent of pepper. Serum levels of curcumin, when
taken alone, are usually very low or undetect-
able; however, by means of a clinical study,
carried out in eight healthy subjects, an increase
in the curcumin bioavailability following
joint administration of curcumin (2 g) and piper-
ine (20 mg) was observed. This suggests that
piperine might be beneficial to both the absorp-
tion and, consequently, its biological effects, also
found in rats, in which it was shown that the
concomitant use of these two substances
enhances the cholesterol-lowering activity of
curcumin itself. It is reasonable to hypothesize
that cholesterol reduction is attributable to an
increase in the bioavailability of curcumin;
therefore, such a combination could represent a
valuable contribution in the treatment of
hyperlipidemia [17].

14.6.1 Phytotherapy

Until the advent of new drugs of plant origin
acting like statins (Monascus ruber) and
rebalancing the lipemic state (policosanol from
sugarcane), herbal medicine benefitted from ther-
apeutic agents that are still effective, even if they
have been replaced with new protocols. In fact,
in addition to excessive lipid intake, this condi-
tion can also be due to increased endogenous
triglyceride synthesis in the liver or to insuffi-
cient exogenous elimination. In that case, we use
hepatoprotective and choleretic—cholagogue
function and balance hepatobiliary and intestinal
functionality.

» Cynara scolymus

o Taraxacum officinale
o Silybum marianum

» Peumus boldus

* Rosmarinus officinalis



180

M. Piccoli et al.

Other herbal remedies are used, resources
still valid, even if they have been superseded by
new protocols:

* Olea europae: the glycerin macerate Olivo,
traditionally used as a hypolipidemic remedy.

» Cynara scolymus: artichoke, for its action as a
cholagogue and laxative, is useful in hyper-
cholesterolemia because it helps to remove
bile salts via the bile and stimulating peri-
stalsis, and their elimination through feces,
resulting in decreased hepatic cholesterol.
Also, it has recently been awarded a statin-
like bland, formulation-titrated cynaroside.

* Silybum marianum: acts in dyslipidemia with a
cholagogue—choleretic and liver tonic mecha-
nism, balancing the metabolism of the
hepatocytes.

» Garcinia cambogia: its mechanism of action is
to inhibit the enzyme HMG-CoA reductase,
and endogenous hepatic cholesterol produc-
tion, with discrete hypolipidemic activities in
overweight patients who do not follow the diet.

» Commiphora mukul: this Ayurvedic resin
shows activity with a lipid-lowering mecha-
nism peripheral receptor sequestrant and is
therefore rationally associated with the other
statin remedies above.

14.6.2 Policosanols

The alcoholic extract of sugar cane (Saccharum
officinarum), present in significant quantities in
the integuments of this plant, containing a
mixture of mono-hydroxy long chain aliphatic
alcohols, high molecular weight, the main repre-
sentative of “l-octacosanol,” which alone repre-
sents 64% of the total:

o Tetracosanol, 0.7%

» Heptacosanol, 0.7%
* Monacosanol, 0.8%
e Triacontanol, 0.9%

e Dotriacontanol, 5.4%
» Triacontanol, 12.8%
e Octacosanol, 64.5%

Although the exact mechanism of policosanol
action is not yet known, it seems clear that the
inhibitory activity on the enzyme HMG-COA
reductase is not the only action, although it is
the most relevant. They advanced various other
assumptions to be verified:

* Mechanisms that directly involve the intes-
tinal mucosa

» Intracellular
cholesterol

» Donors h + ions to the respiratory chain

» Increased catabolism of LDL

carrier of fatty acid and

In the literature, many data collections show
very interesting results, with percentage lipid
reduction similar to or even better for those
obtained using synthesis statins by Cuban groups
(Menendez R et al Biol Res, 1994; Menendez R
et al Biol Res, 1996; Menendez R et al Arch Med
Res, 2001). Ten milligrams per day of policosanol
administration for at least 6 weeks reduces
total cholesterol (17-21%), LDL cholesterol
(21-29%), and triglycerides (13%) and increases
HDL cholesterol (8-15%) [18]; however,
randomized controlled trials in hyperlipemic Cau-
casian subjects do not confirm these data [19]. In
2015, the attenuated effects of atorvastatin on
PCSK9 are obtained thanks to policosanol used
in combination. The recommended dose is 10 mg
per day in a single dose.

In the most challenging cases, it is possible to
begin with a double dose and then decrease in
function to clinical results. Useful associations are:

Monascus purpureus
Olea europaea

Garcinia cambogia
Cynara scolymus
Commiphora mukul Hook

14.7 Prebiotics

They have mechanical and physical actions and
produce an acceleration of intestinal transit with
more frequent evacuations and consequent
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elimination of some of the nutrients in the diet
that are not yet absorbed, including a some of the
lipids. Therefore, a portion of dietary fat is
incorporated in the mucilage, once imbibed in
water in the intestine, and are excreted in the
feces.

This leads to lower fat absorption and a low-
ering of the blood lipid levels in general and tri-
glycerides in particular:

— Plantago ovata
— Glucomannan

14.7.1 Monascus Ruber

The Monascus ruber is a mushroom traditionally
used in the fermentation of red rice: the process
used for centuries in China for the preparation of
so-called “rice wine.”

The term Monascus ruber indicates at least
seven strains of this fungi.

* Monascus albidus Sato

* Monascus pilosus Sato

» Monascus pubigereus Sato

* Monascus ruber van Tieghem
* Monascus paxii Linge

* Monascus fuliginosus Sato

* Monascus purpureus Went

These mushrooms
substances:

contain many active

» Polyunsaturated fatty acids

» Phytosterols (b-sitosterol, campesterol,
stigmasterol)

» Isoflavones and their glycosides

» Saponins

e Various red pigments
* Monacolin (at least 10: k, j, 1, x etc.)

The monacolin substances derived from ter-
pene, are certainly the most important active
ingredients of the plant complex, in particular,
monacolin K.

Currently, there are certain natural strains of
Monascus at a maximum concentration of 0.4

and 0.8% of monakoline. The action at higher
concentrations implies an artificial manipulation
of the active principles. All clinical work from
the USA cite compounds titrated to 0.4% mona-
colin K; Chinese studies have made use of com-
pounds titrated to 0.8%.

All results indicate that the compound title to
0.8% does not guarantee superior results to that
at 0.4%; the use of higher concentrations does
not currently offer any clinical evidence.

Monascus ruber acts exactly like statin syn-
thesis, inhibiting the enzyme HMG-CoA reduc-
tase, which, in the liver, is responsible for
cholesterol synthesis. The first synthetic statin,
incidentally, was developed and patented by Pro-
fessor Endo, from Japan, who analyzed the
chemical products in this mushroom rice [20].

The recommended dose is 400 mg
(standardized to 0.4% of monacolin K),
one capsule, twice a day (equivalent to 3.2 mg
of monacolin K).

14.7.2 Berberine

Berberine is a plant preparation extract from the
bark of Berberis aristata, a thorny shrub native to
the Himalayas and Nepal (Berberidaceae fam-
ily), still widely used in traditional local medi-
cine. Intestinal absorption is very low (<5%), but
presents a good tolerance and low side effects.
Berberine has been shown to inhibit the biosyn-
thesis of triglycerides through the activation of
protein kinase activated by AMP (AMPK)
enzyme that activates the (acetyl-CoA carbo-
xylase (ACC), responsible for the transformation
of acetyl-CoA in malonyl-CoA. Besides, berber-
ine increases the expression of LDL receptor and
LDL uptake in hepatic cells. In addition, berber-
ine shows a reduction in PCSK9 protein expres-
sion, and this plays a positive role if associated
with statin therapy, because statins increase
PCSK9 expression. Numerous studies show
benefits produced by berberine therapy used in
combination with policosanols and red yeast rice
(Fig. 14.4): reduction of cholesterol and glucose
levels, increase in HDL and endothelial function,
and a decrease in the body mass index without
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Fig. 14.4 Mechanisms of berberine activity

major adverse effects [21]. Recently, berberine
use has been considered a safe potential thera-
peutic approach in hypercholesterolemia and dia-
betes treatment, especially in patients who not do
tolerate statins or do not attain target LDL. Also,
in association with ezetimibe, berberine is safe
and efficacious and improves the lipid profile [22].

14.8 Coenzyme Q10

Coenzyme Q10 plays a key role in cell bioener-
getics, both mitochondrial (respiratory chain)
and at the level of ATP production, and plays
an anti-oxidant role in relation to LDL. Being a
lipophilic substance in the gastrointestinal tract,
it is incorporated into chylomicrons, then passes
into the lymphatic vessels, and ends in the blood-
stream. The degree of absorption per se is very
poor, because of its insolubility in water and the
high molecular weight, and it is very important to
the choice of pharmaceutical formulation, which

plasmatic
triglycerides

allows a high solubility [23]. Statin therapy
reduces the plasma concentrations of coenzyme
Q10, and this could be the reason for muscle
pain. Increasingly important is the supple-
mentation of coenzyme Q10 in patients with
muscle pain induced by statins, also with varying
degrees of success [24, 25].

14.9 Medicinal Mushrooms

Medicinal mushrooms are active molecules in
cardiovascular diseases in general and in dys-
lipidemia (see Chap. 6).

14.10 Acupuncture

Preliminary data, performed only in a Chinese
population, are reported in the literature on the
treatment of obesity and associated dyslipidemia
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Table 14.1 Daily doses recommended based on the data
presented in the literature

Berberine 500 mg
Bergamot 500 mg
Fiber 25-30¢g
Phytosterols 1.6-2¢g
Omega 3 3g
Policosanol 10 mg
Soy protein 25¢g
Red yeast rice 200 mg
Green tea 150 mg

Reducing cholesterol is estimated at between 10 and 20%

Table 14.2 Patients’ target

Patients’ target

» Primary prevention, hypercholesterolemic subjects
who have a mile cardiovascular risk

« Patients’ intolerant to statins

 High-risk patients who do not tolerate high doses of
statins

* High-risk patients that even with the maximum
tolerated dose of stains do not attain the target of LDL:
security association with stains, ezetimibe, and phenols

» To enhance the treatment of adults and children
(>6AA) with familial hypercholesterolemia

combining statin (atorvastatin) and acupuncture,
and show a favorable synergistic effect [26].

Recently, a randomized clinical trial was
designed that will provide additional information
about using this method [27].

14.11 Conclusion

Epidemiological and clinical studies have shown
that lifestyle modifications, such as nutrition and
exercise, are the most important measures for
reducing cardiovascular risk. Plant-derived food
and nutraceutical products have been recognized
to be primary preventive factors (Table 14.1).
Statins are the most important drug for reduc-
ing high cholesterol and cardiovascular risk, and
their use has increased over the past few decades.
Along with this increased utilization of
statins, we have observed an increase in therapy
discontinuation and the presence of statin intol-
erance (Table 14.2). Combined therapy must be a

potential positive strategy for treating these
patients.
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15.1 Introduction
Hypertension, usually defined as persistent blood
pressure (BP) at 140/90 mmHg or higher, affects
about a quarter of the adult population in many
countries, particularly in industrialized societies.
Hypertension is a risk factor for most, if not all,
cardiovascular diseases (coronary artery disease,
myocardial infarction, thoracic and abdominal
aneurysms, heart failure, and stroke) and renal
failure. Hypertension is also associated with cog-
nitive dysfunction, erectile dysfunction, and loss
of vision. The higher the pressure, the greater the
risk of complications [1].

Normal BP is defined as less than 120 mmHg
systolic and less than 80 mmHg diastolic [2].

The status of hypertension breaks down
into three grades (Table 15.1): grade 1,
140-159 mmHg systolic and 90-99 mmHg dia-
stolic; grade 2, 160-179 mmHg systolic and
100-109 mmHg diastolic; and grade 3,
180 mmHg or higher systolic and 110 mmHg
diastolic [1]. Between normal and grade 1 values
is a category termed ‘“‘prehypertension,” a
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condition characterized by systolic blood pres-
sure of 120-139 mmHg and diastolic blood pres-
sure of 80-89 mmHg. We talk about “isolated
systolic hypertension” in the presence of a sys-
tolic pressure greater than 140 mmHg with
normal diastolic values. Isolated systolic hyper-
tension should be graded (1, 2, 3) according to
systolic blood pressure values within the ranges
indicated, provided that diastolic values are
<90 mmHg. For persons with diabetes or renal
disease and hypertension, the BP treatment goal
is less than 130/80 mmHg [2].

This classification is very important because
it heightens awareness of both risk and
opportunities for prevention, adopting therapeutic
management based on lifestyle changes, and
adding incremental drug therapy if necessary.

Hypertension has both modifiable and
nonmodifiable risk factors. Gender and genetic
heritage are nonmodifiable factors, although the
latter is uncertain. As we discussed in a recent
review [3], epigenetic inheritance plays a key
role in determining the activation of the genome
and the axis of stress. This type of information is a
stable genetic trace, transmitted from generation
to generation, but can gradually be changed and
modulated by lifestyle and the surrounding envi-
ronment (for details, see the section ““Allostatic
load and the building of cardiovascular diseases”
in the aforementioned review, part B).

Systolic blood pressure rises throughout the
adult age range, whereas diastolic blood pressure
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Table 15.1 Definitions and classification of blood pressure levels (mmHg). Modified from Camm et al. [1]

Category Systolic
Optimal <120
Normal 120-129
High normal 130-139
Grade 1 hypertension 140-159
Grade 2 hypertension 160-179
Grade 3 hypertension >180
Isolated systolic hypertension >140

peaks at about age 60 years in men and 70 years
in women and falls gradually thereafter [1]. Even
if both systolic and diastolic blood pressures are
independently predictive of stroke and coronary
mortality, in the elderly, a wide pulse pressure
(systolic blood pressure minus diastolic blood
pressure) has been shown in some observational
studies to be a better predictor of adverse
cardiovascular outcomes than either systolic or
diastolic pressures individually [1]. Thus, hyper-
tension has always been considered a condition
of aging: more than 65% of persons 65 years old
or older are hypertensive, but, surprisingly, a
person who is normotensive at age 55 years still
has a 90% lifetime risk of developing hyperten-
sion [4]. This seems to strongly suggest that
hypertension might be the result of an integrated
and multifaceted individual adaptation to the
environment and dramatically emphasizes the
importance of environmental factors together
with individual psychosocial and emotional
factors in dealing with this issue [3].

Rather than focusing on chronological aging,
the emphasis should be on physiological aging,
which can be changed.

As we will see, lifestyle modifications
demonstrably reduce BP: losing weight and
certain diets, sodium intake reduction, moderate
physical exercise, alcohol consumption reduc-
tion, smoking cessation, and stress and pain
management.

This is very important because there is a
considerable gap between what has been shown
in pharmaceutical trials and what happens in
daily clinical practice in terms of achievable BP
reductions. Although pharmaceutical therapy has
been demonstrated to be effective in reducing
heart attacks and stroke, outside of clinical trials,

Diastolic
And <80
And/or 80-84
And/or 85-89
And/or 90-99
And/or 100-109
And/or >110
And <90

only approximately one-third of patients achieve
optimal BP control using drug therapy [2]. This
efficacy gap in hypertension treatment represents
an ideal opportunity to codevelop with a patient
a customized action plan that addresses logical
options for diet, exercise, supplementation,
smoking cessation, and mind—body skills devel-
opment [5]. Additional insights may also come
from both Ayurvedic and traditional East Asian
medicine.

In this chapter, several examples regarding the
anti-hypertensive effectiveness of each individ-
ual factor previously listed are reviewed. Each of
them can then be associated with obtaining a
synergistic effect [5]. This can be very important
because a reduction of just 5 mmHg in systolic
BP is associated with a 7% reduction in all-cause
mortality [6].

Hypertension is often dubbed the “silent
killer” because it is frequently asymptomatic;
the pressure value remains as an abstract number
devoid of real significance for the patient. If no
pain is felt, no disease is present. Thus, it is
problematic to arrange a treatment for a condi-
tion that is not perceived by the subject and, in
addition, a chronic therapy, of long duration.

It is essential that the doctor can find the time
to go on a therapeutic journey with the patient,
picking up and respecting the patient’s beliefs,
meanings, and interpretations of personal experi-
ence of hypertension and all that accompanies it.

Another key aspect in the management of the
hypertensive patient is awareness of the problem
and the fact that the condition persists even at
home, in everyday life, and that it is not just a
clinical quirk. Home BP monitoring with records
in a diary or 24-h BP digital monitoring are
simple means of raising awareness and
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compliance [1]. The data collected from the
patient can be employed by the physician to
educate the patient to take care of his health.
They can be used to fill with him his individual
cardiovascular risk score monitoring how it can
improve over time (to this end, an electronic
calculator can be used, such as: http://my.
clevelandclinic.org/services/heart/prevention/
risk-factors/Heart_Center_Risk_Tool).

i

More and more people ask not strictly phar-
macological and symptomatic therapies for their
health problems [7]. They seek integrative
clinicians who can counsel from an evidence
base on the logical options available to them
(Fig. 15.1). Prehypertension is an early warning
to modify lifestyle and probably is the ideal
scenario to get the best results from an integra-
tive approach. In addition, the change of lifestyle

—

Minimize obstacles to
healing

- Obesity: weight manage-
ment program to achieve
ideal body weight.

- Eliminate lifestyle factors
contributing to hyperten-
sion: avoid coffee, alcohol,
smoking and salt.

- Modify sedentary lifestyle:
tailored exercise program
(30 min aerobic exercise per
day al least 4 days a week).

- Stress management:
relaxation techniques.

- Diet: K, fibers, low sugar,
Ca, Mg, vitamin C, dark
chocholate, increase whole
plant foods, celery, garlic,
onions, cold-water ocean
fish, nuts and seeds, green
vegetables, grains, legumes,
broccoli.

Tailor natural
interventions to patient
needs

- Mild hypertension: high
potency vitamin-mineral;
vitamin C and E, magne-
sium, garlic, flaxseed oil.

— Moderate hypertension:
All of mesures indicated
above; CoQ10; Crataegus.

Determine need for
conventional therapy

- Mild/Moderate hyperten-
sion unresponsive to
natural approach: refer to
antihypertensive drugs
(start with a single drug
treatment).

- Severe hypertension:
refer to antihypertensive
drugs (strat with two-drug
regimen).

Fig. 15.1 In summary: staged integrative approach to
hypertension. Eat food, not too much and mostly plants.
Exercise 30 min per day for at least 4 days per week.
Limit alcohol. Don’t smoke. Breathe: incorporate mind—

body practices into your daily routine. Build an organized
system of regular follow-up and review with self-
monitoring and appointment reminders
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is a fundamental step, which is boosted at any
degree of hypertension (Table 15.2). The physi-
cian should try to increase his/her knowledge
about nonpharmacological interventions that
can be adopted in the treatment of hypertension,
moving beyond the basic and often vague
recommendations on lifestyle modifications
that can be found in guidelines [2] or traditional
books [1].

15.2 The Role of Oxidative Stress
Oxidative stress (an imbalance of harmful
oxygen species and the anti-oxidant defense
mechanism) represents an etiological factor of
human hypertension [8-10], hypertensive
patients have a higher level of oxygen free
radicals [11] and an impaired anti-oxidant
defense mechanism [12]. This, together with an
imbalance in vasodilators (nitric oxide) and
vasoconstrictors (angiotensin), contributes to
the initiation and perpetuation of hypertension

Table 15.2 Initiation of antihypertensive treatment

[13]. This is particularly important because oxi-
dative stress depends on external factors (alimen-
tation, pollution, etc.), but also on inner factors
such as individual psychological profile [3, 14,
15]. Thus, it is of paramount importance to act at
both these levels.

15.3 Lifestyle Modification
15.3.1 Smoking Cessation

Smoking (tobacco addiction) is the most signifi-
cant of the modifiable cardiovascular risk factors
[16]. At least 1 billion adults worldwide are
smokers and at least 700 million children are
passive smokers at home [17]. Many people mis-
takenly describe their tobacco addiction as a
“habit” or “behavioral choice,” and the onset of
this state quickly follows the acquisition of
an ability to inhale cigarette smoke, leading to
a transformation of neurophysiological function
and nicotine-receptor density [16]. To maintain

Normal SBP
Other risk 120-129 High normal  Grade 1 HT SBP Grade 2 HT SBP Grade 3 HT SBP
factors, OD, or DBP SBP 130-139 140-159 160-179 or >180 or DBP
or disease 80-84 or DBP 85-89 or DBP 90-99 DBP 100-109 >110
No other risk No BP No BP Lifestyle changes for Lifestyle changes for Lifestyle changes
factors intervention  intervention several months then several weeks then +immediate drug
drug treatment if BP drug treatment if BP treatment
uncontrolled uncontrolled
1-2 risk Lifestyle Lifestyle Lifestyle changes for Lifestyle changes for Lifestyle changes
factors changes changes several weeks then several weeks then +immediate drug
drug treatment if BP drug treatment if BP treatment
uncontrolled uncontrolled
3 or more Lifestyle Lifestyle Lifestyle changes+ Lifestyle changes+ Lifestyle changes
risk factors, changes changes and  drug treatment drug treatment +immediate drug
MS, or OD consider drug treatment
treatment
Diabetes Lifestyle
changes
Established  Lifestyle Lifestyle Lifestyle changes Lifestyle changes Lifestyle changes
CV orrenal changes changes +immediate drug +immediate drug +immediate drug
disease +immediate ~ +immediate treatment treatment treatment
drug drug treatment
treatment

CV cardiovascular, MS metabolic syndrome, OD subclinical organ damage, SBP systolic blood pressure, DBP

diastolic blood pressure, HT hypertension
Modified from Camm et al. [1]
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the personal “comfort,” the patient becomes
addicted to nicotine [3]. Smokers inhale
thousands of other chemicals, many of which
play critical roles in the initiation and accentua-
tion of atherosclerosis by influencing vasomotor
activity, vascular dysfunction, oxidation of lipids,
atheroma development, and thrombosis [1].

Smoking cessation, of course, should be part of
every comprehensive lifestyle modification plan.
The use of cigarettes is reported to determine a
4-mmHg increase in systolic blood pressure and a
3-mmHg increase in diastolic blood pressure [18],
probably by increasing the resting heart rate
[19]. Furthermore, hypertensive patients who
smoke are at an additional increased risk for car-
diovascular events (ischemic stroke and hemor-
rhagic stroke) compared with those who do not
smoke, and this risk correlates directly with the
number of cigarettes smoked [20, 21].

15.3.2 Diet

A diet effective in the treatment of hypertension
must include vegetables, fruits, and low-fat dairy
products and should be low in saturated fat and
refined grains/carbohydrates, not high in sodium,
but rich in potassium, magnesium, calcium, and
fiber.

Two very well-studied diets for hypertension
prevention and control are the Mediterranean
[14] and DASH (Dietary Approach to Stop
Hypertension) [5] diets.

15.3.2.1 Mediterranean Diet

The Mediterranean diet’s antihypertensive effect
was evaluated in the SUN study, a prospective
cohort study conducted from 1999 to 2005 in
9,408 men and women [22]. The study
documented a mean systolic BP reduction of
3.1 mmHg (95% confidence interval [CI] 5.4 to
—0.8) and mean diastolic BP decrease of
1.9 mmHg (95% CI 3.6 to —0.1) [22].

The benefits of the Mediterranean diet are
beyond the anti-hypertensive effect taken in
isolation. Foods that we introduce into the diet
are not only a source of calories, but are

important modulators of the nervous, endocrine,
and immune systems [14]. Thus, beyond
hypertension, it has been demonstrated that the
Mediterranean diet has favorable effects on lipo-
protein levels, endothelium vasodilation, insulin
resistance, metabolic syndrome, anti-oxidant
capacity, myocardial and cardiovascular mortality,
and cancer incidence in obese patients and in those
with previous myocardial infarction [23, 24].

Additionally, adherence to the Mediterranean
diet was demonstrated to be associated with approx-
imately a 20% reduction in all-cause mortality in
both men and women [25]. This percentage doubles
in the elderly population [26].

One of the main components of the
Mediterranean diet is olive oil, rich in healthy
polyphenols and monounsaturated fatty acids
(oleic acid) with an anti-hypertensive effect
[27, 28]. In addition, phenolic compounds in
olive oil prevent lipoperoxidation, improve the
lipid profile and endothelial function (inducing
nitric oxide-mediated endothelium-dependent
relaxation [29, 30]), and have antithrombotic
properties [31].

The Food and Drug Administration (FDA)
confirms that consuming approximately two
tablespoons (23 g) of olive oil per day may reduce
the risk of heart disease [5].

Another very famous part of the Mediterranean
diet is linked to the consumption of red wine.
Although alcohol consumption can cause multiple
organ damage and raise BP, red wine consumption
is inversely associated with mortality from cardio-
vascular diseases [32], risk reduction being greatest
in the case of low to moderate intake [33, 34].
Studies performed with de-alcoholized red, but
not white wine confirm short-term cardiovascular
benefits [35]. This is because grape skins, seeds,
and stems from which the red wine is produced
[36] contain many bioactive polyphenols, including
flavonoids (quercetin, catechin, and epicatechin),
pro-anthocyanidins, and anthocyanins, phenolic
acids (gallic, caftaric, and caffeic acid), and the
trihydroxystilbene termed resveratrol.

More than a purely anti-hypertensive effect
[37, 38], the red wine polyphenols improve endo-
thelial function, leading to decreased arterial
damage, decreased angiotensin-Il  activity,
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increased nitric oxide, decreased platelet aggrega-
tion, decreased LDL oxidation, and the stimulation
of the anti-senescence factor sirtuin [35].

The Mediterranean diet is rich in fibers that
are extremely effective in reducing both systolic

15.3.2.2 DASH Diet

The Dietary Approaches to Stop Hypertension
(DASH) diet (Table 15.3) is an analog of the
Mediterranean diet coded in the context of the
US alimentation system, with the specific aim of

and diastolic BP in hypertensive patients [39].

lowering blood pressure.

Table 15.3 The Dietary Approaches to Stop Hypertension (DASH) diet

Examples and notes

Whole wheat bread, English muffin, pita
bread, bagel, cereals, grits, oatmeal,
crackers, unsalted pretzels, and popcorn

Tomatoes, potatoes, carrots, green peas,
squash, broccoli, turnip greens, collards,
kale, spinach, artichokes, green beans,
lima beans, sweet potatoes

Apricots, bananas, dates, grapes, oranges,
orange juice, grapefruit, grapefruit juice,
mangoes, melons, peaches, pineapples,
prunes, raisins, strawberries, tangerines

Fat-free (skim) or low-fat (1%) milk,
fat-free or low-fat buttermilk, fat-free or
low-fat regular or frozen yogurt, low-fat
and fat-free cheese

Select only lean; trim away visible fat;
broil, roast, or boil instead of frying;
remove skin from poultry

Almonds, filberts, mixed nuts, peanuts,
walnuts, sunflower seeds, kidney beans,

Soft margarine, low-fat mayonnaise, light
salad dressing, vegetable oil (such as
olive, corn, canola, or safflower)

Maple syrup, sugar, jelly, jam, fruit-

Food Daily
group servings Serving sizes
Grains and  7-8 1 slice bread
grain 1 oz dry cereal®
products 5 C cooked rice, pasta,
or cereal
Vegetables 4-5 1 C raw leafy vegetable
4 C cooked vegetable
6 oz vegetable juice
Fruits 4-5 6 oz fruit juice
1 medium fruit
Y4 C dried fruit
15 C fresh, frozen, or
canned fruit
Low-fat or 2-3 8 oz milk
fat-free 1 C yogurt
dairy 1.5 oz cheese
foods
Meats, 2 orless 3 oz cooked meats,
poultry, poultry, or fish
and fish
Nuts, 4-5per 1.5 oz or 5C nuts
seeds, and week Y5 oz or 2 Tbsp seeds
dry beans %5 C cooked dry beans lentils
and peas
Fatsand  2-3 1 tsp soft margarine
oils” 1 Tbsp low-fat
mayonnaise
2 Tbsp light salad
dressing
1 tsp vegetable oil
Sweets 5 per 1 Tbsp sugar
week I Tbsp jelly or jam

Y5 oz jelly beans
8 oz lemonade

flavored gelatin, jelly beans, hard candy,
fruit punch, sorbet, ices

Significance of each
food group to the DASH
eating plan

Major sources of energy
and fiber

Rich sources of
potassium, magnesium,
and fiber

Important sources of
potassium, magnesium,
and fiber

Major sources of
calcium and protein

Rich sources of protein
and magnesium

Rich sources of energy,
magnesium, potassium,
protein, and fiber

In DASH 27% of the
calories are fat,
including that in or
added to foods

Sweets should be low in
fat

From the DASH study, as published by the Joint National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure and the National High Blood Pressure Education Program Coordination Committee
The sixth report of the Joint National Committee on prevention, detection, evaluation and treatment of high blood

pressure. (Modified from Rakel [5])

Equals % to 1-Y4 C, depending on cereal type. Check the product nutrition label
PFat content changes serving counts for fat and oils. For example, 1 Tbsp of regular salad dressing equals 1 serving;
1 Tbsp of low-fat dressing equals %2 a serving; 1 Tbsp of a fat-free dressing equals O servings
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As described by Plotnikoff and Dusek (cited
in Rakel [5]): “the DASH diet trial enrolled
459 participants and provided each with all his
or her food for 11 weeks. For the first 3 weeks,
the participants were provided with a control diet
that was low in fruits, vegetables, and dairy
products, with a fat content typical of the average
diet in the USA. Participants were then randomly
assigned to receive the control diet, a diet rich in
fruits and vegetables, or a “combination” diet
rich in fruits, vegetables, and low-fat dairy
products and with reduced saturated and total
fat for 8 weeks. Sodium intake and body weight
were maintained at constant levels. For the
326 participants with prehypertension, the
DASH diet resulted in reduced SBP and DBP of
35 mmHg (P <0.001) and 2.1 mmHg
(P =0.003), respectively. Among the
133 subjects with stage 1 hypertension, the
DASH diet reduced SBP and DBP by 11.4 and
5.5 mmHg respectively, more than the control
diet (P < 0.001 for each)” [40].

15.3.2.3 Anti-ACE Peptides

Observational and epidemiological studies dem-
onstrate a consistent association between high pro-
tein intake and a reduction in BP [41]. The source
of protein is important, being animal protein (milk,
chicken, and fish, such as sardine [42] or bonito
fish, a member of the tuna family [43]) less effec-
tive than non-animal protein [44] (such as soy,
which contains isoflavones, saponins, phytic acid,
amino acids, trypsin inhibitors, fiber, and globulins
with an anti-hypertensive effect [45]).

15.3.2.4 Omega-3 Fatty Acids
A diet rich in omega-3 polyunsaturated fatty
acids (contained in cold water fatty fish or
grass-fed animals) may prevent the development
of hypertension [46] and is an effective remedy
in the early stages of the disease [47]. Omega-3
fatty acid deficiency contributed to the develop-
ment of hypertension in animal models [48].
Furthermore, as the omega-3 fatty acids are
effective at improving insulin sensitivity and
dyslipidemia, they may be particularly useful in
patients with the metabolic syndrome [1].

15.3.2.5 Cocoa (Theobroma cacao)
Regular intake of cocoa-containing foods is
linked to lower cardiovascular and all-cause
mortality and is inversely associated with BP
[49, 50]. Regular cocoa (dark chocolate) intake
demonstrated significant reductions in the values
of both systolic and diastolic BP, in healthy
subjects and in cases of prehypertension or
grade 1 hypertension [5, 51].

In the studies cited, regular consumption of
cocoa has not resulted in an increase in body
weight, plasma levels of lipids, glucose, and
8-isoprostane (a measure of oxidative stress).
The BP decrease was also accompanied by a
sustained increase in the vasodilatory nitric
oxide donor, S-nitrosoglutathione. In comparison,
the polyphenol-free white chocolate intake caused
no changes in BP or plasma biomarkers [51].

The benefit of flavanol-containing cocoa
appears to extend to persons with diabetes as
well [52]. For all these reasons, it is possible to
consider recommending one-fourth of a
standard-sized dark chocolate bar consisting of
70% cocoa daily [5].

15.3.3 Supplements

The quality of the studies related to the possible
beneficial effect of selective supplementation of
certain elements is poor. This is because it is
very difficult to determine whether the baseline
value of an alleged deficient state is to trace
in the blood, at an intracellular or simply at a
functional level. Given the interindividual and
intra-individual variability (for example, linked
to the activation of the stress axis as a function of
psycho-emotional states [3, 14, 15]), these forms
of insufficiency can also be additive. Then, the
question is that we often dose elements blindly:
in some people, poor blood levels of a certain
element can be traced back without this causing
specific problems (the intracellular stores could
be in order and functionally normal), whereas
other people possess normal blood levels of the
same element at the expense of the intracellular
store or have functional deficits.
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Table 15.4 Nutritional supplements in hypertension.

Modified from Devries and Dalen [44]
Supplements Daily intake

Coenzyme Q10 120-150 mg 2x a day

Fish oil 3-4 g a day

Nattokinase 50-100 mg if dietary natto is not
(NSK-SD) consumed

Magnesium 400-800 mg a day

Organic garlic 1,000 mg if not taken in diet

Hawthorn 1,000 to 1,500 mg per day
Quercetin 500-1,000 mg per day 2x a day
Vitamin D3 2000 units per day

Vitamin B6 100 mg 1-2x a day

Vitamin C 250-500 mg 2x a day

Therefore, it is difficult to establish a critical
value of a nutrient that can be good for all people,
below which supplementation is necessary. There
is also individual variability in bioavailability,
uptake, and metabolism that are often not consid-
ered in the available literature. The result is that
much of the interventional nutrition research does
not answer the very important clinical question,
“Does replenishment of a deficiency to a given
serum level result in an improved clinical out-
come?” A summary of nutritional supplements
in hypertension is presented in Table 15.4.

15.3.3.1 Potassium and Sodium

Diet low in potassium and high in sodium is
linked to hypertension, cardiovascular diseases,
and cancer [43]. Natural diets rich in fruit and
vegetables provide the correct intake of potassium
and sodium, although potassium supplementation
with a good anti-hypertensive effect may be
required [53-56]. Potassium should be used
with caution in patients with kidney disease or
those taking digitalis, potassium-sparing diuretics,
and angiotensin-converting enzyme inhibitor
anti-hypertensive drugs.

15.3.3.2 Magnesium

Magnesium homeostasis is so closely linked
to that of potassium that some forms of hypoka-
lemia result from a magnesium-deficient intake.
Magnesium is a well-understood and frequently
used intervention for the hypertension of pre-
eclampsia. With a proper diet, such as the

Mediterranean or DASH (natural sources of
magnesium including pumpkin seeds, nuts, qui-
noa, spinach, bran cereal, buckwheat, and beans),
the intake of magnesium should be sufficient not
to require supplementation, as suggested by the
JNC 7 guidelines [2].

However, several reports have demonstrated a
link between higher intake of magnesium and
lower blood pressure [57, 58]. On the other
hand, low dietary intake of magnesium correlates
strongly with high BP [59].

An important source of magnesium is water:
water with many minerals such as magnesium is
called “hard water” and there is an inverse
correlation between water hardness and high
blood pressure. Magnesium supplementation can
be very beneficial in hypertensive subjects who
take diuretics or who have high levels of renin.
Magnesium may be administered in different
formulations, but it seems to be better absorbed
and more effective when linked to the
intermediates of the Krebs cycle (aspartate, malate,
succinate, fumarate, or citrate). It should keep in
mind that serum magnesium levels do not reflect
intracellular magnesium and the many forms of
magnesium may have different bioavailability
and physiological activity [60]. To quote Rakel:
“The result is a ‘one-size-fits-all’ approach to
magnesium studies of varying dosing and varying
type of magnesium that prevents any meta-analysis
of existing randomized trials. Despite these
limitations, magnesium appears to be beneficial
and nontoxic” [5].

15.3.4 Dosage

Starting at a low dose of the non-oxide forms of
magnesium (120-200 mg/day) and slowly increase
the dose to 400-1,200 mg/day) as tolerated,
monitoring serum levels [54].

15.3.5 Precautions
Magnesium is well tolerated in general, but can

sometimes cause looser stool; supplements must
be used with great care in patients with kidney
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disease or severe heart disease (atrio-ventricular
block) [1].

15.3.5.1 Calcium

Hypertension is linked to a low intake of cal-
cium, but this evidence is not as strong as from
magnesium or potassium [54, 61]. There are
conflicting opinions [62] about the antihyperten-
sive effect of calcium supplementation: it seems
to be more effective in blacks, in salt-sensitive
patients, and in elderly hypertensive patients
[63, 64]. Calcium citrate is more effective than
calcium carbonate.

15.3.5.2 Vitamins C, B6, and D

Vitamins C and B6 have a lowering BP effect in
people with mild hypertension [43]. Vitamin C
(with its antioxidant effect) promotes lead
excretion, which is linked to hypertension and
cardiovascular mortality [65-67]. Vitamin B6
supplementation (oral dosage 5 mg/kg) is linked
to decreased serum norepinephrine [68, 69].

Calcitriol, also known as 1,25-dihydroxy
vitamin D, is the activated form of vitamin D,
controlling hundreds of genes, and an almost
ubiquitous effect in the cardiovascular [70, 71]
and renal system [72].

Although vitamin D deficiency is associated
with an increased risk for hypertension [73, 74],
its supplementation did not appear sufficient to
be able to recommend its extensive use for the
treatment of hypertension [75-77]. For this
hormone, the considerations made at the begin-
ning of the paragraph are of paramount impor-
tance. BP is finely regulated in a complex
integrated system made of cytokines, hormones,
and neurotransmitters [3, 14, 15]. It is difficult to
establish a cutoff value to apply to all individuals
(regardless of their psychological, emotional,
and environmental characteristics), on which to
base an effective supplementary intervention. As
suggested by Plotnikoff and Dusek (cited in
Rakel [5]): “the most important question at this
time is whether a threshold serum level is needed
to reduce the risk of incident hypertension or to
reduce already elevated BPs” [5]. Additionally,
the length of time of vitamin D sufficiency

required for prevention or reduction must be
defined.

15.3.5.3 Coenzyme Q10

Coenzyme Q10 (CoQ10, ubiquinone, or
ubiquinol) is synthesized within the body, and
is a crucial cofactor for the production of
adenosine triphosphate (ATP), exerting a potent
anti-oxidant effect. The highest tissue concentra-
tion is found in the heart, and the highest cellular
concentration is on the inner membrane of the
mitochondrion. Thirty-nine percent of hyperten-
sive patients show a deficiency in this element
[43, 78], as it occurs during aging or in the case
of hyperthyroidism, cardiovascular disease, total
parenteral nutrition, aerobic training, and ultravi-
olet exposure [79].

The supplementation of CoQ10 has the
potential to significantly reduce both systolic
and diastolic hypertension after 4—12 weeks of
therapy [80], with concomitant improvements in
cardiovascular functional status (New York
Heart Association (NYHA) functional class)
and medication requirements [81]. After an aver-
age of 4.4 months, 37% of patients were able to
discontinue one antihypertensive drug, 11%
discontinued two drugs, and 4% discontinued
three drugs. Only 3% required the addition of
one antihypertensive drug, and none required
the addition of more than one antihypertensive
drug. Twenty-five percent of all patients were
able to control their BP with only CoQ10 supple-
mentation [81] and had significant side effects
[82]. In many studies, patients were able to dis-
continue medications [82].

Some medications commonly prescribed
for the treatment of cardiovascular diseases
undermine the reserves of CoQ10: statins and
some beta blockers, such as propranolol, can
reduce endogenous production of CoQ10 by as
much as 40% [83].

The effect of CoQ10 on hypertension is still
unknown: it does not affect the levels of renin,
sodium, or aldosterone but can reduce two
significant drivers of hypertension, oxidative
stress and hyperinsulinemia [84], improving
cholesterol values and peripheral vascular
resistance [43].
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15.3.5.4 Dosage

The dose to achieve a serum level greater than
2.0 pg/mL is 75-350 mg a day taken with meals
that contain some fat [5].

15.3.5.5 Precautions

Side effects are not infrequent, but include
abdominal discomfort, nausea, vomiting, diarrhea,
anorexia, rash, and headache. CoQ10 has an
antiplatelet effect; thus, theoretically it can
increase the risk of bleeding with antiplatelet or
anticoagulant agents. Excretion is through the
bile, and accumulation can occur in patients with
hepatic impairment or biliary obstruction [5, 43].

15.3.6 Weight Loss and Exercise

Dietary interventions to reduce body weight result
in better BP reduction compared with prescription
drugs, such as orlistat or sibutramine. Weight loss
of 4 kg (10 1b) by diet seems to reduce systolic BP
by approximately 6 mmHg [85].

All the main cardiovascular guidelines
recommend aerobic endurance exercise for the
primary prevention, treatment, and control of
hypertension and cardiovascular diseases
[1, 86]. The effect of BP reduction varies from
5 to 10 mmHg after an exercise session and can
last up to 22 h following endurance exercise. The
higher the initial BP, the greater is the
response [86].

Hypertensive patients should perform a mod-
erate (40% to less than 60% oxygen consumption
reserve [VO,R]) aerobic exercise (endurance
physical activity supplemented by resistance
exercise) on most, preferably all, days of the
week, for at least 30 min of continuous or
accumulated physical activity per day [86].

15.3.7 Phytotherapy

Many patients, despite being in chronic therapy
with hypotensive drugs, fail to maintain adequate
blood pressure values. On the other hand, there
are patients who refuse standard drug therapy

and begin to take herbs without telling their doc-
tor, without any prescription or guarantees of
effectiveness. Scientific research in the field of
herbal medicine has produced valuable evidence:
e.g., licorice can cause pseudo-aldosteronism
from glycyrrhizin, with high blood pressure
[87]; we know that there are ACE inhibitors,
such as some vegetable tannins [88] and oleacin
[89]. Some plants are commonly used for the
treatment of hypertension, sometimes without
sufficient scientific evidence, such as mistletoe.

Mistletoe (Viscum album) is widely used
in traditional medicine in Germany [90]. This
plant  contains flavonoids, polyphenols,
alkaloids, and polysaccharides, and cytotoxic
and immunostimulant proteins (viscotoxin and
lecithin) [91-95]. The mechanism of action is
still unclear: it may act centrally and has
diuretic properties. It is used in powder or
dyes. Mistletoe is poorly absorbed orally.

Hibiscus tea and extracts prepared from the
dried flowers (calyces) of Hibiscus sabdariffa
have demonstrated anti-hypertensive properties
in clinical trials [96-99], similar to those
observed with captopril (9.6 mg of total
anthocyanins compared with 50 mg of captopril)
[100] or lisinopril (250 mg of total anthocyanins/
day compared with 10 mg of lisinopril) [101].

Garlic (Allium sativum). Despite the tradition
and its extensive use as a hypotensive, scientific
data have only recently emerged. The indication
for its use concerns elderly hypertensive and
dyslipidemic patients, in the form of dry extract
standardized to allicin, and is capable of lower-
ing the blood pressure by about 10 mmHg at both
systolic and diastolic levels.

Hawthorn  (Crataegus  monogyna  or
Crataegus oxyacantha) is another plant tradition-
ally used as a mild hypotensive and is known and
appreciated as a mild sedative. The drug is
present in the flowers and contains polyphenols
(vitexin, hyperoside, pro-anthocyanidins,
epicatechin, amines, and triterpenes). The hypo-
tensive effectiveness of hawthorn (at a diastolic
level) was demonstrated in a study by Walker
et al. [102] conducted in diabetic patients using
1,200 mg of dry extract. The pharmacological
effects of the hawthorn require at least 2—4
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weeks and determine a reduction in coronary
spasm with an increase in blood flow in that
area, a positive inotropic action, a reduction in
peripheral resistance, and modest central seda-
tive action [103—105]. The latter helps to reduce
blood pressure: its pro-anthocyanidins inhibit the
synthesis of cyclic AMP phosphodiesterase
[88]. Some flavonoids (also contained in passion-
flower) interact with benzodiazepine receptors
and are also capable of acting as antagonists of
oxygen radicals. The formulation most suitable
for a clinical purpose is the dry extract
standardized and titrated at 2% in flavonoids.
Side effects are rare, and hawthorn should be
used with caution in patients with bradycardia.
There are also possible interactions with digitalis
and anti-arrhythmic agents [1].

In Mediterranean folk medicine, infusion of
olive leaves (Olea europaea) was used as a hypo-
tensive agent. The glycerin macerate of the olive
leaf has shown a hypotensive action with a cal-
cium channel blocker mechanism [106]. High
doses of olive derivatives have a negative
chronotropic and inotropic action [88]. Best
results are produced with the use of all the
extracts of the plant, where flavonoids, such as
rutin and hesperidin are present [88]. Oleacin
compound, a substance with ACE-inhibitory
action, was also isolated [89].

Many plants possess calcium-antagonist
activity:  Ligusticum  wallichii,  Jatropha
podagrica, Stephania tetrahedron, Panax
notoginseng, Salvia miltiorrhiza, Uncaria
rhynchophylla, Artemisia capillaris,
Peucedanum praeruptorin, members of the
Gentianaceae family, and Paeonia suffruticosa
[107].

In the case of hypertension, the plants with
diuretic activity are FEquisetum arvense
[108, 109], hawkweed (Hieracium pilosella)
[110], couch grass (Triticum repens), and Ribes
nigrum [88], Taraxacum officinale [111], birch
(Betula alba) [112], and orthosiphon [113, 114],
usable as a fluid extract or better, in dry extracts.
In particular, the extract from Ribes nigrum
leaves in vitro activates endothelial nitric oxide
synthase (eNOS) [115].

Herbs to avoid and that require close monitor-
ing in the treatment of patients with hypertension
include licorice, ephedra, and Panax ginseng
[88]. These have the capacity to raise blood pres-
sure significantly.

15.3.7.1 Dosage and Precautions
for Garlic

The dosage for raw garlic cloves is one half to
two per day. Supplements can help prevent garlic
breath. Consider a standardized dose of 350 mg
twice a day (4,000 pg of allicin) [5], or 4,000 mg
of fresh garlic q.d [43]. Adverse effects include
the following: diaphoresis dizziness; mouth,
esophagus, and stomach irritation; nausea; and
vomiting. Allergic reactions are rare. Doses
greater than for culinary use may increase the
risk of bleeding if they are taken with
anticoagulants or antiplatelet agents.

15.3.7.2 Dosage and Precautions
for Hawthorn

The German Commission E Monographs cites
the use of standardized extracts containing
30-169 mg of pro-anthocyanidins (18.75%)
calculated as epicatechin or 3.5-19.8 mg of
flavonoids (2.2%) calculated as hyperoside
taken in two to three individual doses for a total
of 750-1,500 mg of hawthorn per day [5].

Transient side effects including dizziness,
gastrointestinal complaints, headaches, and
heart  palpitations have been reported
[105]. Crataegus extract WS 1442 may deter-
mine an initial progression of heart failure, but
the risk decreases over time [116].

15.3.7.3 Tricks of the Trade

Hawthorn, garlic, olive tree, and mistletoe are
those most frequently used in practice. Based
on our experience we can say that the hawthorn
is most effective when hypertension is linked to
stress and the pressure is not stable, but goes up
and down depending on the nervous tension.
Garlic is more effective in elderly subjects with
arteriosclerosis and a tendency toward high cho-
lesterol. The olive tree seems to be more effec-
tive in people with a tendency towards excessive
weight, high cholesterol, high triglycerides, and
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high blood sugar: in practice the “blood” subjects
of the Hippocratic tradition. Mistletoe works bet-
ter when taken in the form of a decoction
prepared with fresh leaves.

15.3.8 Mind-Body Therapy

It is a fact that the mind-body disciplines are
associated with lowering blood pressure. The
scientific path that led to this evidence [117—
122] was complex and very often hampered by
a lack of understanding that the researchers have
of statistical confidence intervals and thresholds
(for a further discussion of this issue, see our
recent review and related bibliography [15]).
Even those who have questioned the effective-
ness of the methods [123] have surprisingly
concluded that mind—body practices produced
only modest benefits in reducing SBP, even
though the investigators reported a roughly
5.5-mmHg reduction in SBP and a 3.5-mmHg
reduction in DBP [122]. It should be taken into
consideration that systolic BP reductions
between 2 and 5 mmHg result in decreased mor-
tality from stroke (14%), coronary heart disease
(9%), and total mortality (7%) [6].

As we recently described [14]: “Verifying
the effects of a medium such as meditation,
mind-body therapies or music is particularly
hard.” Numerous subjective biases are lurking
and difficult to measure or inevitable. Moreover,
different meta-analyses of high-quality studies
can arrive at different conclusions based on
authors’ end-point and selection of studies
[124]. Randomized clinical trials (RCTs) can
only be carried out, by definition, with patients
and individuals who are willing to be
randomized. Therefore, such trials are excluding
the potentially most beneficial therapeutic
agents: conscious choice and active engagement.
Thus, by default, RCTs can only test and describe
the minimum effect on people who use a certain
intervention, as if it were delivered to them as a
passive recipient, like a medication. However,
listening to or playing music is not a medication.
It requires active involvement and the decision to
regularly dedicate a specific amount of time, over

a longer period to change one’s habits, attitudes,
and physiological responses. This can only be
assessed in long-term comparative cohort studies
that in other conditions and occasions have
shown reliable results comparable with RCTs
[125]. To explore correctly many faces of the
so-called alternative medicines, the scientific
input should conform to the basic ancient
principles and philosophies of the remedies
under consideration, investigating them ‘“‘as they
are”. Such research requires the already
discussed “whole system biology and physics
approaches,” global participation with protocols
evolved through intense interface with modern
science, and regulatory reforms to eliminate cul-
tural and economic barriers [126].

Nowadays, well-designed randomized con-
trolled trials have demonstrated the efficacy of
mind-body interventions, including elicitation of
relaxation response [127], biofeedback [128],
transcendental meditation (TM) [129, 130],
yoga [131], qi gong [132, 133], and tai chi
[134], on the reduction of SBP or DBP.
Aggregating these studies, average reductions
of roughly 10 mmHg and 7 mmHg are found
for SBP and DBP respectively.

Moreover, an American Heart Association
scientific statement provided a recommendation
of class IIB, level of evidence B for TM imple-
mentation in clinical practice for hypertension
treatment, based on the available level of evi-
dence from the published literature [135].

15.4 Therapies to Consider:
Ayurveda and Traditional
Chinese and East Asian
Medicine

Ayurveda and traditional Asian medicine and
Chinese medicine are complete health systems
with an ancient tradition, which modern Western
medicine can use to draw valuable information
on treatment and prevention. According to the
Eastern medical traditions mentioned, the treat-
ment of hypertension is based on a holistic
approach and aims to “rebalance” the sick
person.
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In the case of Ayurveda, hypertension seems
to derive from an imbalance of the doshas vata
and pitta and requires a diet that “pacifies” such
elements, breathing exercises (pranayama) [136—
140], aromatherapy [141, 142], massage [143—
145], yoga [146], and meditation. In addition to
the herbs already mentioned, Ayurvedic medi-
cine has used Rauvolfia serpentina (its active
ingredient is reserpine) for over 1,500 years as
one of the most active plants for hypertension.
Given the risk of toxicity, its use was banned in
the food and herbal industry in many countries,
including Italy, and further research is needed to
validate it as a medical treatment, either the
plant alone, or in combination with other herbs.

Similar observations can be made in the case
of traditional Chinese medicine (TCM). For
TCM, a hypertensive patient may have a yin
deficiency of the liver and kidney, ascendant
liver yang, phlegm stagnation, or blood stagna-
tion. The treatment is based on the use of herbs
[5] (in the case of hypertension treatment:
Gouteng [Uncaria species], Niu Xi [Cyathae
species], Tianma [Gastrodia species],
Chuanxiong [Ligustrum sinense], Fuling [Poria
cocos Wolf], Zexie [Alismatis species], Juha
[chrysanthemum], and Danshen [Salvia
miltiorrhizal), massage [147], acupuncture
[148], and moxibustion [149].
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16.1 Introduction

About 20 million persons in the USA have coro-
nary heart disease (CHD):10.2 million with
angina pectoris and 8.5 million with myocardial
infarction [1]. The lifetime risk for developing
coronary artery disease for people in middle age
is 50% for men and 30% for women
[2]. According to a 2013-2014 World Health
Organization study, over 4 million deaths annu-
ally are due to cardiovascular disease, for which
ischemic heart disease is the main factor [3]. Mor-
tality from CHD is expected to increase in devel-
oping countries from an estimated 9 million in
1990 to a projected 19 million by 2020 [4].

The American Heart Association estimates
that 1.1 million myocardial infarctions occur in
the USA alone and that 40% of these patients will
die [5]. Indeed, CHD is responsible for more than
2,000 deaths every day in Western society [6]
and one of three US residents is destined to die of
a cardiovascular cause [6]. Approximately half of
the deaths occur before the patient receives medi-
cal attention [5]. The incidence of myocardial
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infarction is within the range of 1 per 250 to
1 per 500 of the population per year [5].

Clearly, we still have a lot of work to do. The
main causes of CHD and its risk factors are related
to lifestyle and environment, as demonstrated by
the Interheart Study [7, 8] (Table 16.1).

Nutritional imbalance, sedentary lifestyle,
stress and depression, smoking, and air pollution
play a key role in the pathogenesis of risk factors
for CHD and the onset and progression of athero-
sclerotic disease [9, 10]. Also, what is commonly
called “genetic predisposition” seems to be
increasingly linked to genome activation patterns
in response to environmental influences, as
demonstrated by the acquisition of the local,
most high-profile, cardiovascular risk of
migrants from areas with a low incidence of
coronary heart disease [11, 12]. The concept of
an epigenetic modulation of coronary artery dis-
ease, with traces that can be transmitted
transgenerationally, is taking hold [9]. These
traces are stable but reversible, and this indicates
the importance of prevention with an integrated
approach to the care of CHD [9, 11-13].

Currently, it is thought that one of
three children born in the year 2000 will go on
to develop diabetes during his or her lifetime
[14]. Consequently, for the first time in history,
it is possible for children to have a shorter life
expectancy than their parents [12, 15].

As stated by Stephen Devries [8, 16]: “an
integrative approach acknowledges the great
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Table 16.1 Results of the Interheart Study. Modified
from [8]

Relative

Cardiovascular risk factor risk
Smoking 2.87
Hypertension 1.91
Elevated Apo B/ Apo Al 3.25
Diabetes 2.37
Abdominal obesity 1.12
Psychosocial factors 2.67
Daily consumption of fruits and 0.7
vegetables

Regular physical activity 0.86

value and potentially lifesaving benefits of mod-
ern pharmacology and procedures, while at the
same time recognizing the limitations of these
approaches when they are used in isolation.”
Most drug and interventional therapy patterns
are studied in the context of acute illness and do
not fit or even fall into the context of chronic
disease [9, 11, 12, 17].

Devries [16] states, “an integrative approach
is ideally suited for prevention and treatment of
coronary disease because it addresses many of
the root causes, especially those influenced by
lifestyle.” Thus, cardiologists should become
familiar with a broader spectrum of therapies
beyond those that typically constitute conven-
tional cardiovascular care (Fig. 16.1).

The Coronary Artery Surgery Study (CASS)
demonstrated that patients with healthy hearts,
but with one, two, or three stenotic major heart
vessels, did surprisingly well without surgery,
regardless of the number or severity of blockages
[18]. This result correlates with what has
emerged from the COURAGE study, where the
benefits of coronary revascularization compared
with optimal medical therapy were lacking, in
the case of stable coronary artery disease,
although angiographically critical [19-22]. More-
over, there is evidence that prolonged dual
antiplatelet therapy following placement of a
drug-eluting stent increases major bleeding but
is not associated with a decrease in composite
rates of death or myocardial infarction

[23, 24]. From these observations coronary artery
stenosis does not estimate correctly the possible
presence of a reduction of flow in the artery.
Furthermore, acute coronary events often arise
from “mild” coronary lesions that are far less
than 50% obstructive [25]. These seemingly
harmless plaques are more “vulnerable,” having
a large lipid core and thin fibrous cap, which
make them likely to rupture and evolve into a
complete thrombotic occlusion and a potentially
lethal cardiac event [26]. This is the explanation
for the anecdotal familiar to most clinicians and
patients about the individual who sailed through
a stress test with “normal” results, only to suffer a
cardiac catastrophe a short time later.

But what determines the catastrophe precisely
at some point in the patient’s history?

A possible answer to this question comes from
the study of coronary microcirculation to under-
stand the dense network of factors that, adjusting
endothelial function, can maintain the balance
between health and cardiovascular disease. For
an extended discussion of the issue, please see
our recent reviews [9, 11-13]. Briefly, we focus
on the functional restriction to blood flow, which
may lead to ischemia even in the absence of
atherosclerotic plaques or angiographically criti-
cal plaques. The mechanism that drives
myocardial ischemia concerns the regulation of
coronary microcirculation in which several
factors converge: neurotransmitters, cytokines,
and hormones. In turn, these mediators are
involved in the activation and operation of the
integrated chronic stress axis, on which the psy-
chological and emotional profiles and lifestyle of
the subjects play a key role [9, 11, 12].

We agree with Stephen Devries when he says
[16]: “The finding that a coronary event can
rapidly develop from what angiographically
appears to be a ‘mild’ coronary lesion emphasizes
the need to prevent coronary lesions from devel-
oping, rather than to focus on reducing the
severity of severe stenoses with interventional
procedures.” We would add that more resources
should be invested in the field of preventive med-
ical research and basic research into understand-
ing the origin of these phenomena.
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Minimize obstacles to
healing

- Lifestyle indications:
eliminate smoking, alcohol
and caffeine.

- Stress: stress manage-
ment through relaxation,
meditation, yoga, biofeed-
back.

— Diet: minimize saturated
fats, fried foods, simple
carbohydrates, food
allergens.

- Sedentary lifestyle:
carefully graded progressi-
Ve exercise.

Tailor natural
interventions to patient
needs

— Dietary imbalances:
increase fiber, garlic,
onions, vegetables, fish,
high potency vitamin-
mineral.

- Low antioxidant status:

antioxidants.

— Coronary vasospasm;
hypertension:
Magnesium, Potassium,
CoQ10, Crataegus.

— Hyperlipidemia:
panthetine.

- Poor exercise tollerance:

Determine need for
conventional therapy

- Unstable angina or
severe vascular occlusion:
refer for hospidalization.

- Patient chooses angio-
gram, angioplasty, bypass:
avoid garlic, additional
vitamins and supplements.

CoQ10, L-carnitine,
panthetine, Crataegus,

Ammi visnaga.

Fig. 16.1 In summary: staged integrative approach to
coronary heart disease. Don’t smoke, promote risk factors
reduction (diabetes, hypertension, hyperlipidemia), regu-
lar exercise, provide a comprehensive nutritional plan

16.2 Nutrition

From Hippocrates, we know that “food is medi-
cine.” Nutrition represents the best tool available
for prevention and treatment of CHD as
demonstrated by the striking results of the Lyon
Diet Heart study [27]. This study, conducted in
individuals who survived myocardial infarction,
shows that a Mediterranean-style diet leads to a
73% reduction in cardiovascular events, includ-
ing myocardial infarction and cardiac death, after

(adding fiber and omega-3 fatty acids, vegetables, whole
grain bread, and cereals), evaluate for depression, anxiety
or anger proneness, and manage stress

27 months in comparison with controls. After
5 years of follow-up the benefit of the
Mediterranean-style diet was maintained with a
72% reduction in cardiovascular events [28].
The cornerstone of the Mediterranean diet
consists in eating a lot of vegetables (especially
dark green leafy vegetables [29]) and fruit, nuts,
and fish, in using olive oil and in a low to
moderate intake of red meat and refined
carbohydrates. Thus, it is possible to recommend
a daily consumption of five servings of
vegetables and two servings of fruit [16].
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A single high-fat meal transiently impairs
endothelial function and blood flow [30].

In the Mediterranean diet, chicken or fish sub-
stitute red meat, reducing the risk of CHD of 30%
[31, 32] to 40% [33].

The Mediterranean diet emphasizes the con-
sumption of whole grains to reduce CHD risk
[34]. Indeed, refined grains favor atherosclerosis,
releasing more glucose into the circulation and
triggering higher insulin levels. This process is
accompanied by reduced levels of high-density
lipoprotein (HDL) and increased levels of athero-
genic small dense low-density lipoprotein (LDL)
[35]. Examples of whole grains include barley,
buckwheat, quinoa, polenta, and brown rice.

As suggested by Hallfrisch et al. [36]: “the
manner in which grains are prepared also has
important health implications. Consuming
pulverized grains, even whole grains, results in
a higher blood glucose level than when the intact
grain is eaten. Therefore, boiled whole grains are
typically a healthier choice than bread made
from the flour of whole grains.”

Moreover, increasing consumption of nuts,
another key element of the Mediterranean diet, to
two handfuls per day reduces LDL [37] and the
risk of CHD [38]. The nutmeg oil contains
substances with platelet anti-aggregating action
[39]: eugenol, isoeugenol, safrole, elemicin,
myristicin, and limonene. The mechanism of
action is the inhibition of cyclooxygenase [40, 41].

Finally, curcumin, soy beans extracts protect
heart function against myocardial ischemia—
reperfusion injury by activation of the JAK2/
STAT3 signaling pathway [42—44].

16.3 Exercise

Along with nutrition, exercise is the other natural
cornerstone to be added for cardiovascular health
maintenance and for the treatment of CHD and its
consequences. It must be emphasized that the
intensity of exercise is less important than the
frequency and consistency [45]. The two best
forms of exercise to reduce cardiovascular risk
are aerobic exercise (30 min of brisk walking
every day) and resistance training (two to three

sessions per week of light resistance training
interspersed with stretching [45] or yoga [46, 47]).

In patients with ischemic heart disease or car-
diovascular risk factors, it is good practice to run
a stress test or a cardiopulmonary test for proper
exercise prescription [5].

As we recently described [9, 11, 12], exercise
alone is not enough: we have to take care of the
mental aspects of our patients. Bergh et al. [48]
have shown exercise to be an effective advantage
in terms of prevention and treatment of cardio-
vascular diseases, must be accompanied by good
psychological resistance to stress. In fact,
low-stress resilience in adolescence is associated
with increased risk of CVD in middle age. The
association remains after adjustment for physical
fitness: higher physical fitness is inversely
associated with CVD risk; however, this is signif-
icantly attenuated by low-stress resilience [48].

16.4 Supplements

Change in lifestyle is the basis of a program of
primary and secondary prevention of cardiovas-
cular disease. The optimization of lifestyle is
vital, to treat dyslipidemia before it is necessary
to use statins. We want to recall that 33% of heart
attacks occur in individuals with a total choles-
terol above 200 mg/dL [49]. For the integrated
care of dyslipidemia see Chap. 14.

We would like to focus attention on the
availability of some lipid-lowering supplements
only (Table 16.2) that can be employed in
patients philosophically opposed to the use of
statins or who are not able to tolerate them for
the onset of side effects (myalgia). They are:
fiber (psyllium 10 g per day) [50, 51]; plants

Table 16.2 Alternative therapies for reduction of
low-density lipoprotein cholesterol. Modified from Rakel
[16]

Percentage of

Product reduction
Psyllium (10 g/day) 7 %
Sterol and stanol (1.8 g/day) 14 %
Niacin (up to 2 g/day) 15-20 %
Red yeast rice (2,400 mg/day) 20-30 %
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containing phytosterols and stanols (1.8 g per
day as a single dose, added to certain
margarines or in pill form) [52]; niacin, a vita-
min B (500 mg per day, titrated upward by
500-mg increments every 6—8 weeks as needed,
to a maximum of 2,000 mg per day, checking
liver function and flushing. To avoid niacin
flush, niacin must be taken with dinner or after
dinner with apple sauce or with aspirin. Flush-
free niacin compounds are ineffective) [53, 54],
red yeast rice (600 mg twice daily, then
1,200 mg b.i.d) [55-59], and fish oil (not the
total fish oil, but its eicosapentaenoic (EPA) and
docosahexaenoic (DHA) acids lower triglycer-
ide values with a dosage of 1,000 mg per day
for prevention and 1,000 mg to 4,000 mg for the
treatment of hypertriglyceridemia) [60].

Coenzyme Q10 (CoQ10) is an essential com-
ponent of mitochondrial energy production and is
commonly deficient in elderly people, in subjects
taking statins and beta-blockers, and in patients
with heart diseases in general [61]. Its supple-
mentation could be useful for improving myalgia
in patients with a history of statin-related muscle
symptoms [62—-65]. Moreover, CoQ10 (100 mg
to 200 mg per day) seems to improve systolic
function in the case of heart failure [66], to halve
the frequency of angina attacks in stable patients,
and to increase treadmill exercise tolerance [67].

The action of vitamin D receptors regulates
blood pressure and vascular arterial function [68]
and a deficiency in vitamin D correlates with
higher cardiovascular risk, especially in hyperten-
sive subjects [69]. However, even if data about the
efficacy of its supplementation are inconclusive,
values higher than 30 ng/mL are desirable [16]. It
can be helpful in reducing the risk of muscle pain
associated with statins [70].

Selective folic acid supplementation has not
proven to be useful for the prevention of cardio-
vascular events, but foods rich in folate (dark
green leafy vegetables) are associated with sig-
nificant benefit [71-73].

Vitamin E exists in eight isomers: four
tocopherols and four tocotrienols. Studies have
focused only on the alpha-tocopherol fraction of
vitamin E, with no cardiovascular benefit [74—

77]. Probably, in the future, gamma and delta
tocopherols may be more beneficial [78, 79].

Heart ischemia reduces the levels of carnitine
(see Chap. 17 on heart failure) increasing the risk
for angina [61]. Its supplementation (900 mg q.
d.) improves angina and CHD [80-84], allowing
the heart muscle to utilize limited oxygen more
efficiently, improves exercise tolerance, exerts a
cardioprotective and slightly anti-extrasystolic
beats function, and represents a good alternative
to drugs in patients with stable angina
pectoris [18].

Pantethine is a component of coenzyme A that
decreases during ischemia: its supplementation
900 mg q.d. determines a lipid-lowering effect
[18]. It could be useful in treating angina [85].

Magnesium deficiency may produce coronary
vasospasms and non-occlusive myocardial infarc-
tion [86—89]. Magnesium supplementation in the
first hour after an acute infarction reduces imme-
diate and long-term complications and death
rates, dilating coronary arteries, inhibiting plate-
let aggregation, reducing infarct size, and helping
to manage arrhythmias and angina [90-92].

Arginine supplementation (3—6 g/day) could
be effective in cases of angina pectoris because
of its ability to increase nitric oxide levels,
thereby improving blood flow, reducing throm-
bosis and improving rheology [93-96]. Higher
doses could be unsafe [97].

16.5 Phytomedicine

In cardiovascular medicine, there are many
compounds of herbal medicine that can be used
for therapy [98] and many drugs used in hospitals
in western standard clinical practice are derived
from plants, such as digitalis, hypericum, vale-
rian, or senna [99]. On the other hand, we are
discovering in plants new principles and extracts
potentially active on the cardiovascular system
that can be used as herbal medicines or become
the basis for new drug products [100], such as
astragaloside 1V [101-104] and naringenin
[105], compounds with anti- inflammatory activ-
ity, that inhibit the NF-kB factor.
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The epidemiological evidence reported above
on the use of herbs and these introductory
examples serve to demonstrate how the cardiolo-
gist or internist should familiarize themselves
with the use of herbs because: many herbal
remedies interfere with most of the antiplatelet
agents, anticoagulants, anti-arrhythmics and
diuretics [106, 107]; many sub-clinical diseases
find in herbal medicine an helpful and economic
help, that can be integrated into standard clinical
practice [99]; many substances of plant origin,
anti-oxidants, or food (Mediterrancan diet
[108, 109] or plant-based diets [110, 111]), are
useful in the prevention of endothelial damage
from atherosclerosis or other risk factors (smok-
ing, free reactive oxygen radicals, hypercholes-
terolemia) [112, 113].

16.5.1 Dark Chocolate

Regular consumption of dark chocolate is
associated with low serum concentrations of
C-reactive protein [114, 115], blood pressure-
lowering [116], platelet anti-aggregation effects
[117], endothelial protection [118, 119], coro-
nary vasomotion improvement [120], and insulin
sensitivity increase [121, 122].

16.5.2 Green Tea, Black Tea, and Coffee

As revealed by Kuriyama et al. [123-125], green
tea consumption reduces mortality from cardiovas-
cular disease of all causes, acting on the control of
inflammation and vascular atherosclerosis. More-
over, epidemiological studies have shown a reduc-
tion in the risk of stroke derived from the intake of
coffee or tea, independently of known cardiovas-
cular risk factors [126, 127]. The anti-oxidant
properties of coffee, cocoa, and tea [128] are well
known for their benefits for the cardiovascular sys-
tem, the coronary area in particular, owing to the
action of the polyphenols contained in these foods
[129]. Coffee contains over a thousand chemicals,
many formed during the roasting process. From a
physiological point of view, the potential
bioactives are caffeine, the diterpenes cafestol and

kahweol, found in the oil, and the polyphenols,
most notably chlorogenic acid [130, 131]. Black
tea consumption, with its anti-oxidant flavonoids,
reverses endothelial dysfunction in patients with
coronary artery disease [132—134].

Experimental data show that the polyphenols
in green and black tea protect the endothelium in
an equivalent manner [135, 136] and that the
consumption of tea causes rapid improvements
in the hemorheological parameters and in the
function of endothelial progenitor cells, and
may represent an important factor for cardiovas-
cular protection, especially in smokers
[137, 138]. The age of an individual correlates
with the state of his arteries: during life, risk
factors (smoking, hypertension, diabetes, hyper-
lipidemia, stress) cause damage to the endothe-
lium of the vascular system in several places,
constituting the first event of a series of processes
that lead to the formation of atheroma and throm-
bus. The elements located under the endothe-
lium, mainly collagen fibers, mediate the
response and activation of platelets in a process
in which platelet activating factor (PAF) plays
and important role, being involved in the patho-
genesis of thrombosis, vascular permeability,
and endothelial damage.

16.5.3 Vitis vinifera and Polygonum
cuspidatum

Another plant that recently entered the handbook
of cardiovascular herbal medicine is Vitis vinifera:
from its seeds resveratrol and of procyanidins are
extracted [139, 140]. Procyanidins are indicated in
the prevention of post-ischemic myocardial injury
[141, 142], disorders of peripheral venous insuffi-
ciency, and in protecting endothelial cells,
performing an anti-oxidant action that may also
be useful in the treatment and prevention of many
degenerative and chronic inflammatory conditions
[143, 144]. Resveratrol is a phytoalexin, also pres-
ent in other plants (such as in Polygonum
cuspidatum), which has an anti-inflammatory
activity (COX-2 inhibitor) [145] and a weak
phyto-estrogenic action [146], prevents certain
stages of carcinogenesis and also increases the
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activity of some anti-HIV drugs, such as zidovu-
dine and didanosine [99]. Moreover, the anti-oxi-
dant properties of red wine were demonstrated,
also capable of inhibiting the formation of NF-
kB, implicated in the pathogenesis of atheroscle-
rosis [147]. Resveratrol has an antiplatelet activity
and inhibits the oxidation of lipoproteins [146]. In
summary, the grape contains a number of
substances very useful in the prevention of cardio-
vascular disease [148, 149]. The resveratrol is
present in the husk of the grains of grapes in a
dose of 50-100 mg/g, while in wine it is present in
an amount equal to 0.1-0.15 mg/L [99].

16.5.4 Salvia miltiorrhiza

There are some interesting therapeutic
perspectives regarding the wuse of Salvia
miltiorrhiza (Bunge), a typical plant of traditional
Chinese medicine (Danshen) from which extracts
of roots are used [150]. The plant contains a num-
ber of fat-soluble substances (tanshinones I, IIA,
and IIB) and soluble (salvianolic acids A and B),
which have the following properties: antiplatelet
activity [151]; they release nitric oxide by endo-
thelial cells [152]; they protect the myocardium
from ischemic damage and reduce the area of
myocardial necrosis by activation of the JAK?2/
STATS3 signaling pathway [42—44, 153]; and they
stimulate coronary vasodilation and protect the
central nervous system from ischemic damage
[100]. According to current scientific evidence,
despite the interesting results, there is not sufficient
security to be able to definitively recommend the
use of Salvia miltiorrhiza because of the poor
methodological quality of the studies available.
However, it is a very promising medicinal plant
for preventing cardiovascular and cerebrovascular
ischemic diseases. There may be interactions with
antiplatelet drugs and oral anticoagulants.

16.5.5 Ginkgo biloba

In recent decades, the Ginkgo biloba leaves have
been studied and used as a source of active
metabolites able to treat atherosclerosis: in fact,
they contain a mixture of flavonoid glycosides

and terpene derivatives, which have vascular
properties [154]. In particular, the terpene
derivatives called ginkgolides and bilobalides,
named according to their chemical structure
with the letters of the alphabet (A, B, C, M, J)
are potent antagonists of PAF [155]; they also
antagonize coronary PAF-induced vasoconstric-
tion, PAF-induced thrombus formation, and
appear to significantly reduce the consequences
of stroke [99]. Flavonoids of ginkgo biloba, in
addition to reducing arteriolar spasm and induc-
ing anti-inflammatory activity, increase the
release of insulin from Langerhans cells [156].
Ginkgo (Ginkgo biloba) is an ornamental
plant of eastern origin that has been growing
since the Mesozoic. Traditional Chinese medi-
cine also uses its fruits, whereas Western herbal-
ism only uses the leaves, which contain the
aforementioned terpenic derivatives with anti-
PAF function and flavonoids with specific action
on the microcirculation [157]. The latter, in fact,
protect cell membranes by the action of oxygen
free radicals and reduce endothelial progenitor
cell senescence through augmentation of telome-
rase activity [158]; reduce arteriolar spasm; play
an anti-inflammatory action [156]; reduce capil-
lary permeability; increase the resistance of the
capillaries; optimize the use of oxygen and glu-
cose by the tissues; and regulate nitric oxide
synthesis [159, 160]. Although there are
conflicting data in the literature [161-163], and
it is therefore necessary to gather additional evi-
dence to establish the correct indications and
timing of use in various cardiovascular diseases,
the extracts of the plant could be employed for
the treatment of atherosclerosis and its clinical
manifestations (ischemic heart disease [164],
peripheral vasculopathy [165, 166], cerebrovas-
cular disease [167]), diabetes mellitus [168], vas-
culitis [169], angiosclerosis of the elderly brain
[170], in Raynaud’s disease and dizzy syndromes
[171]. Ginkgo is also indicated in the prevention
of vascular damage from high blood pressure and
smoking, and in the prevention of deep vein
thrombosis. Caution should be exercised when
treating patients with liver disease [172], those
with coagulation disorders or who are pregnant.
There may be interactions with antiplatelet drugs
and anticoagulants [173]. Clinical use involves the
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administration of the dry extract standardized to
24 % flavonoids and 6 % ginkgolides (substances
that are more concentrated in the fruit can cause
allergic or toxic reactions). The average dosage of
standardized dry extract is 80 mg, 2-3 times a day
[99].

16.5.6 Vaccinium myrtillus

Other plants studied with regard to modern cardio-
vascular herbalism are the blueberry (Vaccinium
myrtillus) and the cranberry [174, 175]. The
extracts of the berries were once considered only
for their actions in reinforcing the capillaries.
Today, the whole plant is used as a medicine that
contains anthocyanins (cyanidin, delphinidin,
pelargonidin, malvidin, peonidin, petunidin, and
hirsutidin) and glycosides, including
anthocyanidins, which give the purple color to
the berries (and to numerous flowers of other
plants) [99, 176]. Furthermore, the plant contains
flavonoids and tannins [177]. The plant protects
the endothelial cells because of its inhibitory
action on the elastases and collagenases, making
the connective tissue more stable and elastic
[178]. Anthocyanosides inhibit platelet aggrega-
tion mediated by adenosine diphosphate, collagen,
arachidonic acid, and PAF through the inhibition
of thromboxane A2 and the degradation of AMP-c
(amechanism that appears similar to that of garlic)
[99]. An antagonistic action on angiotensin II and
the stimulation of the prostacyclin synthesis by the
vascular wall [176, 179] have also been
demonstrated. The anti-oxidant properties [180]
of blueberry flavonoids are indicated in the pre-
vention of ischemic heart disease and stroke [181—
183]. Procyanidins inhibit xanthine oxidase in a
non competitive way [184]. Blueberry extract also
protects the arteriovenous microcirculation from
damage related to the process of ischemia-—
reperfusion [185]. The clinical efficacy of blue-
berry extract was primarily detected in the retinal
area [186], where the plant’s ability to sharpen
night vision and to regenerate rhodopsin by
increasing the activity of retinal LDH has been
shown. Its active ingredients, finally, contrast

capillary fragility, reducing vascular permeability,
even at the peripheral level [178]. The blueberry
can be employed in the treatment of patients with
hypertensive retinopathy and/or diabetic and
smoking patients with initial signs of micro- and
macrovascular arteriosclerotic damage.

16.5.7 Allium sativum

Garlic (Allium sativum) has been used in medi-
cine for thousands of years and has interesting
cardiovascular properties [187]. These include
the ability to inhibit platelet aggregation and the
fibrinolytic, hypofibrinogenic, lipid-lowering,
hypoglycemic, and hypotensive activities [188—
190]. The German Ministry of Health has offi-
cially recognized the specific role of garlic in the
treatment and prevention of atherosclerosis
[99, 191, 192]. In addition, the plant is the most
frequently used in the presence of heart disease
[193] and for cardiovascular risk reduction
[194, 195]. The main constituent of fresh garlic
is alliin, which is transformed in turn into allicin
as soon as the bulb is bruised by the action of an
enzyme called allinase [196]. Allicin, being very
unstable, is partly transformed quickly into
another compound called ajoene [196]. Other
important constituents are vinylditin,
thiosulfinates, essential oil, deoxy-
fructopyranosyl-allyl-cysteine sulfoxide) and
allixin [196]. Platelet aggregation is inhibited
by membrane receptor blocking and has been
documented in vitro and in vivo with a dose-
dependent mechanism [99].

The reduced platelet aggregation, the increased
fibrinolysis, and the lipid-lowering action reduce
the thrombotic risk [197-200]. Furthermore, the
molecules of ajoene determine in vitro the inhibi-
tion of the cyclo- and lipo-oxygenase equal to
indomethacin [99]. Garlic enhances the inhibitory
action of prostacyclin 2 and of forskolin on plate-
let aggregation [201]. Furthermore, adenosine
deaminase is inhibited, with a consequent increase
in the adenosine available on the vascular endo-
thelium, with vasodilatory and antiplatelet activity
[202, 203]. The antiplatelet activity is very
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effective in vitro [204], but may not be the same
in vivo, because the active substances are rapidly
metabolized by tissues and are themselves quite
unstable [205]. Some extracts also have reduced
activity in vivo: the oils distilled in a current of
steam have an activity of 35 % and macerated oil
12 % [99]. The fluid extracts would be inactive
after only 6 months. In animals, the extracts of
garlic have been shown to prevent damage from
ischemia—reperfusion injury, owing to a calcium
channel blocker activity and thanks to the anti-
radical properties of allylcysteine, allylmercapto-
cysteine, and alliin [206, 207]. The intake of the
dry extract, carefully titrated, seem to have posi-
tive effects on the elasticity of the aorta of elderly
patients [99, 208, 209]. The calcium channel
blocker action may explain the hypotensive effect
of garlic [210]. Garlic has many other pharmaco-
logical properties: cholesterol-lowering
[211, 212], hypoglycemic, prevention of carcino-
genesis (stomach, colon, and bladder), prevention
of inflammatory and infectious diseases of the
respiratory and digestive systems;
immunostimulant; antimicrobial action (bacteria
and viruses); reduction in the animal secretion of
thyroid hormones and increased thyroid-
stimulating hormone [99, 188, 195, 213]. Garlic
is therefore indicated in the prevention and treat-
ment of atherosclerosis [214], dyslipidemia [215],
and hypertension [216]. Numerous preparations
are available on the market; only the fresh-crushed
bulbs of garlic, and some preparations of garlic
powder contain sufficient allicin to be active and
effective [217]. Macerated oils or essential oils are
inactive [99]. For therapeutic purposes, the use of
4 g per day of fresh bulbs of garlic is
recommended, which contains about 40 mg of
alliin, which shed 20 mg of allicin. Dried garlic
extract obtained from fresh bulbs exists, titrated
and standardized in alliin and allicin to 10 %.
They are preferred because they allow enough of
a supply to exert adequate pharmacological
action. High doses of garlic may lead to gastritis,
nausea, vomiting, and diarrhea, and its use is
contraindicated in cases of peptic ulcer, gastritis,
cross-allergies (onion), and hypothyroidism
[218]. Allergic reactions are possible in the form
of contact dermatitis or asthma from garlic pow-
der inhalation [218]. It is not recommended for

use during pregnancy and lactation, and when
patients are undergoing surgery because it can
increase the risk of postoperative bleeding
[99]. In the treatment of atherosclerosis use of
the onion can be indicated (Allium cepa), which
shares some of the properties of garlic [198].

16.5.8 Hawthorn and Ammi visnaga
(Khella)

Extracts from hawthorn berries and flowering tops
reduce angina attacks, lower blood pressure and
serum cholesterol levels [219-223]; enhance car-
diac contractility; and improve heart energetic—
metabolic processes and blood and oxygen supply,
causing coronary vasodilation [99]. Dosages (t.i.
d.): berries or flowers (dried): 3-5 g or as a tea;
tincture (1:5): 4-6 mL (1-1.5 tsp); fluid extract
(1:1): 1:2 mL (0.25-0.5 tsp), solid extract (10 %
procyanidins or 1.8 % vitexin-4’-rhamoside):
100-250 mg [18].

Ammi visnaga (khella) is an ancient Mediter-
ranean medicinal plant used historically to treat
angina [224]. The mechanism of action of its
constituent “khellin,” is similar to calcium chan-
nel blocking drugs and is extremely effective in
relieving angina symptoms and improving exer-
cise tolerance [225, 226]. It works synergistically
with hawthorn. Dosages (t.i.d): dried powdered
extract (12 % khellin content): 100 mg [18].

16.5.9 Paeonia lactiflora and Pueraria
lobata

Total glucosides of paeony (TPGs), compounds
extracted from the roots of Paeonia lactiflora
Pall, have been used as an anti-inflammatory
drug for the treatment of rheumatoid arthritis
(RA) in China and is finding application in the
treatment of atherosclerotic vascular disease
[227]. In an animal model, it has been found that
TPGs significantly ameliorate myocardial ische-
mia and their action may occur by reducing oxida-
tive stress in ischemic myocardium [228, 229].
Puerarin is one of the most important effective
components of Pueraria lobata, which exhibited
classic estrogen-like biological activities and had
remarkable cardiovascular protective effects in
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in vivo and in vitro experiments [230]. The ben-
eficial effects of puerarin for CHD treatment
purposes may be due to its wide spectrum of
pharmacological properties, such as vasodilation
and vascular protection [231], cardioprotection
[232], anti-atherosclerotic (anti-inflammation,
attenuating insulin resistance, and anti-oxidant)
[233] neuroprotection, alleviating pain, and
inhibiting alcohol intake [234].

16.5.10 Arnica comp.-Heel® Tablets

Recently [235], the effectiveness of treatment
with a tablet a day of a low-dose composite
drug (Arnica comp.-Heel® tablets) has been
demonstrated to reduce the risk of cardiovascular
events in patients with clinically stable coronary
disease. This drug contains many compounds
with anti-inflammatory properties (Achillea
millefolium, Aconitum napellus, Arnica montana,
Atropa belladonna, Bellis perennis, Calendula
officinalis, Chamomilla, Echinacea angustifolia,
Echinacea purpurea, Hamamelis virginiana,
Hepar  sulfuris,  Hypericum  perforatum,
Mercurius solubilis Hahnemanni, and
Symphytum) able to prevent plaque instability,
improving the outcome of patients with stable
coronary artery disease in addition to standard
therapy [235].

16.5.11 Tricks of the Trade

Hawthorn, Chinese sage, and ginkgo work well,
as described in the scientific literature. Good
results can be achieved in the “senile” heart
with a combination of hawthorn and ginseng,
when there are symptoms such as palpitations
and shortness of breath with minimal exertion,
sweating at the slightest effort, dizziness, very
marked weakness, and weak pulse.

Pueraria is an excellent plant for preventing
or treating cardiovascular problems, especially
when they are linked to smoking and alcohol
consumption. In our experience, it is very
effective in helping the body to detoxify from
alcohol and nicotine and reducing its dependence

on these substances (http://www.ordfarmacistips.
it/prof.asp?id=94).

There is a need for more scientific research to
clarify the effectiveness of the bud extracts tradi-
tionally used in the treatment of cardiovascular
disorders. In any case, Pol Henry points out the
possible use of Cornus sanguinea + Syringa
vulgaris + Crataegus oxyacantha to prevent
myocardial infarction; Cornus sanguinea + Zea
mais the first week after infarction; Alnus glutinosa
+ Zea mais maize after the first week (http://
www.ibs.it/code/9788871723167/piteragrave/
compendio-gemmoterapia-clinica.html).

16.5.12 Future Perspective
for Research

The Ayurvedic system of medicine uses several
other plants of Indian origin for the prevention
and treatment of CHD. For example: Acorus
calamus (vaca), Aegle marmelos (bilva),
Emblica officinalis  (amalaki), Glycyrrhiza
glabra (yastimadhu), Centella asiatica
(mandukaparni),  Nardostachys  jatamansi
(jatamansi), Ocimum  sanctum (tulasi),
Saussurea lappa (kustha or puskaramula),
Terminalia arjuna (arjuna), Withania somnifera
(asvagandha), and rudraksa. Their description
and methods of use are beyond the scope of
this chapter, but it is possible to gain a clear
overview in the book by Dr Vaidya Bhagwan
Dash [236].

Finally, Chen et al. [237] recently described
more than 50 natural products for antithrombosis
according to their anticoagulation, antiplatelet
aggregation, and fibrinolysis activity.

16.6 Mind-Body Therapies
and Psychological Risk

The important contributions of psycho-neuro-
endocrine immunology and integrative medicine
approaches to the field of cardiology is the
description of the intimate mind—body connec-
tion in heart health. It is a common experience in
the daily clinical practice of every cardiologist to
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find people who are aware of how a particular
mood or difficult experiences of life “have made
them sick.” But most conventional medical
encounters do not include assessment of the
patient’s emotional state, let alone offer therapies
directed at mind—body interventions.

As we recently described [9, 11, 12]: “our
inner dialogue modulates cardiovascular func-
tion. At the same event, people experience dif-
ferent emotional reactions and a same person
during his/her life and maturation could react
differently in similar, specific situations.
Between event and emotion there is no automatic
link.”

According to Rozanski et al. [238], specific
personalities and their characteristic psychological
traits (depression, anxiety, character traits, social
isolation, and chronic life stress) contribute signif-
icantly to the pathogenesis and expression of coro-
nary artery disease (CAD) because of adverse
health behaviors (such as poor diet and smoking)
and direct biological mechanisms, such as
immune, neuroendocrine, and platelet
activation. Thus, the concept of “personality”
(namely “the individual differences in characteris-
tic patterns of thinking, feeling and behaving”
[239]) represents a key factor in regulating the
health of the cardiovascular system.

Emotions do not automatically take away from
what happens in people’s lives, but are derived
from the type of internal dialogue that is done
facing what happens. Different personalities are
more or less vulnerable to stress, with relationships
existing between different personalities and the
function of the hypothalamic—pituitary—adrenal
(HPA) axis [240-244] and immune [245, 246]
and nervous systems [247]. Different patterns of
thinking, feeling, and behaving essentially modu-
late the cross-talk between the nervous, endocrine,
and immune systems. It is just as true that the
nervous, endocrine, immune, and metabolic
systems and their functions could influence mental
attitude [248]. In particular, “type D” personality
or the “type A coronary-prone behavior,”
according to Rozanski and Mittleman, are related
to a higher incidence of CVD [238, 249].
Although with many nuances, it can be said that
every human being can only try two great emotions
in their lifetime: love (serenity, tranquility) or fear,
but never both at the same time [250]. This
oscillates constantly between the two poles. An
inner dialogue oriented to the past or the future
that is full of anxiety, distrust, jealousy, envy,

ambition, regret, etc., produces fear, in its various
emotional colors. An inner dialogue turned to the
present, concrete, confident, proactive, compas-
sionate, conscious, etc., produces feelings of
“love,” serenity, and tranquility [250].

Thus, the emotional states most commonly
linked to heart disease are stress, anxiety, and
depression [251, 252]. Psychological stress
alone is comparable with strenuous exercise in
reducing coronary blood flow [252] or is able to
mimic a heart attack (Takotsubo cardiomyopa-
thy) [253]. The drug therapies do not appear to
protect against ischemia-induced mental stress;
ergometric tests are not able to detect this form of
ischemia either [9, 11, 12].

Moreover, stress is a contributor to chronic
dyslipidemia and increases total cholesterol by
7 mg/dL and LDL-C by 5 mg/dL within an hour
of acute psychological stress [254].

The other side of the coin reveals how the
methods of stress prevention and management
play a vital role in the care of patients with
CHD. Meditation practiced by individuals with
coronary disease over 5 years was demonstrated
to reduce the combined risk of a cardiovascular
event and death by 43% [255, 256]. The practice
of meditation reduces the cardiac workload and
the levels of circulating molecular mediators of
stress, blunting the expected increase in heart rate
associated with infusion of isoproterenol [252].

There are many arrows in the quiver of a
cardiologist. Many mind-body techniques can
be recommended to patients with CHD to man-
age their stress and anxiety more effectively:
conventional psychoactive medication or cogni-
tive behavioral therapy, many forms of medita-
tion, yoga, biofeedback, healing touch, Reiki,
massage, and acupuncture.

As suggested by Stephen Devries [16]: “no
one resource is generically superior to another.
Instead, referral should be made based on an
individualized assessment including the patient’s
prior knowledge or history with a particular
approach, the patient’s philosophical inclination,
local expertise, and cost. This ‘matching’ process
is truly one of the arts of integrative medicine.”
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16.7 Can Lifestyle Changes Reverse
CHD? The Lifestyle Heart Trial

As stated by Winston Churchill: “however beau-
tiful the strategy, you should occasionally look at
the results.”

Focus on lifestyle and especially on diet and
stress management leads to very interesting
results. Ornish et al. showed regression of athero-
sclerosis after only a year of change in lifestyle,
without the wuse of lipid-lowering drugs
[257, 258]. After 5 years, the myocardial perfu-
sion is improved more than in the controls who
were underwent conventional treatment [259].

16.8 Conventional Therapies

In addition to the change of lifestyle based on
nutrition, exercise, and stress management,
patients with symptomatic CHD should receive
treatments according to European Society of
Cardiology (ESC) or American Heart Associa-
tion/American College of Cardiology (AHA/
ACC) guidelines.

Milestones for the drug treatment of CHD are:
aspirin, nitrates, beta blockers, and calcium chan-
nel blockers, angiotensin-converting enzyme
inhibitors, and statins.

Interventional and invasive procedures, such
as angioplasty and stenting or coronary bypass
heart surgery, could be life-saving.

A detailed discussion of these therapies is
beyond the scope of this chapter, but can be found
in the ESC/AHA/ACC guideline statements [5].
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17.1 Introduction

Congestive heart failure (CHF) is the inability of
the heart to pump blood effectively throughout
the body. Such dysfunction may concern
myocardial contractility, the ventricular preload,
the end-diastolic volume, an obstacle to cardiac
ejection, or excessive afterload and heart rate.
The main causes of heart failure are long-term
hypertension, previous myocardial infarction,
disorders of the heart valves, cardiomyopathies,
and chronic lung disease. A condition of com-
pensation can be precipitated by some
aggravating factors such as increased metabolic
demand, as in the case of thyrotoxicosis, anemia,
arteriovenous shunt, fever, fluid overload,
increased sodium intake, environmental temper-
ature that is too high or too low, renal or
hepatic failure, respiratory insufficiency, emo-
tional stress, pregnancy, obesity, arrhythmias,
pulmonary embolism, alcohol ingestion, nutrient
deficiency, uncontrolled hypertensive states,
and beta-blockers, anti-arrhythmic drugs, and
sodium-retaining drugs such as steroids and
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nonsteroidal anti-inflammatory drugs (NSAIDs)
[1].

The state of failure is determined by a
reduction in cardiac output leading to renal
compensation (retention of sodium and fluids)
and activation of the angiotensin—aldosterone
system that increases peripheral resistance
and afterload to maintain an adequate perfusion
pressure. In parallel, the heart rate tends to
increase under the sympathetic drive and the
heart begins to dilate via the Frank—Starling mech-
anism. This establishes a vicious cycle leading to
a gradual deterioration of the general cardiovascu-
lar state and systemic perfusion [2—6]. The symp-
tomatology reported by patients varies according
to the heart section affected: if the left ventricle is
failing, symptoms prevail related to pulmonary
congestion and systemic low output (exertional
dyspnea, cough, fatigue, orthopnea, rales, gallop
rhythm); if it is the right ventricle, systemic
venous congestion is observed, with elevated
venous pressure, peripheral edema, and hepato-
megaly/ascites. In both cases, the clinical picture
is dominated by fatigue, asthenia, and dyspnea.

Framing the symptoms is very important for a
functional classification of the patient, enshrining
the prognosis and the course of therapy (Table 17.1).

The diagnosis is confirmed by echocardiogra-
phy and cardiac catheterization.

Despite pharmacological and technological
progress, morbidity, mortality, and the escalating
financial burden to society associated with heart

223

M. Fioranelli (ed.), Integrative Cardiology, DOI 10.1007/978-3-319-40010-5_17


mailto:carlodallin@libero.it

224 C. Dal Lin et al.

Table 17.1 New York Heart Association (NYHA) func- Table 17.2 Stages of heart failure (HF)

tional classification system [1] ACC/AHA

NYHA stage Description

class Description A At risk for HF, but without structural

1 Physical activity not limited by symptoms heart disease or HF symptoms
such as shortness of breath, fatigue, or B Structural heart disease, but without
palpitations signs or symptoms of HF

II Physical exertion mildly limited, with C Structural heart disease with prior or
symptoms of shortness of breath, fatigue, or current symptoms of HF
palpi.ta.tions developing with typical daily D Refractory heart failure requiring
aCUV?ueS — - specialized intervention

1 R e Modified from Hunt SA, et al. ACC/AHA 2005 guideline
symptoms of shortne.ss of t')reath, fa't 'gue, or update for the diagnosis and management of chronic heart
pallpl.tanons G Gl e failure in the adult — summary article: a report of the
activity ) . American College of Cardiology/American Heart Associ-

v Symptoms and physical discomfort present  aion Task Force on Practice Guidelines (Writing Com-

even at rest

failure remain unacceptably high. At 40 years of
age, the lifetime risk of developing heart failure
for both men and women is 20%. A conservative
estimate of the direct and indirect costs of heart
failure in the USA for 2010 is $39.2 billion
[7]. The 1-year mortality rate for heart failure is
20% [8, 9]. The incidence of heart failure is
expected to increase with the increase in the
average age of the population and survival fol-
lowing heart attacks [1].

With regard to the integrative medicine
approach, the single best way to treat heart failure
is to prevent its development and its inexorable
vicious cycle, leading toward progressive greater
infirmity and death within a few years. As stated
by Russell and Greenfield (cited in Rakel [7]):
“Prevention, prevention, prevention must be our
mantra with respect to heart failure management.
Do everything to prevent the disease from ever
developing in the first place. Integrative means to
help prevent or at least aggressively treat
disorders that contribute to development of heart
failure (including hypertension, coronary artery
disease, diabetes, and dyslipidemia).”

It is essential to strengthen the educational
interventions aimed at cardiovascular health
early in life and carefully oversee and control
the main cardiovascular risks, such as hyperten-
sion, diabetes, obesity, coronary artery disease,
and stress [10-12].

As we will see, the integrated approach has
great advantages in New York Heart Association
(NYHA) classes I and I and in the early stages of

mittee to Update the 2001 Guidelines for the Evaluation
and Management of Heart Failure). J Am Coll Cardiol.
2005;46:1116-1143

heart failure (stages A to C in Table 17.2). For
people who have already developed symptomatic
heart failure, and in NYHA stages III and IV, the
emphasis rests squarely on conventional medical
therapy. Complementary medical therapies with
the promise of efficacy and evidence for safety
can be used as adjuncts, to the benefit of most
patients.

Although the main objective of integrative
cardiology is the prevention of heart failure, in
patients with established heart failure progressive
cardiovascular deterioration has to be prevented,
symptoms minimized, quality of life enhanced,
and survival rates increased.

In Fig. 17.1a and b the treatment algorithm for
heart failure by stage of the disease is shown.

17.2 Lifestyle and Nutrition

In addition to all the programs for prevention and
care, especially in the context of CHF, close
attention must be paid to tobacco and alcohol
cessation and weight management, educating
patients and their family regarding the adverse
effects of smoking, excessive alcohol intake, and
obesity. The heart is a muscle and needs to be
trained: the condition of heart failure is not a
contraindication to exercise. There is great deal
of evidence [13-16] regarding the safety [17]
and benefits of cardiological rehabilitation with
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Minimize obstaclesto ——>
healing

Control precipitating
factors (such as hyperten-
sion and other risk factors,
nonsteroideal antiinflam-
matory medications and
first generation calcium
channel blockers): see the
chapter on hypertension.

Obesity: weight manage-

Tailor natural
interventions to patient
needs

Indications of magnesium
deficiency or use conven-
tional drugs: magnesium.

Increase myocardial
energy production: Thia-
min, Carnitine, CoQ10.

Improve cardiac output:

Determine need for
conventional therapy

Severe CHF (NYHA stage
Il or IV): refer for conventio-
nal adjunctive medication.

See Fig.1-B

ment program to achieve
ideal body weight.

Diet: attention on fluids
ammount, eliminate refined
processed foods, reduce
saturated animal fats,
emphasize whole plant
foods, restrict sodium<1,8

gq.d.

Stress and depression
management

Spirituality

Bioenergetics
(Acupuncture)

Graded exercise: enroll
patients in a certified
rehabilitation program.

Fig. 17.1 (a) In summary: staged integrative approach to
heart failure. Don’t smoke, follow an anti-inflammatory or
Mediterranean diet, control weight, perform regular physi-
cal fitness activities, manage stress, treat depression, take
care of spirituality, work to manage medical conditions that
may lead to heart failure (high blood pressure, coronary
artery disease, dyslipidemia, and diabetes), avoid overuse

graded exercise programming in patients with
cardiac dysfunction in terms of functional
improvement [18] and quality of life [19, 20].
The combination of exercise and proper diet

Crataegus, Terminalia.

Enhance peripheral
vascular flow: arginine.

of nonsteroidal anti-inflammatory medications. (b) Clini-
cal pathway: management of congestive heart failure
(CHF). CAD coronary artery disease, CRT cardiac
resynchronization therapy, DM diabetes mellitus, EF ejec-
tion fraction, HF heart failure, I/CD implantable
cardioverter defibrillator, NYHA New York Heart Associa-
tion. Modified from Rakel [7]

helps to maintain a proper body weight by reduc-
ing the workload of a dysfunctional heart. Rest is
important and patients should be advised to sleep
at least 7-8 h per night [7, 21].
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Prevention

Stage A — High risk

No structural disease or HF
symptoms

(e.g., hypertension,CAD, DM)

Development
of structural
heart disease

* Smoking cessation

 Dietary manipulation

» Graded exercise to optimize fitness level
* Stress management

* Maintain optimal weight

* Aggressively manage comorbidity

* Prevent/treat depression

* Address spiritual needs

* Avoid exacerbating factors

* Selected supplements (e.g., fish oils)

Stage B — Structural heart disease
No signs or symptoms of HF
NYHA Class |

l

Development
of symptoms

* Angiotensin—converting enzyme (ACE)
inhibitor

* Beta blocker

* Angiotensin receptor blocker

* Coenzyme Q10

* Additional considerations:

hawthorn*, aldosterone antagonist,
magnesium, ICD

Stage C — Structural heart disease.
Previous or current HF symptoms
NYHA Classes Il and IlI

i

Development
of heart failure

¢ Fluid, salt restriction

¢ Diuretics

 Aldosterone antagonist

¢ Isosorbide dinitrate and hydralazine
(especially for African-Americans)

» Additional considerations:

Digitalis* (caution if used together)
Carnitine

Arginine

CRT/ICT with EF <35%, wide QRS

Anticoagulation (atrial dysrhythmia, pulmonary

embolism, ventricular thrombus)

Stage D — Refractory HF
NYHA Class IV

i

May need to
discontinue
beta blockade,
graded exercise

Fig. 17.1 (continued)

* Left ventricular assist device

¢ Cardiomyoplasty

¢ Inotropic infusions

* Heart transplantation

» Stem/progenitor cell transplantation

*Use caution if combining hawthorn and digitalis
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The doctors and professionals who care for
patients with CHF should also pay attention to
their spiritual side [22-25]. Indeed, many
patients with CHF struggle with their spirituality,
“a struggle that adds to an already stressful
situation and perhaps leads to morbidity”
[7, 26, 27]. The spiritual challenges associated
with heart failure have been equated with those
experienced by people with cancer [28]. As
suggested by Russel and Greenfield (cited in
Rakel [7]): “attention to spiritual needs can
help people adjust to their new circumstances,
address specific regrets with regard to prior life-
style choices, and search for present meaning
and future hope” [29, 30].

Dietary recommendations for hypertension
are appropriate for most CHF patients. In partic-
ular, a Mediterranean or Dietary Approaches
to Stop Hypertension (DASH) diet, low in
sodium and high in potassium, paying attention
to the ingestion of fluids, may help prevent deve-
lopment of heart failure and slow progression
of established disease. Patients with CHF may
need to limit sodium intake to 2 g/day and daily
ingestion of water to 1.5-2 L.

17.3 Supplements

Nutritional supplements improve myocardial
energy production and this is a very important
effect in a pathological scenario always
characterized by energy depletion, often due to
nutrient or coenzyme deficiency [21].

17.3.1 Magnesium

Magnesium is a key element for adenosine
triphosphate (ATP) production. In the case
of CHF, magnesium levels correlate directly
with survival rates [31] and deficiency is linked
to arrhythmias, reduced cardiovascular progno-
sis, worsened ischemia, and increased mortality
in acute myocardial infarction [1]. The defi-
ciency of this mineral is probably caused
by inadequate intake, increased wasting owing
to the overactivation of renin—angiotensin—
aldosterone system typical of CHF [32], and

by conventional drug therapy such as digitalis,
diuretics, beta-blockers, and calcium-channel
blockers [33-36]. Magnesium supplementation
produces positive effects in patients with CHF
on conventional drugs, even if serum magnesium
is normal [32]. The recommended dosage is:
200—400 mg t.i.d. (magnesium citrate).

17.3.2 Thiamine

Thiamine, or vitamin Bl deficiency, has
remarkable cardiovascular effects, leading to
the so-called wet beri-beri disease, a condition
related to sodium retention, peripheral vasodila-
tion, and heart failure [1]. A common important
drug used in CHF treatment, such as furosemide,
causes B1 deficiency [37], although it is uncom-
mon to have a significant lack of thiamine, except
in alcoholics [38].

Many people, especially elderly and
hospitalized patients, however, do not reach
the recommended daily dose of 1.5 mg [38].
A daily dose of 80-240 mg of vitamin Bl
improves the clinical condition of CHF, as
it improves patients’ ejection fraction by as
much as 13-22% [39, 40]. Its use at doses
of 200-250 mg qd, in the context of CHF,
is recommendable, given the lack of risk and
the low cost [21].

17.3.3 L-Carnitine

Carnitine is an important factor for the produc-
tion of ATP, being a carrier of fatty acids into the
myocardial mitochondria [21]. The myocardium
stores considerable stocks of carnitine and coen-
zyme Q10, in excess of the metabolic standard
needs, but this quantity is dramatically depleted
in the course of ischemia and CHF [41-48].
Carnitine supplementation improves myocardial
performance [47, 49-54] and outcome [55] in
the case of CHF [56-59] in proportion to the
duration of its use [60]: the longer it is used, the
greater the improvement. When administered
500 mg t.i.d. for 6 months, the maximum exer-
cise time improves by 16-25% and the ejection
fraction by 12—13% [60]. When carnitine is given
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in an acute setting, it lowers pulmonary artery
and capillary wedge pressures [59].

17.3.4 Coenzyme Q10

Coenzyme Q10 (CoQ10) is present in small
amounts in most diets and is also synthesized
within the body from tyrosine, partially through
a common pathway shared with cholesterol syn-
thesis. It is found in its highest concentrations
within the mitochondrial membranes of organs
that have significant energy requirements, espe-
cially the heart, where is involved with energy
production [7, 61, 62]. CoQ10 exerts anti-oxidant
and membrane-stabilizing effects as well [7, 63].

The amount of CoQ10 is reduced in patients
with CHF and the deficit is greater, the worse the
NYHA class [7, 64].

For CoQ10 the considerations made in the case
of hypertension are also valid. In particular, it
appears to be a key factor to be added to conven-
tional CHF drugs [21, 65], because it improves the
clinical picture and quality of life of patients with
CHF [66-69]. In particular, the clinical signs of
CHF (cyanosis, peripheral and pulmonary edema,
hepatomegaly, venous congestion, palpitations,
sweating, insomnia, dizziness, nocturia) improved
by 50-80% with few and mild side effects
[70]. Two recent studies failed to show clinical
efficacy [71, 72].

The optimal dosage of CoQ10 in the setting of
heart failure is as yet undetermined. Studies have
used doses ranging from 30 to 600 mg/day, but
most practitioners initially prescribe 100-200 mg
daily. Softgel capsules of CoQ10 appear to
provide superior bioavailability [73] and rare
side effects (gastrointestinal upset) [74]. CoQ10
is reduced in those who take statins [75—
79]. Care should be taken in the case of concom-
itant warfarin consumption [7, 80, 81], possibly
necessitating dose adjustment.

17.3.5 L-Arginine
Arginine is a valuable amino acid in the treatment

of CHF, improving hemodynamics and endothe-
lial function [82-86], exercise tolerance [82, 87,

88], kidney function [89], and quality of life
[90]. In fact, from arginine the body synthesizes
nitric oxide with a vasodilatory effect. The admin-
istration of 5.6—12.6 g of arginine per day (mean
dosage recommended 2-6 g [7]) leads to an
increase in peripheral blood flow of 30% and an
8% increase in the distance traveled during the
6-min walking test [82].

17.3.6 Vitamin E

Questions persist about the safety of high-dose
vitamin E in patients with established cardiovas-
cular disease [91].

17.4 Phytotherapy

Herbs and supplements require in 4-6 weeks to
obtain an evident clinical benefit and are useful
in the early stages of heart failure (ACC/AHA
stages A to C and NYHA classes I to III). Thus,
the use of these agents is not appropriate for
acutely worsening heart failure.

17.4.1 Hawthorn (Crataegus
oxyacantha, laevigata,
and monogyna)

The herbal medicinal plants and their derivatives
are used as a complementary therapy for heart
failure [92]; among these, in addition to those
with diuretic and hypotensive activity, hawthorn
plays an important role. The tops (flowers and
leaves) of this plant are used and are obtained
from the species Crataegus oxyacantha,
laevigata, and monogyna.

Hawthorn (Crataegus oxyacantha) was con-
sidered a “cardio-sedative” folk medicine, but
evidence proves that it has the opposite effect
enough to be recommended in the complemen-
tary therapy of heart failure NYHA classes I and
II (Table 17.3).

Several pharmacological studies on hawthorn
extract reveal a protective function on ischemic
heart and myocardial damage related to hyperten-
sion. In particular, its flavonoids have an ACE
inhibitory action with hypotensive effects
[94, 96, 97] and protect the cardiomyocytes
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Table 17.3 Effects of hawthorn [93-95]

Increased coronary artery blood flow

Enhanced pumping efficiency of the heart (improved
contractility)

Anti-oxidant activity

Phosphodiesterase inhibition
Angiotensin-converting enzyme inhibition
Anti-dysrhythmic effects (lengthens the effective
refractory period, unlike many cardiac drugs)

Mild reduction in systemic vascular resistance (lowered
blood pressure)

following ischemia-reperfusion [98]. Luteolin,
hyperoside, vitexin, and rutin increase the
coronary flow significantly, have a mildly positive
inotropic effect, and optimize the speed of relaxa-
tion of heart myocells [99]. Anthocyanosides
determine the liberation of PGI2, a prostaglandin
with endothelial vasodilatory activity [100]. We
recommend a dosage of 5-20 mg/day of
flavonoids present in 250-1,000 mg/day of dry
extract 2%.

In addition to its positive inotropic and
lusitropic effects, the polyphenols, amines, and
triterpenic acid content in hawthorn have a
negative chronotropic action (reducing the heart
rate), a positive dromotropic effect (reducing the
conduction time), and a negative bathmotropic
action (lengthening the refractory period)
[101]. In arterial and coronary areas a decrease
in peripheral and coronary resistance was
observed, with a modest hypotensive action, an
anti-oxidant, anti-inflammatory, and endothelial
protective effect, and antiplatelet activity [100].

Different clinical trials featuring the hawthorn
have followed over time [102, 103], confirming
the effectiveness of the extracts of this plant in
increasing the force of contraction of the heart,
reducing the symptoms and dyspnea, and improv-
ing exercise tolerance, particularly in patients in
NYHA classes I-II [28, 104—111]. In the various
studies mentioned, two types of hawthorn extracts
were employed, standardized in flavonoids to
2.2% or procyanidins 18.8%, with variable dosage
from 160 mg to 1,800 mg/day. Most practitioners
believe that therapeutic efficacy is greater with
higher doses (600-1,800 mg/day) [7]. Again, no
noticeable improvement may occur for 6-12
weeks.

Most of the studies with positive results, how-
ever, did not include treatment with drugs now
accepted as standard medical therapy, such as
ACE inhibitors and beta-blockers. Later studies
employing hawthorn in the setting of CHF in
combination with current standard medical ther-
apy reported less successful outcomes [103, 112,
113]. Even in these studies a modest improve-
ment in the left ventricular ejection fraction was
identified along with a trend toward reduced car-
diac mortality, most notably for those with signif-
icantly impaired left ventricular function
[103, 112, 113].

Hawthorn is well tolerated and has few side
effects (3% incidence) such as headache, fatigue,
dizziness, palpitations, rash, drowsiness, agita-
tion, and gastrointestinal disorders. It may inter-
act with drugs such as digitalis, beta-blockers,
diuretics, ACE inhibitors, and platelet anti-
aggregants [114]. Nevertheless, the results of a
retrospective safety analysis should be reported,
where hawthorn use not only failed to impede the
progression of the disease, but also appeared in
some patients to increase the risk of early heart
failure progression. In light of a previously good
safety record, these findings are puzzling and
concerning. Probably, the use of hawthorn in a
holistic program that includes nutritional care
and adequate stress management could avoid
these outcomes [10-12].

In future, as suggested by Russel and Green-
field (cited in Rakel [7]): “because the purported
beneficial actions of hawthorn overlap some of
those inherent to medications such as ACE
inhibitors and beta blockers, combination ther-
apy possibly would permit the use of lower doses
with no diminution of therapeutic effectiveness.”

Nowadays, the digital and pharmaceutical
formulations based on hawthorn find elective
indications in patients with impaired myocardial
contractile force only in the case of atrial fibril-
lation; otherwise, the mortality of patients with
heart failure increases [1]. Most conventional
medical practitioners reflexively state that haw-
thorn should not be given to people taking digi-
talis for heart failure [115]. In the past, sparteine,
an extract of the broom (Sarothamnus
scoparius), was also used, but then abandoned
for toxicity reasons [100].
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17.4.2 Terminalia arjuna

Terminalia arjuna is a traditional Ayurvedic herb
that has recently been described to be effective
for heart failure in a controlled clinical study
[116]. The dosage is 500 mg every 8 h of the
extract from its bark. The study documents a very
promising effect of the plant in the case of severe
and refractory heart failure with improvements to
NYHA class II.

17.4.3 Tricks of the Trade

Undoubtedly, the plant most used in the case of
heart failure is the hawthorn with excellent results
when associated with ginseng, which enhances its
tonic properties. To avoid hawthorn’s “opposite
effect” it is better to use it in the form of glycerine
macerate (GM): using the gems, in fact, the action
seems to be more “regulatory” compared with its
leaves and flowers. For example: hawthorn tinc-
ture lowers blood pressure, whereas hawthorn GM
rules it (that is, in the case of low blood pressure, it
tends to raise the blood pressure a little). Haw-
thorn tincture works on tachycardia, whereas haw-
thorn GM also works on bradycardia. In addition,
hawthorn MG can safely be combined with drugs.

Another great remedy that is used in the natu-
ropathic field for both the prevention and treat-
ment of infarction, heart failure, and for rhythm
disturbances (angina, arrhythmias, extrasystoles,
extrasystoles with mitral valve prolapse) is the
dietary supplement magnesium-potassium-bro-
melain: 1 tablet three times a day. Bromelain is
an enzyme derived from the pineapple stem and
has a significant anti-inflammatory action on vas-
cular walls combined with a lipid-lowering
effect. To obtain good results, it should be
taken for at least 6 months.

17.5 Bioenergetics (Acupuncture)

Acupuncture, modulating sympathetic activity,
may be useful for people with heart failure
[117, 118]. A pilot study of acupuncture reported
intriguing results documenting a marked

improvement in the 6-min walk test in subjects
with stable NYHA class II to III heart failure on
appropriate medical therapy compared with
controls [119]. More research is needed to estab-
lish the precise rules for the application of this
method in the context of CHF.

17.6 Mind-Body Therapies

In the clinical CHF context, the mind-body
therapies play an important role in growing suc-
cess. In particular, they seem to be very useful
in combating depression that often accompanies
the life of patients with heart failure [120,
121]. Depression is an independent negative
prognostic factor in CHF and even alone can
determine inflammation [122, 123], oxidative
stress, and endothelial dysfunction with possible
myocardial ischemia, leading to increased mor-
bidity and mortality [10-12]. Numerous studies
describe that an appropriate reduction in stress, in
patients with CHF, causes a relief of depression
and anxiety [124] with an improvement in risk
profile and cardiovascular disease progression
and outcomes [125-131]. Specifically, are seen
an improvement of the autonomic balance and of
the levels of circulating neurotransmitters [132],
an increase in cardiac output and a decrease in
peripheral resistance [133], and an increase in
exercise capacity, a decrease in hospitalizations,
with improvement of symptoms [134]. The
techniques that can be applied in a program of
care for a patient with CHF are: biofeedback
[133], mindfulness meditation [135], and tran-
scendental meditation [ 134]; other studies regard-
ing the beneficial effect of mind—body therapies
involve freeze-frame stress management [136],
relaxation response training [137, 138], tai chi
[139, 140], and behavioral changes [141].

17.7 Pharmaceuticals,
Biomechanical therapy,
Surgery

According to international cardiological
guidelines, all patients with heart failure should
be started on some combination of angiotensin-
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converting enzyme inhibitor, angiotensin recep-
tor blocker, beta-blocker, and aldosterone
antagonists, which all have a positive impact on
mortality related to heart failure [1, 12]. Diuretics
act by decreasing the preload, lessening the car-
diac workload, and the most commonly used are
loop diuretics, such as furosemide, which are
especially beneficial once congestion has devel-
oped. Isosorbide dinitrate and hydralazine are
useful for the treatment of heart failure in
African—Americans (who do not appear to
respond as favorably to ACE inhibitors or beta-
blockers).

The acute setting may require the infusion of
inotropes, ultrafiltration, or aortic counterpulsation.

The most significant recent change in the con-
ventional medical treatment of CHF is the
increased reliance on device therapy (cardiac
resynchronization therapy and implantable
cardioverter defibrillators) and left ventricular
assist devices. For indications for their use, see
Camm et al., McMurray et al., and Tarzia et al.
[1, 142—144]. Heart transplantation remains the
gold standard in the case of refractory heart failure.

17.8 Future Therapies

Future therapies under study for heart failure
[145, 146] treatment involve: calcium sensitizers,
continuous-flow left ventricular assist devices,
cytokine inhibitors, endothelin receptor blockers,
erythropoiesis-stimulating proteins, fish oils,
free fatty acid oxidation inhibitors, gene expres-
sion (miRNA), matrix metalloproteinase
inhibitors, modified natriuretic peptides, nitric
oxide—enhancing therapy, phosphodiesterase-III
inhibitors, ribose, statin therapy, stem and pro-
genitor cell transplantation, taurine, and vaso-
pressin antagonists.
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Carlo Dal Lin, Marco Silvestro, Raffaele Migliorini,
Francesco Tona, and Massimo Fioranelli

18.1 Introduction

A crucial prerequisite for an effective treatment of
arrhythmias and cardiac conduction disturbances
is the accurate identification of the specific thythm
disorder, with the identification of the clinical
picture associated with it and the definition of
precise, safe, and effective therapeutic targets [1].

The clinical pictures fall into two broad
categories: those that cause acute and transient
electrophysiological abnormalities and those that,
being chronic, provide the substrate for persistent
or recurrent arrhythmias. In the first case, we find
acute myocardial ischemia and the early stages of
infarction, electrolyte disturbances, and the pro-
arrhythmic action of certain drugs.

The second category includes chronic ischemic
heart disease, cardiomyopathies, and the anatomical
substrates for supraventricular arrhythmias.

Cardiac rhythm disorders may be aggravated
by hemodynamic, electrolyte, and metabolic
changes and respiratory diseases that must be
corrected to obtain an effective therapeutic
response. The therapeutic strategy depends on
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the presence and the characteristics of the
symptoms and the potential morbidity and mor-
tality. Some arrhythmias can be very annoying to
patients, but they do not affect the long-term
prognosis, whereas others with mild symptoms
or those who are completely asymptomatic are
burdened with a poor prognosis.

The standard 12-lead electrocardiogram and
extended recording are the most readily available
tools for diagnosis. In some cases, to achieve the
diagnosis, it may be necessary to resort to vagal
maneuvers or the administration of certain drugs
(adenosine, verapamil). Recording devices
activated by the patient can be used in the case
of arrhythmias that occur infrequently; implant-
able recorders are useful if long periods of moni-
toring are required. The exercise test is useful to
frame the arrhythmias induced by physical stress
(especially ventricular premature beats and ven-
tricular tachycardia), for the diagnosis of ischemic
heart disease, to assess a dysfunction of the sinus
node or the atrioventricular node, to evaluate the
pro-arrhythmic effects of certain medications, or
to assess the accessory pathway’s refractory
period in Wolff-Parkinson—White syndrome. In
Tables 18.1 and 18.2 some practical information
is reported to frame the symptoms and stratify the
risk for patients with arrhythmia and possible
criteria for a specialist assessment of the patient.

When a surface electrocardiogram is not
sufficient, invasive studies can be useful: electro-
physiological intracavitary study allows accurate
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Table 18.1 Historical features of importance in the
evaluation of the patient

Which arrhythmia is present?

Does the arrhythmia cause symptoms?

Does the arrhythmia have prognostic significance?
Is the problem life-threatening?

Dos o -

. Does the patient require hospital admission or
extensive testing?

6. Is specialist consultation required, and, if so, how
urgently?

7. Is treatment required?
Source: modified from Rakel [3]

Table 18.2 Reasons for referral to a specialist
* Resuscitated ventricular fibrillation

» Sustained ventricular tachycardia

 Atrial fibrillation that is difficult to control or
refractory to standard therapies

» Nonsustained ventricular tachycardia

» Symptomatic supraventricular tachycardia that is
difficult to control

» Sinus bradycardia (sick sinus syndrome, tachy-
brady syndrome)

» Second-degree atrioventricular block

» Unexplained ventricular ectopy in an athlete
or in a symptomatic patient

» Syncope with a suspected arrhythmic mechanism

» Patients with devices (pacemakers, implantable
defibrillators) who are unstable

» Uncontrolled rhythm problems
Source: Modified from Rakel [3]

mapping of arrthythmias and of therapeutic
maneuvers of ablation. Defibrillators and
pacemakers have the ability to record arrhythmic
events that can then be analyzed by a doctor.

The treatment of arrhythmias has become
very complex and ranges from the use of some
simple principles of lifestyle to specialist drug
therapies and invasive catheter-based or surgical
procedures. A detailed description of specific
treatments for these conditions is not within the
scope of this chapter. According to Graboys
(cited in Devries and Dalen [2]), key concepts
to keep in mind in arrhythmia management are
the following: “try simple measures first before
considering drug therapy. Be the patient’s advo-
cate. Minimize tests, especially invasive tests in
the elderly. Maintain a sense of humor and opti-
mism.” Let us focus on some concepts that

underlie an integrative approach to patients with
arrhythmias (Fig. 18.1).

18.2 Lifestyle

Lifestyle is of paramount importance in the case
of arrhythmias [4-6]. Cigarette smoking and
other forms of nicotine are harmful and exacer-
bate the risk of sudden death and arrhythmias of
all types [5, 7]. Moreover, the combination of
alcohol and nicotine intake tends to trigger
arrhythmias [3].

18.3 Diet

Arrhythmias could develop from changes in
diet or from comorbid eating disorders. Gastric
distension following a large meal can trigger a
vagally mediated atrial fibrillation, hypotension,
and bradycardia [1]. Excessive caffeine, theoph-
ylline, and theobromine present in coffee, tea,
and chocolate may cause ectopic beats [8—13];
alcohol may determine atrial fibrillation and
ventricular ectopy [14—17], high levels of sodium
(strengthens the effects of catecholamines
favoring ventricular ectopy [18-23]), trans-fats
(contained in doughnuts, fried foods, and artifi-
cial cheese such as in processed pizza) [24, 25],
and severe fluctuations in blood sugar levels;
food allergies [26] are also potential dietary
triggers of cardiac arrhythmias.

Omega-3 fatty acids, albeit without proven
anti-arrhythmic effects [27], improve outcomes
[28, 29], especially in combination with a low
dose of alcohol consumption [30-32].

Active ingredients found in some plants, such
as ephedra, ambrotose, or ginkgo, can even
cause lethal arrhythmias [3, 33, 34].

Diet is an important factor to be considered in
patients receiving warfarin to optimize the values
of the International Normalized Ratio, as there
are many drug, food, and herbal interactions to
control.

Finally, many arrhythmias are caused by
dehydration [1]. Thus, the patient’s hydration
status should be checked, as many people (and
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Are we treating the patients or ourselves?

« If in doubt, don't treat the patient with medication unless there is a compelling evidence to do so.
¢ it's not uncommon for a patient to be prescribed medications simply due to physician's anxiety

Is the problem frequent, severe, disabling enough to treat?

What is the impact of treatment on patient's quality of life?

* The physician should take care not to diminuish life's pleasures
when there's no sound reason to do so.

Care of the patient with a chronic rhytm problem
requires patience, perseverance and enthusiasm

Fig. 18.1 Principles to guide treatment according to Graboys and Lown [116]. Modified from Devries and Dalen [2]

especially those with a heart disease or taking
diuretics) are chronically dehydrated.

18.4 Supplements

Supplementation with coenzyme Q10 (100-300 =
m/day) determines a reduction of ventricular
and atrial extrasystoles and atrial fibrillation
paroxysms [35].

L-carnitine (3 g/day), improving energy pro-
cesses in mitochondria and thus the myocardial
performance, may be useful in preventing some
atrial and ventricular arrhythmias; the precise
mechanisms by which this occurs have not yet
been well clarified [36-39].

Supplementation of calcium and magnesium
has an anti-arrhythmic effect: in fact, the
magnesium, in addition to slowing the atrioven-
tricular conduction, acts as a “membrane stabi-
lizer,” decreasing the arrhythmic mechanism of
“triggered activity” and the number of arrhyth-
mic episodes related to it [23], and decreasing the
risk for sudden death [40]. Data concerning
magnesium and atrial fibrillation are conflicting
[41, 42].

A key electrolyte in arrhythmic processes is
potassium and its values must be kept at adequate

and physiological levels for both preventive and
therapeutic goals [1]. Particular attention should
be paid to patients with a possible physiological
and anatomical substrate for arrhythmias (such as
ischemic heart disease or long QT syndrome) and
those who take medications that could lead to a
potassium deficiency (such as diuretics) [1].

Although high copper values are associated
with worsening atherosclerosis, its supplementation
(4 mg/day) could decrease ventricular extrasystoles
[21]. Excess zinc determines copper deficiency
and worsens arrhythmic activity, in addition to a
selenium deficiency. In the latter case, there is no
evidence for selenium supplementation with an
anti-arrhythmic result [18, 43].

Omega-3 fatty acids have an anti-arrhythmic
effect [44—48] (especially on premature ventric-
ular beats [49, 50]), because they affect the
activities of calcium and potassium ion channels
[51]. This effect improves outcomes [52—54] in
patients with heart disease (especially higher risk
patients [55]), decreases the risk of sudden death
in the case of ischemic heart disease [51, 56], and
tends to reduce defibrillator shocks in patients
with implantable cardioverter defibrillators
(ICDs) [57]. Administration of omega-3 may be
useful [58] in the case of atrial fibrillation [59—
63] (especially after cardiac surgery, albeit with
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some conflicting evidence [64, 65]) and in
the treatment of depression [66, 67], which is
an important prognostic factor in cases of heart
attack and a trigger for arrhythmias [68—
70]. Omega-3 fatty acids are available in various
forms, not only fish oil [71]. Some studies related
to the use of omega-3 have failed to demonstrate
an effect, probably because patients were already
receiving optimal drug therapy [72].

We must pay close attention to certain toxins
present in some supplements such as dioxins,
polychlorinated ~ biphenyls,  polybrominated
diphenyl ethers, and chlorinated pesticides [73].

An anti-arrhythmic effect of vitamin D has
been described in sick sinus syndrome [74] and
a favorable action of vitamin C in the treatment
of atrial fibrillation [75-79], probably through its
anti-oxidant and anti-inflammatory effects.

18.5 Exercise

Regular aerobic exercise with moderate effort is
good for the cardiovascular system and this also
applies to the treatment of rhythm disorders
[1]. Indeed, exercise increases vagal tone and
decreases the circulating levels of
catecholamines and sensitivity to their effect.
Attention should be paid to patients with malig-
nant arrhythmias that could be aggravated by
exercise. These patients should be monitored by
specialists.

18.6 Mind-Body Therapy
and Acupuncture

As William Harvey wrote in 1628 [80]: “every
affection of the mind that is attended with either
pain or pleasure, hope or fear, is the cause of an
agitation whose influence extends to the heart”.
Perceived stress is a key factor in triggering the
cascade of psycho-neuro-endocrine immunitary
sequelae that can cause several adverse cardio-
vascular events, including some rhythm
disorders [68-70].

As suggested by Graboys [81]: “I frequently
ask the patient precisely when his or her
symptoms began which may allow us to identify
a ‘trigger’ which defines and unlocks the prob-
lem without the use of medications.”

Mind-body techniques, and in particular, the
practice of yoga and meditation, play a well-
positioned role in the treatment of arrhythmias
[82-84], as they are able to favorably alter the
autonomic function of the practitioners [85],
reducing the risk of ventricular fibrillation in
high-risk patients or the number of arrhythmias
in ICD carriers [84, 86—89]. The practice of yoga
is very useful in the treatment of atrial fibrillation
(especially if paroxysmal), as it reduces the
paroxysms considerably [84, 90].

Even biofeedback [91-95] and psychosocial
therapy [96] appear to reduce the number,
frequency, and severity of palpitations related
to arrhythmias, increase the heart rate variability,
and decrease the risk of arrhythmic death.

Acupuncture can be considered a therapeutic
option in patients with atrial fibrillation [97, 98],
but it should for now be avoided in patients with
a defibrillator, as it could trigger inappropriate
shocks of the device [99].

18.7 Phytomedicine: A Perspective
Solution for Arrhythmias

Many of the anti-arrhythmic drugs commonly in
use are derived from plants. To cite a few
examples: quinidine from cinchona bark; lidocaine,
amiodarone from khellin present in Ammi visnaga,
or digoxin from foxglove [100].

In nature, there are other phytoelements with
anti-arrhythmic properties.

Ciwujia or Siberian ginseng (Acanthopanax
senticosus Harms) extract reduces malignant
arrhythmias (ventricular tachycardia and fibrilla-
tion) [101, 102].

Angelica and Ginkgo biloba may protect
against arrhythmias occurring during myocardial
ischemia and reperfusion [103, 104]. Licorice
root has an anti-arrhythmic effect [105, 106].
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Traditionally, motherwort (4-5 g/day) is
useful for treating palpitations, because its
principles (bufenolide, glycosides (stachydrine),
and alkaloids) have a mild beta-blocking effect
[3]. However, no randomized controlled trials
have been performed using motherwort.

Khella (Ammi visnaga), in addition to having
anti-angina properties, has significant anti-
arrhythmic effects, as it is the original substance
from which a very potent anti-arrhythmic drug,
amiodarone, was derived [107-109].

Hyperoside (vitexin, rhamnose), rutin, and
oligomeric procyanidins contained in hawthorn
berries (160900 mg in water—ethanol extract)
can be used to treat atrial fibrillation [102],
reducing the risk for sudden death, and helps to
treat patients with heart failure [110].

Rhodiola produces some anti-arrhythmic
effects [111], as it is able to increase the ventric-
ular fibrillation threshold through the stimulation
of kappa-opioid receptors [3] and by affecting
intracellular calcium signaling [112].

The possibility of refractory ventricular
tachycardia in the case of herbal aconite tea
poisoning should be considered [113].

In the treatment of palpitations, herbs with a
sedative effect can be useful (30 drops, 2-3 times
daily, aqueous mixture of fluid extracts of
Crataegus oxyacantha, Passiflora incarnata
25 mL in equal parts; or one tablet, three times
daily of a mixture of Lavandula officinalis 50 mg,
Valeriana officinalis 200 mg; Melissa officinalis
as a mother tincture 20-30 drops 2—4 times a day,
in the case of hyperthyroidism) [114].

Ethanol extracts of the plant Sophora
flavescens Ait. reduce cardiac arrhythmias
(ventricular tachycardia) induced by coronary
artery ligation in rats, and by aconitine infusion
in mice, suggesting their potential clinical use for
anti-arrhythmic treatment [115].

Many other plants (garlic, agrimony, celery,
ginger, berberine, corkwort, Stephania tetrandra
root, astragalus, Fissistigma glaucescens, Xin
Bao, Bu Xin, Yu Zhu, and Mai Dong), particularly
used in the context of traditional Chinese medi-
cine, possess anti-arrhythmic and cardioprotective
activity, but there is a lack of scientific evidence
for the reproducibility of their effects and their

precise dosage to describe a potential use in the
Western medical system.

Traditionally, the mild form of brady-
arrhythmias can benefit from the use of coffee
or dry extract of guarana (10% caffeine) 500 mg/
tablets, 1-2 capsules before breakfast and
lunch [116].

At the present time, however, the data are not
definitive enough to recommend treatment with
any of these herbal therapies for a specific form
of arrhythmia.

18.8 Tricks of the Trade

Currently, natural remedies are effective in the
management of palpitations related to stress and
anxiety. In this scenario, it may be useful to resort
to linden, valerian, or passionflower. It is possible
to use the dietary supplement potassium-magne-
sium-bromelain mentioned in Chap. 17.
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New anticancer therapies have led to a long
life expectancy for many patients; however,
treatment-related comorbidities have become an
issue for long-term cancer survivors. Cardiac
toxicity is one of the most feared side effects of
anticancer agents; thus the gain in life expec-
tancy due to anticancer therapy may be coun-
tered by increased mortality owing to cardiac
problems.

The type and duration of cancer treatment still
play an important role in determining cardiovas-
cular (CV) injury or toxicity. CV toxicity can be
caused by:

1. Direct injury to or death of cardiac myocytes

2. Stimulation of myocardial fibrosis

. Provocation of stress-induced myocardial
ischemia via endothelial dysfunction

. Vascular injury

. Myocardial and/or pericardial inflammation

. Arrhythmogenic or conduction abnormalities

. Autonomic dysfunction

. Valvular disease
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9. Exacerbation of known CV risk factors (e.g.,
hypertension, accelerated atherosclerosis, or
Raynaud’s syndrome) [1-3]

The most frequent clinical syndromes
correlated with this effect are heart failure, peri-
carditis and myocarditis, arrhythmias, sudden
death, cardiogenic shock, thrombosis, and
myocardial ischemia (Table 19.1).

In addition to traditional cardiotoxic agents,
such as anthracyclines or radiation-related heart
disease, newer therapies including tyrosine
kinase inhibitors [4—6] and even therapies that
are not necessarily classified as “chemotherapy”
may also promote CV disease or events. For
example, the administration of hormone depriva-
tion therapies, which have dramatically reduced
cancer recurrence and improved survival in
women with breast cancer and men with prostate
cancer, is now increasingly associated with CV
events [7, 8].

Obviously, a chemotherapeutic agent can
induce CV toxicity through multiple mechanisms
and change their effect in relation to the combi-
nation of the antiblastic therapy.

In Table 19.1 the CV effect of a single agent
is described, and we analyze the most common
clinical syndrome related to its CV toxicity
(Table 19.2).
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Table 19.1 Cardiovascular effect of a single chemotherapeutic agent

Class Examples Cancers treated
Anthracyclines ~ Doxorubicin,

epirubicin

cancer

Alkylating Cyclophosphamide
agents cancer
Antimicrotubule Paclitaxel,
agent docetaxel
Antimetabolites  Cisplatin,

5-fluorouracil

Acute leukemia, Hodgkin’s and
non-Hodgkin’s lymphoma, breast

Blood, breast, endometrial, bladder

Breast and ovarian cancer, Kaposi’s
sarcoma, prostate and bladder
cancer, gastric adenocarcinoma

Solid tumors (lung, colon, breast)

Cardiotoxicity

Acute: HF, arrhythmias, QT changes
Chronic (dose-dependent): HF
nonreversible

Reversible HF, pericardial effusion,
arrhythmias

Bradycardia, myocardial ischemia,
syncope, LV dysfunction, ventricular
arrhythmias

Myocardial ischemia, myocardial
infarction, arrhythmias

Myocardial ischemia

Reversible LV dysfunction, venous
thrombosis, systemic hypertension

Vinca alkaloids ~ Vincristine, Leukemia, lymphoma
vinblastine
Tyrosine kinase- Trastuzumab, Breast and lung cancer, metastatic
inhibiting bevacizumab, colorectal cancer, lymphomas,
antibodies rituximab, leukemias, transplant rejection
alemtuzumab

Imatinib, sorafenib,
lapatinib, sunitinib

Small-molecule
tyrosine kinase
inhibitors
Others Tamoxifen, arsenic
trioxide, retinoic

acid, thalidomide
HF heart failure, LV left ventricular

carcinoma

Table 19.2 Common clinical syndromes related to
chemotherapeutic agents

Drugs associated with CHF Anthracycline
Cyclophosphamide
Tyrosine kinase-

inhibiting antibodies

Drugs associated with ischemia Antimetabolites
or thromboembolism Antimicrotubule
agent
Cisplatin
Thalidomide
Drugs associated with Bevacizumab
hypertension Cisplatin
Sorafenib
Hemorrhagic myocarditis (rare) Cyclophosphamide
Bradyarrhythmias Paclitaxel
Raynaud’s phenomenon Vinblastine

Arsenic trioxide
Methotrexate

QT prolongation
Pulmonary fibrosis

19.1 Congestive Heart Failure

For Left ventricular dysfunction means a global
decrease in LVEF or more severe in the septum;
symptoms of congestive heart failure (CHF)

Renal cell cancer, lung and
pancreatic cancer, leukemia

Breast cancer, multiple myeloma,
melanoma, metastatic renal cell

LV dysfunction, myocardial
infarction, pericardial effusion, HF

Deep-vein thrombosis, pulmonary
embolism, stroke, myocarditis

include decline of the left ventricular ejection
fraction (LVEF) at least 5% to less than 55%
with signs or symptoms of CHF, or at least
10 to 55% without signs or symptoms
[9, 10]. The most common form of cardiotoxicity
is anthracycline-related CHF.

19.1.1 Anthracycline Cardiotoxicity

Doxorubicin cardiotoxicity varies from 4 to 36%
depending on the dose; epirubicin and idarubicin
have a lower incidence of CHF.

Free radical formation is generally accepted
as the main mechanism; apoptosis also plays a
prominent role in the myocardial cell loss that
has been demonstrated in such cases. Risk
factors for AC are high, single intravenous
dose; time of drug infusion <30 min; history
of previous irradiation; use of other concomitant
agents such as cyclophosphamide, trastuzumab,
and paclitaxel; female gender; and young or
old age.

There is an acute effect with a transient
decline in myocardial contractility after infusion
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and a chronic progressive effect presenting as
dilated cardiomyopathy is typically manifested
as clinical heart failure or subclinical decline
in myocardial function, and may present early,
within 1 year of the termination of chemotherapy,
or late-delayed, becoming evident beyond 1 year
post-treatment. The chronic cardiomyopathy is
related to myocardial necrosis and vacuolization,
caused by the suppression of the synthesis of
DNA, RNA, proteins, and transcription factors.
Reduced protein expression results in disrup-
tion of sarcomeric proteins and myofilaments.
Anthracycline also alters the adenylyl cyclase
activity and calcium homeostasis disrupting the
dynamic regulation of cardiac function [11-13].

19.1.2 Trastuzumab (Biological
Therapies)

This is a monoclonal antibody that binds to the
extracellular domain of HER2 (human epidermal
growth factor receptor 2), inhibiting signal trans-
duction. The HER2 gene is overexpressed in
15-20% of breast cancer cases, with overproduc-
tion of HER2.

The treatment with this type of therapy
results in higher rates of cardiac dysfunction if
combined with a high dose of anthracyclines
(>300 mg/m?).

The cardiotoxicity is related to the role of
HER?2 in cardiomyocyte survival and develop-
ment [14, 15]: the cellular level overexpression
of HER2 and/or neuregulin (NRG)-mediated
activation of the HER2/HER4 signaling path-
way protect against oxidative stress and prevent
apoptosis. High serum levels of HER2 have
been detected in individuals with chronic HF
[16, 17] and clinical trials have shown that
administration of recombinant human NRG-1
improves cardiac function in chronic HF and is
well tolerated [18]. Thus, although cardiac
stress leads to increased HER2 expression and
HER2/HER4 activation by NRG, for example,
during anthracycline therapy with pressure
overload, inhibition of HER2 by trastuzumab
induces ventricular dysfunction, developing
dilated cardiomyopathy. The concomitant use
of trastuzumab and anthracyclines increases

ROS levels, and creates an oxidative stress that
causes overexpression of angiotensin II, which
inhibits the action of NRG and its binding to
HER, blocking anti-apoptotic pathways. More-
over, the Ang II, through activation of NADPH
oxidase, produces superoxide anion radicals
(potent ROS; Fig. 19.1).

The incidence of cardiotoxicity was evaluated
in several studies and the highest incidence was
registered in association with anthracycline
(>20%) [19, 20].

19.1.3 Tyrosine Kinase Inhibitors
(Biological Therapies)

Tyrosine kinase inhibitors (TKIs) are small-
molecule targeted therapeutics that are directed
against specific molecules and signaling
pathways [21]. The drugs in this class are similar;
they differ in their specific targets or combination
of targets and thus result in a variety of toxicities.

For example, CHF caused by sunitinib
may be related to mitochondrial damage in
cardiomyocytes or activation of apoptosis and
interference in cellular metabolism. CHF related
to the use of lapatinib may be a result of HER2
inhibition [22].

19.2 Systemic Hypertension

The principal mechanism involved is the inhibi-
tion of wvascular endothelial growth factor
(VEGF) by anti-angiogenic cancer drugs (i.e.,
bevacizumab, sunitinib, and sorafenib), which
lead to endothelial cell dysfunction and defects
within the vascular lining, resulting in activation
of tissue factor, thus leading to an increased
risk for thromboembolism. In addition, inhibition
of VEGF may cause a reduction in nitric oxide
and prostacyclin, which promotes vasoconstric-
tion and increases peripheral vascular resistance
[21, 22].

The incidence of hypertension in clinical trials
ranged from 7 to 36%. Pre-existing hypertension
is an important risk factor for severe hyperten-
sive sequelae in cancer patients, and aggressive
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antihypertensive medication before and during
treatment with anti-angiogenic drugs is essential
[23-25].

19.3 Mpyocardial Ischemia:
Fluoropyrimidines

The pathogenesis of cardiotoxicity is unknown;
the mechanisms involved are probably coronary
vasospasm, arterial thromboembolic events,
arteritis, interaction with the coagulation system,
and direct toxicity on myocardium, such as the
accumulation of metabolites that interfere with
cellular metabolism and apoptosis leading to
inflammatory lesions that could mimic myocardi-
tis. Clinical presentations are stable angina, and
myocardial infarction more often in patients with
pre-existing coronary atherosclerosis. The drugs
particularly involved are fluoropyrimidines (such

P38/JNK

C Apoptosis - |

Heart faiure

as 5-fluorouracil), bevacizumab, anti-microtubule
agents (paclitaxel and docetaxel), tyrosine kinase
inhibitors (sorafenib and sunitinib), and the Vinca
alkaloids vincristine and vinorelbine [6, 26]

Toxicity appears to be dose-dependent and
infusion-rate-dependent. The percentage of clini-
cal presentation for angina is 45%, for myocardial
infarction 22%, for arrhythmias 23%, for acute
pulmonary edema 5%, for cardiac arrest 1.4%,
and for pericarditis 2%, with a mortality rate of
2.2-13% in the literature [27].

19.4 Arrhythmias

The chemotherapeutic agents known to cause
arrhythmias are anthracyclines (doxorubicin and
epirubicin), anti-microtubule agents (paclitaxel
and docetaxel), antimetabolites (capecitabine,
S-flurouracil, and gemcitabine), alkylating agents
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(cisplatin and cyclophosphamide), tyrosine
kinase inhibitors (trastuzumab and cetuximab),
arsenic trioxide, thalidomide, and interleukin 2.

The most frequent arrhythmia registered is
atrial fibrillation with to unknown and variable
incidence related to treatments. Cancer itself
causes arrhythmias independently of pre-existing
risk factors that obviously increase morbidity
(advanced age, radiotherapy of the heart, the pres-
ence of amyloid infiltration, and any underlying
conduction system disturbance) [28].

19.5 Thromboembolism

Venous thromboembolism is a leading cause of
death in cancer patients and is associated with
the use of anti-angiogenic drugs, thalidomide,
lenalidomide, bevacizumab, and hormone therapy
such as tamoxifen. The thrombogenic mechanism
of these drugs involves direct action on endothe-
lial cells and increased platelet aggregation.

19.6 Radiotherapy

Another type of anticancer therapy is radiation,
which is administered in about 50% of patients
with cancer. The groups of patients in which
radiation-associated cardiac injuries are of
clinical importance are those with curable
malignancies (mainly Hodgkin’s lymphoma and
early-stage breast cancer, lung, and esophageal
cancer) irradiated at a relatively younger age;
thus, there is enough time to develop clinically
significant late cardiac injury. The extent of
cardiotoxicity depends mainly on radiation
dose, the area of the heart exposed, and the par-
ticular technique applied. Risk factors for
radiation-associated heart damage include dose
>30-35 Gy, a large volume of irradiated heart,
younger age at exposure, longer time since expo-
sure, use of cytotoxic chemotherapy, endocrine
therapy or trastuzumab, and the presence of
other risk factors such as diabetes, hypertension,
dyslipidemia, obesity, and smoking [29].

The mechanism of cardiotoxicity is likely
secondary to the generation of reactive oxygen
species, which disrupt DNA strands and lead to
vascular endothelial damage, and inflammation,
which leads to fibrosis [30, 31].

RT heart injury can cause various cardiac
syndromes such as the following:

— Arteritis of the endothelium of coronary
arteries, which can cause premature coronary
artery disease and atherosclerosis mainly in
the left anterior descending and right coronary
artery, 10—15 years after RT.

— Acute pericarditis and symptomatic (hemody-
namic compromise Wwith constriction or
tamponade) or asymptomatic chronic pericar-
dial effusion usually appear 6-12 months
following RT.

— Myocarditis and congestive heart failure due
to nonspecific diffuse interstitial fibrosis.

— Valvular stenosis and regurgitation mainly of
mitral and aortic valves.

— Fibrosis of the conduction system and dis-
turbed heart rate and complete or incomplete
heart block.

19.7 Monitoring and Non-Invasive
Diagnosis

Patients undergoing anticancer therapy should
follow standard guidelines for reducing CV
risk, such as blood pressure control, lipid-level
reduction, smoking cessation, and lifestyle
modifications.

Baseline clinical evaluation, ECG evaluation,
and periodic monitoring of cardiac function with
echocardiography are considered according
to the type of patients and chemotherapeutic
treatment.

There are recent research initiatives suggest-
ing the possible utility of non-invasive imaging
technologies for identifying subclinical CV
injury in those receiving treatment for and sur-
viving cancer.
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19.7.1 Role of Echocardiography

In addition to evaluating LV structure, echocar-
diography provides information on both systolic
function and diastolic function; also, recent
techniques have become available to measure
myocardial deformation, including LV strain,
strain rate, or twist and torsion that may provide
anew understanding regarding the early stages of
the pathophysiology of cardiac dysfunction upon
receipt of cancer treatment [32, 33]. Moreover,
echocardiography provides additional informa-
tion about valvular function and pericardial
fluid/physiology that might occur after cancer
treatment.

The m-mode, Doppler, and 2D and 3D infor-
mation is useful, not only for diagnosing a
cardiac injury, but also often to predict the
cardiotoxicity. For example, some studies have
shown that LV diastolic properties, such as a
decrease in the E/A ratio, or prolongation
of IVRT, or the deceleration time of early dia-
stolic filling, can predict doxorubicin-induced
LV systolic dysfunction [34]. Some authors
demonstrated that a reduction of more than 10%
of global and regional longitudinal and radial
strain in the first weeks of treatment with
anthracycline and trastuzumab predicts the later
development of a reduction of LVEF 6 months
after the initiation of these therapies [32, 35] with
a sensitivity of 78 % and specificity of 79%, and a
negative predictive value of 93%.

Other studies try to determine the prognostic
utility of other echocardiographic measures, such
as the twist and torsion of the LV in those treated
for cancer, and this may be the expression of
myo-filament disorganization and cardiomyocyte
NEecrosis.

19.7.2 Role of Cardiovascular Magnetic
Resonance Imaging

Cardiovascular magnetic resonance (CMR)
imaging gives information about cardiac and
vascular anatomy, tissue characteristics (pres-
ence of fibrosis, inflammation, injury, etc.),
left and right ventricular systolic or diastolic

function, blood flow, and myocardial perfusion
or metabolism for the purposes of understanding
the etiology of LV systolic or diastolic dysfunc-
tion. For this reason, the American College of
Cardiology/American Heart Association recog-
nize CMR imaging as a method of identifying
CV dysfunction after treatment for cancer and
have incorporated it across research studies to
define the pathophysiology of cancer treatment-
related CV toxicity. By CMR imaging the
presence and severity of morphological and
functional abnormalities of the LV or RV myo-
cardium can be identified and understood, deter-
mining the underlying etiology (e.g., ischemic
versus non-ischemic disease) of LV or RV dys-
function, and identifying prognostic factors
related to patient outcomes. CMR offers more
accurate assessment of function and morphology
than most available imaging modalities,
providing reliable volumetric data with high
diagnostic image quality in nearly all patients.
Table 19.3 displays quantitative and qualitative
parameters, each of which can be used as

Table 19.3 Cardiovascular magnetic resonance imaging-
derived parameters in patients with suspected heart
failure

Parameters

LV and RV end-diastolic volume
and indices

Systolic function

LV and RV end-systolic volume
and indices

LV and RV stroke volume and
ejection fraction

Cardiac output and cardiac index

Regional and global measures of
myocardial strain
Morphology LV mass and indices
Mean and maximum myocardial
wall thickness
Assessment of pericardium

Wall stress End-systolic wall stress

Diastolic Circumferential strain and strain rate
function End-diastolic forward flow in
pulmonary veins
E/A ratio
Reversible Edema

acute injury
Irreversible
injury

Myocardial fibrosis
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diagnostic markers or descriptors in patients with
suspected heart failure [36].

19.7.3 Role of Cardiovascular
Computed Tomography

Cardiovascular CT may be useful for evaluating
the pericardium of patients who received radia-
tion or surgical treatments; to identify abnormal
thickening and calcification of the pericardium;
and to measure coronary artery calcium or
directly visualize the coronary arteries. There
are currently insufficient data to recommend the
routine use of coronary CT angiography or cal-
cium scoring in patients who underwent high-
dose radiation therapy. In addition, the presence
of coronary artery calcification before treatment
for cancer has not been shown to predict future
CV risk upon receipt of chemotherapy, tyrosine
kinase inhibitors, or radiation therapy.

19.7.4 Role of Nuclear Medicine
Imaging

Today, equilibrium radionuclide angiography
(ERNA) is used to measure LV function through
determination of the LV ejection fraction
(LVEF). LV diastolic function is often assessed
using radioisotope-based techniques. Count—
time curves, the peak filling rate (PFR), the
PFR normalized to stroke volume, and time-to-
peak filling rate are detected with planar equilib-
rium radionuclide ventriculography (ERNV). For
example, a reduction in these ERNV measures
of LV diastolic function correlates with the
simultaneous decreases in LVEF, suggesting an
impairment of systolic and diastolic function
during anthracycline therapy [37, 38]

19.7.5 Role of Biomarkers

Early identification of patients at risk for
cardiotoxicity represents a primary goal for
cardiologists and oncologists; we know the use-
fulness of LVEF monitoring in patients who have

undergone chemotherapy, but it is not specific
and sensitive enough to predict damage, because
it permits the identification of cardiac damage
only after the onset of cardiac dysfunction. An
alternative diagnostic strategy is the use of tro-
ponin and cardiac peptides in the early detection
of cardiotoxicity in clinical practice. Measure-
ment of EF may underestimate actual cardiac
damage, because patients may experience subtle
changes in cardiac function not detected on
imaging studies. Serum cardiac biomarkers,
such as N-terminal prohormone brain natriuretic
peptide and/or troponin, may also play a role in
the detection of cardiac damage, but further
investigation is needed to classify their predic-
tive value.

The mechanisms responsible for troponin
release after chemotherapy are still being
defined. Results of many studies support the
non-ischemic etiology of the serum troponin
increase after chemotherapy [39]. Furthermore,
the persistence of c¢Tnl elevation, observed in
some studies, 1 month or more after the end of
chemotherapy, suggests the occurrence of a
release pattern different from ischemic injury
[40]. In acute coronary syndromes, indeed, tro-
ponin typically returns to baseline within 10 days
and is associated with, not followed by, ventric-
ular dysfunction [41].

Troponin determination detects the presence
of cardiotoxicity very early, before impairment
of cardiac function, and can be revealed by any
other diagnostic technique. Immediately after the
last dose of chemotherapy, determination of tro-
ponin allows for the discrimination of patients
at a high risk for cardiotoxicity from patients at
low risk; among patients with positive troponin
values, persistence of the increase 1 month after
the last administration of chemotherapy is related
to an 85% probability of major cardiac events
within the first year of follow-up [39, 42, 43],
whereas a persistently negative troponin test
result can identify, with a predictive negative
value of 99%, patients with the lowest risk for
cardiotoxicity (Fig. 19.2).

Although the role of Tn is clear, for the car-
diac natriuretic peptides (CNPs), such as B-type
natriuretic peptide (BNP) and the amino-terminal
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Fig. 19.2 Left ventricular dysfunction predicted by
Cardinale et al. [42]

fragment of its precursor (NT-proBNP), it is not
the same thing. They represent efficient markers
of ventricular dysfunction as they are rapidly
produced and secreted by the heart in response
to ventricular wall distention. There are no defin-
itive results regarding the role of CNPs in
assessing cardiotoxicity in clinical practice.

19.8 Treatment and Prevention

Drugs used to treat heart failure have also shown
promise in the prevention of chemotherapy-
induced cardiotoxicity; early detection of
cardiotoxicity is of crucial importance inef-
fectively preventing or treating patients in a
phase in which the disease is still reversible.
Jensen, in some studies, considered around
108 patients with anthracycline cardiomyopathy
only, who had symptoms of heart failure. Forty-
six patients (43%) were treated with digitalis and
diuretics, and 32 patients (30%) were treated
with different angiotensin-converting enzyme
inhibitor (ACEIs; enalapril in most cases);
among them, only 13 patients received ACEIs
as a first treatment. Finally, only 5 patients
(5%) were treated with beta-blockers alone
(carvedilol in most cases), and only 25 patients
(23%) received a combination of both these
classes of drugs. Therefore, no clear evidence
can be obtained from these findings in terms of

early troponin I release after high-dose chemotherapy.

defining the best therapeutic strategy for this
CMP [44-4T].

A study of 50 patients randomly assigned to
receive prophylactic carvedilol or placebo before
anthracycline chemotherapy found that beta-
blockers preserve EF [48]. Similar results were
seen with nebivolol [49]. A larger randomized
trial that included 473 patients demonstrated that
enalapril may also help prevent cardiotoxicity;
however, the mean age was 45 years, and the
benefits in the elderly are not known [43].

Cardinale et al. [50] demonstrated that early
treatment is particularly critical in asymptomatic
patients. Indeed, most responders were either
asymptomatic or had a low New York Heart
Association (NYHA) functional class at the
time of HF therapy initiation (Fig. 19.3).

Preventing AC-induced cardiotoxicity while
treating the malignancy remains the ultimate
goal of therapy; cardiac function should also
be monitored in patients receiving potentially
cardiotoxic chemotherapy to detect early cardiac
abnormalities while they are still reversible.

Indeed, the American College of Cardiology
and the American Heart Association recommend
routine echocardiography at baseline and recur-
rent re-evaluation [51].

We can say that for a correct treatment a
prevention of cardiotoxicity is useful:

— Periodic monitoring (every 12 weeks) of
cardiac function with echocardiography
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before (baseline) and after (final) heart failure (HF)
therapy in various subgroups of patients. For age, time-
to-HF treatment, and anthracycline (AC) dose, patients

(especially for anthracyclines and their
derivates, or monoclonal antibodies) [III, A].

— Assessment of baseline systolic and diastolic
cardiac function with echocardiography should
be conducted before treatment with monoclo-
nal antibodies [III, A] or anthracyclines and
their derivates in patients aged >60 years, or
with CV risk factors such as hypertension,
hypercholesterolemia, diabetes, and obesity.

— LVEF reduction of 20% from baseline despite
normal function or LVEF decline <50%
necessitates reassessment or discontinuation
of therapy and further frequent clinical and
echocardiographic checks. In these patients,
even if asymptomatic, aggressive medical
therapy is mandatory, especially if the neopla-
sia could have a long-term survival; it consists
of ACE inhibitors and beta-blockers.

for all comparisons. ACEIl angiotensin-converting
enzyme inhibitor, BB beta-blocker, M men, NYHA New
York Heart Association, W women

— A predictive role for biomarkers of
cardiotoxicity caused by cancer therapy is
not well defined enough to include them as
routine screening measurements. Neverthe-
less, persistent increases in cardiac troponin
I or BNP concentrations seem to identify
patients at risk for cardiotoxicity.

Regarding the role of therapy in preventing
the effect of asymptomatic cardiotoxicity, which
may leave the heart vulnerable to added
stressors, we received significant information
from the PRADA randomized study that assessed
whether the angiotensin receptor blocker
candesartan, the beta-blocker metoprolol, or a
combination of the two can prevent a reduction
in LVEF, as measured by CMR imaging in
patients receiving adjuvant oncological therapy
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for early breast cancer. The reduction of EF
assessed by CMR imaging was 2.6% in the pla-
cebo group and 0.6% in the candesartan group.
Such a statistically significant difference was not
found in the metoprolol group, which, unlike the
candesartan, did not show any benefit in the
prevention of the reduction of the EF [52].

19.9 New Perspectives:
Nutrigenomics

One of the most simple but important
considerations is that chronic inflammation is
related to cancer induction, with evidence of
activation of inflammatory genes and genes
controlling cell growth factors, angiogenesis,
and cytokine/chemokine regulation [53, 54]. The
carcinogenic conditions are obesity, hyperglyce-
mia, autoimmune diseases, persistent infections
caused by some viruses such as human papilloma
(cervical carcinoma), herpes virus (lymphoma),
hepatitis B and C (hepatocarcinoma), cytomega-
lovirus (glioblastoma), and Helicobacter pylori
(gastric cancer). All these conditions produce
cancer, inducing a chronic inflammation [55].

Nutrigenomics is a multidisciplinary science
that manages to combine genetics with nutrition,
trying to play an active role. Using a combination
of agents or a multitargeted approach could
theoretically permit the administration of the
lowest active dose of each agent and therefore
lower the potential for adverse side effects.
Phytochemicals are known to inhibit a number
of diverse targets. Cancer cell growth is driven
by multiple signaling pathways, a multistep pro-
cess by which cancer cells acquire characteristics
of unlimited proliferation potential, lack of
response to growth signals, and resistance to
cell death. Identifying the most important players
or biomarkers in carcinogenesis has been diffi-
cult because of the heterogeneity of cancer and
the constantly changing cancer genome. For
example, tumors that are drug-sensitive can at
the same time develop drug-resistant mutations
[56, 57].

Selected anticancer natural products, such as
mixed tocopherols, curcumin, quercetin, vitamin

OH

Fig. 19.4 Formula for quercetin

C, and resveratrol, without interference with con-
ventional treatment, have powerful anti-oxidant/
anti-inflammatory activity. Polyphenolics, for
example, may protect against various chronic
degenerative diseases such as cancer or CV
disease [58].

Quercetin  (3,3',4',5,7-pentahydroxyflavone)
(Fig. 19.4) is an important dietary flavonoid
present in red onions, apples, berries, citrus
fruits, tea, and red wine [59], and exhibits anti-
oxidant, anti-inflammatory, anti-obesity, and
anticancer properties. Quercetin has received
increasing attention as a pro-apoptotic flavonoid
with specific, and almost exclusive, effects on
tumor cells rather than normal, non-transformed
cells [60]. Another effect with an unclear mech-
anism, demonstrated by Arcari et al. [61], is
related to weight reduction and the regulation
of the expression of genes related to in vitro
adipogenesis.

The anticancer effect and “chemopreventer”
role with the modulation of cancer cell apoptosis
were confirmed by Zhao et al. [62], demonstrat-
ing in liver cancer cells the inhibition of FASN
(animal fatty acid synthase) causing HepG?2 cell
(human liver cancer) apoptosis.

Resveratrol (Fig. 19.5): is produced by
plants as a defense mechanism in response to
fungal diseases, stress, and UV radiation; the
primary dietary sources of resveratrol are grapes
and peanuts. Resveratrol exhibits anticancer
properties by inhibiting cell proliferation, induc-
ing apoptosis, decreasing angiogenesis, and caus-
ing cell cycle arrest in several cancer cell lines.
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Fig. 19.6 Curcumin formula

It induces apoptosis through the induction of
p53 phosphorylation and also suppresses AP1
and cyclooxygenase 2 activities, leading to can-
cer cell death [63]. In several cancer cell lines
within different phases, the combination of res-
veratrol and quercetin exhibited a synergistic
antiproliferative effect, for example, in MOLT-
4 leukemia cells, decreasing the percentage of
cells in the S phase and increasing the percentage
of cells in the GO/G1 phase, which is consistent
with the inhibition of the progression from the
GO/G1 to the S phase [64, 65].

In some recent studies the effect of curcumin
(Fig. 19.6) was analyzed, a polyphenol responsi-
ble for the yellow color of turmeric, one of the
main components of the spice “curry”. Curcumin
is potentially beneficial in the treatment of meta-
bolic diseases and diabetes mellitus, and in
the prophylaxis of CV diseases such as athero-
sclerosis, cardiac hypertrophy, and remodeling.
Although few clinical studies investigating the
direct effects of curcumin on the CV system
are available at days, promising experimental
evidence has shown potential in the manage-
ment and prevention of heart diseases. Anti-
oxidant compounds, like curcumin, may have
cardioprotective effects during the chemothera-
peutic treatment (for example, with adriamycin).
In a study conducted in murine models, adminis-
tration of high doses of curcumin (200 mg/kg
within 7 days, previously up to 2 days after
treatment with adriamycin) was associated with

a significant reduction of the cardiotoxic effect of
chemotherapy.

The therapeutic effects of curcumin were
studied in particular in the prevention and
treatment of neoplastic and inflammatory patho-
logical conditions [66, 67]. Curcumin is well
tolerated when taken at high doses (up to 12 g
per day). Although few clinical studies are
designed to study the direct effects of curcumin
on the CV system, the first experimental evi-
dence suggests the potential preventive and pro-
tective role in heart disease.

The number of the known biological functions
of ascorbic acid vitamin C is continually
expanding. Its principal effect is the autoxidation
producing hydrogen peroxide (H,O;). In the
presence of catalytic metals this oxidation is
accelerated [68].

Recent pharmacokinetic data indicate that
intravenous (i.v.) administration of ascorbate
bypasses the tight control of the gut producing
highly elevated plasma levels; ascorbate at very
high levels can act as a prodrug to deliver a
significant flux of H,O, to tumors.

Plants and most animals synthesize ascorbate
from glucose. In primitive fish, amphibians, and
reptiles, ascorbate synthesis takes place in kid-
ney, whereas the liver is the site of synthesis in
mammals.

In human and animal tissues, the highest
concentrations of ascorbate are in the adrenal
and pituitary glands (Table 19.4) [69]. Ascorbate
is a physiological reductant in the dopamine
B-hydroxylase-catalyzed reaction that converts
dopamine to norepinephrine in the chromaffin
granules of adrenal medulla. It is important as a
reducing agent to maintain iron in the ferrous
state.

Epidemiological evidence suggests that
vitamin C-rich foods play a protective role
against the development of cancer; plasma
concentrations of ascorbate have been shown to
be inversely associated with cancer risk [70]. A
possible explanation is related to the [71] dem-
onstration that some cancer cells have increased
sensitivity to ascorbate-induced cytotoxicity
compared with normal cells. In a complementary
study, Du et al. [72, 73] demonstrated that
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Table 19.4 Ascorbate content of human tissues

Ascorbate (mmol/  Ascorbate
Tissue kg wet tissue) (mM)
Adrenal glands 1.7-2.3
Pituitary gland 2.3-2.8
Liver 0.8-1
Spleen 0.8-1
Pancreas 0.8-1
Kidneys 0.28-0.85
Skeletal muscle 0.17-0.23
Brain 0.74-0.85
Placenta 0.23-0.72
Plasma (healthy) 0.04-0.08
Red blood cell 0.04-0.06
Neutrophil 1.2
Lymphocyte 4.0
Monocyte 32
Platelet 3.7
Cerebral spinal fluid 0.15-0.25
Neuron 10
Glial cells 1
Lens 2.5-34
Corneal epithelium 12.5
Aqueous humor 0.4-1.1
Alveolar macrophage 0.32
Bronchoalveolar 0.04-0.06
lavage
Saliva 0.04-0.05

pancreatic cancer cells are more sensitive to
pharmacological concentrations of ascorbate
than their normal cell counterparts. The differ-
ence in sensitivity between normal and cancer
cells toward ascorbate may be due to low levels
of anti-oxidant enzymes and high endogenous
levels of ROS in cancer cells [74]. The relatively
lower activities of catalase, glutathione peroxi-
dase, and peroxiredoxins in cancer cells could
potentially contribute to the less efficient
removal of H,O, and increased sensitivity to
ascorbate-induced cytotoxicity.

19.10 Conclusion

The majority of the natural products found to
have powerful and versatile anticancer effects
have shown a very wide margin of safety. The

newer techniques, such as nanosizing and micro-
encapsulation with phospholipids, have greatly
improved both gut absorption and bioavailabil-
ity. Combination with dietary programs designed
to utilize what we now know about the anticancer
effects of various foods can greatly improve the
prevention and treatment of cancers.

It can be seen that conventional anticancer
therapy has extremely high toxicity and treat-
ment concentrations are often close to fatal sys-
temic toxic effects. The natural products are
powerful anticancer agents when used alone
and significantly improve conventional chemo-
therapy and radiation therapy treatments; the use
of these valuable agents is currently reasonable,
both as cancer preventatives and in the treatment
of established cancers.
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Metabolic Disease in Psoriasis

Torello Lotti

20.1 Introduction

All organs and biological systems are controlled
and managed by a continuous information
exchange driven by cytokines, neuropeptides,
neurohormones, growth factors, and other signal-
ing molecules [1, 2].

These mediators therefore play a key role
in the maintenance of homeostatic parameters
and, consequently, in determining the state of
health or disease, both considered as expressions
of the fluctuation of the levels of these
substances. Furthermore, the cross-talk break-
down induced by an imbalance in the signaling
molecules is a fundamental factor for the onset
of inflammatory, allergic, autoimmune, and
neoplastic diseases [1-4].

A detailed analysis of all axis components
leads to a new insight into the biological
functions of the body, in accordance with the
psycho-neuro-endocrine immunology (PNEI)
principles [1, 2, 5-8]. Skin homeostasis and
skin diseases are among the most complex and
fascinating models of PNEI (Fig. 20.1).
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20.2 Psoriasis

Psoriasis is a common, chronic, relapsing,
inflammatory skin disease affecting up to 3% of
the world’s population [9, 10].

Up to 90% of patients with psoriasis
have plaque psoriasis or psoriasis vulgaris,
characterized by the presence of raised, well-
demarcated, erythematous oval plaques with
adherent silvery scales involving mainly the
elbows, knees, scalp, and rima ani.

The scales are a result of a hyperproliferative
epidermis (increased mitotic rate of basal
keratinocytes) with premature maturation of
keratinocytes and incomplete cornification,
together with retention of nuclei in the stratum
corneum (parakeratosis). As a result, the epider-
mis is thickened (acanthosis), with elongated rete
ridges.

In the dermis, a dermal inflammatory infiltrate
of dendritic cells, macrophages, and T cells in the
dermis and neutrophils can be observed.

Last, an increased number of tortuous capillaries
that reach the skin surface through a markedly
thinned epithelium are often present [11].

Substantial advances have recently been
made in elucidating the molecular mechanisms
of psoriasis, and new efficacious drugs have
been introduced for the treatment of this disease.
However, major issues remain unresolved,
including the primary nature of the disease, the
immune cause of the inflammatory process, the
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Fig. 20.1 Plaque psoriasis in a patient who is mildly
overweight

relevance of cutaneous and systemic factors, and
the role of genetic and environmental influences
on disease initiation, progression, and response
to therapy [11].

Psoriasis is well known to be associated with a
high degree of morbidity. Patients’ quality of life
is severely compromised; they are embarrassed
about the appearance of their skin, and they
have reduced levels of employment and income
[10, 12, 13].

The costs of the disease and long-term therapy
have a major impact on healthcare systems and
on society in general [10, 12, 13].

20.3 Immune Imbalance in Psoriasis
Regarding the immunopathogenesis of psoriasis,
the presence of an immune imbalance
(characterized by an altered ratio between spe-
cific cytokines released by T helper (Th) 1/Th17
and Treg/Th2 lymphocyte subsets) is considered
a key etiological factor [1, 2, 9, 14]. Various
immune cell types play an important role,
particularly CD4+ Th17 and Th1 cells. Together
with CD4+ T cells, other T-cell subsets
(Th22 and Th21) and CD8+ T cells infiltrating
the epidermis represent the major source of

interferon-y, interleukin (IL)-17, IL-22, and
tumor necrosis factor (TNF)-a [14].

In psoriatic lesional skin, a large number
of these cytokines is observed. In addition,
dendritic cell-derived cytokines (IL-23, IL-20,
TNF-a) and keratinocyte-derived cytokines and
chemokines (i.e., CXCL8S, CXCL1, CCL20,
IL-36) offer a relevant contribution to psoriatic
lesional skin formation [1, 9, 14].

20.4 Psoriasis: Implications Beyond
the Skin

20.4.1 Articular, Nail, and Mucosal
Involvement

Psoriasis is important to the clinician because it
has treatment implications beyond the care of
skin lesions. It represents a model for studies of
mechanisms in chronic inflammation processes.
Psoriasis is associated with a decreased quality of
life and with severe comorbidities [10].

Psoriatic arthritis is an inflammatory form,
commonly associated with cutaneous psoriasis
in up to 42% of cases. Many patients suffer
from psoriasis several years before developing
arthritis. More rarely, arthritis precedes psoriasis,
or the initial presentation includes arthritis and
psoriasis together. The severity and involvement
of arthritis is rarely related to the course and
clinical presentation of the skin disease [11, 14].

Nail psoriasis, presenting as pitting, oil spots,
ridging, onycholysis, and subungual hyperkera-
tosis, is reported in up to 55% of adult psoriatic
patients, and this psoriasis involvement is highly
connected to psoriatic arthritis, with an associa-
tion in up to 80% of cases.

Psoriatic lesions may also involve the oral and
genital mucosae. The tongue in particular can be
affected, showing benign migratory geographic
features [11].

20.4.2 Psoriasis Comorbidities

There is increasing evidence that psoriasis has many
immunological and metabolic associations that may
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play a role in disease in other organ systems. Epi-
demiological studies have demonstrated an associa-
tion between psoriasis and noncutaneous diseases
such as tonsillitis, Crohn’s disease, obesity, heart
diseases, and chronic alcoholism. Patients with pso-
riasis are at an increased risk for developing cardio-
vascular (CV) disease and metabolic syndrome
compared with controls without psoriasis [14—37].

Recently, the International Psoriasis Council
led an initiative to better define the association
between various cardiometabolic comorbidities
and psoriasis, focusing on the association of pso-
riasis with a higher risk of myocardial infarction,
stroke, and metabolic syndrome [14, 35].

Metabolic syndrome is characterized by
central obesity, atherogenic dyslipidemia, hyper-
tension, and glucose intolerance. Obesity is a
common comorbidity of psoriasis. Multiple
studies have demonstrated that patients with
psoriasis are more likely overweight (BMI:
25 kg/m? and <30 kg/m?) or obese (BMI:
30 kg/m?) compared with patients without psori-
asis [14, 25].

Together with an increase in the BMI,
psoriatic patients have significantly higher
concentrations of triglycerides and total choles-
terol, in addition to higher concentrations of
low-density lipoprotein and very low-density
lipoprotein cholesterol: all of these factors are
established and well-known risk factors for
cardiovascular disease [14, 24, 33-35].

Lastly, psoriasis is also associated with
impaired glucose tolerance and type 2 diabetes.
Psoriatic patients are more likely than healthy
individuals to demonstrate insulin resistance
when challenged with oral glucose (Fig. 20.1)
[14, 24, 33-35].

20.5 Psoriasis and Heart
Comorbidities

Whether because of the high incidence of
metabolic syndrome or because of systemic
inflammation, an important association between

psoriasis and heart comorbidities has been
reported [14-23]. Increased rates of concurrent
CV disease, including hypertension, diastolic
dysfunction, and heart failure have been noted
in patients with psoriasis.

Epidemiological studies reported the associa-
tion with shorter life expectancy, frequently
attributable to CV events. Although an increased
prevalence of CV events, such as myocardial
infarction, stroke, ventricular dysfunction, and
atherosclerosis, has been reported among psori-
atic patients, psoriasis likely plays an indepen-
dent role in the increased CV risk. This could be
at least partly explained by the chronic systemic
inflammatory state [32].

In fact, evidence is accumulating with regard
to the improvement of early subclinical vascular
alterations and CV morbidity and mortality by
treatment with anti-inflammatory drugs, such as
anti-TNF-a and methotrexate [29-32].

20.6 Evidence to Support
an Association Between
Psoriasis and Cardiometabolic
Diseases

The inflammatory state that characterizes psoria-
sis and cardiometabolic diseases, e.g., obesity
and atherosclerosis, recognizes a potentially
shared pathophysiology involving immune acti-
vation of T helper cell (Th)-1, Th-17, regulatory
T cell, and inflammatory cytokine signaling,
such as TNF-a, IL-6, IL-8, IL-17, L-22, IL-36,
and chemokines CCL-2 and CXC-1, -3, -10
[14, 32, 33].

The common pathophysiology potentially
explains common treatment strategies and
response to treatments [29-32].

With increased evidence and definition of
cardiometabolic comorbidities in patients with
psoriasis, there has been a growing interest from
the dermatology community in elucidating the
link and the common pathogenesis of psoriasis
and cardiometabolic diseases [14]. Furthermore,
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there is a need for the stratification of the diseases
according to valuable biomarkers.

Biomarkers are crucial within the context of
stratified medicine in the diagnosis of diseases,
the evaluation of systemic involvement, and
therapy for “systemic” psoriasis.

Furthermore, novel, cheap, and non- or
low-invasive techniques will be fundamental in
the identification and quantification of systemic
involvement.

20.7 Low-Dose Cytokines
for the Treatment of Psoriasis

Low-dose cytokine treatment is aimed at
correcting the psoriatic immune imbalance,
characterized by the hyperproduction of Thl/
Th17 cytokines. A multicenter, double-blind,
placebo-controlled clinical study [34] described
the efficacy of specific low-dose cytokines (IL-4,
IL-10, and IL-11, at a concentration of 10 fg/mL,
GUNA., Milan, Italy) for the 8-month treatment
of psoriasis vulgaris. The study evaluated the
effectiveness on the extension of psoriatic lesions
(measured using the Psoriasis Area Severity
Index [PASI]) and the improvement in the qual-
ity of life (with the use of the Dermatology Life
Quality Index [DLQI]). The study reported a
significant reduction of psoriasis extension
(PASI) together with an improvement in the
quality of life (DLQI). No adverse event was
reported during the whole trial. Similarly, an
observational study [9] evaluated the pharmaco-
logical activity of the treatment based on the use
of UVA-1 laser therapy with or without the co-
administration of low-dose cytokines (interleu-
kin [IL]-4, IL-10) and anti-IL-1 antibodies in
patients affected by psoriasis vulgaris (LOTTI).
The co-administration of low-dose cytokines in
combination with a UVA-1 laser was shown to
be more effective in ameliorating psoriasis skin

involvement (PASI) in comparison with UVA-1
laser alone.

20.8 Conclusion: Management
of a Patient Affected by
Systemic Psoriasis

It is well known among insiders that it is
always more important to consider and treat
a patient with skin psoriasis as a patient with
a systemic immune inflammatory disease,
with well-characterized skin involvement. The
sequence of events is not known. Many cytokines
are involved: in Table 20.1, some of these and
their effects on the skin and dermal vessels are
reported [7, 40]. This may suggest that inflam-
mation does precede the diseases and, later,
specific organ inflammation, psoriasis, and ath-
erosclerosis develop.

Nowadays, the systemic association is com-
mon, and a more precise definition of systemic
pathogenesis and involvement of psoriasis is
needed.

New biological drugs have been introduced
with success into the clinical management of
skin and the involvement of articular psoriasis.

Low-dose cytokines have provided significant
improvement in various skin diseases by restoring
the immune balance, altered by a deregulated
cytokine synthesis. The preliminary positive results
induce the researchers to highlight innovative
strategies for the treatment of dermatological
diseases characterized by an immune Th1/Th17-
Treg/Th2 imbalance such as psoriasis. The associ-
ation between psoriasis and systemic comorbidities
reflects a systemic immune imbalance.

Further studies are needed to confirm the
role of low-dose cytokines in the treatment of
psoriasis, together with the analysis of skin and
systemic involvement.
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Table 20.1 Main activities of mediators and their receptors on the cutaneous cells and immune system

Mediator

Acetylcholine

Adenosine triphosphate
(ATP)

Calcitonin gene-related
peptide (CGRP) (and
adrenomedullin, ADM)

Catecholamines

Receptors

Nicotinergic and
muscarinergic
acetylcholine receptors

Purinergic P2 receptors
(ionotropic P2XRs or
metabotropic P2YRs)

CGRP receptor-calcitonin-
like receptor/receptor
activity modifying protein
1 (CL-R/RAMP1)
ADM-receptor-CL-R/
RAMP2 or CL-R/RAMP3

Adrenergic receptors (AR):
a, B

Sources, receptors
expressed mainly by

Nerves, endothelium, mast
cells, fibroblasts,
melanocytes

CGRP: sensory nerve
fibers CGRP receptor:
keratinocytes

Released by nerve fibers,
keratinocytes,
melanocytes. Receptors by
natural killer cells,
monocytes, T cells

Remarks

* Mediates itching in
atopic dermatitis

*« mAChR3 is probably
involved in itching

« Regulates keratinocyte
proliferation, adhesion,
migration, and
differentiation

« Involved in neurogenic
inflammation

« Induces release of IL-6,
IL-8, MCP-1

« Increases expression of
ICAM-1

CGRP

« Involved in pain
transmission (central but
not peripheral) and in the
prolongation of pruritus
latency following SP
injection (inhibitory effect
on itching)

« Increase in CGRP fibers
in itchy skin diseases

« Important mediator of
neurogenic vasodilatation
(“wheal-and-flare”
reaction)

« Stimulates adhesion of
leukocytes and monocytes
to endothelial cells

« Stimulates TNF-a and
IL-8 release from mast
cells

* Modulates (inhibition)
the cutaneous macrophage
and Langerhans cell
functions

« Has a mitogenic effect
on endothelial cells and
keratinocytes

« Induces mast cells to
release histamine and
pro-inflammatory
mediators such as TNF-«
and IL-8

* Suppresses IL-12
production and increases
IL-10 release in dendritic
cells (DCs)

* Augments T-cell
production

« Inhibits TNF-a release
from monocytes

* Modulates keratinocyte
differentiation

(continued)



268

T. Lotti

Table 20.1 (continued)

Mediator

Corticotropin-releasing
hormone (CRH; see also
opioids and pro-
opiomelanocortin)

Endocannabinoids

Endothelin (ET)

Receptors

CRH-R1 and -R2

Cannabinoid receptors
(CB1, CB2)

Endothelin receptors
(ETA, ETB)

Sources, receptors
expressed mainly by

CRH-R1: keratinocytes,
mast cells; CRH-R2: bone
marrow mast cells

Released by nerves,

T cells, macrophages
Receptors on nerves, mast
cells, macrophages,
keratinocytes, skin
appendages

Nerves, endothelium, mast
cells, fibroblasts,
melanocytes

Remarks

» Regulates melanogenesis
* f3, receptors mediate
oa-MSH central inhibition
of skin inflammation

« Release of histamine,
cytokines, TNF-a, VEGF
from mast cells

* CRH-R1 downregulation
upon stress and infection
* CRH-R2 mRNA induced
by IL-4 in mast cells

» High expression of
CRH-R1 in urticaria and
lichen simplex

« Stimulates fibroblast
proliferation and inhibits
keratinocyte proliferation
« Stimulates
corticosterone production
in fibroblasts

« Regulates pigmentation
« Antipruritic effects at the
periphery; antinociceptive
and antihyperalgesic

« Inhibit cytokines of
innate and adaptive
immune responses,
downregulate release of
IL-1, TNF-a, and CXCLS,
and upregulate IL-10
 Suppress TH1-cell
activity and increase
TH2-cell activity;
decrease production of
IFN-y and IL-12 and
expression of IL-12R;
increase IL-4 production
« Have protective effect
during sepsis

« Attract human
eosinophils, B cells, DCs,
increased in HIV

« Lipopolysaccharides
stimulate release of
cannabinoids from
macrophages and DCs

* CB2 reduces cutaneous
edema

« Involved in burning and
pruritus

» Degraded by chymase
via ETA

* ET-1 induces TNF-a,
and IL-6 production by
mast cells

(continued)
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Table 20.1 (continued)

Mediator Receptors

Interleukin-31 IL-31R (heterodimer)

Kallikreins, proteases Partly by proteinase-
activated receptors (PARs,

tryptic enzymes)

Neurokinin A (NKA)
Substance P (SP)
Hemokinin-1 (HK-1)

Tachykinin (neurokinin)
receptor-1, -2, -3

Sources, receptors
expressed mainly by

Keratinocytes, sensory
nerves

PARI: keratinocytes,
endothelial cells, mast
cells, platelets

PAR2: keratinocytes,
endothelial cells, mast
cells, nerves

PAR4: T cells, mast cells,
(macrophages?)

Sensory nerve fibers,
dermal microvascular
endothelial cells,

keratinocytes, B cells

Remarks

« Involved in tissue
remodeling and
fibrogenesis

« ETB mediates
upregulation of melanoma
cell adhesion molecule

« Released during skin
inflammation by T cells
and macrophages

« Induces release of
inflammatory mediators
from keratinocytes,
induces itching

« Causes skin barrier
dysfunction

« Involved in
angiogenesis, clearance of
cytokines and
pigmentation

« pH affects serine
protease activity in the
epidermis

« Kallikreins may be
involved in systemic
sclerosis

* PAR1: platelet
regulation; induces
proliferation in
keratinocytes

* MMP-1 activates PAR1
* PAR2: involved in
itching behavior in mice
overexpressing epidermal
kallikrein-7. Tryptase
induces inflammation and
itching by a neurogenic
mechanism via PAR2

» Microbial proteases may
induce pruritus and
inflammation via PAR2

SP

« Increases blood vessel
permeability

¢ Induces microvascular
endothelium adhesion
molecules (ELAM-1)

« Induces the “wheal-and-
flare” reaction

« Increases cutaneous
fibrinolytic activity

« Stimulates the activity of
cutaneous mast cells
(release of histamine and
TNF-a)

« Stimulates leukocytes
chemotaxis

(continued)
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Table 20.1 (continued)

Mediator

Endovanilloids (heat,
acidosis, eicosanoids,
histamine, bradykinin,
extracellular ATP,
prostaglandins, various
neurotrophins)

Histamine

Receptors

Activation of vanilloid
receptor-1 (TRPV1)
Sensitization of TRPV1 via
activation of specific
receptors

Histamine receptors (HIR,
H4R)

Sources, receptors
expressed mainly by

TRPV1 is expressed on
Sensory neurons, mast
cells, epidermal, and hair
follicle keratinocytes,
Langerhans cells, smooth
muscle, sebocytes

Sensory nerve fibers,
endothelial cells, T cells

Remarks

« Stimulates the activity of
macrophages and
neutrophils (e.g., increase
in the H,O, production)

« Stimulates the
mitogenesis of T cells

« Stimulates the activity of
keratinocytes

« Is involved in central
pain transmission
 Tachykinins contribute
to pain processing HK-1

» Expressed by T cells and
macrophages

« Involved in B-cell
development and
stimulates IFN-y
production in T cells NKA
« Upregulation of
keratinocyte nerve growth
factor expression

TRPV1

« Short-term TRPV1
activation: pain and itch
induction

« Depletes neuropeptides
from sensory neurons.
Long-term antipruritic
effect of TRPV1 agonists
(e.g., capsaicin): suspend
interplay between sensory
neurons and mast cells

« Affects epidermal and
hair follicle proliferation,
differentiation, apoptosis,
and cytokine release.
Increased expression in
epidermal keratinocytes of
prurigo nodularis patients;
induces neurogenic
inflammation

« Induces pruritus by
stimulating specific
sensory fibers, whereas H1
and H2 antagonists reduce
pruritus in numerous
clinical trials

« Induces plasma
extravasation and
vasodilatation;
communicates with T cells
via histamine receptors

(continued)
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Table 20.1 (continued)

Mediator

Nerve growth factor
(NGF), brain-derived
neurotrophic factor
(BDNF), neurotrophins
(NT-3, NT-4)

Neuropeptide Y (NPY)

Opioids

Receptors

Specific receptors Trk A:
NGF; Trk B: NT-4, BDNF;
Trk C: NT-3

Neuropeptide Y receptor-1
and -2 (Y1, Y2)

9, k, p Opioid receptors
(partly receptor
independent cell
activation)

Sources, receptors
expressed mainly by

Keratinocytes, mast cells,
fibroblasts, eosinophils

Sensory nerves,
keratinocytes

Sensory nerves,
keratinocytes, T cells, B
cells

Remarks

« In mice, H3 antagonists
induce scratching
behavior, whereas H1 and
H4 antagonists effectively
suppress pruritus

NGF

* NGF levels enhanced in
atopic dermatitis (AD)

« Induces tryptase release
from mast cells

« Inducible by histamine
« Is upregulated during
inflammation, stimulates
mast cells, induces
proliferation and
differentiation of B cells,
and stimulates neuronal
cells

« Trk A: enhanced in
keratinocytes during
inflammation

BDNF

« Increases eosinophil
chemotaxis levels in AD
and inhibits apoptosis
NT-3, NT-4

* NT-3 inhibits
inflammatory
hyperalgesia in rats. NT-4:
enhanced in AD and
induces sprouting

« Inhibits adenylyl
cyclase, regulates blood
flow, and stimulates
vasoconstriction

 Antipruritic effects of
p-opioid antagonists
(central effect) and
k-opioid agonists (spinal
cord level)

* p-opioid receptor
upregulation in atopic
dermatitis

« Keratinocyte-derived
B-endorphin induces
peripheral analgesia

« T cells express various
opioid receptors and
opioids induce T-cell
chemotaxis

« Inhibit B-cell IgG
production via IL-6
modulation

(continued)
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Table 20.1 (continued)

Mediator

Pituitary adenylate cyclase
activating polypeptide
(PACAP)

Proopiomelanocortins
(POMC gene) (endorphins,
enkephalins, dynorphins,
MSH, ACTH, lipotrophin;
see also CRH, opioids)

Receptors

PACIR, PAC2R, PAC3R
(and splice variants); also
binds to VPACIR and
VPAC2R

Opioid receptors, MCR,
ACTH-R, CRH-R

Sources, receptors
expressed mainly by

Sensory and autonomic
nerves, T cells,
macrophages,
keratinocytes, dermal
microvascular endothelial
cells, Merkel cells

Melanocytes,
keratinocytes, adnexal
epithelial cells, endothelial
cells, Langerhans cells,
mast cells, fibroblasts,
monocytes, and
macrophages

Remarks

« Potent vasodilator

« Involved in flush, pain,
neurodegeneration

» Enhanced in psoriasis
plaques

» Downregulates capacity
of APCs for antigen
presentation: inhibits the
induction of contact
hypersensitivity by
reducing LCs

« In vitro it induces release
of histamine from mast
cells; downregulates
release of IL-2, IL-6,
TNF-a from T cells and
macrophages

« Early inflammation: it
drives T cells into an anti-
inflammatory response.
Late inflammation:
stimulates T-cell
proliferation and
differentiation into Th2
helper cells

« Upon cleavage by
prohormone convertase
(PC1, 2) POMC derived

« Peptides mediate a
variety of processes in
skin
a-Melanocyte-stimulating
hormone (ax-MSH)

* Downregulates the
costimulatory molecule
CD86 on monocytes,
macrophages, and
neutrophils

« Reduces the release of
pro-inflammatory
cytokines, including
TNF-a, IL-1, and IL-8,
and induces anti-
inflammatory cytokines
such as IL-10

« Influences the expression
of the adhesion molecules,
including E-selectin and
vascular cell adhesion
molecule-1 (VCAM-1)

« Influences the release of
other neuropeptides, such
as VIP and CGRP

(continued)
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Table 20.1 (continued)

Mediator

Prostaglandins

Somatostatin (SST)
(1-14, 1-28)

Substance P

Vasoactive intestinal
polypeptide (VIP)

Receptors

Prostanoid (P) receptors
(DP, EP, IP)

SST receptors 1-5

VPACIR, VPAC2R

Sources, receptors
expressed mainly by

Sensory nerve fibers,
keratinocytes

Skin: Merkel cells, sweat
glands, Langerhans cells,
keratinocytes, fibroblasts,
macrophages

Sensory and autonomic
nerves, T cells,
macrophages,
keratinocytes, dermal
microvascular endothelial
cells, Merkel cells, smooth
muscle cells

Remarks

* PGE2 induces pain over
itching in humans

* PGD2 reduces
IgE-mediated scratching
in mice

* PGE2 may potentiate
edema in the skin

* DP1 impedes
TNF-a-induced migration
of human Langerhans
cells (LCs), inhibits the
chemotactic responses of
human LCs to
chemokines, induces
IL-10 production

« In atopic skin, the
expression of SST
disappeared

« Has inhibitory effects on
T-cell proliferation

« Antiproliferative on
keratinocytes

« Anti-inflammatory:
downregulation of
pro-inflammatory
cytokines

« SST receptors are
upregulated in melanoma

« Increases blood vessel
permeability

« Induces microvascular
endothelium adhesion
molecules (ELAM-1)

« Induces the “wheal-and-
flare” reaction

« Increases cutaneous
fibrinolytic activity

« Stimulates the activity of
cutaneous mast cells
(release of histamine)

« Stimulates leukocyte
chemotaxis

« Stimulates the activity of
macrophages and
neutrophils (e.g., increases
the H,O, production)

« Stimulates the
mitogenesis of T cells

« Stimulates keratinocyte
maturation

« Anti-inflammatory
effects

« Inhibits natural killer cell
activity of large granular
lymphocytes

« Inhibits the migration of
lymphocytes in vascular
and connective tissues

(continued)



274

T. Lotti

Table 20.1 (continued)

Mediator Receptors

Sources, receptors

expressed mainly by

From Lotti et al. [7] and modified from Roosterman et al. [40]

References

1. Lotti T, Hercogova J, Wollina U, Chokoeva AA,
Zarrab Z, Gianfaldoni S, Roccia MG, Fioranelli M,
Tchernev G (2015) Treating skin diseases according
to the low dose medicine principles. Data and hypo-
theses. J Biol Regul Homeost Agents 29 [Suppl 1]:
47-51

2. Lotti T, Hercogova J, Wollina U, Chokoeva AA,
Zarrab Z, Gianfaldoni S, Roccia MG, Fioranelli M,
Tchernev G (2015)  Psycho-neuro-endocrine-
immunology and low dose cytokines therapy:
principles and evidences for an innovative medical
approach in acute and chronic inflammatory diseases.
J Biol Regul Homeost Agents 29 [Suppl 1]:37-45

3.Ngoc PL, Gold DR, Tzianabos AO et al (2005)
Cytokines, allergy, and asthma. Curr Opin Allergy
Clin Immunol 5(2):161-166

4. Commins SP, Borish L, Steinke JW (2010) Immuno-
logic messenger molecules: cytokines, interferons, and
chemokines. J Allergy Clin Immunol 125 [Suppl 2]:
S53-S72

5. Ader R, Cohen N (1993) Psychoneuroimmunology:
conditioning and stress. Annu Rev Psychol 44:53-85

10.

11.

12.

13.

Remarks

« Inhibits T-cell response
« Induces NO synthesis;
upregulates IL-10 in DCs;
downregulates TLR4
expression and TLR4-
mediated chemokine
generation

* Downregulates IL-1,
TNF-a, and MCP-1; anti-
apoptotic in Th2 cells

« Enhances monocyte
migration in chemotaxis
chambers

« Participates in the
“wheal-and-flare” reaction
although mainly the
histamine releases from
mast cells

« Stimulates the sweat
secretion

« Inhibits delayed-type
hypersensitivity and
prevents from graft-
versus-host-disease

« Induces pruritus and
increases blood flow in
human skin

. Ader R, Cohen N, Felten D (1995) Psychoneuro-

immunology: interactions between the nervous system
and the immune system. Lancet 345(8942):99-103

. Lotti T, D’Erme AM, Hercogova J (2014) The role of

neuropeptides in the control of regional immunity.
Clin Dermatol 32(5):633-645

. Reiche EM, Nunes SO, Morimoto HK (2004) Stress,

depression, the immune system, and cancer. Lancet
Oncol 5(10):617-625

. Lotti T (2015) Successful combination treatment for

psoriasis with phototherapy and low-dose cytokines: a
spontaneous, retrospective observational clinical
study. Hautarzt 66(11):849-854

Nestle FO, Kaplan DH, Barker J (2009) Psoriasis. N
Engl J Med 361(5):496-509

Saraceno R, Chiricozzi A, Chimenti S (2015)
Psoriasis. In: Katsambas A, Lotti T, Dessinioti C,
D’Erme AM (eds) European handbook of dermato-
logical treatments. Springer, Berlin, pp 797-816
Horn EJ, Fox KM, Patel V, Chiou CF, Dann F,
Lebwohl M (2007) Association of patient-reported
psoriasis severity with income and employment. J
Am Acad Dermatol 57:963-971

Thomas J, Rolstad T, Margolis DJ (2004)
Determinants of quality of life in patients with



20

Heart and Skin: The Paradigm of Cytokine-Mediated Cardiovascular Metabolic. . .

275

14.

15.

17.

18.

19.

20.

21.

22.

23

24.

25.

psoriasis: a study from the US population. ] Am Acad
Dermatol 51:704-708

Shlyankevich J, Mehta NN, Krueger JG, Strober B,
Gudjonsson JE, Qureshi AA, Tebbey PW, Kimball
AB (2014) Accumulating evidence for the association
and shared pathogenic mechanisms between psoriasis
and cardiovascular-related comorbidities. Am J Med
127(12):1148-1153

Gelfand JM, Neimann AL, Shin DB, Wang X,
Margolis DJ, Troxel AB (2006) Risk of myocardial
infarction in patients with psoriasis. JAMA 296(14):
1735-1741

. Gelfand M, Dommasch ED, Shin DB, Azfar RS, Kurd

SK, Wang X, Troxel AB (2009) The risk of stroke in
patients with psoriasis. J Invest Dermatol 129(10):
2411-2418

Friedewald VE, Cather JC, Gelfand JM, Gordon KB,
Gibbons GH, Grundy SM, Jarratt MT, Krueger JG,
Ridker PM, Stone N, Roberts WC (2008) AJC editor’s
consensus: psoriasis and coronary artery disease. Am
J Cardiol 102(12):1631-1643

Mehta NN, Azfar RS, Shin DB, Neimann AL, Troxel
AB, Gelfand JM (2010) Patients with severe psoriasis
are at increased risk of cardiovascular mortality:
cohort study using the general practice research data-
base. Eur Heart J 31(8):1000-1006

Mehta NN, Yu Y, Pinnelas R, Krishnamoorthy P,
Shin DB, Troxel AB, Gelfand JM (2011) Attributable
risk estimate of severe psoriasis on major cardio-
vascular events. Am J Med 124(8):775.e1-775.e6
Prodanovich S, Kirsner RS, Kravetz JD, Ma F,
Martinez L, Federman DG (2009) Association of
psoriasis with coronary artery, cerebrovascular, and
peripheral vascular diseases and mortality. Arch
Dermatol 145(6):700-703

Armstrong AW, Gelfand JM, Boehncke WH,
Armstrong EJ (2013) Cardiovascular comorbidities
of psoriasis and psoriatic arthritis: a report from the
GRAPPA 2012 annual meeting. J Rheumatol 40(8):
1434-1437

Armstrong AW, Brezinski EA, Follansbee MR,
Armstrong EJ (2014) Effects of biologic agents
and other disease-modifying antirheumatic drugs on
cardiovascular outcomes in psoriasis and psoriatic
arthritis: a systematic review. Curr Pharm Des 20(4):
500-512

. Armstrong EJ, Harskamp CT, Armstrong AW (2013)

Psoriasis and major adverse cardiovascular events: a
systematic review and meta-analysis of observational
studies. J Am Heart Assoc 2(2):e000062

Armstrong AW, Harskamp CT, Armstrong EJ
(2013) Psoriasis and the risk of diabetes mellitus: a
systematic review and meta-analysis. JAMA Dermatol
149(1):84-91

Armstrong AW, Harskamp CT, Armstrong EJ (2013)
Psoriasis and metabolic syndrome: a systematic
review and meta-analysis of observational studies. J
Am Acad Dermatol 68(4):654-662

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Gargiulo P, Marsico F, Parente A, Paolillo S,
Cecere M, Casaretti L, Pellegrino AM, Formisano T,
Fabiani I, Soricelli A, Trimarco B, Perrone-Filardi P
(2014) Ischemic heart disease in systemic inflamm-
atory diseases. An appraisal. Int J Cardiol 170(3):
286-290

Ridker PM (2010) Psoriasis, inflammation, and
vascular risk: a problem more than skin deep? Eur
Heart J 31(8):902-904

Solomon DH, Massarotti E, Garg R, Liu J, Canning C,
Schneeweiss S (2011) Association between disease-
modifying antirheumatic drugs and diabetes risk in
patients with rheumatoid arthritis and psoriasis.
JAMA 305(24):2525-2531

Wu 1J, Poon KY, Channual JC, Shen AY (2012)
Association between tumor necrosis factor inhibitor
therapy and myocardial infarction risk in patients with
psoriasis. Arch Dermatol 148(11):1244—-1250
Ahlehoff O, Skov L, Gislason G, Gniadecki R,
Iversen L, Bryld LE, Lasthein S, Lindhardsen J,
Kristensen SL, Torp-Pedersen C, Hansen PR (2015)
Cardiovascular outcomes and systemic anti-
inflammatory drugs in patients with severe psoriasis:
5-year follow-up of a Danish nationwide cohort. J Eur
Acad Dermatol Venereol 29(6):1128-1134

Ahlehoff O, Skov L, Gislason G, Lindhardsen J,
Kristensen SL, Iversen L, Lasthein S, Gniadecki R,
Dam TN, Torp-Pedersen C, Hansen PR (2013)
Cardiovascular disease event rates in patients with
severe psoriasis treated with systemic anti-inflammatory
drugs: a Danish real-world cohort study. J Intern Med
273(2):197-204

Mosca S, Gargiulo P, Balato N, Di Costanzo L,
Parente A, Paolillo S, Ayala F, Trimarco B, Crea F,
Perrone-Filardi P (2015) Ischemic cardiovascular
involvement in psoriasis: a systematic review. Int J
Cardiol 178:191-199

Gisondi P, Cazzaniga S, Chimenti S, Giannetti A,
Maccarone M, Picardo M, Girolomoni G, Naldi L,
Psocare Study Group (2013) Metabolic abnormalities
associated with initiation of systemic treatment for
psoriasis: evidence from the Italian Psocare Registry.
J Eur Acad Dermatol Venereol 27(1):e30—41

Vena GA, Altomare G, Ayala F, Berardesca E,
Calzavara-Pinton P, Chimenti S, Giannetti A,
Girolomoni G, Lotti T, Martini P, Mazzaglia G,
Peserico A, Puglisi Guerra A, Sini G, Cassano N,
Cricelli C (2010) Incidence of psoriasis and
association with comorbidities in Italy: a 5-year
observational study from a national primary care data-
base. Eur J Dermatol 20(5):593-598

Lotti T, Hercogova J, Prignano F (2010) The concept
of psoriatic disease: can cutaneous psoriasis any
longer be separated by the systemic comorbidities?
Dermatol Ther 23(2):119-122

Hercogova J, Ricceri F, Tripo L, Lotti T, Prignano F
(2010) Psoriasis and body mass index. Dermatol Ther
23(2):152-154



276 T. Lotti
37. Pietrzak A, Brzozowska A, Lotti T, Mosiewicz J, Brazioli D, Gaio L, Giannetti R, Ignazzi C,
Wysokinski A, Mieczkowska J, Hercogova J, Meloni G, Chinni LM (2014) Immunomodulating

38.

39.

Bartosinska J, Juszkiewicz-Borowiec M,
Chodorowska G (2013) Future diagnosis, today’s
treatment — cardiomyopathy in the course of psoriasis:
a case report. Dermatol Ther 26(6):489—-492

Butcher M, Galkina E (2011) Current views on
the functions of interleukin-17A-producing cells in
atherosclerosis. Thromb Haemost 106(5):787-795
Roberti ML, Ricottini L, Capponi A, Sclauzero E,
Vicenti P, Fiorentini E, Savoia C, Scornavacca G,

40.

treatment with low dose interleukin-4, interleukin-10
and interleukin-11 in psoriasis vulgaris. J Biol Regul
Homeost Agents 28(1):133—-139

Roosterman D, Goerge T, Schneider SW, Bunnett
NW, Steinhoff M (2006) Neuronal control of skin
function: the skin as a neuroimmunoendocrine
organ. Physiol Rev 86(4):1309-1379



	Foreword
	Foreword
	Contents
	Part I: The Basis of Integration
	1: Herbal Medicine in Cardiology
	1.1 Primary Cardiological Herbs
	1.2 Metabolic Herbs
	1.3 Nervous Sedation and Neurovegetative Herbs
	1.4 Allium sativum (Garlic)
	1.5 Arnica montana
	1.6 Astragalus membranaceus
	1.7 Berberine
	1.8 Camelia sinensis (Green Tea)
	1.9 Commiphora mukul (Guggul)
	1.10 Convallaria majalis (Lily of the Valley)
	1.11 Crataegus oxyacantha (Hawthorn)
	1.12 Cytisus scoparius (Broom)
	1.13 Digitalis purpurea
	1.14 Gelsemium sempervirens (Yellow Jasmine)
	1.15 Ginkgo biloba
	1.16 Hibiscus sabdariffa (Roselle)
	1.17 Leonorus cardiaca (Motherwort)
	1.18 Lycopus virginicus/europeus
	1.19 Nattokinase (Fermented Soybeans)
	1.20 Plectranthus barbatus (Forskolin)
	1.21 Rauvolfia serpentina (Indian Snakeroot)
	1.22 Ruscus aculeatus (Butcher´s Broom)
	1.23 Salvia miltiorrhiza (Danshen)
	1.24 Scilla maritima
	1.25 Strophantus kombe
	1.26 Terminalia arjuna
	1.27 Viscum album (Mistletoe)
	References

	2: Homeopathy and Cardiovascular Disease
	2.1 Historical Background and Basic Concepts
	2.2 Regional Homeopathic Remedies for the Heart
	2.2.1 Aconitum napellus
	2.2.2 Adonis vernalis
	2.2.3 Apocinum cannabinum Injeel
	2.2.4 Arnica montana
	2.2.5 Arsenicum album
	2.2.6 Aurum metallicum
	2.2.7 Baryta carbonica
	2.2.8 Cactus grandiflorus
	2.2.9 Carbo vegetabilis Injeel
	2.2.10 Chininum arsenicosum
	2.2.11 Coffea cruda
	2.2.12 Digitalis purpurea
	2.2.13 Gelsemium sempervirens
	2.2.14 Glonoine
	2.2.15 Grindelia robusta
	2.2.16 Kali carbonicum
	2.2.17 Kalmia latifolia
	2.2.18 Iberis amara
	2.2.19 Lachesis mutus
	2.2.20 Latrodectus mactans
	2.2.21 Naja tripudians
	2.2.22 Prunus spinosa Injeel
	2.2.23 Spigelia marilandica
	2.2.24 Sumbul
	2.2.25 Tabacum
	2.2.26 Veratrum album

	References

	3: Low-Dose Therapy for the Treatment of Low-Grade Chronic Inflammation
	3.1 Introduction
	3.2 Gastrointestinal Homeostasis, Microbiota Composition and Low-Grade Chronic Inflammation
	3.3 Cardiovascular Risk Factors and Low-Grade Chronic Inflammation
	3.4 The Prognostic Role of IL-6 in LGCI and Related Cardiovascular and Kidney Diseases
	3.5 LGCI, Gut-Liver Axis and PNEI Homeostasis Breakdown
	3.6 The Cellular Target of LGCI: Impaired Mitochondrial Activity and Reflexes in Cardiovascular Dysfunction
	3.7 Low-Dose Therapy for the Treatment of LGCI
	3.8 Low-Dose Therapy for the Enhancement of Mitochondrial Functions
	References

	4: Acupuncture in Cardiovascular Diseases
	4.1 Historical Background, the Beginning and the Diffusion
	4.2 Acupuncture in Cardiovascular Diseases
	4.2.1 Introduction
	4.2.2 Physiology and Pathology
	4.2.3 Cardiovascular Pathological Conditions: Evidence

	4.3 Hypertension
	4.3.1 Hypertension in TCM
	4.3.2 Acupuncture

	4.4 Myocardial Infarction and Coronary Heart Disease
	4.4.1 Coronary Heart Disease in TCM
	4.4.2 Acupuncture

	4.5 Rhythm Disorders
	4.5.1 Arrhythmias in TCM
	4.5.2 Acupuncture

	4.6 Conclusion
	4.7 Cardiology and Myofascial Trigger Points
	4.7.1 Clinical Aspects of Myofascial Trigger Points
	4.7.2 MTrPs in Cardiology
	4.7.3 Which Muscles May Be Involved in Cardiology?
	4.7.4 Trigger Point Therapy

	References

	5: Metabolic Cardiology
	5.1 Mitochondria Dysfunction and Heart Failure
	5.1.1 l-Carnitine
	5.1.2 Coenzyme Q10 (CoQ10)
	5.1.3 Creatine
	5.1.4 d-Ribose
	5.1.5 Hawthorn
	5.1.6 Lipoic Acid
	5.1.7 Pyrroloquinoline Quinone
	5.1.8 Taurine
	5.1.9 Vitamin D

	5.2 Low-Dose Therapy
	References

	6: Medicinal Mushrooms
	6.1 Auricularia auricula (Jew´s Ear)
	6.2 Cordyceps sinsensis (Caterpillar Fungus)
	6.3 Gandoderma lucidum (Reishi)
	6.4 Lentinus edodes (Shiitake)
	6.5 Pleurotus ostreatus (Oyster Mushroom)
	References

	7: Microbiome and Cardiac Health
	7.1 Gut Microbiota and Microbiome
	7.1.1 The ``Complexity´´ in the Relationship Between the Human Host and Its Microbiome: The Superorganism

	7.2 The Role of Gut Microbiome in the Metabolism of the Host and Cardiac Health
	7.2.1 Functional Relationship Between the Gut Microbiome and the Host Metabolism in Health and Disease
	7.2.2 Gut Microbiota Composition, Metabolic Phenotype, and Disease Risk
	7.2.3 Diet, Microbiota, and Host Metabolism

	7.3 From Leaky Gut Syndrome and Chronic Low-Grade Inflammation to Cardiometabolic Syndrome
	7.3.1 The Gut Microbiota and Innate Immunity Regulation of the Host
	7.3.1.1 Gut Microbiota, Gut Barrier Integrity, and Chronic Low-Grade Inflammation

	7.3.2 The Extraintestinal Causes of Increased Gut Permeability
	7.3.2.1 Stress Impairs Gut Permeability
	7.3.2.2 Iatrogenic Damage of Intestinal Permeability
	7.3.2.3 Gluten and Gut Permeability

	7.3.3 CLGI in Cardiovascular Disease

	7.4 Integrated Treatment of LGS and CLGI in Cardiometabolic Syndrome
	7.4.1 Prebiotics
	7.4.2 Probiotics
	7.4.3 Treatment of Gut Permeability
	7.4.3.1 Colostrum in the Treatment of Altered Intestinal Mucosal  Permeability
	7.4.3.2 Glutamine in the Treatment of Altered Mucosal Intestinal Permeability


	References

	8: Endocrine System and Cardiovascular Disease
	8.1 Pineal Gland and the Cardiovascular System
	8.2 Thyroid and the Cardiovascular System
	8.3 Parathyroid and the Cardiovascular System
	8.4 Adrenal Gland and the Cardiovascular System
	8.5 Diabetes Mellitus and the Cardiovascular System
	8.6 Obesity and the Cardiovascular System
	8.7 Gonads and the Cardiovascular System
	8.7.1 Male
	8.7.2 Female

	References

	9: Cardiovascular Aging
	9.1 Introduction
	9.2 Changes of Cardiovascular System Related to Age
	9.3 Atherosclerosis and Cardiovascular Aging Enhance Each Other
	9.4 Can Cardiovascular Aging Be Delayed?
	References

	10: Nutrition and Cardiac Health
	10.1 Body Types and Vulnerability Areas: More than Weight
	10.1.1 Human Constitution Type 1: Liver
	10.1.2 Human Constitution Type 2: Heart-Adrenal
	10.1.3 Human Constitution Type 3: Pancreas
	10.1.4 Human Constitution Type 4: Lung
	10.1.5 Human Constitution Type 5: Kidney

	10.2 Energy for the Heart
	10.2.1 The Magic Organelle: The Mitochondria

	10.3 Tricks to Maintain Weight
	10.3.1 Monitoring Diet, Physical Activity and Sleep
	10.3.2 If a Patient Needs to Lose Weight It Is Important to Set and Share Reasonable Weight Loss Goals with the Patient
	10.3.3 Maintaining Body Weight
	10.3.4 The Loss of Control over Food Can Result from Internal or External Stimuli

	10.4 New Suggestions Behind Integrative Medicine
	References

	11: Psycho-neuro-endocrino-immunology Paradigm and Cardiovascular Diseases
	11.1 What Is Psycho-neuro-endocrino-immunology?
	11.2 The Science of Stress
	11.3 The Psyche as a Product and Condition of the Life of the Organism
	11.4 Psycho-neuro-endocrino-immunology, the Science of Stress, and the Biopsychosocial Model
	11.5 PNEI and Cardiovascular Diseases
	11.6 Biological Mechanisms 1: Autonomic Cardiac System Dysregulation
	11.6.1 Arrhythmias and Autonomic Nervous System
	11.6.2 The Role of the Vagus Nerve

	11.7 Biological Mechanisms 2: Inflammation
	11.7.1 The Cardiac Immune System
	11.7.2 Mast Cells and Cardiac Events
	11.7.3 The Balance of the Inflammatory Response
	11.7.4 Mental Stress and Cardiovascular Damage

	11.8 Conclusions
	References

	12: The Role of Stress and Emotions in Cardiovascular Disease: Stress Management and Meditation Programs in the Prevention and...
	12.1 Introduction
	12.2 Emotions and CVD: Depression
	12.3 Emotions and CVD: Anxiety
	12.4 Emotions and CVD: Post-Traumatic Stress Disorder
	12.5 Positive Emotions and CVD
	12.6 Quantify Myocardial Stress: Mental Stress-Induced Myocardial Ischemia
	12.7 Pharmacological Treatment of Depression in CVD and the Impact on Cardiovascular Outcomes: Current Evidence
	12.8 Psychotherapy in CVD
	12.9 Meditation Programs: State of the Art in Scientific Research
	12.10 Transcendental Meditation
	12.11 Acem Meditation
	12.12 Mindfulness Meditation
	12.13 Yoga
	12.14 Tai Chi Chuan
	12.15 Conclusion
	References

	13: Ozone Therapy as a Complementary Treatment in Cardiovascular Diseases
	13.1 The Therapeutic Effect of Ozone
	13.2 Biochemical and Pathophysiological Basis of the Therapeutical Effect of Ozone
	13.2.1 Biochemistry
	13.2.2 Effects on Oxygen Metabolism and Rheology
	13.2.3 Modulation of Oxidative Stress
	13.2.4 Reactivation of Innate Defense System
	13.2.5 Immunomodulation
	13.2.6 Bactericidal, Virus Static, and Antifungal Action
	13.2.7 Metabolic Activation of Carbohydrates and Lipids
	13.2.8 Anti-Inflammatory and Analgesic Action
	13.2.9 Action on the Endothelium
	13.2.10 Detoxifying Action
	13.2.11 Effect on Well-Being
	13.2.12 Action on the Intervertebral Nucleus Pulposus

	13.3 Oxygen-Ozone Therapy in Cardiovascular Disease
	13.3.1 Ischemic Heart Disease
	13.3.2 Chronic Cardio-Respiratory Insufficiency
	13.3.3 Peripheral Circulatory Disorders

	13.4 Guidelines
	13.5 Medical Ozone: Production, Devices, and Methods of Administration
	13.5.1 Generation of Medical Ozone
	13.5.2 Administration Modalities

	References

	Part II: Integrated Approach to Cardiovascular Disease
	14: Integrated Approach to Dyslipidemia
	14.1 Introduction
	14.2 Nutrition
	14.2.1 Phythosterols
	14.2.2 Polyphenols and Flavonoids

	14.3 Resveratrol
	14.4 Soy
	14.5 Bergamot and Bergamot Polyphenolic Fraction
	14.6 Curcuma longa L. (Zingiberaceae)
	14.6.1 Phytotherapy
	14.6.2 Policosanols

	14.7 Prebiotics
	14.7.1 Monascus Ruber
	14.7.2 Berberine

	14.8 Coenzyme Q10
	14.9 Medicinal Mushrooms
	14.10 Acupuncture
	14.11 Conclusion
	References

	15: Integrated Approach to Hypertension
	15.1 Introduction
	15.2 The Role of Oxidative Stress
	15.3 Lifestyle Modification
	15.3.1 Smoking Cessation
	15.3.2 Diet
	15.3.2.1 Mediterranean Diet
	15.3.2.2 DASH Diet
	15.3.2.3 Anti-ACE Peptides
	15.3.2.4 Omega-3 Fatty Acids
	15.3.2.5 Cocoa (Theobroma cacao)

	15.3.3 Supplements
	15.3.3.1 Potassium and Sodium
	15.3.3.2 Magnesium

	15.3.4 Dosage
	15.3.5 Precautions
	15.3.5.1 Calcium
	15.3.5.2 Vitamins C, B6, and D
	15.3.5.3 Coenzyme Q10
	15.3.5.4 Dosage
	15.3.5.5 Precautions

	15.3.6 Weight Loss and Exercise
	15.3.7 Phytotherapy
	15.3.7.1 Dosage and Precautions for Garlic
	15.3.7.2 Dosage and Precautions for Hawthorn
	15.3.7.3 Tricks of the Trade

	15.3.8 Mind-Body Therapy

	15.4 Therapies to Consider: Ayurveda and Traditional Chinese and East Asian Medicine
	References

	16: Integrated Approach to Coronary Artery Disease
	16.1 Introduction
	16.2 Nutrition
	16.3 Exercise
	16.4 Supplements
	16.5 Phytomedicine
	16.5.1 Dark Chocolate
	16.5.2 Green Tea, Black Tea, and Coffee
	16.5.3 Vitis vinifera and Polygonum cuspidatum
	16.5.4 Salvia miltiorrhiza
	16.5.5 Ginkgo biloba
	16.5.6 Vaccinium myrtillus
	16.5.7 Allium sativum
	16.5.8 Hawthorn and Ammi visnaga (Khella)
	16.5.9 Paeonia lactiflora and Pueraria lobata
	16.5.10 Arnica comp.-Heel Tablets
	16.5.11 Tricks of the Trade
	16.5.12 Future Perspective for Research

	16.6 Mind-Body Therapies and Psychological Risk
	16.7 Can Lifestyle Changes Reverse CHD? The Lifestyle Heart Trial
	16.8 Conventional Therapies
	References

	17: Integrated Approach to Heart Failure
	17.1 Introduction
	17.2 Lifestyle and Nutrition
	17.3 Supplements
	17.3.1 Magnesium
	17.3.2 Thiamine
	17.3.3 l-Carnitine
	17.3.4 Coenzyme Q10
	17.3.5 l-Arginine
	17.3.6 Vitamin E

	17.4 Phytotherapy
	17.4.1 Hawthorn (Crataegus oxyacantha, laevigata, and monogyna)
	17.4.2 Terminalia arjuna
	17.4.3 Tricks of the Trade

	17.5 Bioenergetics (Acupuncture)
	17.6 Mind-Body Therapies
	17.7 Pharmaceuticals, Biomechanical therapy, Surgery
	17.8 Future Therapies
	References

	18: Integrated Approach to Arrhythmias
	18.1 Introduction
	18.2 Lifestyle
	18.3 Diet
	18.4 Supplements
	18.5 Exercise
	18.6 Mind-Body Therapy and Acupuncture
	18.7 Phytomedicine: A Perspective Solution for Arrhythmias
	18.8 Tricks of the Trade
	References

	19: Integrated Approach to Oncological Supportive Medicine
	19.1 Congestive Heart Failure
	19.1.1 Anthracycline Cardiotoxicity
	19.1.2 Trastuzumab (Biological Therapies)
	19.1.3 Tyrosine Kinase Inhibitors (Biological Therapies)

	19.2 Systemic Hypertension
	19.3 Myocardial Ischemia: Fluoropyrimidines
	19.4 Arrhythmias
	19.5 Thromboembolism
	19.6 Radiotherapy
	19.7 Monitoring and Non-Invasive Diagnosis
	19.7.1 Role of Echocardiography
	19.7.2 Role of Cardiovascular Magnetic Resonance Imaging
	19.7.3 Role of Cardiovascular Computed Tomography
	19.7.4 Role of Nuclear Medicine Imaging
	19.7.5 Role of Biomarkers

	19.8 Treatment and Prevention
	19.9 New Perspectives: Nutrigenomics
	19.10 Conclusion
	References

	20: Heart and Skin: The Paradigm of Cytokine-Mediated Cardiovascular Metabolic Disease in Psoriasis
	20.1 Introduction
	20.2 Psoriasis
	20.3 Immune Imbalance in Psoriasis
	20.4 Psoriasis: Implications Beyond the Skin
	20.4.1 Articular, Nail, and Mucosal Involvement
	20.4.2 Psoriasis Comorbidities

	20.5 Psoriasis and Heart Comorbidities
	20.6 Evidence to Support an Association Between Psoriasis and Cardiometabolic Diseases
	20.7 Low-Dose Cytokines for the Treatment of Psoriasis
	20.8 Conclusion: Management of a Patient Affected by Systemic Psoriasis
	References


